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PREFACE

Harrison’s Principles o  Internal Medicine has a long 
and distinguished tradition in the  eld o  hematology. 
Maxwell Wintrobe, whose work actually established 
hematology as a distinct subspecialty o  medicine, was 
a  ounding editor o  the book and participated in the 
 rst seven editions, taking over  or  insley Harrison 
as editor-in-chie  on the sixth and seventh editions. 
Wintrobe, born in 1901, began his study o  blood in 
earnest in 1927 as an assistant in medicine at  ulane 
University in New Orleans. He continued his studies 
at Johns Hopkins  rom 1930 to 1943 and moved to the 
University o  Utah in 1943, where he remained until his 
death in 1986. He invented a variety o  the measures that 
are routinely used to characterize red blood cell abnor-
malities, including the hematocrit, the red cell indices, 
and erythrocyte sedimentation rate, and de ned the nor-
mal and abnormal values  or these parameters, among 
many other important contributions in a 50-year career.

Oncology began as a subspecialty much later. It 
came to li e as a speci c subdivision within hematol-
ogy. A subset o  hematologists with a special interest 
in hematologic malignancies began working with che-
motherapeutic agents to treat leukemia and lymphoma 
in the mid-1950s and early 1960s. As new agents were 
developed and the principles o  clinical trial research 
were developed, the body o  knowledge o  oncology 
began to become larger and mainly independent  rom 
hematology. In ormed by the laboratory study o  cancer 
biology and an expansion in  ocus beyond hematologic 
neoplasms to tumors o  all organ systems, oncology 
developed as a separable discipline  rom hematology. 
T is separation was also  ueled by the expansion o  the 
body o  knowledge about clotting and its disorders, 
which became a larger part o  hematology.

In most academic medical centers, hematology and 
oncology remain connected. However, conceptual dis-
tinctions between hematology and oncology have been 
made. Di erences are rein orced by separate  ellowship 
training programs (although many joint training pro-
grams remain), separate board certi cation examina-
tions, separate pro essional organizations, and separate 
textbooks describing separate bodies o  knowledge. In 
some academic medical centers, oncology is not merely 
a separate subspecialty division in a Department o  
Medicine but is an entirely distinct department in the 
medical school with the same standing as the Depart-
ment o  Medicine. Economic  orces are also at work to 
separate hematology and oncology.

Perhaps I am only ref ecting the biases o  an old dog, 
but I am unenthusiastic about the increasing  ractionation 

o  medicine subspecialties. T ere are now invasive and 
noninvasive cardiologists, gastroenterologists who do 
and others who do not use endoscopes, and organ- or 
individual disease- ocused subspecialists (diabetolo-
gists, thyroidologists) instead o  organ system– ocused 
subspecialists (endocrinologists). T is  ractionation 
has also begun within hematology and oncology. Some 
oncologists specialize in a single type o  cancer and divi-
sions o  hematology have designated experts in clot-
ting. At a time when the body o  knowledge that must 
be mastered is increasing dramatically, the duration o  
training has not been increased to accommodate the 
additional learning that is necessary to become highly 
skilled. Extraordinary attention has been  ocused on 
the hours that trainees work. Apparently, the admin-
istrators are more concerned about undocumented 
adverse e ects o  every third night call on trainees than 
they are about the well-documented adverse e ects on 
patients o   requent hando s o  patient responsibility 
to multiple caregivers.

Despite the sub-sub-subspecialization that is 
pervasive in modern medicine, students, trainees, 
general internists,  amily medicine physicians, phy-
sicians’ assistants, nurse practitioners, and special-
ists in nonmedicine specialties still require access to 
in ormation in hematology and oncology that can 
assist them in meeting the needs o  their patients. 
Given the paucity o  single sources o  integrated in or-
mation on hematology and oncology, the editors o  
Harrison’s Principles o  Internal Medicine decided to 
pull together the chapters in the “mother book” related 
to hematology and oncology and bind them together 
in a subspecialty themed book called Harrison’s Hema-
tology and Oncology. T e  rst edition o  this book 
appeared in 2010 and was based on the 17th edition 
o  Harrison’s Principles o  Internal Medicine. A second 
edition based on 18th edition o  Harrison’s Principles 
o  Internal Medicine appeared in 2013. T is third edi-
tion is derived  rom the 19th edition o  Harrison’s 
Principles o  Internal Medicine. T e book contains 57 
chapters organized into 12 sections: (I) T e Cellular 
Basis o  Hematopoiesis, (II) Cardinal Mani estations 
o  Hematologic Diseases, (III) Anemias, (IV) Myelo-
proli erative Disorders, (V) Hematologic Malignan-
cies, (VI) Disorders o  Hemostasis, (VII) Biology o  
Cancer, (VIII) Principles o  Cancer Prevention and 
 reatment, (IX) Neoplastic Disorders, (X) Endocrine 
Neoplasia, (XI) Remote E ects o  Cancer, and (XII) 
Oncologic Emergencies and Late E ects and Compli-
cations o  Cancer and Its  reatment.

xiii
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Preface

T e chapters have been written by physicians who 
have made seminal contributions to the body o  knowl-
edge in their areas o  expertise. T e in ormation is 
authoritative and as current as we can make it, given the 
time requirements o  producing books. Each  contains 
the relevant in ormation on the genetics, cell biology, 
pathophysiology, and treatment o  speci c disease enti-
ties. In addition, separate chapters on hematopoiesis, 
cancer cell biology, and cancer prevention ref ect the 
rapidly growing body o  knowledge in these areas that 
are the underpinning o  our current concepts o  diseases 
in hematology and oncology. In addition to the  actual 
in ormation presented in the chapters, a section o  test 
questions and answers is provided to rein orce impor-
tant principles. A narrative explanation o  what is wrong 
with the wrong answers should be o   urther value in the 
preparation o  the reader  or board examinations.

T e bringing together o  hematology and oncol-
ogy in a single text is unusual and we hope it is use ul. 
Like many areas o  medicine, the body o  knowledge 
relevant to the practice o  hematology and oncology is 
expanding rapidly. New discoveries with clinical impact 
are being made at an astounding rate; nearly constant 
e ort is required to try to keep pace. It is our hope that 
this book is help ul to you in the struggle to master the 
daunting volume o  new  ndings relevant to the care o  
your patients.

We are extremely grate ul to Kim Davis and James 
Shanahan at McGraw-Hill  or their invaluable assistance 
in the preparation o  this book.

Dan L. Longo, MD

xiv
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xv

NOTICE

Medicine is an ever-changing science. As new research and clinical expe-
rience broaden our knowledge, changes in treatment and drug therapy are 
required. T e authors and the publisher o  this work have checked with 
sources believed to be reliable in their e orts to provide in ormation that is 
complete and generally in accord with the standards accepted at the time o  
publication. However, in view o  the possibility o  human error or changes in 
medical sciences, neither the authors nor the publisher nor any other party 
who has been involved in the preparation or publication o  this work war-
rants that the in ormation contained herein is in every respect accurate or 
complete, and they disclaim all responsibility  or any errors or omissions or 
 or the results obtained  rom use o  the in ormation contained in this work. 
Readers are encouraged to con rm the in ormation contained herein with 
other sources. For example and in particular, readers are advised to check the 
product in ormation sheet included in the package o  each drug they plan to 
administer to be certain that the in ormation contained in this work is accu-
rate and that changes have not been made in the recommended dose or in the 
contraindications  or administration. T is recommendation is o  particular 
importance in connection with new or in requently used drugs. 

T e global icons call greater attention to key epidemiologic and clinical di erences in the practice o  medicine 
throughout the world.

T e genetic icons identi y a clinical issue with an explicit genetic relationship.

Review and sel -assessment questions and answers were taken  rom Wiener CM, 
Brown CD, Houston B (eds). Harrison’s Sel -Assessment and Board Review, 19th ed. 
New York, McGraw-Hill, 2017, ISBN 978-1-259-64288-3.
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SECTION I

THE CELLULAR BASIS  
OF HEMATOPOIESIS
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David  T. Scad d en   ■   Dan  L. Longo  

All o  the cell types in the peripheral blood and some 
cells in every tissue o  the body are derived  rom hema-
topoietic (hemo: blood; poiesis: creation) stem cells. I  
the hematopoietic stem cell is damaged and can no lon-
ger  unction (e.g., due to a nuclear accident), a person 
would survive 2–4 weeks in the absence o  extraordi-
nary support measures. With the clinical use o  hema-
topoietic stem cells, tens o  thousands o  lives are saved 
each year (Chap. 31). Stem cells produce hundreds o  
billions o  blood cells daily  rom a stem cell pool that 
is estimated to be only in the tens o  thousands. How 
stem cells do this, how they persist  or many decades 
despite the production demands, and how they may 
be better used in clinical care are important issues in 
medicine.

T e study o  blood cell production has become a 
paradigm  or how other tissues may be organized and 
regulated. Basic research in hematopoiesis includes de n-
ing stepwise molecular changes accompanying  unc-
tional changes in maturing cells, aggregating cells into 
 unctional subgroups, and demonstrating hematopoi-
etic stem cell regulation by a specialized microenviron-
ment; these concepts are worked out in hematology, 
but they o er models  or other tissues. Moreover, these 
concepts may not be restricted to normal tissue  unc-
tion but extend to malignancy. Stem cells are rare cells 
among a heterogeneous population o  cell types, and 
their behavior is assessed mainly in experimental ani-
mal models involving reconstitution o  hematopoiesis. 
T us, much o  what we know about stem cells is impre-
cise and based on in erences  rom genetically manipu-
lated animals.

CARDINAL FUNCTIONS OF 
HEMATOPOIETIC STEM CELLS

All stem cell types have two cardinal  unctions: sel -
renewal and di erentiation (Fig. 1-1). Stem cells exist 

HEMATOPOIETIC STEM CELLS

CHAP TER 1

to generate, maintain, and repair tissues. T ey  unction 
success ully i  they can replace a wide variety o  shorter-
lived mature cells over prolonged periods. T e process 
o  sel -renewal (see below) assures that a stem cell popu-
lation can be sustained over time. Without sel -renewal, 
the stem cell pool would become exhausted and tissue 
maintenance would not be possible. T e process o  di -
 erentiation leads to production o  the e ectors o  tissue 
 unction: mature cells. Without proper di erentiation, 
the integrity o  tissue  unction would be compromised 
and organ  ailure or neoplasia would ensue.

In the blood, mature cells have variable average li e 
spans, ranging  rom 7 h  or mature neutrophils to a  ew 
months  or red blood cells to many years  or memory 
lymphocytes. However, the stem cell pool is the central, 
durable source o  all blood and immune cells, maintain-
ing a capacity to produce a broad range o  cells  rom 
a single cell source, yet keeping itsel  vigorous over 
decades o  li e. As an individual stem cell divides, it has 
the capacity to accomplish one o  three division out-
comes: two stem cells, two cells destined  or di erentia-
tion, or one stem cell and one di erentiating cell. T e 
 ormer two outcomes are the result o  symmetric cell 
division, whereas the latter indicates a di erent outcome 
 or the two daughter cells—an event termed asymmetric 
cell division. T e relative balance  or these types o  
outcomes may change during development and under 
particular kinds o  demands on the stem cell pool.

DEVELOPMENTAL BIOLOGY OF 
HEMATOPOIETIC STEM CELLS
During development, blood cells are produced at di -
 erent sites. Initially, the yolk sac provides oxygen-
carrying red blood cells, and then the placenta and 
several sites o  intraembryonic blood cell production 
become involved. T ese intraembryonic sites engage 
in sequential order, moving  rom the genital ridge at a 
site where the aorta, gonadal tissue, and mesonephros 
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are emerging to the  etal liver and then, in the sec-
ond trimester, to the bone marrow and spleen. As the 
location o  stem cells changes, the cells they produce 
also change. T e yolk sac provides red cells expressing 
embryonic hemoglobins while intraembryonic sites 
o  hematopoiesis generate red cells, platelets, and the 
cells o  innate immunity. T e production o  the cells 
o  adaptive immunity occurs when the bone marrow is 
colonized and the thymus  orms. Stem cell proli eration 
remains high, even in the bone marrow, until shortly 
a er birth, when it appears to dramatically decline. T e 
cells in the bone marrow are thought to arrive by the 
bloodborne transit o  cells  rom the  etal liver a er cal-
ci cation o  the long bones has begun. T e presence o  
stem cells in the circulation is not unique to a time win-
dow in development; however, hematopoietic stem cells 
appear to circulate throughout li e. T e time that cells 
spend  reely circulating appears to be brie  (measured 
in minutes in the mouse), but the cells that do circulate 
are  unctional and can be used  or transplantation. T e 
number o  stem cells that circulate can be increased in a 
number o  ways to  acilitate harvest and trans er to the 
same or a di erent host.

MOBILITY OF HEMATOPOIETIC STEM CELLS
Cells entering and exiting the bone marrow do so 
through a series o  molecular interactions. Circulating 
stem cells (through CD162 and CD44) engage the lec-
tins (carbohydrate binding proteins) P- and E-selectin 

Stem ce ll

S tem ce ll

Se lf-renewal Diffe rentia tion

Diffe rentia ted ce lls

on the endothelial sur ace to slow the movement o  the 
cells to a rolling phenotype. Stem cell integrins are then 
activated and accomplish  rm adhesion between the 
stem cell and vessel wall, with a particularly important 
role  or stem cell VCAM-1 engaging endothelial VLA-4. 
T e chemokine CXCL12 (SDF1) interacting with stem 
cell CXCR4 receptors and ionic calcium interacting 
with the calcium sensing receptor appear to be impor-
tant in the process o  stem cells getting  rom the circu-
lation to where they engra  in the bone marrow. T is is 
particularly true in the developmental move  rom  etal 
liver to bone marrow.

However, the role  or CXCR4 in adults appears to be 
more related to retention o  stem cells in the bone mar-
row rather than the process o  getting them there. Inter-
rupting that retention process through either speci c 
molecular blockers o  the CXCR4/CXCL12 interaction, 
cleavage o  CXCL12, or downregulation o  the CXCR4 
receptor can all result in the release o  stem cells into 
the circulation. T is process is an increasingly impor-
tant aspect o  recovering stem cells  or therapeutic use 
as it has permitted the harvesting process to be done 
by leukapheresis rather than bone marrow punctures 
in the operating room. Granulocyte colony-stimulating 
 actor and plerixa or, a macrocyclic compound that 
can block CXCR4, are both used clinically to mobilize 
marrow hematopoietic stem cells  or transplant. Re n-
ing our knowledge o  how stem cells get into and out 
o  the bone marrow may improve our ability to obtain 
stem cells and make them more e cient at  nding their 
way to the speci c sites  or blood cell production, the 
so-called stem cell niche.

HEMATOPOIETIC STEM CELL 
MICROENVIRONMENT
T e concept o  a specialized microenvironment, or 
stem cell niche, was  rst proposed to explain why cells 
derived  rom the bone marrow o  one animal could 
be used in transplantation and again be  ound in the 
bone marrow o  the recipient. T is niche is more than 
just a housing site  or stem cells, however. It is an ana-
tomic location where regulatory signals are provided 
that allow the stem cells to thrive, to expand i  needed, 
and to provide varying amounts o  descendant daughter 
cells. In addition, unregulated growth o  stem cells may 
be problematic based on their undi erentiated state and 
sel -renewal capacity. T us, the niche must also regulate 
the number o  stem cells produced. In this manner, the 
niche has the dual  unction o  serving as a site o  nur-
ture but imposing limits  or stem cells: in e ect, acting 
as both a nutritive and constraining home.

T e niche  or blood stem cells changes with each o  
the sites o  blood production during development, but 
 or most o  human li e it is located in the bone mar-
row. Within the bone marrow, the perivascular space 

FIGURE 1 -1  
Sig natu re  cha racte rist ics o   the  stem  ce ll. Stem cells have 
two essential  eatures: the capacity to di erentiate into a variety 
o  mature cell types and the capacity  or sel -renewal. Intrinsic  ac-
tors associated with sel -renewal include expression o  Bmi-1, Gf -1,  
PTEN, STAT5, Tel/Atv6, p21, p18, MCL-1, Mel-18, RAE28, and HoxB4. 
Extrinsic signals  or sel -renewal include Notch, Wnt, SHH, and 
Tie2/Ang-1. Based mainly on murine studies, hematopoietic stem 
cells express the  ollowing cell sur ace molecules: CD34, Thy-1 
(CD90), c-Kit receptor (CD117), CD133, CD164, and c-Mpl (CD110, 
also known as the thrombopoietin receptor).
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4 particularly in regions o  trabecular bone serves as a 
niche. T e mesenchymal and endothelial cells o  the 
marrow microvessels produce kit ligand and CXCL12, 
both known to be important  or hematopoietic stem 
cells. Other cell types, such as sympathetic neurons, 
nonmyelinating Schwann cells, macrophages, osteo-
clasts, and osteoblasts, have been shown to regulate stem 
cells, but it is unclear whether their e ects are direct or 
indirect. Extracellular matrix proteins like osteopontin 
also a ect stem cell  unction. T e endosteal region is 
particularly important  or transplanted cells, suggesting 
that there may be distinctive  eatures o  that region that 
are yet to be de ned that are important mediators o  
stem cell engra ment. T e  unctioning o  the niche as 
a supportive context  or stem cells is o  obvious impor-
tance  or maintaining hematopoiesis and in transplan-
tation. An active area o  study involves determining 
whether the niche is altered in disease and whether 
drugs can modi y niche  unction to improve trans-
plantation or normal stem cell  unction in hematologic 
disease.

EXCESS CAPACITY OF HEMATOPOIETIC 
STEM CELLS
In the absence o  disease, one never runs out o  hema-
topoietic stem cells. Indeed, serial transplantation stud-
ies in mice suggest that su cient stem cells are present 
to reconstitute several animals in succession, with 
each animal having normal blood cell production. T e 
 act that allogeneic stem cell transplant recipients also 
never run out o  blood cells in their li e span, which can 
extend  or decades, argues that even the limiting num-
bers o  stem cells provided to them are su cient. How 
stem cells respond to di erent conditions to increase or 
decrease their mature cell production remains poorly 
understood. Clearly, negative  eedback mechanisms 
a ect the level o  production o  most o  the cells, lead-
ing to the normal tightly regulated blood cell counts. 
However, many o  the regulatory mechanisms that gov-
ern production o  more mature progenitor cells do not 
apply or apply di erently to stem cells. Similarly, most 
o  the molecules shown to be able to change the size 
o  the stem cell pool have little e ect on more mature 
blood cells. For example, the growth  actor erythropoi-
etin, which stimulates red blood cell production  rom 
more mature precursor cells, has no e ect on stem 
cells. Similarly, granulocyte colony-stimulating  ac-
tor drives the rapid proli eration o  granulocyte pre-
cursors but has little or no e ect on the cell cycling o  
stem cells. Rather, it changes the location o  stem cells 
by indirect means, altering molecules such as CXCL12 
that tether stem cells to their niche. Molecules shown to 
be important  or altering the proli eration, sel -renewal, 
or survival o  stem cells, such as cyclin-dependent 

kinase inhibitors, transcription  actors like Bmi-1, or 
microRNA-processing enzymes like Dicer, have little or 
di erent e ects on progenitor cells. Hematopoietic stem 
cells have governing mechanisms that are distinct  rom 
the cells they generate.

HEMATOPOIETIC STEM CELL 
DIFFERENTIATION
Hematopoietic stem cells sit at the base o  a branching hier-
archy o  cells culminating in the many mature cell types 
that compose the blood and immune system (Fig. 1-2). 
T e maturation steps leading to terminally di erenti-
ated and  unctional blood cells take place both as a 
consequence o  intrinsic changes in gene expression 
and niche-directed and cytokine-directed changes in 
the cells. Our knowledge o  the details remains incom-
plete. As stem cells mature to progenitors, precursors, 
and,  nally, mature e ector cells, they undergo a series 
o   unctional changes. T ese include the obvious acqui-
sition o   unctions de ning mature blood cells, such as 
phagocytic capacity or hemoglobin synthesis. T ey also 
include the progressive loss o  plasticity (i.e., the ability 
to become other cell types). For example, the myeloid 
progenitor can make all cells in the myeloid series but 
none in the lymphoid series. As common myeloid pro-
genitors mature, they become precursors  or either 
monocytes and granulocytes or erythrocytes and mega-
karyocytes, but not both. Some amount o  reversibil-
ity o  this process may exist early in the di erentiation 
cascade, but that is lost beyond a distinct stage in nor-
mal physiologic conditions. With genetic interventions, 
however, blood cells, like other somatic cells, can be 
reprogrammed to become a variety o  cell types.

As cells di erentiate, they may also lose proli era-
tive capacity (Fig. 1-3). Mature granulocytes are inca-
pable o  proli eration and only increase in number 
by increased production  rom precursors. T e excep-
tions to the rule are some resident macrophages, which 
appear capable o  proli eration, and lymphoid cells. 
Lymphoid cells retain the capacity to proli erate but 
have linked their proli eration to the recognition o  par-
ticular proteins or peptides by speci c antigen recep-
tors on their sur ace. Like many tissues with short-lived 
mature cells such as the skin and intestine, blood cell 
proli eration is largely accomplished by a more imma-
ture progenitor population. In general, cells within the 
highly proli erative progenitor cell compartment are 
also relatively short-lived, making their way through 
the di erentiation process in a de ned molecular pro-
gram involving the sequential activation o  particular 
sets o  genes. For any particular cell type, the di er-
entiation program is di cult to speed up. T e time it 
takes  or hematopoietic progenitors to become mature 
cells is ~10–14 days in humans, evident clinically by the 
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FIGURE 1 -2  
Hie ra rchy o   h em atop o ie t ic d if e ren t ia t ion . Stem cells are 
multipotent cells that are the source o  all descendant cells and 
have the capacity to provide either long-term (measured in years) 
or short-term (measured in months) cell production. Progenitor 
cells have a more limited spectrum o  cells they can produce and 
are generally a short-lived, highly proli erative population also 
known as transient ampli ying cells. Precursor cells are cells com-
mitted to a single blood cell lineage but with a continued ability 
to proli erate; they do not have all the  eatures o  a  ully mature 
cell. Mature cells are the terminally di erentiated product o  
the di erentiation process and are the e ector cells o  specif c 
activities o  the blood and immune system. Progress through 

the pathways is mediated by alterations in gene expression. The 
regulation o  the di erentiation by soluble  actors and cell-cell 
communications within the bone marrow niche are still being 
def ned. The transcription  actors that characterize particular cell 
transitions are illustrated on the arrows; the soluble  actors that 
contribute to the di erentiation process are in blue. This picture 
is a simplif cation o  the process. Active research is revealing mul-
tiple discrete cell types in the maturation o  B cells and T cells 
and has identif ed cells that are biased toward one lineage or 
another (rather than uncommitted) in their di erentiation. EPO, 
erythropoietin; RBC, red blood cell; SCF, stem cell  actor; TPO, 
thrombopoietin.

interval between cytotoxic chemotherapy and blood 
count recovery in patients.

Although hematopoietic stem cells are generally 
thought to have the capacity to  orm all cells o  the 
blood, it is becoming clear that individual stem cells 
may not be equal in their di erentiation potential. T at 
is, some stem cells are “biased” to become mature cells 
o  a particular type. In addition, the general concept 
o  cells having a binary choice o  lymphoid or myeloid 

di erentiation is not entirely accurate. A cell population 
with limited myeloid (monocyte and granulocyte) and 
lymphoid potential is now added to the commitment 
steps stem cells may undergo.

SELF-RENEWAL
T e hematopoietic stem cell must balance its three poten-
tial  ates: apoptosis, sel -renewal, and di erentiation.  
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T e proli eration o  cells is generally not associated with 
the ability to undergo a sel -renewing division except 
among memory   and B cells and among stem cells. 
Sel -renewal capacity gives way to di erentiation as 
the only option a er cell division when cells leave the 
stem cell compartment, until they have the opportunity 
to become memory lymphocytes. In addition to this 
sel -renewing capacity, stem cells have an additional 
 eature characterizing their proli eration machinery. 
Stem cells in many mature adult tissues may be hetero-
geneous with some being deeply quiescent, serving as a 
deep reserve, whereas others are more proli erative and 
replenish the short-lived progenitor population. In the 
hematopoietic system, stem cells are generally cytokine-
resistant, remaining dormant even when cytokines 
drive bone marrow progenitors to proli eration rates 
measured in hours. Stem cells, in contrast, are thought 
to divide at  ar longer intervals, measured in months 
to years,  or the most quiescent cells. T is quiescence 
is di cult to overcome in vitro, limiting the ability to 
e ectively expand human hematopoietic stem cells. T e 
process may be controlled by particularly high levels o  
cyclin-dependent kinase inhibitors like p57 or CDKN1c 
that restrict entry o  stem cells into the cell cycle, block-
ing the G1-S transition. Exogenous signals  rom the 
niche also appear to en orce quiescence, including the 
activation o  the tyrosine kinase receptor  ie2 on stem 
cells by angiopoietin 1 on niche cells.

T e regulation o  stem cell proli eration also appears 
to change with age. In mice, the cyclin-dependent 
kinase inhibitor p16INK4a accumulates in stem cells in 
older animals and is associated with a change in  ve di -
 erent stem cell  unctions, including cell cycling. Lower-
ing expression o  p16INK4a in older animals improves 

stem cell cycling and capacity to reconstitute hema-
topoiesis in adoptive hosts, making them similar to 
younger animals. Mature cell numbers are una ected. 
T ere ore, molecular events governing the speci c 
 unctions o  stem cells are being gradually made clear 
and o er the potential o  new approaches to changing 
stem cell  unction  or therapy. One critical stem cell 
 unction that remains poorly de ned is the molecular 
regulation o  sel -renewal.

For medicine, sel -renewal is perhaps the most 
important  unction o  stem cells because it is critical 
in regulating the number o  stem cells. Stem cell num-
ber is a key limiting parameter  or both autologous and 
allogeneic stem cell transplantation. Were we to have 
the ability to use  ewer stem cells or expand limited 
numbers o  stem cells ex vivo, it might be possible to 
reduce the morbidity and expense o  stem cell harvests 
and enable use o  other stem cell sources. Speci cally, 
umbilical cord blood is a rich source o  stem cells. How-
ever, the volume o  cord blood units is extremely small, 
and there ore, the total number o  hematopoietic stem 
cells that can be obtained in any single cord blood unit 
is generally only su cient to transplant an individual o  
<40 kg. T is limitation restricts what would otherwise 
be an extremely promising source o  stem cells.  wo 
 eatures o  cord blood stem cells are particularly impor-
tant. (1) T ey are derived  rom a diversity o  individuals 
that  ar exceeds the adult donor pool and there ore can 
overcome the majority o  immunologic cross-matching 
obstacles. (2) Cord blood stem cells have a large num-
ber o    cells associated with them, but (paradoxically) 
they appear to be associated with a lower incidence o  
gra -versus-host disease when compared with simi-
larly mismatched stem cells  rom other sources. I  stem 
cell expansion by sel -renewal could be achieved, the 
number o  cells available might be su cient  or use in 
larger adults. An alternative approach to this problem is 
to improve the e ciency o  engra ment o  donor stem 
cells. Gra  engineering is exploring methods o  adding 
cell components that may enhance engra ment. Fur-
thermore, at least some data suggest that depletion o  
host NK (natural killer) cells may lower the number o  
stem cells necessary to reconstitute hematopoiesis.

Some limited understanding o  sel -renewal exists 
and, intriguingly, implicates gene products that are 
associated with the chromatin state, a high-order orga-
nization o  chromosomal DNA that inf uences tran-
scription. T ese include members o  the polycomb 
 amily, a group o  zinc  nger–containing transcriptional 
regulators that interact with the chromatin structure, 
contributing to the accessibility o  groups o  genes  or 
transcription. One member, Bmi-1, is important in 
enabling hematopoietic stem cell sel -renewal through 
modi cation o  cell cycle regulators such as the cyclin-
dependent kinase inhibitors. In the absence o  Bmi-1 
or o  the transcriptional regulator, G -1, hematopoietic 

S tem    P rogenitor  P recursor  Mature

Diffe rentia tion s ta te

Se lf-renewal ability

Prolife ra tion activity

Lymphoid 
exception
(memory B 
and T ce lls )

More Less

FIGURE 1 -3  
Re la t ive   u n ct io n  o   ce lls in  th e  h em ato p o ie t ic h ie ra rchy. 
The boxes represent distinct  unctional  eatures o  cells in the 
myeloid (upper box) versus lymphoid (lower box) lineages.
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7stem cells decline in number and  unction. In contrast, 
dysregulation o  Bmi-1 has been associated with leu-
kemia; it may promote leukemic stem cell sel -renewal 
when it is overexpressed. Other transcription regulators 
have also been associated with sel -renewal, particularly 
homeobox, or “hox,” genes. T ese transcription  actors 
are named  or their ability to govern large numbers o  
genes, including those determining body patterning in 
invertebrates. HoxB4 is capable o  inducing extensive 
sel -renewal o  stem cells through its DNA-binding  
moti . Other members o  the hox  amily o  genes have 
been noted to a ect normal stem cells, but they are 
also associated with leukemia. External signals that 
may inf uence the relative sel -renewal versus di eren-
tiation outcomes o  stem cell cycling include speci c 
Wnt ligands. Intracellular signal transducing interme-
diates are also implicated in regulating sel -renewal. 
T ey include P EN, an inhibitor o  the AK  pathway, 
and S A 5, both o  which are downstream o  activated 
growth  actor receptors and necessary  or normal stem 
cell  unctions including sel -renewal, at least in mouse 
models. T e connections between these molecules 
remain to be de ned, and their role in physiologic regu-
lation o  stem cell sel -renewal is still poorly understood.

CANCER IS SIMILAR TO AN ORGAN  
WITH SELF-RENEWING CAPACITY

T e relationship o  stem cells to cancer is an important 
evolving dimension o  adult stem cell biology. Cancer 
may share principles o  organization with normal tis-
sues. Cancer cells are heterogeneous even within a given 
patient and may have a hierarchical organization o  
cells with a base o  stem-like cells capable o  the signa-
ture stem cell  eatures: sel -renewal and di erentiation. 
T ese stem-like cells might be the basis  or perpetuation 
o  the tumor and represent a slowly dividing, rare popu-
lation with distinct regulatory mechanisms, including 
a relationship with a specialized microenvironment. A 
subpopulation o  sel -renewing cells has been de ned 
 or some, but not all, cancers. A more sophisticated 
understanding o  the stem cell organization o  cancers 
may lead to improved strategies  or developing new 
therapies  or the many common and di cult-to-treat 
types o  malignancies that have been relatively re rac-
tory to interventions aimed at dividing cells.

Does the concept o  cancer stem cells provide insight 
into the cellular origin o  cancer? T e  act that some 
cells within a cancer have stem cell–like properties 
does not necessarily mean that the cancer arose in the 

stem cell itsel . Rather, more mature cells could have 
acquired the sel -renewal characteristics o  stem cells. 
Any single genetic event is unlikely to be su cient to 
enable  ull trans ormation o  a normal cell to a  rankly 
malignant one. Rather, cancer is a multistep process, 
and  or the multiple steps to accumulate, the cell o  
origin must be able to persist  or prolonged periods. It 
must also be able to generate large numbers o  daughter  
cells. T e normal stem cell has these properties and, 
by virtue o  its having intrinsic sel -renewal capability, 
may be more readily converted to a malignant pheno-
type. T is hypothesis has been tested experimentally in 
the hematopoietic system.  aking advantage o  the cell-
sur ace markers that distinguish hematopoietic cells o  
varying maturity, stem cells, progenitors, precursors, 
and mature cells can be isolated. Power ul trans orming 
gene constructs were placed in these cells, and it was 
 ound that the cell with the greatest potential to pro-
duce a malignancy was dependent on the trans orming 
gene. In some cases, it was the stem cell, but in others, 
the progenitor cell  unctioned to initiate and perpetuate 
the cancer. T is shows that cells can acquire stem cell–
like properties in malignancy.

WHAT ELSE CAN HEMATOPOIETIC  
STEM CELLS DO?

Some experimental data have suggested that hemato-
poietic stem cells or other cells mobilized into the circu-
lation by the same  actors that mobilize hematopoietic 
stem cells are capable o  playing a role in healing the 
vascular and tissue damage associated with stroke and 
myocardial in arction. T ese data are controversial, 
and the applicability o  a stem cell approach to nonhe-
matopoietic conditions remains experimental. How-
ever, reprogramming technology o ers the potential  or 
using the readily obtained hematopoietic stem cell as a 
source  or cells with other capabilities.

T e stem cell, there ore, represents a true dual-edged 
sword. It has tremendous healing capacity and is essen-
tial  or li e. Uncontrolled, it can threaten the li e it main-
tains. Understanding how stem cells  unction, the signals 
that modi y their behavior, and the tissue niches that 
modulate stem cell responses to injury and disease are 
critical  or more e ectively developing stem cell–based 
medicine. T at aspect o  medicine will include the use 
o  the stem cells and the use o  drugs to target stem cells 
to enhance repair o  damaged tissues. It will also include 
the care ul balance o  interventions to control stem cells 
where they may be dys unctional or malignant.
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John  W. Ad am son   ■   Dan  L. Longo  

HEMATOPOIESIS AND THE 
PHYSIOLOGIC BASIS OF  
RED CELL PRODUCTION

Hematopoiesis is the process by which the  ormed  
elements o  blood are produced. T e process is regu-
lated through a series o  steps beginning with the hema-
topoietic stem cell. Stem cells are capable o  producing 
red cells, all classes o  granulocytes, monocytes, plate-
lets, and the cells o  the immune system. T e precise 
molecular mechanism—either intrinsic to the stem 
cell itsel  or through the action o  extrinsic  actors—
by which the stem cell becomes committed to a given 
lineage is not  ully de ned. However, experiments in 
mice suggest that erythroid cells come  rom a common  
erythroid/megakaryocyte progenitor that does not  
develop in the absence o  expression o  the GA A-1 
and FOG-1 ( riend o  GA A-1) transcription  actors  
(Chap. 1). Following lineage commitment, hematopoi-
etic progenitor and precursor cells come increasingly 
under the regulatory in uence o  growth  actors and 
hormones. For red cell production, erythropoietin 
(EPO) is the primary regulatory hormone. EPO is 
required  or the maintenance o  committed erythroid 
progenitor cells that, in the absence o  the hormone, 
undergo programmed cell death (apoptosis). T e reg-
ulated process o  red cell production is erythropoiesis, 
and its key elements are illustrated in Fig. 2-1.

In the bone marrow, the  rst morphologically rec-
ognizable erythroid precursor is the pronormoblast. 
T is cell can undergo  our to  ve cell divisions, which 
result in the production o  16–32 mature red cells. With 
increased EPO production, or the administration o  
EPO as a drug, early progenitor cell numbers are ampli-
 ed and, in turn, give rise to increased numbers o  
erythrocytes. T e regulation o  EPO production itsel  is 
linked to tissue oxygenation.

In mammals, O2 is transported to tissues bound to 
the hemoglobin contained within circulating red cells. 

ANEMIA AND POLYCYTHEMIA

CHAP TER 2

T e mature red cell is 8 µm in diameter, anucleate, dis-
coid in shape, and extremely pliable in order to tra-
verse the microcirculation success ully; its membrane 
integrity is maintained by the intracellular generation 
o  A P. Normal red cell production results in the daily 
replacement o  0.8–1% o  all circulating red cells in 
the body, since the average red cell lives 100–120 days. 
T e organ responsible  or red cell production is called 
the erythron. T e erythron is a dynamic organ made 
up o  a rapidly proli erating pool o  marrow erythroid 
precursor cells and a large mass o  mature circulating 
red blood cells. T e size o  the red cell mass re ects 
the balance o  red cell production and destruction. T e 
physiologic basis o  red cell production and destruction 
provides an understanding o  the mechanisms that can 
lead to anemia.

T e physiologic regulator o  red cell production, the 
glycoprotein hormone EPO, is produced and released 
by peritubular capillary lining cells within the kidney. 
T ese cells are highly specialized epithelial-like cells. A 
small amount o  EPO is produced by hepatocytes. T e 
 undamental stimulus  or EPO production is the avail-
ability o  O2  or tissue metabolic needs. Key to EPO 
gene regulation is hypoxia-inducible  actor (HIF)-1α. In 
the presence o  O2, HIF-1α is hydroxylated at a key pro-
line, allowing HIF-1α to be ubiquitinated and degraded 
via the proteasome pathway. I  O2 becomes limiting, 
this critical hydroxylation step does not occur, allowing 
HIF-1α to partner with other proteins, translocate to 
the nucleus, and upregulate the expression o  the EPO 
gene, among others.

Impaired O2 delivery to the kidney can result  rom 
a decreased red cell mass (anemia), impaired O2 load-
ing o  the hemoglobin molecule or a high O2 a nity 
mutant hemoglobin (hypoxemia), or, rarely, impaired 
blood  ow to the kidney (renal artery stenosis). EPO 
governs the day-to-day production o  red cells, and 
ambient levels o  the hormone can be measured in the 
plasma by sensitive immunoassays—the normal level 
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being 10–25 U/L. When the hemoglobin concentration 
 alls below 100–120 g/L (10–12 g/dL), plasma EPO levels  
increase in proportion to the severity o  the anemia 
(Fig. 2-2). In circulation, EPO has a hal -clearance time 
o  6–9 h. EPO acts by binding to speci c receptors on 
the sur ace o  marrow erythroid precursors, inducing 
them to proli erate and to mature. With EPO stimula-
tion, red cell production can increase  our- to  ve old 
within a 1- to 2-week period, but only in the presence 
o  adequate nutrients, especially iron. T e  unctional 
capacity o  the erythron, there ore, requires normal renal 
production o  EPO, a  unctioning erythroid marrow, and 

an adequate supply o  substrates  or hemoglobin syn-
thesis. A de ect in any o  these key components can lead 
to anemia. Generally, anemia is recognized in the labo-
ratory when a patient’s hemoglobin level or hematocrit 
is reduced below an expected value (the normal range). 
T e likelihood and severity o  anemia are de ned based 
on the deviation o  the patient’s hemoglobin/hematocrit 
 rom values expected  or age- and sex-matched normal 
subjects. T e hemoglobin concentration in adults has a 
Gaussian distribution. T e mean hematocrit value  or 
adult males is 47% (standard deviation, ±7%) and that 
 or adult  emales is 42% (±5%). Any single hematocrit 
or hemoglobin value carries with it a likelihood o  asso-
ciated anemia. T us, a hematocrit o  <39% in an adult 
male or <35% in an adult  emale has only about a 25% 
chance o  being normal. Hematocrit levels are less use-
 ul than hemoglobin levels in assessing anemia because 
they are calculated rather than measured directly. Sus-
pected low hemoglobin or hematocrit values are more 
easily interpreted i  previous values  or the same patient 
are known  or comparison. T e World Health Organi-
zation (WHO) de nes anemia as a hemoglobin level 
<130 g/L (13 g/dL) in men and <120 g/L (12 g/dL) in 
women.

T e critical elements o  erythropoiesis—EPO pro-
duction, iron availability, the proli erative capacity o  
the bone marrow, and e ective maturation o  red cell 
precursors—are used  or the initial classi cation o  anemia 
(see below).

ANEMIA

CLINICAL PRESENTATION OF ANEMIA
Signs a nd symptoms

Anemia is most of en recognized by abnormal screening 
laboratory tests. Patients less commonly present with 
advanced anemia and its attendant signs and symptoms. 
Acute anemia is due to blood loss or hemolysis. I  blood 
loss is mild, enhanced O2 delivery is achieved through 
changes in the O2–hemoglobin dissociation curve medi-
ated by a decreased pH or increased CO2 (Bohr ef ect). 
With acute blood loss, hypovolemia dominates the 
clinical picture, and the hematocrit and hemoglobin 
levels do not re ect the volume o  blood lost. Signs o  
vascular instability appear with acute losses o  10–15% 
o  the total blood volume. In such patients, the issue is 
not anemia but hypotension and decreased organ per-
 usion. When >30% o  the blood volume is lost sud-
denly, patients are unable to compensate with the 
usual mechanisms o  vascular contraction and changes 
in regional blood  ow. T e patient pre ers to remain 
supine and will show postural hypotension and tachy-
cardia. I  the volume o  blood lost is >40% (i.e., >2 L in 
the average-sized adult), signs o  hypovolemic shock 

Red ce ll mass

Iron fola te  B12

Red ce ll
  des truction

Plasma
  volume

Hb Concentra tion

Erythroid
  marrow

Kidney
tissue

PO2
O2 Consumption

Atmospheric O2 leve ls

Heart

Lungs
Vesse ls

Erythropoie tin

FIGURE 2 -1
The  p hysio log ic regu la t ion  o   red  ce ll p rod uction  b y t issue  
oxygen  tension . Hb, hemoglobin.
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FIGURE 2 -2
Eryth rop o ie t in  (EPO) leve ls in  re sp on se  to  an em ia . When 
the hemoglobin level  alls to 120 g/L (12 g/dL), plasma EPO lev-
els increase logarithmically. In the presence o  chronic kidney dis-
ease or chronic in ammation, EPO levels are typically lower than 
expected  or the degree o  anemia. As individuals age, the level 
o  EPO needed to sustain normal hemoglobin levels appears to 
increase. (From RS Hillman et al: Hematology in Clinical Practice, 
5th ed. New York, McGraw-Hill, 2010.)
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12 including con usion, dyspnea, diaphoresis, hypotension, 
and tachycardia appear (Chap. 10). Such patients have 
signi cant de cits in vital organ per usion and require 
immediate volume replacement.

With acute hemolysis, the signs and symptoms 
depend on the mechanism that leads to red cell destruc-
tion. Intravascular hemolysis with release o   ree hemo-
globin may be associated with acute back pain,  ree 
hemoglobin in the plasma and urine, and renal  ailure. 
Symptoms associated with more chronic or progres-
sive anemia depend on the age o  the patient and the 
adequacy o  blood supply to critical organs. Symptoms 
associated with moderate anemia include  atigue, loss 
o  stamina, breathlessness, and tachycardia (particu-
larly with physical exertion). However, because o  the 
intrinsic compensatory mechanisms that govern the 
O2–hemoglobin dissociation curve, the gradual onset 
o  anemia—particularly in young patients—may not 
be associated with signs or symptoms until the anemia 
is severe (hemoglobin <70–80 g/L [7–8 g/dL]). When 
anemia develops over a period o  days or weeks, the 
total blood volume is normal to slightly increased, and 
changes in cardiac output and regional blood  ow help 
compensate  or the overall loss in O2-carrying capacity.  
Changes in the position o  the O2–hemoglobin dis-
sociation curve account  or some o  the compensatory 
response to anemia. With chronic anemia, intracellular 
levels o  2,3-bisphosphoglycerate rise, shif ing the dis-
sociation curve to the right and  acilitating O2 unload-
ing. T is compensatory mechanism can only maintain 
normal tissue O2 delivery in the  ace o  a 20–30 g/L 
(2–3 g/dL) de cit in hemoglobin concentration. Finally, 
 urther protection o  O2 delivery to vital organs is 
achieved by the shunting o  blood away  rom organs 
that are relatively rich in blood supply, particularly the 
kidney, gut, and skin.

Certain disorders are commonly associated with ane-
mia. Chronic in ammatory states (e.g., in ection, rheu-
matoid arthritis, cancer) are associated with mild to 
moderate anemia, whereas lymphoproli erative disor-
ders, such as chronic lymphocytic leukemia and certain 
other B cell neoplasms, may be associated with auto-
immune hemolysis.

APPROACH TO THE PATIENT:
Anemia
T e evaluation o  the patient with anemia requires a 
care ul history and physical examination. Nutritional 
history related to drugs or alcohol intake and  amily his-
tory o  anemia should always be assessed. Certain geo-
graphic backgrounds and ethnic origins are associated 
with an increased likelihood o  an inherited disorder o  
the hemoglobin molecule or intermediary metabolism. 

Glucose-6-phosphate dehydrogenase (G6PD) de ciency 
and certain hemoglobinopathies are seen more commonly 
in those o  Middle Eastern or A rican origin, including 
A rican Americans who have a high  requency o  G6PD 
de ciency. Other in ormation that may be use ul includes 
exposure to certain toxic agents or drugs and symptoms 
related to other disorders commonly associated with ane-
mia. T ese include symptoms and signs such as bleeding, 
 atigue, malaise,  ever, weight loss, night sweats, and other 
systemic symptoms. Clues to the mechanisms o  anemia 
may be provided on physical examination by  ndings o  
in ection, blood in the stool, lymphadenopathy, spleno-
megaly, or petechiae. Splenomegaly and lymphadenopa-
thy suggest an underlying lymphoproli erative disease, 
whereas petechiae suggest platelet dys unction. Past labo-
ratory measurements are help ul to determine a time o  
onset.

In the anemic patient, physical examination may dem-
onstrate a  orce ul heartbeat, strong peripheral pulses, and 
a systolic “ ow” murmur. T e skin and mucous mem-
branes may be pale i  the hemoglobin is <80–100 g/L  
(8–10 g/dL). T is part o  the physical examination should 
 ocus on areas where vessels are close to the sur ace such 
as the mucous membranes, nail beds, and palmar creases. 
I  the palmar creases are lighter in color than the sur-
rounding skin when the hand is hyperextended, the 
hemoglobin level is usually <80 g/L (8 g/dL).

LABORATORY EVALUATION Table 2-1 lists the tests used in the 
initial workup o  anemia. A routine complete blood count 
(CBC) is required as part o  the evaluation and includes 
the hemoglobin, hematocrit, and red cell indices: the mean 
cell volume (MCV) in  emtoliters, mean cell hemoglobin 
(MCH) in picograms per cell, and mean concentration o  
hemoglobin per volume o  red cells (MCHC) in grams per 
liter (non-SI: grams per deciliter). T e red cell indices are 
calculated as shown in Table 2-2, and the normal variations 
in the hemoglobin and hematocrit with age are shown in 
Table 2-3. A number o  physiologic  actors a ect the CBC, 
including age, sex, pregnancy, smoking, and altitude. 
High-normal hemoglobin values may be seen in men and 
women who live at altitude or smoke heavily. Hemoglobin 
elevations due to smoking re ect normal compensation 
due to the displacement o  O2 by CO in hemoglobin bind-
ing. Other important in ormation is provided by the retic-
ulocyte count and measurements o  iron supply including 
serum iron, total iron-binding capacity ( IBC; an indirect 
measure o  serum trans errin), and serum  erritin. Marked 
alterations in the red cell indices usually re ect disorders o  
maturation or iron de ciency. A care ul evaluation o  the 
peripheral blood smear is important, and clinical laborato-
ries of en provide a description o  both the red and white 
cells, a white cell di erential count, and the platelet count. 
In patients with severe anemia and abnormalities in red 
blood cell morphology and/or low reticulocyte counts, a 
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bone marrow aspirate or biopsy can assist in the diagnosis. 
Other tests o  value in the diagnosis o  speci c anemias are 
discussed in chapters on speci c disease states.

T e components o  the CBC also help in the classi ca-
tion o  anemia. Microcytosis is re ected by a lower than 
normal MCV (<80), whereas high values (>100) re ect  
macrocytosis. T e MCH and MCHC re ect de ects in 

TABLE 2 -1
LABORATORY TESTS IN ANEMIA DIAGNOSIS
 I. Complete blood count (CBC)
 A. Red blood cell count
 1. Hemoglobin
 2. Hematocrit
 3. Reticulocyte count
 B. Red blood cell indices
 1. Mean cell volume (MCV)
 2. Mean cell hemoglobin (MCH)
 3. Mean cell hemoglobin concentration (MCHC)
 4. Red cell distribution width (RDW)
 C. White blood cell count
 1. Cell di erential
 2. Nuclear segmentation o  neutrophils
 D. Platelet count
 E. Cell morphology
 1. Cell size
 2. Hemoglobin content
 3. Anisocytosis
 4. Poikilocytosis
 5. Polychromasia
 II. Iron supply studies
 A. Serum iron
 B. Total iron-binding capacity
 C. Serum  erritin
III. Marrow examination
 A. Aspirate
 1. M/E ratioa

 2. Cell morphology
 3. Iron stain
 B. Biopsy
 1. Cellularity
 2. Morphology

aM/E ratio, ratio o  myeloid to erythroid precursors.

TABLE 2 -2
RED BLOOD CELL INDICES

INDEX  NORMAL VALUE

Mean cell volume (MCV) = (hematocrit × 
10)/(red cell count × 106)

90 ± 8  L

Mean cell hemoglobin (MCH) =  
(hemoglobin × 10)/(red cell count × 106)

30 ± 3 pg

Mean cell hemoglobin concentration = 
(hemoglobin × 10)/hematocrit, or  
MCH/MCV

33 ± 2%

TABLE 2 -3
CHANGES IN NORMAL HEMOGLOBIN/HEMATOCRIT 
VALUES WITH AGE, SEX, AND PREGNANCY

AGE/SEX  HEMOGLOBIN, g /d L  HEMATOCRIT, %

At birth  17  52
Childhood  12  36
Adolescence  13  40
Adult man  16 (±2)  47 (±6)
Adult woman  
(menstruating)

13 (±2)  40 (±6)

Adult woman  
(postmenopausal)

14 (±2)  42 (±6)

During pregnancy  12 (±2)  37 (±6)

Source: From RS Hillman et al: Hematology in Clinical Practice, 5th ed.  
New York, McGraw-Hill, 2010.

hemoglobin synthesis (hypochromia). Automated cell coun-
ters describe the red cell volume distribution width (RDW).  
T e MCV (representing the peak o  the distribution curve) 
is insensitive to the appearance o  small populations o  
macrocytes or microcytes. An experienced laboratory 
technician will be able to identi y minor populations o  
large or small cells or hypochromic cells be ore the red cell 
indices change.

Peripheral Blood Smear  he peripheral blood smear pro-
vides important in ormation about de ects in red cell 
production (Chap. 6). As a complement to the red cell 
indices, the blood smear also reveals variations in cell size 
(anisocytosis) and shape (poikilocytosis).  he degree o  
anisocytosis usually correlates with increases in the RDW 
or the range o  cell sizes. Poikilocytosis suggests a de ect 
in the maturation o  red cell precursors in the bone mar-
row or  ragmentation o  circulating red cells.  he blood 
smear may also reveal polychromasia—red cells that are 
slightly larger than normal and grayish blue in color on 
the Wright-Giemsa stain.  hese cells are reticulocytes that 
have been prematurely released  rom the bone marrow, 
and their color represents residual amounts o  ribosomal 
RNA.  hese cells appear in circulation in response to EPO 
stimulation or to architectural damage o  the bone marrow 
( ibrosis, in iltration o  the marrow by malignant cells, etc.) 
that results in their disordered release  rom the marrow. 
 he appearance o  nucleated red cells, Howell-Jolly bodies, 
target cells, sickle cells, and others may provide clues to 
speci ic disorders (Figs. 2-3 to 2-11).

Reticulocyte Count An accurate reticulocyte count is key to 
the initial classi cation o  anemia. Reticulocytes are red 
cells that have been recently released  rom the bone mar-
row. T ey are identi ed by staining with a supravital dye 
that precipitates the ribosomal RNA (Fig. 2-12). T ese 
precipitates appear as blue or black punctate spots and can 
be counted manually or, currently, by  uorescent emission 
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FIGURE 2 -3
Normal b lood  smear (Wright sta in). High-power f eld show-
ing normal red cells, a neutrophil, and a  ew platelets. (From RS 
Hillman et al: Hematology in Clinical Practice, 5th ed. New York, 
McGraw-Hill, 2010.)

FIGURE 2 -4
Severe  iron -d e  ciency anem ia . Microcytic and hypochromic 
red cells smaller than the nucleus o  a lymphocyte associated with 
marked variation in size (anisocytosis) and shape (poikilocytosis).  
(From RS Hillman et al: Hematology in Clinical Practice, 5th ed.  
New York, McGraw-Hill, 2010.)

FIGURE 2 -5
Macrocytosis. Red cells are larger than a small lymphocyte and well 
hemoglobinized. O ten macrocytes are oval shaped (macro-ovalocytes).

FIGURE 2 -6
Howell-Jo lly b o d ie s. In the absence o  a  unctional spleen, 
nuclear remnants are not culled  rom the red cells and remain as 
small homogeneously staining blue inclusions on Wright stain. 
(From RS Hillman et al: Hematology in Clinical Practice, 5th ed. 
New York, McGraw-Hill, 2010.)

FIGURE 2 -7
Red cell changes in myelo brosis. The le t panel shows a teardrop- 
shaped cell. The right panel shows a nucleated red cell. These  orms 
can be seen in myelof brosis.

FIGURE 2 -8
Ta rg e t  ce lls. Target cells have a bull’s-eye appearance and are 
seen in thalassemia and in liver disease. (From RS Hillman et al: 
Hematology in Clinical Practice, 5th ed. New York, McGraw-Hill, 2010.)

02_Hematology_ch02_p009-021.indd   14  04/08/16   2:45 PM



 

C

H

A

P

T

E

R

 

2

A

n

e

m

i

a

 

a

n

d

 

P

o

l

y

c

y

t

h

e

m

i

a

15

o  dyes that bind to RNA. T is residual RNA is metabo-
lized over the  rst 24–36 h o  the reticulocyte’s li e span in 
circulation. Normally, the reticulocyte count ranges  rom 
1 to 2% and re ects the daily replacement o  0.8–1.0% o  
the circulating red cell population. A corrected reticulo-
cyte count provides a reliable measure o  e ective red cell 
production.

In the initial classi cation o  anemia, the patient’s retic-
ulocyte count is compared with the expected reticulocyte 
response. In general, i  the EPO and erythroid marrow  
responses to moderate anemia [hemoglobin <100 g/L  
(10 g/dL)] are intact, the red cell production rate increases 
to two to three times normal within 10 days  ollowing 
the onset o  anemia. In the  ace o  established anemia, a 
reticulocyte response less than two to three times normal 
indicates an inadequate marrow response.

 o use the reticulocyte count to estimate marrow 
response, two corrections are necessary. T e  rst correc-
tion adjusts the reticulocyte count based on the reduced 
number o  circulating red cells. With anemia, the percent-
age o  reticulocytes may be increased while the absolute 
number is unchanged.  o correct  or this e ect, the reticu-
locyte percentage is multiplied by the ratio o  the patient’s 
hemoglobin or hematocrit to the expected hemoglobin/
hematocrit  or the age and sex o  the patient (Table 2-4). 
T is provides an estimate o  the reticulocyte count cor-
rected  or anemia.  o convert the corrected reticulocyte 
count to an index o  marrow production, a  urther correc-
tion is required, depending on whether some o  the reticu-
locytes in circulation have been released  rom the marrow 
prematurely. For this second correction, the peripheral 
blood smear is examined to see i  there are polychromato-
philic macrocytes present.

T ese cells, representing prematurely released reticu-
locytes, are re erred to as “shif ” cells, and the relationship 

FIGURE 2 -9
Red  ce ll  rag m en ta t ion . Red cells may become  ragmented 
in the presence o   oreign bodies in the circulation, such as 
mechanical heart valves, or in the setting o  thermal injury. (From 
RS Hillman et al: Hematology in Clinical Practice, 5th ed. New York, 
McGraw-Hill, 2010.)

FIGURE 2 -10
Urem ia . The red cells in uremia may acquire numerous regu-
larly spaced, small, spiny projections. Such cells, called burr cells 
or echinocytes, are readily distinguishable  rom irregularly spicu-
lated acanthocytes shown in Fig. 2-11.

FIGURE 2 -11
Sp u r ce lls. Spur cells are recognized as distorted red cells con-
taining several irregularly distributed thornlike projections. Cells 
with this morphologic abnormality are also called acanthocytes. 
(From RS Hillman et al: Hematology in Clinical Practice, 5th ed. 
New York, McGraw-Hill, 2010.)

FIGURE 2 -12
Re t icu lo cyte s. Methylene blue stain demonstrates residual RNA 
in newly made red cells. (From RS Hillman et al: Hematology in  
Clinical Practice, 5th ed. New York, McGraw-Hill, 2010.)
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between the degree o  shif  and the necessary shif  correc-
tion  actor is shown in Fig. 2-13. T e correction is neces-
sary because these prematurely released cells survive as 
reticulocytes in circulation  or >1 day, thereby providing a 
 alsely high estimate o  daily red cell production. I  poly-
chromasia is increased, the reticulocyte count, already cor-
rected  or anemia, should be divided again by 2 to account 
 or the prolonged reticulocyte maturation time. T e sec-
ond correction  actor varies  rom 1 to 3 depending on the 

TABLE 2 -4
CALCULATION OF RETICULOCYTE PRODUCTION 
INDEX
Correction #1 for Anemia:
This correction produces the corrected reticulocyte count.
In a person whose reticulocyte count is 9%, hemoglobin 7.5 g/dL,  
and hematocrit 23%, the absolute reticulocyte count =  
9 × (7.5/15) [or × (23/45)] = 4.5%

Note. This correction is not done i  the reticulocyte count is 
reported in absolute numbers (e.g., 50,000/µL o  blood)

Correction #2 for Longer Life of Prematurely Released 
Reticulocytes in the Blood:

This correction produces the reticulocyte production index.
In a person whose reticulocyte count is 9%, hemoglobin  
7.5 gm/dL, and hematocrit 23%, the reticulocyte  
production index

= ×  =9
(7.5 / 15)(hemoglobin correction)

2(maturation time correction)
2.25

Marrow
normoblas ts  and
reticulocytes
(days )

Peripheral
blood
reticulocytes
(days )Hematocrit (%)

45 3.5  1.0

35  3.0  1.5

25  2.5  2.0

15  1.5  2.5

“SHIFT”
correction factor

FIGURE 2 -13
Co rrect ion  o   th e  re t icu lo cyte  cou n t . To use the reticulocyte 
count as an indicator o  e ective red cell production, the reticulo-
cyte percentage must be corrected based on the level o  anemia 
and the circulating li e span o  the reticulocytes. Erythroid cells 
take ~4.5 days to mature. At a normal hemoglobin, reticulocytes 
are released to the circulation with ~1 day le t as reticulocytes. 
However, with di erent levels o  anemia, reticulocytes (and even 
earlier erythroid cells) may be released  rom the marrow prema-
turely. Most patients come to clinical attention with hematocrits 
in the mid-20s, and thus a correction  actor o  2 is commonly 
used because the observed reticulocytes will live  or 2 days in the 
circulation be ore losing their RNA.

severity o  anemia. In general, a correction o  2 is simply 
used. An appropriate correction is shown in  able 2-4. I  
polychromatophilic cells are not seen on the blood smear, 
the second correction is not required. T e now doubly 
corrected reticulocyte count is the reticulocyte production 
index, and it provides an estimate o  marrow production 
relative to normal. In many hospital laboratories, the retic-
ulocyte count is reported not only as a percentage but also 
in absolute numbers. I  so, no correction  or dilution is 
required. A summary o  the appropriate marrow response 
to varying degrees o  anemia is shown in Table 2-5.

Premature release o  reticulocytes is normally due to 
increased EPO stimulation. However, i  the integrity o  
the bone marrow release process is lost through tumor 
in ltration,  brosis, or other disorders, the appearance 
o  nucleated red cells or polychromatophilic macrocytes 
should still invoke the second reticulocyte correction. 
T e shif  correction should always be applied to a patient 
with anemia and a very high reticulocyte count to pro-
vide a true index o  e ective red cell production. Patients 
with severe chronic hemolytic anemia may increase red 
cell production as much as six- to seven old. T is measure 
alone con rms the  act that the patient has an appropri-
ate EPO response, a normally  unctioning bone marrow, 
and su cient iron available to meet the demands  or new 
red cell  ormation. I  the reticulocyte production index is 
<2 in the  ace o  established anemia, a de ect in erythroid 
marrow proli eration or maturation must be present.

Tests of Iron Supply and Storage T e laboratory measure-
ments that re ect the availability o  iron  or hemoglobin 
synthesis include the serum iron, the  IBC, and the 
percent trans errin saturation. T e percent trans errin 
saturation is derived by dividing the serum iron level  
(× 100) by the  IBC. T e normal serum iron ranges  rom 9 
to 27 µmol/L (50–150 µg/dL), whereas the normal  IBC is 
54–64 µmol/L (300–360 µg/dL); the normal trans errin sat-
uration ranges  rom 25 to 50%. A diurnal variation in the 
serum iron leads to a variation in the percent trans errin  
saturation. T e serum  erritin is used to evaluate total body 
iron stores. Adult males have serum  erritin levels that 
average ~100 µg/L, corresponding to iron stores o  ~1 g. 
Adult  emales have lower serum  erritin levels averaging 
30 µg/L, re ecting lower iron stores (~300 mg). A serum 
 erritin level o  10–15 µg/L indicates depletion o  body iron 
stores. However,  erritin is also an acute-phase reactant 

TABLE 2 -5
NORMAL MARROW RESPONSE TO ANEMIA

HEMOGLOBIN
PRODUCTION 
INDEX

RETICULOCYTE 
COUNT

15 g/dL  1  50,000/µL
11 g/dL  2.0–2.5  100–150,000/µL
8 g/dL  3.0–4.0  300–400,000/µL
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and, in the presence o  acute or chronic in ammation, may 
rise several- old above baseline levels. As a rule, a serum 
 erritin >200 µg/L means there is at least some iron in tis-
sue stores.

Bone Marrow Examination A bone marrow aspirate and smear 
or a needle biopsy can be use ul in the evaluation o  some 
patients with anemia. In patients with hypoproli erative 
anemia and normal iron status, a bone marrow is indicated. 
Marrow examination can diagnose primary marrow dis-
orders such as myelo brosis, a red cell maturation de ect, 
or an in ltrative disease (Figs. 2-14 to 2-16). T e increase 
or decrease o  one cell lineage (myeloid vs erythroid) 

FIGURE 2 -14
No rm al b on e  m arrow. This is a low-power view o  a section o   
a normal bone marrow biopsy stained with hematoxylin and 
eosin (H&E). Note that the nucleated cellular elements account 
 or ~40–50% and the  at (clear areas) accounts  or ~50–60% o  the 
area. (From RS Hillman et al: Hematology in Clinical Practice, 5th ed. 
New York, McGraw-Hill, 2010.)

FIGURE 2 -15
Eryth ro id  hyp erp lasia . This marrow shows an increase in the 
 raction o  cells in the erythroid lineage as might be seen when a 
normal marrow compensates  or acute blood loss or hemolysis. The 
myeloid/erythroid (M/E) ratio is about 1:1. (From RS Hillman et al: 
Hematology in Clinical Practice, 5th ed. New York, McGraw-Hill, 2010.)

compared to another is obtained by a di erential count 
o  nucleated cells in a bone marrow smear (the myeloid/
erythroid [M/E] ratio). A patient with a hypoproli erative 
anemia (see below) and a reticulocyte production index 
<2 will demonstrate an M/E ratio o  2 or 3:1. In contrast, 
patients with hemolytic disease and a production index >3 
will have an M/E ratio o  at least 1:1. Maturation disorders 
are identi ed  rom the discrepancy between the M/E ratio 
and the reticulocyte production index (see below). Either 
the marrow smear or biopsy can be stained  or the presence 
o  iron stores or iron in developing red cells. T e storage 
iron is in the  orm o   erritin or hemosiderin. On care ully 
prepared bone marrow smears, small  erritin granules can 
normally be seen under oil immersion in 20–40% o  devel-
oping erythroblasts. Such cells are called sideroblasts.

OTHER LABORATORY MEASUREMENTS Additional laboratory 
tests may be o  value in con rming speci c diagnoses. For 
details of these tests and how they are applied in indi-
vidual disorders, see Chaps. 7 to 11.

DEFINITION AND CLASSIFICATION OF 
ANEMIA
Init ia l cla ssif ca tion o   a nemia

T e  unctional classi cation o  anemia has three major 
categories. T ese are (1) marrow production de ects 
(hypoproli eration), (2) red cell maturation de ects (ine -
 ective erythropoiesis), and (3) decreased red cell sur-
vival (blood loss/hemolysis). T e classi cation is shown 
in Fig. 2-17. A hypoproli erative anemia is typically 
seen with a low reticulocyte production index together 
with little or no change in red cell morphology (a nor-
mocytic, normochromic anemia) (Chap. 7). Maturation 
disorders typically have a slight to moderately elevated 

FIGURE 2 -16
Myelo id  hyp erp lasia . This marrow shows an increase in 
the  raction o  cells in the myeloid or granulocytic lineage as 
might be seen in a normal marrow responding to in ection. The 
myeloid/erythroid (M/E) ratio is >3:1. (From RS Hillman et al: Hema-
tology in Clinical Practice, 5th ed. New York, McGraw-Hill, 2010.)
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reticulocyte production index that is accompanied by 
either macrocytic (Chap. 9) or microcytic (Chaps. 7, 8) 
red cell indices. Increased red blood cell destruction 
secondary to hemolysis results in an increase in the 
reticulocyte production index to at least three times 
normal (Chap. 10), provided su cient iron is avail-
able. Hemorrhagic anemia does not typically result in 
production indices o  more than 2.0–2.5 times normal 
because o  the limitations placed on expansion o  the 
erythroid marrow by iron availability.

In the  rst branch point o  the classi cation o  ane-
mia, a reticulocyte production index >2.5 indicates 
that hemolysis is most likely. A reticulocyte production 
index <2 indicates either a hypoproli erative anemia 
or maturation disorder. T e latter two possibilities can 
of en be distinguished by the red cell indices, by exami-
nation o  the peripheral blood smear, or by a marrow 
examination. I  the red cell indices are normal, the 
anemia is almost certainly hypoproli erative in nature. 
Maturation disorders are characterized by ine ective 
red cell production and a low reticulocyte production 
index. Bizarre red cell shapes—macrocytes or hypo-
chromic microcytes—are seen on the peripheral blood 
smear. With a hypoproli erative anemia, no erythroid 
hyperplasia is noted in the marrow, whereas patients 
with ine ective red cell production have erythroid 
hyperplasia and an M/E ratio <1:1.

Hemolys is /
hemorrhage

Blood loss

Intravascula r
hemolys is

Metabolic defect

Membrane
abnormality

Hemoglobinopa thy

Immune des truction

Fragmenta tion
hemolys is

Hypoprolife ra tive

Marrow damage
• Infiltra tion/fibros is
• Aplas ia
Iron de ficiency

 S timula tion
• Inflammation
• Metabolic de fect
• Rena l disease

Matura tion disorde r

Cytoplasmic de fects
• Iron de ficiency
• Tha lassemia
• S ide roblas tic
  anemia

Nuclea r defects
• Fola te  de ficiency
• Vitamin B12 deficiency
• Drug toxicity
• Refractory anemia

Normocytic
normochromic

Micro or
macrocytic

Red ce ll
morphology

Index < 2.5  Index ≥ 2.5

Anemia

CBC, re ticulocyte
count

ALGORITHM OF THE PHYSIOLOGIC CLASSIFICATION OF ANEMIA

FIGURE 2 -17
The p hysio log ic classi cat ion  o   anem ia . CBC, complete blood 
count.

Hypoproli era tive a nemia s

At least 75% o  all cases o  anemia are hypoproli -
erative in nature. A hypoproli erative anemia re ects 
absolute or relative marrow  ailure in which the ery-
throid marrow has not proli erated appropriately  or 
the degree o  anemia. T e majority o  hypoproli era-
tive anemias are due to mild to moderate iron de -
ciency or in ammation. A hypoproli erative anemia 
can result  rom marrow damage, iron de ciency, or 
inadequate EPO stimulation. T e last may re ect 
impaired renal  unction, suppression o  EPO produc-
tion by in ammatory cytokines such as interleukin 
1, or reduced tissue needs  or O2  rom metabolic dis-
ease such as hypothyroidism. Only occasionally is the 
marrow unable to produce red cells at a normal rate, 
and this is most prevalent in patients with renal  ail-
ure. With diabetes mellitus or myeloma, the EPO de -
ciency may be more marked than would be predicted 
by the degree o  renal insu ciency. In general, hypo-
proli erative anemias are characterized by normocytic, 
normochromic red cells, although microcytic, hypo-
chromic cells may be observed with mild iron de -
ciency or long-standing chronic in ammatory disease. 
T e key laboratory tests in distinguishing between the 
various  orms o  hypoproli erative anemia include the 
serum iron and iron-binding capacity, evaluation o  
renal and thyroid  unction, a marrow biopsy or aspi-
rate to detect marrow damage or in ltrative disease, 
and serum  erritin to assess iron stores. An iron stain 
o  the marrow will determine the pattern o  iron dis-
tribution. Patients with the anemia o  acute or chronic 
in ammation show a distinctive pattern o  serum 
iron (low),  IBC (normal or low), percent trans er-
rin saturation (low), and serum  erritin (normal or 
high). T ese changes in iron values are brought about 
by hepcidin, the iron regulatory hormone that is pro-
duced by the liver and is increased in in ammation 
(Chap. 7). A distinct pattern o  results is noted in mild 
to moderate iron de ciency (low serum iron, high 
 IBC, low percent trans errin saturation, low serum 
 erritin) (Chap. 7). Marrow damage by drugs, in ltra-
tive disease such as leukemia or lymphoma, or marrow 
aplasia is diagnosed  rom the peripheral blood and 
bone marrow morphology. With in ltrative disease or 
 brosis, a marrow biopsy is required.

Ma tura t ion disorders

T e presence o  anemia with an inappropriately low 
reticulocyte production index, macro- or microcytosis 
on smear, and abnormal red cell indices suggests a mat-
uration disorder. Maturation disorders are divided into 
two categories: nuclear maturation de ects, associated 
with macrocytosis, and cytoplasmic maturation de ects, 
associated with microcytosis and hypochromia usually 
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19 rom de ects in hemoglobin synthesis. T e inappropri-
ately low reticulocyte production index is a re ection 
o  the ine ective erythropoiesis that results  rom the 
destruction within the marrow o  developing eryth-
roblasts. Bone marrow examination shows erythroid 
hyperplasia.

Nuclear maturation de ects result  rom vitamin 
B12 or  olic acid de ciency, drug damage, or myelo-
dysplasia. Drugs that inter ere with cellular DNA syn-
thesis, such as methotrexate or alkylating agents, can 
produce a nuclear maturation de ect. Alcohol, alone, is 
also capable o  producing macrocytosis and a variable 
degree o  anemia, but this is usually associated with 
 olic acid de ciency. Measurements o   olic acid and 
vitamin B12 are critical not only in identi ying the spe-
ci c vitamin de ciency but also because they re ect di -
 erent pathogenetic mechanisms (Chap. 9).

Cytoplasmic maturation de ects result  rom severe 
iron de ciency or abnormalities in globin or heme syn-
thesis. Iron de ciency occupies an unusual position 
in the classi cation o  anemia. I  the iron-de ciency 
anemia is mild to moderate, erythroid marrow proli -
eration is blunted and the anemia is classi ed as hypo-
proli erative. However, i  the anemia is severe and 
prolonged, the erythroid marrow will become hyper-
plastic despite the inadequate iron supply, and the ane-
mia will be classi ed as ine ective erythropoiesis with a 
cytoplasmic maturation de ect. In either case, an inap-
propriately low reticulocyte production index, micro-
cytosis, and a classic pattern o  iron values make the 
diagnosis clear and easily distinguish iron de ciency 
 rom other cytoplasmic maturation de ects such as the 
thalassemias. De ects in heme synthesis, in contrast to 
globin synthesis, are less common and may be acquired 
or inherited. Acquired abnormalities are usually associ-
ated with myelodysplasia, may lead to either a macro- 
or microcytic anemia, and are  requently associated 
with mitochondrial iron loading. In these cases, iron 
is taken up by the mitochondria o  the developing ery-
throid cell but not incorporated into heme. T e iron-
encrusted mitochondria surround the nucleus o  the 
erythroid cell,  orming a ring. Based on the distinctive 
 nding o  so-called ringed sideroblasts on the marrow 
iron stain, patients are diagnosed as having a sidero-
blastic anemia—almost always re ecting myelodyspla-
sia. Again, studies o  iron parameters are help ul in the 
di erential diagnosis o  these patients.

Blood loss/hemolytic a nemia

In contrast to anemias associated with an inappropri-
ately low reticulocyte production index, hemolysis is 
associated with red cell production indices ≥2.5 times 
normal. T e stimulated erythropoiesis is re ected in the 
blood smear by the appearance o  increased numbers 

o  polychromatophilic macrocytes. A marrow exami-
nation is rarely indicated i  the reticulocyte production 
index is increased appropriately. T e red cell indices are 
typically normocytic or slightly macrocytic, re ecting 
the increased number o  reticulocytes. Acute blood loss 
is not associated with an increased reticulocyte produc-
tion index because o  the time required to increase EPO 
production and, subsequently, marrow proli eration. 
Subacute blood loss may be associated with modest 
reticulocytosis. Anemia  rom chronic blood loss pres-
ents more of en as iron de ciency than with the picture 
o  increased red cell production.

T e evaluation o  blood loss anemia is usually not di -
 cult. Most problems arise when a patient presents with 
an increased red cell production index  rom an episode 
o  acute blood loss that went unrecognized. T e cause o  
the anemia and increased red cell production may not 
be obvious. T e con rmation o  a recovering state may 
require observations over a period o  2–3 weeks, during 
which the hemoglobin concentration will rise and the 
reticulocyte production index  all (Chap. 10).

Hemolytic disease, while dramatic, is among the least 
common  orms o  anemia. T e ability to sustain a high 
reticulocyte production index re ects the ability o  the 
erythroid marrow to compensate  or hemolysis and, in 
the case o  extravascular hemolysis, the e cient recy-
cling o  iron  rom the destroyed red cells to support red 
cell production. With intravascular hemolysis, such as 
paroxysmal nocturnal hemoglobinuria, the loss o  iron 
may limit the marrow response. T e level o  response 
depends on the severity o  the anemia and the nature o  
the underlying disease process.

Hemoglobinopathies, such as sickle cell disease and 
the thalassemias, present a mixed picture. T e reticu-
locyte index may be high but is inappropriately low  or 
the degree o  marrow erythroid hyperplasia (Chap. 8).

Hemolytic anemias present in di erent ways. Some 
appear suddenly as an acute, sel -limited episode o  
intravascular or extravascular hemolysis, a presentation 
pattern of en seen in patients with autoimmune hemo-
lysis or with inherited de ects o  the Embden-Meyerho  
pathway or the glutathione reductase pathway. Patients 
with inherited disorders o  the hemoglobin molecule or 
red cell membrane generally have a li elong clinical his-
tory typical o  the disease process. T ose with chronic 
hemolytic disease, such as hereditary spherocytosis, 
may actually present not with anemia but with a com-
plication stemming  rom the prolonged increase in red 
cell destruction such as symptomatic bilirubin gall-
stones or splenomegaly. Patients with chronic hemoly-
sis are also susceptible to aplastic crises i  an in ectious 
process interrupts red cell production.

T e di erential diagnosis o  an acute or chronic 
hemolytic event requires the care ul integration o  
 amily history, the pattern o  clinical presentation, 
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20 and—whether the disease is congenital or acquired—
care ul examination o  the peripheral blood smear. Pre-
cise diagnosis may require more specialized laboratory 
tests, such as hemoglobin electrophoresis or a screen 
 or red cell enzymes. Acquired de ects in red cell sur-
vival are of en immunologically mediated and require a 
direct or indirect antiglobulin test or a cold agglutinin 
titer to detect the presence o  hemolytic antibodies or 
complement-mediated red cell destruction (Chap. 10).

TREATMENT Anemia

An overriding principle is to initiate treatment o  mild to 
moderate anemia only when a speci c diagnosis is made. 
Rarely, in the acute setting, anemia may be so severe that red 
cell trans usions are required be ore a speci c diagnosis is 
available. Whether the anemia is o  acute or gradual onset, the 
selection o  the appropriate treatment is determined by the 
documented cause(s) o  the anemia. Of en, the cause o  the 
anemia is multi actorial. For example, a patient with severe 
rheumatoid arthritis who has been taking anti-in ammatory  
drugs may have a hypoproli erative anemia associated with 
chronic in ammation as well as chronic blood loss associ-
ated with intermittent gastrointestinal bleeding. In every 
circumstance, it is important to evaluate the patient’s iron 
status  ully be ore and during the treatment o  any anemia.  
Transfusion is discussed in Chap. 12; iron therapy is dis-
cussed in Chap. 7; treatment of megaloblastic anemia is 
discussed in Chap. 9; treatment of other entities is dis-
cussed in their respective chapters (sickle cell anemia, 
Chap. 8; hemolytic anemias, Chap. 10; aplastic anemia and 
myelodysplasia, Chap. 11).

T erapeutic options  or the treatment o  anemias have 
expanded dramatically during the past 30 years. Blood com-
ponent therapy is available and sa e. Recombinant EPO as an 
adjunct to anemia management has trans ormed the lives o  
patients with chronic renal  ailure on dialysis and reduced 
trans usion needs o  anemic cancer patients receiving chemo-
therapy. Eventually, patients with inherited disorders o  glo-
bin synthesis or mutations in the globin gene, such as sickle 
cell disease, may bene t  rom the success ul introduction o  
targeted genetic therapy.

POLYCYTHEMIA

Polycythemia is de ned as an increase in the hemoglo-
bin above normal. T is increase may be real or only 
apparent because o  a decrease in plasma volume (spu-
rious or relative polycythemia). T e term erythrocytosis 
may be used interchangeably with polycythemia, but 
some draw a distinction between them: erythrocytosis  
implies documentation o  increased red cell mass, 
whereas polycythemia re ers to any increase in red cells.  

Of en patients with polycythemia are detected through 
an incidental  nding o  elevated hemoglobin or hema-
tocrit levels. Concern that the hemoglobin level may 
be abnormally high is usually triggered at 170 g/L 
(17 g/dL)  or men and 150 g/L (15 g/dL)  or women. 
Hematocrit levels >50% in men or >45% in women 
may be abnormal. Hematocrits >60% in men and 
>55% in women are almost invariably associated with 
an increased red cell mass. Given that the machine 
that quantitates red cell parameters actually measures 
hemoglobin concentrations and calculates hematocrits, 
hemoglobin levels may be a better index.

Features o  the clinical history that are use ul in the 
di erential diagnosis include smoking history; current 
living at high altitude; or a history o  congenital heart 
disease, sleep apnea, or chronic lung disease.

Patients with polycythemia may be asymptomatic or 
experience symptoms related to the increased red cell 
mass or the underlying disease process that leads to the 
increased red cell mass. T e dominant symptoms  rom 
an increased red cell mass are related to hyperviscosity 
and thrombosis (both venous and arterial), because the 
blood viscosity increases logarithmically at hematocrits 
>55%. Mani estations range  rom digital ischemia to 
Budd-Chiari syndrome with hepatic vein thrombosis. 
Abdominal vessel thromboses are particularly common. 
Neurologic symptoms such as vertigo, tinnitus, head-
ache, and visual disturbances may occur. Hypertension 
is of en present. Patients with polycythemia vera may 
have aquagenic pruritus and symptoms related to hepa-
tosplenomegaly. Patients may have easy bruising, epi-
staxis, or bleeding  rom the gastrointestinal tract. Peptic 
ulcer disease is common. Patients with hypoxemia may 
develop cyanosis on minimal exertion or have head-
ache, impaired mental acuity, and  atigue.

T e physical examination usually reveals a ruddy 
complexion. Splenomegaly  avors polycythemia vera as 
the diagnosis (Chap. 13). T e presence o  cyanosis or 
evidence o  a right-to-lef  shunt suggests congenital heart 
disease presenting in the adult, particularly tetralogy o  
Fallot or Eisenmenger’s syndrome. Increased blood vis-
cosity raises pulmonary artery pressure; hypoxemia 
can lead to increased pulmonary vascular resistance. 
 ogether, these  actors can produce cor pulmonale.

Polycythemia can be spurious (related to a decrease 
in plasma volume; Gaisbock’s syndrome), primary, 
or secondary in origin. T e secondary causes are all 
associated with increases in EPO levels: either a physi-
ologically adapted appropriate elevation based on tis-
sue hypoxia (lung disease, high altitude, CO poisoning, 
high-a nity hemoglobinopathy) or an abnormal over-
production (renal cysts, renal artery stenosis, tumors 
with ectopic EPO production). A rare  amilial  orm o  
polycythemia is associated with normal EPO levels but 
hyperresponsive EPO receptors due to mutations.
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21APPROACH TO THE PATIENT: 
Polycythemia
As shown in Fig. 2-18, the  rst step is to document the 
presence o  an increased red cell mass using the prin-
ciple o  isotope dilution by administering 51Cr-labeled 
autologous red blood cells to the patient and sampling 
blood radioactivity over a 2-h period. I  the red cell mass 
is normal (<36 mL/kg in men, <32 mL/kg in women), 

Dx: Rela tive
  e rythrocytos is

Measure  RBC mass

Measure  se rum
  EPO leve ls

Measure  a rte ria l
  O2 sa tura tion

e leva ted

e leva ted

Dx:   O2 a ffinity
  hemoglobinopa thy

increased

e leva ted

normal

Dx: Polycythemia
  vera

Confirm
JAK2
muta tion

smoker?

normal

normal

Dx: Smoker’s
  polycythemia

normal

Increased hct or hgb

low

low
Diagnos tic eva lua tion for
  hea rt or lung disease,
  e .g., COPD, high a ltitude,
  AV or intracardiac shunt

Measure  hemoglobin
  O2 a ffinity

Measure
  ca rboxyhemoglobin
  leve ls

Search for tumor as  source  of EPO
    IVP/rena l ultra sound (rena l Ca  or cys t)
    CT of head (cerebe lla r hemangioma)
    CT of pe lvis  (uterine  le iomyoma)
    CT of abdomen (hepa toma)

no

yes

AN APPROACH TO DIAGNOSING PATIENTS WITH POLYCYTHEMIA

FIGURE 2 -18
An  ap p roach  to  th e  d if e ren t ia l d iag nosis o   p a t ien ts with  
an  e levated  h em og lob in  (p ossib le  p o lycythem ia). AV, atrio-
ventricular; COPD, chronic obstructive pulmonary disease; CT, 
computed tomography; EPO, erythropoietin; hct, hematocrit; hgb, 
hemoglobin; IVP, intravenous pyelogram; RBC, red blood cell.

the patient has spurious or relative polycythemia. I  the 
red cell mass is increased (>36 mL/kg in men, >32 mL/kg  
in women), serum EPO levels should be measured. I  EPO 
levels are low or unmeasurable, the patient most likely 
has polycythemia vera. A mutation in JAK2 (Val617Phe),  
a key member o  the cytokine intracellular signaling path-
way, can be  ound in 90–95% o  patients with polycy-
themia vera. Many o  those without this particular JAK2 
mutation have mutations in exon 12. As a practical matter,  
 ew centers assess red cell mass in the setting o  an 
increased hematocrit. T e short workup is to measure 
EPO levels, check  or JAK2 mutation, and per orm an 
abdominal ultrasound to assess spleen size.  ests that sup-
port the diagnosis o  polycythemia vera include elevated 
white blood cell count, increased absolute basophil count, 
and thrombocytosis.

I  serum EPO levels are elevated, one needs to distin-
guish whether the elevation is a physiologic response 
to hypoxia or related to autonomous EPO production. 
Patients with low arterial O2 saturation (<92%) should be 
 urther evaluated  or the presence o  heart or lung dis-
ease, i  they are not living at high altitude. Patients with 
normal O2 saturation who are smokers may have elevated 
EPO levels because o  CO displacement o  O2. I  car-
boxyhemoglobin (COHb) levels are high, the diagnosis is 
“smoker’s polycythemia.” Such patients should be urged 
to stop smoking. T ose who cannot stop smoking require 
phlebotomy to control their polycythemia. Patients with 
normal O2 saturation who do not smoke either have an 
abnormal hemoglobin that does not deliver O2 to the 
tissues (evaluated by  nding elevated O2–hemoglobin 
a nity) or have a source o  EPO production that is not 
responding to the normal  eedback inhibition. Further 
workup is dictated by the di erential diagnosis o  EPO-
producing neoplasms. Hepatoma, uterine leiomyoma, and 
renal cancer or cysts are all detectable with abdominopel-
vic computed tomography scans. Cerebellar hemangiomas 
may produce EPO, but they present with localizing neu-
rologic signs and symptoms rather than polycythemia-
related symptoms.
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T e human hemostatic system provi es a natural bal-
ance between procoagulant an  anticoagulant  orces. T e 
procoagulant  orces inclu e platelet a hesion an  aggre-
gation an   brin clot  ormation; anticoagulant  orces 
inclu e the natural inhibitors o  coagulation an   brino-
lysis. Un er normal circumstances, hemostasis is regu-
late  to promote bloo   ow; however, it is also prepare  
to clot bloo  rapi ly to arrest bloo   ow an  prevent 
exsanguination. A er blee ing is success ully halte , 
the system remo els the  amage  vessel to restore nor-
mal bloo   ow. T e major components o  the hemostatic 
system, which  unction in concert, are (1) platelets an  
other  orme  elements o  bloo , such as monocytes an  
re  cells; (2) plasma proteins (the coagulation an   bri-
nolytic  actors an  inhibitors); an  (3) the vessel wall.

STEPS OF NORMAL HEMOSTASIS

PLATELET PLUG FORMATION
On vascular injury, platelets a here to the site o  injury, 
usually the  enu e  vascular intimal sur ace. Platelet 
a hesion is me iate  primarily by Von Willebran   ac-
tor (VWF), a large multimeric protein present in both 
plasma an  the extracellular matrix o  the suben othe-
lial vessel wall, which serves as the primary “molecular  
glue,” provi ing su cient strength to withstan  the 
high levels o  shear stress that woul  ten  to  etach 
them with the  ow o  bloo . Platelet a hesion is also 
 acilitate  by  irect bin ing to suben othelial collagen 
through speci c platelet membrane collagen receptors.

Platelet a hesion results in subsequent platelet acti-
vation an  aggregation. T is process is enhance  an  
ampli e  by humoral me iators in plasma (e.g., epi-
nephrine, thrombin); me iators release   rom activate  
platelets (e.g., a enosine  iphosphate, serotonin); an  
vessel wall extracellular matrix constituents that come 
in contact with a herent platelets (e.g., collagen, VWF).  

BLEEDING AND THROMBOSIS

CHAP TER 3

Activate  platelets un ergo the release reaction,  ur-
ing which they secrete contents that  urther promote 
aggregation an  inhibit the naturally anticoagulant 
en othelial cell  actors. During platelet aggregation 
(platelet-platelet interaction), a  itional platelets are 
recruite   rom the circulation to the site o  vascular 
injury, lea ing to the  ormation o  an occlusive platelet 
thrombus. T e platelet plug is anchore  an  stabilize  
by the  eveloping  brin mesh.

T e platelet glycoprotein (Gp) IIb/IIIa (αIIbβ3) com-
plex is the most abun ant receptor on the platelet sur-
 ace. Platelet activation converts the normally inactive 
Gp IIb/IIIa receptor into an active receptor, enabling 
bin ing to  brinogen an  VWF. Because the sur ace o  
each platelet has about 50,000 Gp IIb/IIIa–bin ing sites, 
numerous activate  platelets recruite  to the site o  vas-
cular injury can rapi ly  orm an occlusive aggregate by 
means o  a  ense network o  intercellular  brinogen 
bri ges. Because this receptor is the key me iator o  
platelet aggregation, it has become an ef ective target  or 
antiplatelet therapy.

FIBRIN CLOT FORMATION
Plasma coagulation proteins (clotting factors) normally cir-
culate in plasma in their inactive  orms. T e sequence 
o  coagulation protein reactions that culminate in the 
 ormation o   brin was originally  escribe  as a water-
fall or a cascade.  wo pathways o  bloo  coagulation 
have been  escribe  in the past: the so-calle  extrinsic, 
or tissue  actor, pathway an  the so-calle  intrinsic, or 
contact activation, pathway. We now know that coagu-
lation is normally initiate  through tissue  actor ( F) 
exposure an  activation through the classic extrinsic  
pathway but with critically important ampli cation 
through elements o  the classic intrinsic pathway, as illus-
trate  in Fig. 3-1. T ese reactions take place on phos-
pholipi  sur aces, usually the activate  platelet sur ace. 
Coagulation testing in the laboratory can re ect other 
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in uences  ue to the arti cial nature o  the in vitro sys-
tems use  (see below).

T e imme iate trigger  or coagulation is vascular 
 amage that exposes bloo  to  F that is constitutively 
expresse  on the sur aces o  suben othelial cellular com-
ponents o  the vessel wall, such as smooth muscle cells 
an   broblasts.  F is also present in circulating micropar-
ticles, presumably she   rom cells inclu ing monocytes 
an  platelets.  F bin s the serine protease  actor VIIa; the 
complex activates  actor X to  actor Xa. Alternatively, the 
complex can in irectly activate  actor X by initially con-
verting  actor IX to  actor IXa, which then activates  ac-
tor X. T e participation o   actor XI in hemostasis is not 
 epen ent on its activation by  actor XIIa but rather on 
its positive  ee back activation by thrombin. T us,  ac-
tor XIa  unctions in the propagation an  ampli cation, 
rather than in the initiation, o  the coagulation casca e.

Factor Xa can be  orme  through the actions o  
either the  F/ actor VIIa complex or  actor IXa (with 
 actor VIIIa as a co actor) an  converts prothrombin to 
thrombin, the pivotal protease o  the coagulation sys-
tem. T e essential co actor  or this reaction is  actor Va. 
Like the homologous  actor VIIIa,  actor Va is pro uce  
by thrombin-in uce  limite  proteolysis o   actor V. 
T rombin is a multi unctional enzyme that converts 
soluble plasma  brinogen to an insoluble  brin matrix. 
Fibrin polymerization involves an or erly process o  
intermolecular associations (Fig. 3-2). T rombin also 
activates  actor XIII ( brin-stabilizing  actor) to  actor 

D  E  D

Thrombin

D  E  DD  E  D  D  E  D

D  E  DD  E D  D  E  D

Factor XIIIa

D  E

A

B

C

D

DD  E  D  D  E  D

DD  E

D  E  DD  E  D  D  E  D

Plasmin

Fibrin assembly

Fibrin
cross -linking

Clot lys is

FIGURE 3 -2  
Fib rin   o rm at ion  an d  d isso lu t io n . A Fibrinogen is a trinodu-
lar structure consisting o  two D domains and one E domain. 
Thrombin activation results in an ordered lateral assembly o  pro-
to brils B with noncovalent associations. Factor XIIIa cross-links 
the D domains on adjacent molecules C. Fibrin and  brinogen 
(not shown) lysis by plasmin occurs at discrete sites and results 
in intermediary  brin(ogen) degradation products (not shown). 
d-Dimers are the product o  complete lysis o   brin D, maintain-
ing the cross-linked D domains.

Vesse l
injury

TF

TFPI

IX

IX

XI

VIIIa

IXa

(Prothrombin)

Thrombin (IIa )

Fibrinogen  Fibrin

XIaX

Va
Xa II

X

VIIa

FIGURE 3 -1  
Co ag u la t io n  is in it ia ted  b y t issue   a cto r  TF  exp osu re, 
which, with  actor (F) VIIa, activates FIX and FX, which in turn, with 
FVIII and FV as co actors, respectively, results in thrombin  orma-
tion and subsequent conversion o   brinogen to  brin. Throm-
bin activates FXI, FVIII, and FV, ampli ying the coagulation signal. 

Once the TF/FVIIa/FXa complex is  ormed, tissue  actor pathway 
inhibitor (TFPI) inhibits the TF/FVIIa pathway, making coagulation 
dependent on the ampli cation loop through FIX/FVIII. Coagula-
tion requires calcium (not shown) and takes place on phospholipid 
sur aces, usually the activated platelet membrane.
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24 XIIIa, which covalently cross-links an  thereby stabi-
lizes the  brin clot.

T e assembly o  the clotting  actors on activate  cell 
membrane sur aces greatly accelerates their reaction 
rates an  also serves to localize bloo  clotting to sites o  
vascular injury. T e critical cell membrane components, 
aci ic phospholipi s, are not normally expose  on rest-
ing cell membrane sur aces. However, when platelets, 
monocytes, an  en othelial cells are activate  by vas-
cular injury or in ammatory stimuli, the procoagulant 
hea  groups o  the membrane anionic phospholipi s 
become translocate  to the sur aces o  these cells or 
release  as part o  microparticles, making them avail-
able to support an  promote the plasma coagulation 
reactions.

ANTITHROMBOTIC MECHANISMS

Several physiologic antithrombotic mechanisms act in  
concert to prevent clotting un er normal circumstances.  
T ese mechanisms operate to preserve bloo   ui -
ity an  to limit bloo  clotting to speci c  ocal sites o  
vascular injury. En othelial cells have many antithrom-
botic ef ects. T ey pro uce prostacyclin, nitric oxi e, 
an  ectoADPase/CD39, which act to inhibit platelet 
bin ing, secretion, an  aggregation. En othelial cells 
pro uce anticoagulant  actors inclu ing heparan pro-
teoglycans, antithrombin,  F pathway inhibitor, an  
thrombomo ulin. T ey also activate  brinolytic mecha-
nisms through the pro uction o  tissue plasminogen 
activator 1, urokinase, plasminogen activator inhibitor, 
an  annexin-2. T e sites o  action o  the major physi-
ologic antithrombotic pathways are shown in Fig. 3-3.

Antithrombin (or antithrombin III) is the major 
plasma protease inhibitor o  thrombin an  the other 
clotting  actors in coagulation. Antithrombin neutral-
izes thrombin an  other activate  coagulation  ac-
tors by  orming a complex between the active site o  
the enzyme an  the reactive center o  antithrombin. 
T e rate o   ormation o  these inactivating complexes 
increases by a  actor o  several thousan  in the pres-
ence o  heparin. Antithrombin inactivation o  thrombin 
an  other activate  clotting  actors occurs physiologi-
cally on vascular sur aces, where glycosoaminoglycans, 
inclu ing heparan sul ates, are present to catalyze these 
reactions. Inherite  quantitative or qualitative  e cien-
cies o  antithrombin lea  to a li elong pre isposition to 
venous thromboembolism.

Protein C is a plasma glycoprotein that becomes an 
anticoagulant when it is activate  by thrombin. T e 
thrombin-in uce  activation o  protein C occurs physi-
ologically on thrombomo ulin, a transmembrane pro-
teoglycan-bin ing site  or thrombin on en othelial cell 
sur aces. T e bin ing o  protein C to its receptor on 

en othelial cells places it in proximity to the throm-
bin-thrombomo ulin complex, thereby enhancing 
its activation e ciency. Activate  protein C acts as an 
anticoagulant by cleaving an  inactivating activate   ac-
tors V an  VIII. T is reaction is accelerate  by a co ac-
tor, protein S, which, like protein C, is a glycoprotein 
that un ergoes vitamin K– epen ent posttranslational 
mo i cation. Quantitative or qualitative  e ciencies 
o  protein C or protein S, or resistance to the action 
o  activate  protein C by a speci c mutation at its tar-
get cleavage site in  actor Va ( actor V Lei en), lea  to 
hypercoagulable states.

 issue  actor pathway inhibitor ( FPI) is a plasma 
protease inhibitor that regulates the  F-in uce  extrin-
sic pathway o  coagulation.  FPI inhibits the  F/ actor  
VIIa/ actor Xa complex, essentially turning of  the 
 F/ actor VIIa initiation o  coagulation, which then 
becomes  epen ent on the “ampli cation loop” 
via  actor XI an   actor VIII activation by throm-
bin.  FPI is boun  to lipoprotein an  can also be 
release  by heparin  rom en othelial cells, where it 

TF

VII  VIIa
IX

XI

XII

XIIa

XIa

IXa

Xa AT

Th

FibrinFibrinogen  FDP

Plasmin

Plasminogen
PA

PT

PC
PS Va

VIIIa

TFPI
VIIa /TF

X

FIGURE 3 -3  
Sites o   act ion  o   the   ou r m ajo r p hysio log ic an t ith rom -
b o tic p a thways: antithrombin (AT); protein C/S (PC/PS); tissue 
 actor pathway inhibitor (TFPI); and the  brinolytic system, con-
sisting o  plasminogen, plasminogen activator (PA), and plasmin. 
PT, prothrombin; Th, thrombin; FDP,  brin(ogen) degradation 
products. (Modi ed  rom BA Konkle, AI Scha er, in DP Zipes et al [eds]: 
Braunwald’s Heart Disease, 7th ed. Philadelphia, Saunders, 2005.)
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25is boun  to glycosaminoglycans, an   rom platelets. 
T e heparin-me iate  release o   FPI may play a role 
in the anticoagulant ef ects o  un ractionate  an  low-
molecular-weight heparins.

THE FIBRINOLYTIC SYSTEM
Any thrombin that escapes the inhibitory ef ects o  the 
physiologic anticoagulant systems is available to con-
vert  brinogen to  brin. In response, the en ogenous 
 brinolytic system is then activate  to  ispose o  intra-
vascular  brin an  thereby maintain or reestablish the 
patency o  the circulation. Just as thrombin is the key 
protease enzyme o  the coagulation system, plasmin is 
the major protease enzyme o  the  brinolytic system, 
acting to  igest  brin to  brin  egra ation pro ucts. 
T e general scheme o   brinolysis an  its control is 
shown in Fig. 3-4.

T e plasminogen activators, tissue type plasminogen 
activator (tPA) an  the urokinase-type plasminogen 
activator (uPA), cleave the Arg560-Val561 bon  o  plas-
minogen to generate the active enzyme plasmin. T e 
lysine-bin ing sites o  plasmin (an  plasminogen) per-
mit it to bin  to  brin, so that physiologic  brinolysis is 
“ brin speci c.” Both plasminogen (through its lysine-
bin ing sites) an  tPA possess speci c a nity  or  brin 
an  thereby bin  selectively to clots. T e assembly o  
a ternary complex, consisting o   brin, plasminogen, 
an  tPA, promotes the localize  interaction between 
plasminogen an  tPA an  greatly accelerates the rate o  
plasminogen activation to plasmin. Moreover, partial 

 egra ation o   brin by plasmin exposes new plasmin-
ogen an  tPA-bin ing sites in carboxy-terminus lysine 
resi ues o   brin  ragments to enhance these reactions 
 urther. T is creates a highly e cient mechanism to 
generate plasmin  ocally on the  brin clot, which then 
becomes plasmin’s substrate  or  igestion to  brin  eg-
ra ation pro ucts.

Plasmin cleaves  brin at  istinct sites o  the  brin 
molecule, lea ing to the generation o  characteris-
tic  brin  ragments  uring the process o   brinolysis 
(Fig. 3-2). T e sites o  plasmin cleavage o   brin are 
the same as those in  brinogen. However, when plas-
min acts on covalently cross-linke   brin, d- imers are 
release ; hence,  - imers can be measure  in plasma 
as a relatively speci c test o   brin (rather than  brino-
gen)  egra ation. d-Dimer assays can be use  as sen-
sitive markers o  bloo  clot  ormation an  have been 
vali ate   or clinical use to exclu e the  iagnosis o  
 eep venous thrombosis (DV ) an  pulmonary embo-
lism in selecte  populations. In a  ition, d- imer mea-
surement can be use  to strati y patients, particularly 
women,  or risk o  recurrent venous thromboembo-
lism (V E) when measure  1 month a er  iscontinu-
ation o  anticoagulation given  or treatment o  an initial 
i iopathic event. d-Dimer levels may be elevate  in the 
absence o  V E in el erly people.

Physiologic regulation o   brinolysis occurs primarily  
at three levels: (1) plasminogen activator inhibitors 
(PAIs), speci cally PAI-1 an  PAI-2, inhibit the physio-
logic plasminogen activators; (2) the thrombin-activatable  
 brinolysis inhibitor ( AFI) limits  brinolysis; an   
(3) α2-antiplasmin inhibits plasmin. PAI-1 is the pri-
mary inhibitor o  tPA an  uPA in plasma.  AFI cleaves 
the N-terminal lysine resi ues o   brin, which ai  in 
localization o  plasmin activity. α2-Antiplasmin is the 
main inhibitor o  plasmin in human plasma, inactivating 
any non brin clot-associate  plasmin.

UPA

tPA

PAI

FDPs

Plasminogen

Plasmin

α2PI-P lasmin

Thrombin

FIGURE 3 -4  
A sch em at ic d iag ram  o   th e  f b rin o lyt ic system . Tissue plas-
minogen activator (tPA) is released  rom endothelial cells, binds 
the  brin clot, and activates plasminogen to plasmin. Excess  brin 
is degraded by plasmin to distinct degradation products (FDPs). 
Any  ree plasmin is complexed with α2-antiplasmin (α2Pl). PAI, 
plasminogen activator inhibitor; UPA, urokinase-type plasmino-
gen activator.

APPROACH TO THE PATIENT: 
Bleeding and Thrombosis
CLINICAL PRESENTATION Disor ers o  hemostasis may be ei-
ther inherite  or acquire . A  etaile  personal an   amily 
history is key in  etermining the chronicity o  symptoms 
an  the likelihoo  o  the  isor er being inherite , as well 
as provi ing clues to un erlying con itions that have con-
tribute  to the blee ing or thrombotic state. In a  ition, 
the history can give clues as to the etiology by  etermining 
(1) the blee ing (mucosal an /or joint) or thrombosis (ar-
terial an /or venous) site an  (2) whether an un erlying 
blee ing or clotting ten ency was enhance  by another 
me ical con ition or the intro uction o  me ications or 
 ietary supplements.
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History of Bleeding A history o  blee ing is the most 
important pre ictor o  blee ing risk. In evaluating a 
patient  or a blee ing  isor er, a history o  at-risk situa-
tions, inclu ing the response to past surgeries, shoul  be 
assesse . Does the patient have a history o  spontaneous 
or trauma/surgery-in uce  blee ing? Spontaneous hem-
arthroses are a hallmark o  mo erate an  severe  actor 
VIII an  IX  e ciency an , in rare circumstances, o  other 
clotting  actor  e ciencies. Mucosal blee ing symptoms 
are more suggestive o  un erlying platelet  isor ers or Von 
Willebran   isease (VWD), terme  disorders of primary 
hemostasis or platelet plug formation. Disor ers af ecting 
primary hemostasis are shown in Table 3-1.

A blee ing score has been vali ate  as a tool to pre-
 ict patients more likely to have type 1 VWD (Interna-
tional Society on T rombosis an  Haemostasis Blee ing 
Assessment  ool [www.isth.org/resource/resmgr/ssc/isth-ssc_ 
bleeding_assessment.pdf]). T is is most use ul tool in 
exclu ing the  iagnosis o  a blee ing  isor er, an  thus 
avoi ing unnecessary testing. One stu y  oun  that a 
low blee ing score (≤3) an  a normal activate  partial 
thromboplastin time (aP  ) ha  99.6% negative pre ic-
tive value  or the  iagnosis o  VWD. Blee ing symptoms 
that appear to be more common in patients with blee ing 
 isor ers inclu e prolonge  blee ing with surgery,  ental 
proce ures an  extractions, an /or trauma, menorrha-
gia or postpartum hemorrhage, an  large bruises (o en 
 escribe  with lumps).

Easy bruising an  menorrhagia are common com-
plaints in patients with an  without blee ing  isor ers. 
Easy bruising can also be a sign o  me ical con itions in 
which there is no i enti able coagulopathy; instea , the 
con itions are cause  by an abnormality o  bloo  vessels 
or their supporting tissues. In Ehlers-Danlos syn rome, 
there may be posttraumatic blee ing an  a history o  joint 
hyperextensibility. Cushing’s syn rome, chronic steroi  
use, an  aging result in changes in skin an  subcutaneous 
tissue, an  subcutaneous blee ing occurs in response to 
minor trauma. T e latter has been terme  senile purpura.

Epistaxis is a common symptom, particularly in chil-
 ren an  in  ry climates, an  may not re ect an un er-
lying blee ing  isor er. However, it is the most common 
symptom in here itary hemorrhagic telangiectasia an  
in boys with VWD. Clues that epistaxis is a symptom o  
an un erlying blee ing  isor er inclu e lack o  seasonal 
variation an  blee ing that requires me ical evaluation 
or treatment, inclu ing cauterization. Blee ing with erup-
tion o  primary teeth is seen in chil ren with more severe 
blee ing  isor ers, such as mo erate an  severe hemo-
philia. It is uncommon in chil ren with mil  blee ing 
 isor ers. Patients with  isor ers o  primary hemosta-
sis (platelet a hesion) may have increase  blee ing a er 
 ental cleanings an  other proce ures that involve gum 
manipulation.

Menorrhagia is  e ne  quantitatively as a loss o  >80 mL  
o  bloo  per cycle, base  on the quantity o  bloo  loss 
require  to pro uce iron- e ciency anemia. A complaint 
o  heavy menses is subjective an  has a poor correla-
tion with excessive bloo  loss. Pre ictors o  menorrhagia 
inclu e blee ing resulting in iron- e ciency anemia or 
a nee   or bloo  trans usion, passage o  clots >1 inch 
in  iameter, an  changing a pa  or tampon more than 
hourly. Menorrhagia is a common symptom in women 
with un erlying blee ing  isor ers an  is reporte  in 
the majority o  women with VWD, women with  actor 
XI  e ciency, an  symptomatic carriers o  hemophilia. 
Women with un erlying blee ing  isor ers are more 
likely to have other blee ing symptoms, inclu ing blee -
ing a er  ental extractions, postoperative blee ing, an  
postpartum blee ing, an  are much more likely to have 
menorrhagia beginning at menarche than women with 
menorrhagia  ue to other causes.

Postpartum hemorrhage (PPH) is a common symptom 
in women with un erlying blee ing  isor ers. In women 
with type 1 VWD an  symptomatic carriers o  hemophilia 
A in whom levels o  VWF an   actor VIII usually normal-
ize  uring pregnancy, PPH may be  elaye . Women with a 
history o  PPH have a high risk o  recurrence with subse-
quent pregnancies. Rupture o  ovarian cysts with intraab-
 ominal hemorrhage has also been reporte  in women 
with un erlying blee ing  isor ers.

 onsillectomy is a major hemostatic challenge, because 
intact hemostatic mechanisms are essential to prevent 

TABLE 3 -1
PRIMARY HEMOSTATIC (PLATELET PLUG) 
DISORDERS

Defects of Platelet Adhesion
Von Willebrand disease
Bernard-Soulier syndrome (absence or dys unction o  platelet 
Gp Ib-IX-V)

Defects of Platelet Aggregation
Glanzmann’s thrombasthenia (absence or dys unction o   
platelet glycoprotein [Gp] IIb/IIIa)

A brinogenemia
Defects of Platelet Secretion
Decreased cyclooxygenase activity

Drug-induced (aspirin, nonsteroidal anti-in ammatory 
agents, thienopyridines)

Inherited
Granule storage pool de ects

Inherited
Acquired

Nonspeci c inherited secretory de ects
Nonspeci c drug ef ects
Uremia
Platelet coating (e.g., paraprotein, penicillin)
Defect of Platelet Coagulant Activity
Scott’s syndrome
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27excessive blee ing  rom the tonsillar be . Blee ing may 
occur early a er surgery or a er approximately 7  ays 
postoperatively, with loss o  the eschar at the operative 
site. Similar  elaye  blee ing is seen a er colonic polyp 
resection. Gastrointestinal (GI) blee ing an  hematuria 
are usually  ue to un erlying pathology, an  proce ures 
to i enti y an  treat the blee ing site shoul  be un er-
taken, even in patients with known blee ing  isor ers. 
VWD, particularly types 2 an  3, has been associate  with 
angio ysplasia o  the bowel an  GI blee ing.

Hemarthroses an  spontaneous muscle hematomas 
are characteristic o  mo erate or severe congenital  ac-
tor VIII or IX  e ciency. T ey can also be seen in mo -
erate an  severe  e ciencies o   brinogen, prothrombin, 
an   actors V, VII, an  X. Spontaneous hemarthroses 
occur rarely in other blee ing  isor ers except  or severe 
VWD, with associate   actor VIII levels <5%. Muscle an  
so  tissue blee s are also common in acquire   actor VIII 
 e ciency. Blee ing into a joint results in severe pain an  
swelling, as well as loss o   unction, but is rarely associ-
ate  with  iscoloration  rom bruising aroun  the joint. 
Li e-threatening sites o  blee ing inclu e blee ing into the 
oropharynx, where blee ing can obstruct the airway, into 
the central nervous system, an  into the retroperitoneum. 
Central nervous system blee ing is the major cause o  
blee ing-relate   eaths in patients with severe congenital 
 actor  e ciencies.

Prohemorrhagic Effects of Medications and Dietary Supplements  
Aspirin an  other nonsteroi al anti-in lammatory  rugs 
(NSAIDs) that inhibit cyclooxygenase 1 impair primary 
hemostasis an  may exacerbate blee ing  rom another 
cause or even unmask a previously occult mil  blee ing 
 isor er such as VWD. All NSAIDs, however, can pre-
cipitate GI blee ing, which may be more severe in patients 
with un erlying blee ing  isor ers.  he aspirin e  ect on 
platelet  unction as assesse  by aggregometry can persist 
 or up to 7  ays, although it has  requently returne  to 
normal by 3  ays a ter the last  ose.  he e  ect o  other 
NSAIDs is shorter, as the inhibitor e  ect is reverse  
when the  rug is remove .  hienopyri ines (clopi ogrel 
an  prasugrel) inhibit ADP-me iate  platelet aggregation 
an , like NSAIDs, can precipitate or exacerbate blee ing 
symptoms.

Many herbal supplements can impair hemostatic  unc-
tion (Table 3-2). Some are more convincingly associate  
with a blee ing risk than others. Fish oil or concentrate  
omega-3  atty aci  supplements impair platelet  unction. 
T ey alter platelet biochemistry to pro uce more PGI3, a 
more potent platelet inhibitor than prostacyclin (PGI2), 
an  more thromboxane A3, a less potent platelet activa-
tor than thromboxane A2. In  act,  iets naturally rich in 
omega-3  atty aci s can result in a prolonge  blee ing time 
an  abnormal platelet aggregation stu ies, but the actual 
associate  blee ing risk is unclear. Vitamin E appears to 

inhibit protein kinase C–me iate  platelet aggregation 
an  nitric oxi e pro uction. In patients with unexplaine  
bruising or blee ing, it is pru ent to review any new me i-
cations or supplements an   iscontinue those that may be 
associate  with blee ing.

Underlying Systemic Diseases That Cause or Exacerbate a Bleeding 
Tendency Acquire  blee ing  isor ers are commonly sec-
on ary to, or associate  with, systemic  isease.  he clini-
cal evaluation o  a patient with a blee ing ten ency must 
there ore inclu e a thorough assessment  or evi ence o  
un erlying  isease. Bruising or mucosal blee ing may 
be the presenting complaint in liver  isease, severe renal 
impairment, hypothyroi ism, paraproteinemias or amy-
loi osis, an  con itions causing bone marrow  ailure. All 
coagulation  actors are synthesize  in the liver, an  hepatic 
 ailure results in combine   actor  e iciencies.  his is o ten 
compoun e  by thrombocytopenia  rom splenomegaly 
 ue to portal hypertension. Coagulation  actors II, VII, IX, 
an  X an  proteins C, S, an  Z are  epen ent on vitamin 
K  or posttranslational mo i ication. Although vitamin 
K is require  in both procoagulant an  anticoagulant 
processes, the phenotype o  vitamin K  e iciency or the 
war arin e  ect on coagulation is blee ing.

T e normal bloo  platelet count is 150,000–450,000/µL.  
T rombocytopenia results  rom  ecrease  pro uction, 
increase   estruction, an /or sequestration. Although 
the blee ing risk varies somewhat by the reason  or the 
thrombocytopenia, blee ing rarely occurs in isolate  
thrombocytopenia at counts <50,000/µL an  usually not 
until <10,000–20,000/µL. Coexisting coagulopathies, as 
is seen in liver  ailure or  isseminate  coagulation; in ec-
tion; platelet-inhibitory  rugs; an  un erlying me ical 

TABLE 3 -2
HERBAL SUPPLEMENTS ASSOCIATED WITH 
INCREASED BLEEDING
Herbs with Potential Antiplatelet Activity
Ginkgo (Ginkgo biloba L.)
Garlic (Allium sativum)
Bilberry (Vaccinium myrtillus)
Ginger (Gingiber of cinale)
Dong quai (Angelica sinensis)
Fever ew (Tanacetum parthenium)
Asian ginseng (Panax ginseng)
American ginseng (Panax quinque olius)
Siberian ginseng/eleuthero (Eleutherococcus senticosus)
Turmeric (Circuma longa)
Meadowsweet (Filipendula ulmaria)
Willow (Salix spp.)
Coumarin-Containing Herbs
Motherwort (Leonurus cardiaca)
Chamomile (Matricaria recutita, Chamaemelum mobile)
Horse chestnut (Aesculus hippocastanum)
Red clover (Tri olium pratense)
Fenugreek (Trigonella  oenum-graecum)
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28 con itions can all increase the risk o  blee ing in the 
thrombocytopenic patient. Most proce ures can be per-
 orme  in patients with a platelet count o  50,000/µL. 
T e level nee e   or major surgery will  epen  on the 
type o  surgery an  the patient’s un erlying me ical state, 
although a count o  approximately 80,000/µL is likely 
su cient.

HISTORY OF THROMBOSIS T e risk o  thrombosis, like that o  
blee ing, is in uence  by both genetic an  environmental 
in uences. T e major risk  actor  or arterial thrombosis is 
atherosclerosis, whereas  or venous thrombosis, the risk 
 actors are immobility, surgery, un erlying me ical con i-
tions such as malignancy, me ications such as hormonal 
therapy, obesity, an  genetic pre ispositions. Factors that 
increase risks  or venous an   or both venous an  arterial 
thromboses are shown in Table 3-3.

T e most important point in a history relate  to venous 
thrombosis is  etermining whether the thrombotic event 
was i iopathic (meaning there was no clear precipitat-
ing  actor) or was a precipitate  event. In patients with-
out un erlying malignancy, having an i iopathic event is 
the strongest pre ictor o  recurrence o  V E. In patients 
who have a vague history o  thrombosis, a history o  
being treate  with war arin suggests a past DV . Age is an 
important risk  actor  or venous thrombosis—the risk o  

DV  increases per  eca e, with an approximate inci ence 
o  1/100,000 per year in early chil hoo  to 1/200 per year 
among octogenarians. Family history is help ul in  eter-
mining i  there is a genetic pre isposition an  how strong 
that pre isposition appears to be. A genetic thrombophilia 
that con ers a relatively small increase  risk, such as being 
a heterozygote  or the prothrombin G20210A or  actor V 
Lei en mutation, may be a minor  eterminant o  risk in 
an el erly in ivi ual un ergoing a high-risk surgical pro-
ce ure. As illustrate  in Fig. 3-5, a thrombotic event usu-
ally has more than one contributing  actor. Pre isposing 
 actors must be care ully assesse  to  etermine the risk 
o  recurrent thrombosis an , with consi eration o  the 
patient’s blee ing risk,  etermine the length o  anticoagu-
lation. Similar consi eration shoul  be given in  etermin-
ing the nee , i  any, to test the patient an   amily members 
 or thrombophilias.

LABORATORY EVALUATION Care ul history taking an  clinical 
examination are essential components in the assessment 
o  blee ing an  thrombotic risk.  he use o  laboratory 

TABLE 3 -3
RISK FACTORS FOR THROMBOSIS

VENOUS  VENOUS AND ARTERIAL

Inherited
Factor V Leiden
Prothrombin G20210A
Antithrombin de ciency
Protein C de ciency
Protein S de ciency
Elevated  actor VIII
Acquired
Age
Previous thrombosis
Immobilization
Major surgery
Pregnancy and puerperium
Hospitalization
Obesity
In ection
APC resistance, nongenetic
Smoking
Unknowna

Elevated  actor II, IX, XI
Elevated TAFI levels
Low levels o  TFPI

Inherited
Homocystinuria
Dys brinogenemia
Mixed (inherited and 
acquired)

Hyperhomocysteinemia
Acquired
Malignancy
Antiphospholipid antibody 
syndrome

Hormonal therapy
Polycythemia vera
Essential thrombocythemia
Paroxysmal nocturnal 
hemoglobinuria

Thrombotic thrombocytope-
nic purpura

Heparin-induced 
thrombocytopenia

Disseminated intravascular 
coagulation

aUnknown whether risk is inherited or acquired.
Abbrevia tions: APC, activated protein C; TAFI, thrombin-activatable  
 brinolysis inhibitor; TFPI, tissue  actor pathway inhibitor.

OCP use
Leg in cas t
HRT use

Surgery

Factor V Le iden
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FIGURE 3 -5
Th ro m b o t ic risk ove r t im e. Shown schematically is an indi-
vidual’s thrombotic risk over time. An underlying  actor V Leiden 
mutation provides a “theoretically” constant increased risk. The 
thrombotic risk increases with age and, intermittently, with oral 
contraceptive (OCP) or hormone replacement therapy (HRT) use; 
other events may increase the risk  urther. At some point, the 
cumulative risk may increase to the threshold  or thrombosis and 
result in deep venous thrombosis (DVT). Note: The magnitude 
and duration o  risk portrayed in the  gure are meant  or example 
only and may not precisely re ect the relative risk determined 
by clinical study. (From BA Konkle, A Scha er, in DP Zipes et al [eds]: 
Braunwald’s Heart Disease, 7th ed. Philadelphia, Saunders, 2005; 
modi ed with permission  rom FR Rosendaal: Venous thrombosis:  
A multicausal disease. Lancet 353:1167, 1999.)
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29tests o  coagulation complement, but cannot substitute  or, 
clinical assessment. No test exists that provi es a global 
assessment o  hemostasis.  he blee ing time has been 
use  to assess blee ing risk; however, it  oes not pre ict 
blee ing risk with surgery an  it is not recommen e   or 
this in ication.  he PFA-100, an instrument that measures 
platelet- epen ent coagulation un er  low con itions, is 
more sensitive an  speci ic  or VWD than the blee ing 
time; however, it is not sensitive enough to rule out mil  
blee ing  isor ers. PFA-100 closure times are prolonge  in 
patients with some, but not all, inherite  platelet  isor ers. 
Also, its utility in pre icting blee ing risk has not been 
 etermine .

For routine preoperative an  preproce ure testing, an 
abnormal prothrombin time (P ) may  etect liver  is-
ease or vitamin K  e ciency that ha  not been previously 
appreciate . Stu ies have not con rme  the use ulness 
o  an aP   in preoperative evaluations in patients with 
a negative blee ing history. T e primary use o  coagula-
tion testing shoul  be to con rm the presence an  type 
o  blee ing  isor er in a patient with a suspicious clinical 
history.

Because o  the nature o  coagulation assays, proper 
sample acquisition an  han ling is critical to obtaining 
vali  results. In patients with abnormal coagulation assays 
who have no blee ing history, repeat stu ies with atten-
tion to these  actors  requently results in normal values. 
Most coagulation assays are per orme  in so ium citrate 
anticoagulate  plasma that is recalci e   or the assay. 
Because the anticoagulant is in liqui  solution an  nee s 
to be a  e  to bloo  in proportion to the plasma volume, 
incorrectly  lle  or ina equately mixe  bloo  collection 
tubes will give erroneous results. Vacutainer tubes shoul  
be  lle  to >90% o  the recommen e   ll, which is usu-
ally  enote  by a line on the tube. An elevate  hemato-
crit (>55%) can result in a  alse value  ue to a  ecrease  
plasma-to-anticoagulant ratio.

Screening Assays  he most commonly use  screening tests 
are the P , aP  , an  platelet count.  he P  assesses the 
 actors I ( ibrinogen), II (prothrombin), V, VII, an  X  
(Fig. 3-6).  he P  measures the time  or clot  ormation o  the 
citrate  plasma a ter recalci ication an  a  ition o  throm-
boplastin, a mixture o   F an  phospholipi s.  he sensi-
tivity o  the assay varies by the source o  thromboplastin. 
 he relationship between  e ects in secon ary hemostasis  
( ibrin  ormation) an  coagulation test abnormalities is 
shown in Table 3-4.  o a just  or this variability, the over-
all sensitivity o   i  erent thromboplastins to re uction 
o  the vitamin K– epen ent clotting  actors II, VII, IX, 
an  X in anticoagulation patients is now expresse  as the 
International Sensitivity In ex (ISI). An inverse relation-
ship exists between ISI an  thromboplastin sensitivity.  he 
international normalize  ratio (INR) is then  etermine  
base  on the  ormula: INR = (P patient/P normal mean)ISI.

T e INR was  evelope  to assess stable anticoagulation 
 ue to re uction o  vitamin K– epen ent coagulation  ac-
tors; it is commonly use  in the evaluation o  patients with 
liver  isease. Although it  oes allow comparison between 
laboratories, reagent sensitivity as use  to  etermine the 
ISI is not the same in liver  isease as with war arin anti-
coagulation. In a  ition, progressive liver  ailure is asso-
ciate  with variable changes in coagulation  actors; the 
 egree o  prolongation o  either the P  or the INR only 
roughly pre icts the blee ing risk. T rombin generation 
has been shown to be normal in many patients with mil  
to mo erate liver  ys unction. Because the P  only mea-
sures one aspect o  hemostasis af ecte  by liver  ys unc-
tion, we likely overestimate the blee ing risk o  a mil ly 
elevate  INR in this setting.

T e aP   assesses the intrinsic an  common coagula-
tion pathways;  actors XI, IX, VIII, X, V, an  II;  brino-
gen; prekallikrein; high-molecular-weight kininogen; an  
 actor XII (Fig. 3-6). T e aP   reagent contains phospho-
lipi s  erive   rom either animal or vegetable sources that 
 unction as a platelet substitute in the coagulation path-
ways an  inclu es an activator o  the intrinsic coagulation 
system, such as nonparticulate ellagic aci  or the particu-
late activators kaolin, celite, or micronize  silica.

T e phospholipi  composition o  aP   reagents varies, 
which in uences the sensitivity o  in ivi ual reagents to 
clotting  actor  e ciencies an  to inhibitors such as hepa-
rin an  lupus anticoagulants. T us, aP   results will vary 

HMWK

PK

FXII

FXI

FIX

FVIII

FVII

FX

FV

Prothrombin (FII)

Fibrinogen (FI)

aPTT

PT

FIGURE 3 -6  
Co ag u la t io n   acto r act ivity tested in the activated partial 
thromboplastin time (aPTT) in red and prothrombin time (PT) in 
green, or both. F,  actor; HMWK, high-molecular-weight kinino-
gen; PK, prekallikrein.
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 rom one laboratory to another, an  the normal range in 
the laboratory where the testing occurs shoul  be use  in 
the interpretation. Local laboratories can relate their aP   
values to the therapeutic heparin anticoagulation by cor-
relating aP   values with  irect measurements o  heparin 
activity (anti-Xa or protamine titration assays) in samples 
 rom heparinize  patients, although correlation between 
these assays is o en poor. T e aP   reagent will vary in 
sensitivity to in ivi ual  actor  e ciencies an  usually 
becomes prolonge  with in ivi ual  actor  e ciencies o  
30–50%.

Mixing Studies Mixing stu ies are use  to evaluate a pro-
longe  aP   or, less commonly P , to  istinguish between 
a  actor  e ciency an  an inhibitor. In this assay, normal 

plasma an  patient plasma are mixe  in a 1:1 ratio, an  the 
aP   or P  is  etermine  imme iately an  a er incuba-
tion at 37°C  or varying times, typically 30, 60, an /or 120 
min. With isolate   actor  e ciencies, the aP   will cor-
rect with mixing an  stay correcte  with incubation. With 
aP   prolongation  ue to a lupus anticoagulant, the mix-
ing an  incubation will show no correction. In acquire  
neutralizing  actor antibo ies, notably an acquire   actor 
VIII inhibitor, the initial assay may or may not correct 
imme iately a er mixing  but will prolong or remain 
prolonge  with incubation at 37°C. Failure to correct with 
mixing can also be  ue to the presence o  other inhibitors 
or inter ering substances such as heparin,  brin split pro -
ucts, an  paraproteins.

Specific Factor Assays Decisions to procee  with speci c 
clotting  actor assays will be in uence  by the clinical 
situation an  the results o  coagulation screening tests. 
Precise  iagnosis an  ef ective management o  inherite  
an  acquire  coagulation  e ciencies necessitate quan-
titation o  the relevant  actors. When blee ing is severe, 
speci c assays are urgently require  to gui e appropriate 
therapy. In ivi ual  actor assays are usually per orme  
as mo i cations o  the mixing stu y, where the patient’s 
plasma is mixe  with plasma  e cient in the  actor being 
stu ie . T is will correct all  actor  e ciencies to >50%, 
thus making prolongation o  clot  ormation  ue to a  ac-
tor  e ciency  epen ent on the  actor missing  rom the 
a  e  plasma.

Testing for Antiphospholipid Antibodies Antibo ies to phos-
pholipi s (car iolipin) or phospholipi -bin ing proteins 
(β2-microglobulin an  others) are  etecte  by enzyme-
linke  immunosorbent assay (ELISA). When these anti-
bo ies inter ere with phospholipi - epen ent coagulation 
tests, they are terme  lupus anticoagulants. T e aP   has 
variability sensitivity to lupus anticoagulants,  epen ing in 
part on the aP   reagents use . An assay using a sensitive 
reagent has been terme  an LA-PTT. T e  ilute Russell 
viper venom test ( RVV ) an  the tissue thromboplastin 
inhibition (  I) test are mo i cations o  stan ar  tests 
with the phospholipi  reagent  ecrease , thus increasing 
the sensitivity to antibo ies that inter ere with the phos-
pholipi  component. T e tests, however, are not speci c  or 
lupus anticoagulants, because  actor  e ciencies or other 
inhibitors will also result in prolongation. Documentation 
o  a lupus anticoagulant requires not only prolongation o  
a phospholipi - epen ent coagulation test but also lack o  
correction when mixe  with normal plasma an  correc-
tion with the a  ition o  activate  platelet membranes or 
certain phospholipi s (e.g., hexagonal phase).

Other Coagulation Tests T e thrombin time an  the rep-
tilase time measure  brinogen conversion to  brin an  
are prolonge  when the  brinogen level is low (usually 
<80–100 mg/ L) or qualitatively abnormal, as seen in 

TABLE 3 -4
HEMOSTATIC DISORDERS AND COAGULATION TEST 
ABNORMALITIES
Prolonged  Activated  Part ia l Throm b op last in  Tim e  aPTT 

No clinical bleeding—↓   actor XII, high-molecular-weight 
kininogen, prekallikrein

Variable, but usually mild, bleeding—↓   actor XI, mild ↓   actor 
VIII and  actor IX

Frequent, severe bleeding—severe de ciencies o   actors VIII 
and IX

Heparin and direct thrombin inhibitors
Pro lon g ed  Pro th ro m b in  Tim e   PT 
Factor VII de ciency
Vitamin K de ciency—early
War arin anticoagulation
Direct Xa inhibitors (rivaroxaban, apixaban)
Pro lon g ed  aPTT an d  PT
Factor II, V, X, or  brinogen de ciency
Vitamin K de ciency—late
Direct thrombin inhibitors
Pro lon g ed  Th rom b in  Tim e
Heparin or heparin-like inhibitors
Direct thrombin inhibitors (e.g., dabigatran, argatroban, 
bivalirudin)

Mild or no bleeding—dys brinogenemia
Frequent, severe bleeding—a brinogenemia
Pro lon g ed  PT an d /o r aPTT No t  Co rrected  with  Mixin g  
with  No rm al Pla sm a

Bleeding—speci c  actor inhibitor
No symptoms, or clotting and/or pregnancy loss—lupus 
anticoagulant

Disseminated intravascular coagulation
Heparin or direct thrombin inhibitor
Ab n orm a l Clo t  So lu b ility
Factor XIII de ciency
Inhibitors or de ective cross-linking
Rap id  Clo t  Lysis
De ciency o  α2-antiplasmin or plasminogen activator inhibitor 1
Treatment with  brinolytic therapy
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31inherite  or acquire   ys brinogenemias, or when  brin/
 brinogen  egra ation pro ucts inter ere. T e thrombin 
time, but not the reptilase time, is prolonge  in the pres-
ence o  heparin. T e thrombin time is marke ly prolonge  
in the presence o  the  irect thrombin inhibitor,  abi-
gatran; a  ilute thrombin time can be use  to assess  rug 
activity. Measurement o  anti– actor Xa plasma inhibitory 
activity is a test  requently use  to assess low-molecular-
weight heparin (LMWH) levels, as a  irect measurement o  
un ractionate  heparin (UFH) activity, or to assess activity 
o  the new  irect Xa inhibitors rivaroxaban or apixaban. 
Drug in the patient sample inhibits the enzymatic conver-
sion o  an Xa-speci c chromogenic substrate to colore  
pro uct by  actor Xa. Stan ar  curves are create  using 
multiple concentrations o   rug an  are use  to calculate 
the concentration o  anti-Xa activity in the patient plasma.

Laboratory Testing for Thrombophilia Laboratory assays to 
 etect thrombophilic states inclu e molecular  iagnostics 
an  immunologic an   unctional assays. T ese assays vary 
in their sensitivity an  speci city  or the con ition being 
teste . Furthermore, acute thrombosis, acute illnesses, 
in ammatory con itions, pregnancy, an  me ications 
af ect levels o  many coagulation  actors an  their inhibi-
tors. Antithrombin is  ecrease  by heparin an  in the 
setting o  acute thrombosis. Protein C an  S levels may 
be increase  in the setting o  acute thrombosis an  are 
 ecrease  by war arin. Antiphospholipi  antibo ies are 
 requently transiently positive in acute illness.  esting  or 
genetic thrombophilias shoul , in general, only be per orme  
when there is a strong  amily history o  thrombosis an  
results woul  af ect clinical  ecision making.

Because thrombophilia evaluations are usually per-
 orme  to assess the nee  to exten  anticoagulation, test-
ing shoul  be per orme  in a stea y state, remote  rom the 
acute event. In most instances, war arin anticoagulation 
can be stoppe  a er the initial 3–6 months o  treatment, 

an  testing can be per orme  at least 3 weeks later. As a 
sensitive marker o  coagulation activation, the quantitative 
d- imer assay,  rawn 4 weeks a er stopping anticoagula-
tion, can be use  to strati y risk o  recurrent thrombosis in 
patients who have an i iopathic event.

Measures of Platelet Function T e blee ing time has been 
use  to assess blee ing risk; however, it has not been  oun  
to pre ict blee ing risk with surgery, an  it is not recom-
men e   or use  or this in ication. T e PFA-100 an  simi-
lar instruments that measure platelet- epen ent coagula-
tion un er  ow con itions are generally more sensitive an  
speci c  or platelet  isor ers an  VWD than the blee ing 
time; however,  ata are insu cient to support their use to 
pre ict blee ing risk or monitor response to therapy, an  
they will be normal in some patients with platelet  isor ers 
or mil  VWD. When they are use  in the evaluation o  a 
patient with blee ing symptoms, abnormal results, as with 
the blee ing time, require speci c testing, such as VWF 
assays an /or platelet aggregation stu ies. Because all o  
these “screening” assays may miss patients with mil  blee -
ing  isor ers,  urther stu ies are nee e  to  e ne their role 
in hemostasis testing.

For classic platelet aggregometry, various agonists 
are a  e  to the patient’s platelet-rich plasma an  plate-
let aggregation is measure .  ests o  platelet secretion in 
response to agonists can also be measure . T ese tests are 
af ecte  by many  actors, inclu ing numerous me ica-
tions, an  the association between minor  e ects in aggre-
gation or secretion in these assays an  blee ing risk is not 
clearly establishe .

Ac kn o wl ed g men t

Robert I. Handin, MD, contributed this chapter in the 
16th edition, and some material from that chapter has 
been retained here.
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T is chapter is intended to serve as a guide to the evalu-
ation o  patients who present with enlargement o  the 
lymph nodes (lymphadenopathy) or the spleen (spleno-
megaly). Lymphadenopathy is a rather common clinical 
 nding in primary care settings, whereas palpable sple-
nomegaly is less so.

LYMPHADENOPATHY

Lymphadenopathy may be an incidental  nding in 
patients being examined  or various reasons, or it may 
be a presenting sign or symptom o  the patient’s ill-
ness. T e physician must eventually decide whether 
the lymphadenopathy is a normal  nding or one that 
requires  urther study, up to and including biopsy. So , 
 at, submandibular nodes (<1 cm) are o en palpable in 
healthy children and young adults; healthy adults may 
have palpable inguinal nodes o  up to 2 cm, which are 
considered normal. Further evaluation o  these normal 
nodes is not warranted. In contrast, i  the physician 
believes the node(s) to be abnormal, then pursuit o  a 
more precise diagnosis is needed.

ENLARGEMENT OF LYMPH NODES AND SPLEEN

CHAP TER 4

APPROACH TO THE PATIENT: 
Lymphadenopathy
Lymphadenopathy may be a primary or second-
ary mani estation o  numerous disorders, as shown in 
Table 4-1. Many o  these disorders are in requent causes 
o  lymphadenopathy. In primary care practice, more than 
two-thirds o  patients with lymphadenopathy have non-
speci c causes or upper respiratory illnesses (viral or bac-
terial), and <1% have a malignancy. In one study, 84% o  
patients re erred  or evaluation o  lymphadenopathy had 
a “benign” diagnosis. T e remaining 16% had a malig-
nancy (lymphoma or metastatic adenocarcinoma). O  the 
patients with benign lymphadenopathy, 63% had a non-
speci c or reactive etiology (no causative agent  ound), 

and the remainder had a speci c cause demonstrated, 
most commonly in ectious mononucleosis, toxoplasmo-
sis, or tuberculosis. T us, the vast majority o  patients with 
lymphadenopathy will have a nonspeci c etiology requir-
ing  ew diagnostic tests.

CLINICAL ASSESSMENT T e physician will be aided in the pur-
suit o  an explanation  or the lymphadenopathy by a care-
 ul medical history, physical examination, selected labora-
tory tests, and perhaps an excisional lymph node biopsy.

T e medical history should reveal the setting in which 
lymphadenopathy is occurring. Symptoms such as sore 
throat, cough,  ever, night sweats,  atigue, weight loss, or 
pain in the nodes should be sought. T e patient’s age, sex, 
occupation, exposure to pets, sexual behavior, and use 
o  drugs such as diphenylhydantoin are other important 
historic points. For example, children and young adults 
usually have benign (i.e., nonmalignant) disorders that 
account  or the observed lymphadenopathy such as viral 
or bacterial upper respiratory in ections; in ectious mono-
nucleosis; toxoplasmosis; and, in some countries, tubercu-
losis. In contrast, a er age 50, the incidence o  malignant 
disorders increases and that o  benign disorders decreases.

T e physical examination can provide use ul clues 
such as the extent o  lymphadenopathy (localized or gen-
eralized), size o  nodes, texture, presence or absence o  
nodal tenderness, signs o  in ammation over the node, 
skin lesions, and splenomegaly. A thorough ear, nose, and 
throat (EN ) examination is indicated in adult patients 
with cervical adenopathy and a history o  tobacco use. 
Localized or regional adenopathy implies involvement o  
a single anatomic area. Generalized adenopathy has been 
de ned as involvement o  three or more noncontigu-
ous lymph node areas. Many o  the causes o  lymphade-
nopathy ( able 4-1) can produce localized or generalized 
adenopathy, so this distinction is o  limited utility in the 
di erential diagnosis. Nevertheless, generalized lymph-
adenopathy is  requently associated with nonmalignant 
disorders such as in ectious mononucleosis (Epstein-Barr 
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33virus [EBV] or cytomegalovirus [CMV]), toxoplasmosis, 
AIDS, other viral in ections, systemic lupus erythemato-
sus (SLE), and mixed connective tissue disease. Acute and 
chronic lymphocytic leukemias and malignant lympho-
mas also produce generalized adenopathy in adults.

T e site o  localized or regional adenopathy may pro-
vide a use ul clue about the cause. Occipital adenopathy 
o en re ects an in ection o  the scalp, and preauricular 
adenopathy accompanies conjunctival in ections and cat-
scratch disease. T e most  requent site o  regional adenopa-
thy is the neck, and most o  the causes are benign—upper 
respiratory in ections, oral and dental lesions, in ectious 
mononucleosis, or other viral illnesses. T e chie  malig-
nant causes include metastatic cancer  rom head and neck, 
breast, lung, and thyroid primaries. Enlargement o  supra-
clavicular and scalene nodes is always abnormal. Because 
these nodes drain regions o  the lung and retroperitoneal 
space, they can re ect lymphomas, other cancers, or in ec-
tious processes arising in these areas. Virchow’s node is an 
enlarged le  supraclavicular node in ltrated with meta-
static cancer  rom a gastrointestinal primary. Metasta-
ses to supraclavicular nodes also occur  rom lung, breast, 
testis, or ovarian cancers.  uberculosis, sarcoidosis, and 
toxoplasmosis are nonneoplastic causes o  supraclavicular 
adenopathy. Axillary adenopathy is usually due to injuries 
or localized in ections o  the ipsilateral upper extremity. 
Malignant causes include melanoma or lymphoma and, in 
women, breast cancer. Inguinal lymphadenopathy is usu-
ally secondary to in ections or trauma o  the lower extremi-
ties and may accompany sexually transmitted diseases such 
as lymphogranuloma venereum, primary syphilis, genital 
herpes, or chancroid. T ese nodes may also be involved by 
lymphomas and metastatic cancer  rom primary lesions o  
the rectum, genitalia, or lower extremities (melanoma).

T e size and texture o  the lymph node(s) and the 
presence o  pain are use ul parameters in evaluating a 
patient with lymphadenopathy. Nodes <1.0 cm2 in area 
(1.0 cm × 1.0 cm or less) are almost always secondary to 
benign, nonspeci c reactive causes. In one retrospec-
tive analysis o  younger patients (9–25 years) who had a 
lymph node biopsy, a maximum diameter o  >2 cm served 
as one discriminant  or predicting that the biopsy would 
reveal malignant or granulomatous disease. Another study 
showed that a lymph node size o  2.25 cm2 (1.5 cm × 1.5 cm) 
was the best size limit  or distinguishing malignant or 
granulomatous lymphadenopathy  rom other causes o  
lymphadenopathy. Patients with node(s) ≤1.0 cm2 should 
be observed a er excluding in ectious mononucleosis and/
or toxoplasmosis unless there are symptoms and signs o  
an underlying systemic illness.

T e texture o  lymph nodes may be described as so , 
 rm, rubbery, hard, discrete, matted, tender, movable, or 
 xed.  enderness is  ound when the capsule is stretched 
during rapid enlargement, usually secondary to an in am-
matory process. Some malignant diseases such as acute 

TABLE 4 -1
DISEASES ASSOCIATED WITH LYMPHADENOPATHY

1. In ectious diseases
a. Viral—in ectious mononucleosis syndromes  

(EBV, CMV), in ectious hepatitis, herpes simplex,  
herpesvirus-6, varicella-zoster virus, rubella, measles, 
adenovirus, HIV, epidemic keratoconjunctivitis,  
vaccinia,  herpesvirus-8

b. Bacterial—streptococci, staphylococci, cat-scratch 
disease, brucellosis, tularemia, plague, chancroid, meli-
oidosis, glanders, tuberculosis, atypical mycobacterial 
in ection, primary and secondary syphilis, diphtheria, 
leprosy, Bartonella

c. Fungal—histoplasmosis, coccidioidomycosis, 
paracoccidioidomycosis

d. Chlamydial—lymphogranuloma venereum, trachoma
e. Parasitic—toxoplasmosis, leishmaniasis, trypanosomiasis, 

 lariasis
 . Rickettsial—scrub typhus, rickettsialpox, Q  ever

2. Immunologic diseases
a. Rheumatoid arthritis
b. Juvenile rheumatoid arthritis
c. Mixed connective tissue disease
d. Systemic lupus erythematosus
e. Dermatomyositis
 . Sjögren’s syndrome
g. Serum sickness
h. Drug hypersensitivity—diphenylhydantoin, hydralazine, 

allopurinol, primidone, gold, carbamazepine, etc.
i. Angioimmunoblastic lymphadenopathy
j. Primary biliary cirrhosis
k. Gra t-versus-host disease
l. Silicone-associated
m. Autoimmune lymphoproli erative syndrome
n. IgG4-related disease
o. Immune reconstitution in ammatory syndrome (IRIS)

3. Malignant diseases
a. Hematologic—Hodgkin’s disease, non-Hodgkin’s  

lymphomas, acute or chronic lymphocytic leukemia, 
hairy cell leukemia, malignant histiocytosis, amyloidosis

b. Metastatic— rom numerous primary sites
4. Lipid storage diseases—Gaucher’s, Niemann-Pick, Fabry, 

Tangier
5. Endocrine diseases—hyperthyroidism
6. Other disorders

a. Castleman’s disease (giant lymph node hyperplasia)
b. Sarcoidosis
c. Dermatopathic lymphadenitis
d. Lymphomatoid granulomatosis
e. Histiocytic necrotizing lymphadenitis (Kikuchi’s disease)
 . Sinus histiocytosis with massive lymphadenopathy 

(Rosai-Dor man disease)
g. Mucocutaneous lymph node syndrome (Kawasaki’s 

disease)
h. Histiocytosis X
i. Familial Mediterranean  ever
j. Severe hypertriglyceridemia
k. Vascular trans ormation o  sinuses
l. In ammatory pseudotumor o  lymph node
m. Congestive heart  ailure

Abbrevia t ions: CMV, cytomegalovirus; EBV, Epstein-Barr virus.
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34 leukemia may produce rapid enlargement and pain in the 
nodes. Nodes involved by lymphoma tend to be large, dis-
crete, symmetric, rubbery,  rm, mobile, and nontender. 
Nodes containing metastatic cancer are o en hard, non-
tender, and nonmovable because o   xation to surround-
ing tissues. T e coexistence o  splenomegaly in the patient 
with lymphadenopathy implies a systemic illness such as 
in ectious mononucleosis, lymphoma, acute or chronic 
leukemia, SLE, sarcoidosis, toxoplasmosis, cat-scratch dis-
ease, or other less common hematologic disorders. T e 
patient’s story should provide help ul clues about the 
underlying systemic illness.

Nonsuper cial presentations (thoracic or abdomi-
nal) o  adenopathy are usually detected as the result o  a 
symptom-directed diagnostic workup. T oracic adenopa-
thy may be detected by routine chest radiography or dur-
ing the workup  or super cial adenopathy. It may also be 
 ound because the patient complains o  a cough or wheez-
ing  rom airway compression; hoarseness  rom recurrent 
laryngeal nerve involvement; dysphagia  rom esophageal 
compression; or swelling o  the neck,  ace, or arms sec-
ondary to compression o  the superior vena cava or sub-
clavian vein. T e di erential diagnosis o  mediastinal and 
hilar adenopathy includes primary lung disorders and sys-
temic illnesses that characteristically involve mediastinal 
or hilar nodes. In the young, mediastinal adenopathy is 
associated with in ectious mononucleosis and sarcoidosis. 
In endemic regions, histoplasmosis can cause unilateral 
paratracheal lymph node involvement that mimics lym-
phoma.  uberculosis can also cause unilateral adenopathy. 
In older patients, the di erential diagnosis includes pri-
mary lung cancer (especially among smokers), lympho-
mas, metastatic carcinoma (usually lung), tuberculosis, 
 ungal in ection, and sarcoidosis.

Enlarged intraabdominal or retroperitoneal nodes are 
usually malignant. Although tuberculosis may present as 
mesenteric lymphadenitis, these masses usually contain 
lymphomas or, in young men, germ cell tumors.

LABORATORY INVESTIGATION  he laboratory investigation o  
patients with lymphadenopathy must be tailored to elu-
cidate the etiology suspected  rom the patient’s history 
and physical  indings. One study  rom a  amily practice 
clinic evaluated 249 younger patients with “enlarged lymph 
nodes, not in ected” or “lymphadenitis.” No laboratory 
studies were obtained in 51%. When studies were per-
 ormed, the most common were a complete blood count 
(CBC) (33%), throat culture (16%), chest x-ray (12%), or 
monospot test (10%). Only eight patients (3%) had a node 
biopsy, and hal  o  those were normal or reactive.  he CBC 
can provide use ul data  or the diagnosis o  acute or chronic 
leukemias, EBV or CMV mononucleosis, lymphoma with 
a leukemic component, pyogenic in ections, or immune 
cytopenias in illnesses such as SLE. Serologic studies may 
demonstrate antibodies speci ic to components o  EBV, 

CMV, HIV, and other viruses; Toxoplasma gondii; Brucella; 
and so on. I  SLE is suspected, antinuclear and anti-DNA 
antibody studies are warranted.

T e chest x-ray is usually negative, but the presence o  
a pulmonary in ltrate or mediastinal lymphadenopathy 
would suggest tuberculosis, histoplasmosis, sarcoidosis, 
lymphoma, primary lung cancer, or metastatic cancer and 
demands  urther investigation.

A variety o  imaging techniques (computed tomogra-
phy [C ], magnetic resonance imaging [MRI], ultrasound, 
color Doppler ultrasonography) have been used to di er-
entiate benign  rom malignant lymph nodes, especially in 
patients with head and neck cancer. C  and MRI are com-
parably accurate (65–90%) in the diagnosis o  metastases 
to cervical lymph nodes. Ultrasonography has been used 
to determine the long axis, short axis, and a ratio o  long 
to short (L/S) axis in cervical nodes. An L/S ratio o  <2.0 
has a sensitivity and a speci city o  95%  or distinguish-
ing benign and malignant nodes in patients with head and 
neck cancer. T is ratio has greater speci city and sensitiv-
ity than palpation or measurement o  either the long or 
the short axis alone.

T e indications  or lymph node biopsy are imprecise, 
yet it is a valuable diagnostic tool. T e decision to biopsy 
may be made early in a patient’s evaluation or delayed  or 
up to 2 weeks. Prompt biopsy should occur i  the patient’s 
history and physical  ndings suggest a malignancy; exam-
ples include a solitary, hard, nontender cervical node in an 
older patient who is a chronic user o  tobacco; supracla-
vicular adenopathy; and solitary or generalized adenopa-
thy that is  rm, movable, and suggestive o  lymphoma. I  a 
primary head and neck cancer is suspected as the basis o  
a solitary, hard cervical node, then a care ul EN  exami-
nation should be per ormed. Any mucosal lesion that 
is suspicious  or a primary neoplastic process should be 
biopsied  rst. I  no mucosal lesion is detected, an exci-
sional biopsy o  the largest node should be per ormed. 
Fine-needle aspiration should not be per ormed as the 
 rst diagnostic procedure. Most diagnoses require more 
tissue than such aspiration can provide, and it o en delays 
a de nitive diagnosis. Fine-needle aspiration should be 
reserved  or thyroid nodules and  or con rmation o  
relapse in patients whose primary diagnosis is known. I  
the primary physician is uncertain about whether to pro-
ceed to biopsy, consultation with a hematologist or medi-
cal oncologist should be help ul. In primary care practices, 
<5% o  lymphadenopathy patients will require a biopsy. 
T at percentage will be considerably larger in re erral 
practices, i.e., hematology, oncology, or EN .

 wo groups have reported algorithms that they claim 
will identi y more precisely those lymphadenopathy 
patients who should have a biopsy. Both reports were ret-
rospective analyses in re erral practices. T e  rst study 
involved patients 9–25 years o  age who had a node biopsy 
per ormed. T ree variables were identi ed that predicted 
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SPLENOMEGALY

STRUCTURE AND FUNCTION OF THE SPLEEN
T e spleen is a reticuloendothelial organ that has its 
embryologic origin in the dorsal mesogastrium at 
about 5 weeks o  gestation. It arises in a series o  hill-
ocks, migrates to its normal adult location in the le  
upper quadrant (LUQ), and is attached to the stom-
ach via the gastrolienal ligament and to the kidney via 
the lienorenal ligament. When the hillocks  ail to uni y 
into a single tissue mass, accessory spleens may develop 
in around 20% o  persons. T e  unction o  the spleen 
has been elusive. Galen believed it was the source o  
“black bile” or melancholia, and the word hypochon-
dria (literally, beneath the ribs) and the idiom “to vent 
one’s spleen” attest to the belie s that the spleen had an 

those young patients with peripheral lymphadenopathy 
who should undergo biopsy; lymph node size >2 cm in 
diameter and abnormal chest x-ray had positive predic-
tive values, whereas recent EN  symptoms had negative 
predictive values. T e second study evaluated 220 lymph-
adenopathy patients in a hematology unit and identi ed 
 ve variables (lymph node size, location [supraclavicular 
or nonsupraclavicular], age [>40 years or <40 years], tex-
ture [nonhard or hard], and tenderness) that were used 
in a mathematical model to identi y patients requiring 
a biopsy. Positive predictive value was  ound  or age >40 
years, supraclavicular location, node size >2.25 cm2, hard 
texture, and lack o  pain or tenderness. Negative predictive 
value was evident  or age <40 years, node size <1.0 cm2, 
nonhard texture, and tender or pain ul nodes. Ninety-
one percent o  those who required biopsy were correctly 
classi ed by this model. Because both o  these studies 
were retrospective analyses and one was limited to young 
patients, it is not known how use ul these models would 
be i  applied prospectively in a primary care setting.

Most lymphadenopathy patients do not require a 
biopsy, and at least hal  require no laboratory studies. 
I  the patient’s history and physical  ndings point to a 
benign cause  or lymphadenopathy, care ul  ollow-up at a 
2- to 4-week interval can be used. T e patient should be 
instructed to return  or reevaluation i  there is an increase 
in the size o  the nodes. Antibiotics are not indicated  or 
lymphadenopathy unless strong evidence o  a bacterial 
in ection is present. Glucocorticoids should not be used 
to treat lymphadenopathy because their lympholytic e ect 
obscures some diagnoses (lymphoma, leukemia, Castle-
man’s disease), and they contribute to delayed healing or 
activation o  underlying in ections. An exception to this 
statement is the li e-threatening pharyngeal obstruction 
by enlarged lymphoid tissue in Waldeyer’s ring that is 
occasionally seen in in ectious mononucleosis.

important in uence on the psyche and emotions. In 
humans, its normal physiologic roles seem to be the 
 ollowing:

1. Maintenance o  quality control over erythrocytes in 
the red pulp by removal o  senescent and de ective 
red blood cells. T e spleen accomplishes this  unc-
tion through a unique organization o  its paren-
chyma and vasculature (Fig. 4-1).

Centra l a rte ry

Margina l lymphoid
zone

Lymphoid
T ce ll a rea

Primary follicle
(B ce ll a rea )

Arte ria l capilla ries

Splenic venous  sys tem

Arterioles

Sinusoida l
pores

Pulp
cord

RE ce lls

Sinusoids

Pulp s inuses

To splenic
venous
sys tem

Secondary follicle  with
germina l cente r
(B ce ll a rea )

Pulp s inus

Pulp cord
Pulp s inus

Pulp cord  

FIGURE 4 -1  
Schem at ic sp leen  st ru ctu re . The spleen comprises many units 
o  red and white pulp centered around small branches o  the 
splenic artery, called central arteries. White pulp is lymphoid in 
nature and contains B cell  ollicles, a marginal zone around the  ol-
licles, and T cell–rich areas sheathing arterioles. The red pulp areas 
include pulp sinuses and pulp cords. The cords are dead ends. In 
order to regain access to the circulation, red blood cells must tra-
verse tiny openings in the sinusoidal lining. Stif , damaged, or old 
red cells cannot enter the sinuses. RE, reticuloendothelial. (Bottom 
portion o  f gure  rom RS Hillman, KA Ault: Hematology in Clinical 
Practice, 4th ed. New York, McGraw-Hill, 2005.)
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APPROACH TO THE PATIENT: 
Splenomegaly
CLINICAL ASSESSMENT T e most common symptoms pro-
duced by diseases involving the spleen are pain and a heavy 
sensation in the LUQ. Massive splenomegaly may cause 
early satiety. Pain may result  rom acute swelling o  the 
spleen with stretching o  the capsule, in arction, or in am-
mation o  the capsule. For many years, it was believed that 
splenic in arction was clinically silent, which, at times, is 
true. However, Soma Weiss, in his classic 1942 report o  the 
sel -observations by a Harvard medical student on the clin-
ical course o  subacute bacterial endocarditis, documented 
that severe LUQ and pleuritic chest pain may accompany 
thromboembolic occlusion o  splenic blood  ow. Vascular 
occlusion, with in arction and pain, is commonly seen in 
children with sickle cell crises. Rupture o  the spleen,  rom 
either trauma or in ltrative disease that breaks the capsule, 
may result in intraperitoneal bleeding, shock, and death. 
T e rupture itsel  may be painless.

A palpable spleen is the major physical sign produced 
by diseases a ecting the spleen and suggests enlargement 
o  the organ. T e normal spleen weighs <250 g, decreases 
in size with age, normally lies entirely within the rib cage, 
has a maximum cephalocaudad diameter o  13 cm by 
ultrasonography or maximum length o  12 cm and/or 
width o  7 cm by radionuclide scan, and is usually not pal-
pable. However, a palpable spleen was  ound in 3% o  2200 
asymptomatic, male,  reshman college students. Follow-up 
at 3 years revealed that 30% o  those students still had a 
palpable spleen without any increase in disease preva-
lence.  en-year  ollow-up  ound no evidence  or lymphoid 
malignancies. Furthermore, in some tropical countries 
(e.g., New Guinea), the incidence o  splenomegaly may 
reach 60%. T us, the presence o  a palpable spleen does 
not always equate with presence o  disease. Even when 
disease is present, splenomegaly may not re ect the pri-
mary disease but rather a reaction to it. For example, in 
patients with Hodgkin’s disease, only two-thirds o  the 
palpable spleens show involvement by the cancer.

Physical examination o  the spleen uses primarily the 
techniques o  palpation and percussion. Inspection may 
reveal  ullness in the LUQ that descends on inspiration, a 
 nding associated with a massively enlarged spleen. Aus-
cultation may reveal a venous hum or  riction rub.

Palpation can be accomplished by bimanual palpation, 
ballotment, and palpation  rom above (Middleton maneu-
ver). For bimanual palpation, which is at least as reliable 
as the other techniques, the patient is supine with  exed 
knees. T e examiner’s le  hand is placed on the lower rib 

2. Synthesis o  antibodies in the white pulp.
3. T e removal o  antibody-coated bacteria and anti-

body-coated blood cells  rom the circulation.

An increase in these normal  unctions may result in 
splenomegaly.

T e spleen is composed o  red pulp and white pulp, 
which are Malpighi’s terms  or the red blood– lled 
sinuses and reticuloendothelial cell–lined cords and 
the white lymphoid  ollicles arrayed within the red pulp 
matrix. T e spleen is in the portal circulation. T e rea-
son  or this is unknown but may relate to the  act that 
lower blood pressure allows less rapid  ow and mini-
mizes damage to normal erythrocytes. Blood  ows into 
the spleen at a rate o  about 150 mL/min through the 
splenic artery, which ultimately rami es into central 
arterioles. Some blood goes  rom the arterioles to cap-
illaries and then to splenic veins and out o  the spleen, 
but the majority o  blood  rom central arterioles  ows 
into the macrophage-lined sinuses and cords. T e blood 
entering the sinuses reenters the circulation through 
the splenic venules, but the blood entering the cords 
is subjected to an inspection o  sorts.  o return to the 
circulation, the blood cells in the cords must squeeze 
through slits in the cord lining to enter the sinuses that 
lead to the venules. Old and damaged erythrocytes are 
less de ormable and are retained in the cords, where 
they are destroyed and their components recycled. Red 
cell–inclusion bodies such as parasites, nuclear residua 
(Howell-Jolly bodies, see Fig. 2-6), or denatured hemo-
globin (Heinz bodies) are pinched o  in the process o  
passing through the slits, a process called pitting. T e 
culling o  dead and damaged cells and the pitting o  
cells with inclusions appear to occur without signi cant 
delay because the blood transit time through the spleen 
is only slightly slower than in other organs.

T e spleen is also capable o  assisting the host in 
adapting to its hostile environment. It has at least three 
adaptive  unctions: (1) clearance o  bacteria and par-
ticulates  rom the blood, (2) the generation o  immune 
responses to certain pathogens, and (3) the genera-
tion o  cellular components o  the blood under cir-
cumstances in which the marrow is unable to meet the 
needs (i.e., extramedullary hematopoiesis). T e lat-
ter adaptation is a recapitulation o  the blood- orming 
 unction the spleen plays during gestation. In some ani-
mals, the spleen also serves a role in the vascular adap-
tation to stress because it stores red blood cells (o en 
hemoconcentrated to higher hematocrits than  normal) 
under normal circumstances and contracts under the 
in uence o  β-adrenergic stimulation to provide the 
animal with an autotrans usion and improved oxygen-
carrying capacity. However, the  normal human spleen 
does not sequester or store red blood cells and does not 
contract in response to sympathetic stimuli. T e normal 
human spleen contains approximately one-third o  the 

total body platelets and a signi cant number o  margin-
ated neutrophils. T ese sequestered cells are available 
when needed to respond to bleeding or in ection.
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37cage and pulls the skin toward the costal margin, allowing 
the  ngertips o  the right hand to  eel the tip o  the spleen 
as it descends while the patient inspires slowly, smoothly, 
and deeply. Palpation is begun with the right hand in the 
le  lower quadrant with gradual movement toward the le  
costal margin, thereby identi ying the lower edge o  a mas-
sively enlarged spleen. When the spleen tip is  elt, the  nd-
ing is recorded as centimeters below the le  costal margin 
at some arbitrary point, i.e., 10–15 cm,  rom the midpoint 
o  the umbilicus or the xiphisternal junction. T is allows 
other examiners to compare  ndings or the initial exam-
iner to determine changes in size over time. Bimanual pal-
pation in the right lateral decubitus position adds nothing 
to the supine examination.

Percussion  or splenic dullness is accomplished with any 
o  three techniques described by Nixon, Castell, or Barkun:

1. Nixon’s method: T e patient is placed on the right side so 
that the spleen lies above the colon and stomach. Percus-
sion begins at the lower level o  pulmonary resonance in 
the posterior axillary line and proceeds diagonally along 
a perpendicular line toward the lower midanterior cos-
tal margin. T e upper border o  dullness is normally  
6–8 cm above the costal margin. Dullness >8 cm in an 
adult is presumed to indicate splenic enlargement.

2. Castell’s method: With the patient supine, percussion in 
the lowest intercostal space in the anterior axillary line 
(eighth or ninth) produces a resonant note i  the spleen 
is normal in size. T is is true during expiration or  ull 
inspiration. A dull percussion note on  ull inspiration 
suggests splenomegaly.

3. Percussion o  Traube’s semilunar space: T e borders o  
 raube’s space are the sixth rib superiorly, the le  midax-
illary line laterally, and the le  costal margin in eriorly. 
T e patient is supine with the le  arm slightly abducted. 
During normal breathing, this space is percussed  rom 
medial to lateral margins, yielding a normal resonant 
sound. A dull percussion note suggests splenomegaly.

Studies comparing methods o  percussion and palpa-
tion with a standard o  ultrasonography or scintigraphy 
have revealed sensitivity o  56–71%  or palpation and 
59–82%  or percussion. Reproducibility among examiners 
is better  or palpation than percussion. Both techniques 
are less reliable in obese patients or patients who have just 
eaten. T us, the physical examination techniques o  palpa-
tion and percussion are imprecise at best. It has been sug-
gested that the examiner per orm percussion  rst and, i  
positive, proceed to palpation; i  the spleen is palpable, 
then one can be reasonably con dent that splenomegaly 
exists. However, not all LUQ masses are enlarged spleens; 
gastric or colon tumors and pancreatic or renal cysts or 
tumors can mimic splenomegaly.

T e presence o  an enlarged spleen can be more pre-
cisely determined, i  necessary, by liver-spleen radionuclide 

scan, C , MRI, or ultrasonography. T e latter technique is 
the current procedure o  choice  or routine assessment o  
spleen size (normal = a maximum cephalocaudad diam-
eter o  13 cm) because it has high sensitivity and speci c-
ity and is sa e, noninvasive, quick, mobile, and less costly. 
Nuclear medicine scans are accurate, sensitive, and reliable 
but are costly, require greater time to generate data, and 
use immobile equipment. T ey have the advantage o  dem-
onstrating accessory splenic tissue. C  and MRI provide 
accurate determination o  spleen size, but the equipment is 
immobile and the procedures are expensive. MRI appears 
to o er no advantage over C . Changes in spleen structure 
such as mass lesions, in arcts, inhomogeneous in ltrates, 
and cysts are more readily assessed by C , MRI, or ultra-
sonography. None o  these techniques is very reliable in the 
detection o  patchy in ltration (e.g., Hodgkin’s disease).

DIFFERENTIAL DIAGNOSIS Many o  the diseases associated 
with splenomegaly are listed in Table 4-2.  hey are 
grouped according to the presumed basic mechanisms 
responsible  or organ enlargement:

1. Hyperplasia or hypertrophy related to a particular 
splenic  unction such as reticuloendothelial hyperplasia 
(work hypertrophy) in diseases such as hereditary sphe-
rocytosis or thalassemia syndromes that require removal 
o  large numbers o  de ective red blood cells; immune 
hyperplasia in response to systemic in ection (in ec-
tious mononucleosis, subacute bacterial endocarditis) or 
to immunologic diseases (immune thrombocytopenia, 
SLE, Felty’s syndrome).

2. Passive congestion due to decreased blood  ow  rom 
the spleen in conditions that produce portal hyperten-
sion (cirrhosis, Budd-Chiari syndrome, congestive heart 
 ailure).

3. In ltrative diseases o  the spleen (lymphomas, meta-
static cancer, amyloidosis, Gaucher’s disease, myelopro-
li erative disorders with extramedullary hematopoiesis).

T e di erential diagnostic possibilities are much  ewer 
when the spleen is “massively enlarged,” palpable more 
than 8 cm below the le  costal margin or has a drained 
weight o  ≥1000 g (Table 4-3). T e vast majority o  such 
patients will have non-Hodgkin’s lymphoma, chronic lym-
phocytic leukemia, hairy cell leukemia, chronic myeloid 
leukemia, myelo brosis with myeloid metaplasia, or poly-
cythemia vera.

LABORATORY ASSESSMENT  he major laboratory abnormali-
ties accompanying splenomegaly are determined by the 
underlying systemic illness. Erythrocyte counts may be 
normal, decreased (thalassemia major syndromes, SLE, 
cirrhosis with portal hypertension), or increased (poly-
cythemia vera). Granulocyte counts may be normal, 
decreased (Felty’s syndrome, congestive splenomegaly, leu-
kemias), or increased (in ections or in lammatory disease, 
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TABLE 4 -3
DISEASES ASSOCIATED WITH MASSIVE SPLENOMEGALYa

Chronic myeloid leukemia  Gaucher’s disease
Lymphomas  Chronic lymphocytic leukemia
Hairy cell leukemia  Sarcoidosis
Myelo brosis with myeloid metaplasia  Autoimmune hemolytic anemia
Polycythemia vera  Dif use splenic hemangiomatosis

aThe spleen extends >8 cm below the le t costal margin and/or weighs >1000 g.

TABLE 4 -2
DISEASES ASSOCIATED WITH SPLENOMEGALY GROUPED BY PATHOGENIC MECHANISM
En la rg em en t  Due  to  In crea sed  Dem an d   o r Sp len ic Fu n ct ion
Reticuloendothelial system hyperplasia ( or removal o  de ective 
erythrocytes)
Spherocytosis
Early sickle cell anemia
Ovalocytosis
Thalassemia major
Hemoglobinopathies
Paroxysmal nocturnal hemoglobinuria
Pernicious anemia

Immune hyperplasia
Response to in ection (viral, bacterial,  ungal, parasitic)

In ectious mononucleosis
AIDS
Viral hepatitis
Cytomegalovirus
Subacute bacterial endocarditis
Bacterial septicemia
Congenital syphilis
Splenic abscess
Tuberculosis
Histoplasmosis
Malaria

Leishmaniasis
Trypanosomiasis
Ehrlichiosis

Disordered immunoregulation
Rheumatoid arthritis (Felty’s syndrome)
Systemic lupus erythematosus
Collagen vascular diseases
Serum sickness
Immune hemolytic anemias
Immune thrombocytopenias
Immune neutropenias
Drug reactions
Angioimmunoblastic lymphadenopathy
Sarcoidosis
Thyrotoxicosis (benign lymphoid hypertrophy)
Interleukin 2 therapy

Extramedullary hematopoiesis
Myelo brosis
Marrow damage by toxins, radiation, strontium
Marrow in ltration by tumors, leukemias, Gaucher’s disease

En la rg em ent  Du e  to  Ab n orm a l Sp len ic o r Po rta l Blo o d  Flow
Cirrhosis
Hepatic vein obstruction
Portal vein obstruction, intrahepatic or extrahepatic
Cavernous trans ormation o  the portal vein
Splenic vein obstruction

Splenic artery aneurysm
Hepatic schistosomiasis
Congestive heart  ailure
Hepatic echinococcosis
Portal hypertension (any cause including the above): “Banti’s disease”

In f lt ra t io n  o   th e  Sp leen
Intracellular or extracellular depositions

Amyloidosis
Gaucher’s disease
Niemann-Pick disease
Tangier disease
Hurler’s syndrome and other mucopolysaccharidoses
Hyperlipidemias

Benign and malignant cellular in ltrations
Leukemias (acute, chronic, lymphoid, myeloid, monocytic)
Lymphomas

Hodgkin’s disease
Myeloproli erative syndromes (e.g., polycythemia vera, essential 
thrombocytosis)

Angiosarcomas
Metastatic tumors (melanoma is most common)
Eosinophilic granuloma
Histiocytosis X
Hamartomas
Hemangiomas,  bromas, lymphangiomas
Splenic cysts

Un kn own  Et io lo g y
Idiopathic splenomegaly
Berylliosis

Iron-de ciency anemia
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SPLENECTOMY
Splenectomy is in requently per ormed  or diagnostic 
purposes, especially in the absence o  clinical illness or 
other diagnostic tests that suggest underlying disease. 
More o en, splenectomy is per ormed  or symptom 
control in patients with massive splenomegaly,  or dis-
ease control in patients with traumatic splenic rupture, 
or  or correction o  cytopenias in patients with hyper-
splenism or immune-mediated destruction o  one or 
more cellular blood elements. Splenectomy is necessary 
 or staging o  patients with Hodgkin’s disease only in 
those with clinical stage I or II disease in whom radia-
tion therapy alone is contemplated as the treatment. 
Noninvasive staging o  the spleen in Hodgkin’s disease 
is not a suf ciently reliable basis  or treatment deci-
sions because one-third o  normal-sized spleens will 
be involved with Hodgkin’s disease and one-third o  
enlarged spleens will be tumor- ree. T e widespread 
use o  systemic therapy to test all stages o  Hodgkin’s 
disease has made staging laparotomy with splenectomy 
unnecessary. Although splenectomy in chronic myeloid 
leukemia (CML) does not a ect the natural history o  
disease, removal o  the massive spleen usually makes 
patients signi cantly more com ortable and simpli es 
their management by signi cantly reducing trans usion 

myeloproli erative disorders). Similarly, the platelet count 
may be normal, decreased when there is enhanced seques-
tration or destruction o  platelets in an enlarged spleen 
(congestive splenomegaly, Gaucher’s disease, immune 
thrombocytopenia), or increased in the myeloproli erative 
disorders such as polycythemia vera.

T e CBC may reveal cytopenia o  one or more blood 
cell types, which should suggest hypersplenism. T is con-
dition is characterized by splenomegaly, cytopenia(s), 
normal or hyperplastic bone marrow, and a response 
to splenectomy. T e latter characteristic is less precise 
because reversal o  cytopenia, particularly granulocyto-
penia, is sometimes not sustained a er splenectomy. T e 
cytopenias result  rom increased destruction o  the cellu-
lar elements secondary to reduced  ow o  blood through 
enlarged and congested cords (congestive splenomegaly) 
or to immune-mediated mechanisms. In hypersplenism, 
various cell types usually have normal morphology on 
the peripheral blood smear, although the red cells may be 
spherocytic due to loss o  sur ace area during their longer 
transit through the enlarged spleen. T e increased marrow 
production o  red cells should be re ected as an increased 
reticulocyte production index, although the value may be 
less than expected due to increased sequestration o  retic-
ulocytes in the spleen.

T e need  or additional laboratory studies is dictated by 
the di erential diagnosis o  the underlying illness o  which 
splenomegaly is a mani estation.

requirements. T e improvements in therapy o  CML 
have reduced the need  or splenectomy  or symptom 
control. Splenectomy is an e ective secondary or ter-
tiary treatment  or two chronic B cell leukemias, hairy 
cell leukemia and prolymphocytic leukemia, and  or 
the very rare splenic mantle cell or marginal zone lym-
phoma. Splenectomy in these diseases may be associ-
ated with signi cant tumor regression in bone marrow 
and other sites o  disease. Similar regressions o  sys-
temic disease have been noted a er splenic irradiation 
in some types o  lymphoid tumors, especially chronic 
lymphocytic leukemia and prolymphocytic leukemia. 
T is has been termed the abscopal e ect. Such systemic 
tumor responses to local therapy directed at the spleen 
suggest that some hormone or growth  actor produced 
by the spleen may a ect tumor cell proli eration, but 
this conjecture is not yet substantiated. A common 
therapeutic indication  or splenectomy is traumatic or 
iatrogenic splenic rupture. In a  raction o  patients with 
splenic rupture, peritoneal seeding o  splenic  ragments 
can lead to splenosis—the presence o  multiple rests 
o  spleen tissue not connected to the portal circula-
tion. T is ectopic spleen tissue may cause pain or gas-
trointestinal obstruction, as in endometriosis. A large 
number o  hematologic, immunologic, and congestive 
causes o  splenomegaly can lead to destruction o  one 
or more cellular blood elements. In the majority o  such 
cases, splenectomy can correct the cytopenias, particu-
larly anemia and thrombocytopenia. In a large series o  
patients seen in two tertiary care centers, the indication 
 or splenectomy was diagnostic in 10% o  patients, ther-
apeutic in 44%, staging  or Hodgkin’s disease in 20%, 
and incidental to another procedure in 26%. Perhaps 
the only contraindication to splenectomy is the pres-
ence o  marrow  ailure, in which the enlarged spleen is 
the only source o  hematopoietic tissue.

T e absence o  the spleen has minimal long-term 
e ects on the hematologic pro le. In the immediate 
postsplenectomy period, leukocytosis (up to 25,000/µL) 
and thrombocytosis (up to 1 × 106/µL) may develop, but 
within 2–3 weeks, blood cell counts and survival o  each 
cell lineage are usually normal. T e chronic mani esta-
tions o  splenectomy are marked variation in size and 
shape o  erythrocytes (anisocytosis, poikilocytosis) and 
the presence o  Howell-Jolly bodies (nuclear remnants), 
Heinz bodies (denatured hemoglobin), basophilic stip-
pling, and an occasional nucleated erythrocyte in the 
peripheral blood. When such erythrocyte abnormalities 
appear in a patient whose spleen has not been removed, 
one should suspect splenic in ltration by tumor that has 
inter ered with its normal culling and pitting  unction.

T e most serious consequence o  splenectomy is 
increased susceptibility to bacterial in ections, par-
ticularly those with capsules such as Streptococcus 
pneumoniae, Haemophilus inf uenzae, and some gram-
negative enteric organisms. Patients under age 20 years 
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40 are particularly susceptible to overwhelming sepsis 
with S. pneumoniae, and the overall actuarial risk o  
sepsis in patients who have had their spleens removed 
is about 7% in 10 years. T e case– atality rate  or pneu-
mococcal sepsis in splenectomized patients is 50–80%. 
About 25% o  patients without spleens will develop 
a serious in ection at some time in their li e. T e  re-
quency is highest within the  rst 3 years a er splenec-
tomy. About 15% o  the in ections are polymicrobial, 
and lung, skin, and blood are the most common sites. 
No increased risk o  viral in ection has been noted in 
patients who have no spleen. T e susceptibility to bac-
terial in ections relates to the inability to remove opso-
nized bacteria  rom the bloodstream and a de ect in 
making antibodies to   cell– independent antigens such 
as the polysaccharide components o  bacterial  capsules. 
Pneumococcal vaccine should be administered to all 
patients 2 weeks be ore elective splenectomy. T e Advi-
sory Committee on Immunization Practices recom-
mends that these patients receive repeat vaccination 5 
years a er splenectomy. Ef cacy has not been proven 
 or this group, and the recommendation discounts the 
possibility that administration o  the vaccine may actu-
ally lower the titer o  speci c pneumococcal antibodies. 
A more e ective pneumococcal conjugate vaccine that 
involves   cells in the response is now available (Pre-
venar, 7-valent). T e vaccine to Neisseria meningitidis 
should also be given to patients in whom elective sple-
nectomy is planned. Although ef cacy data  or H. inf u-
enzae type b vaccine are not available  or older children 
or adults, it may be given to patients who have had a 
splenectomy.

Splenectomized patients should be educated to con-
sider any unexplained  ever as a medical emergency. 
Prompt medical attention with evaluation and treatment 
o  suspected bacteremia may be li e-saving. Routine che-
moprophylaxis with oral penicillin can result in the emer-
gence o  drug-resistant strains and is not recommended.

In addition to an increased susceptibility to bacterial 
in ections, splenectomized patients are also more sus-
ceptible to the parasitic disease babesiosis. T e splenec-
tomized patient should avoid areas where the parasite 
Babesia is endemic (e.g., Cape Cod, MA).

Surgical removal o  the spleen is an obvious cause o  
hyposplenism. Patients with sickle cell disease o en su -
 er  rom autosplenectomy as a result o  splenic destruc-
tion by the numerous in arcts associated with sickle 
cell crises during childhood. Indeed, the presence o  a 
palpable spleen in a patient with sickle cell disease a er 
age 5 suggests a coexisting hemoglobinopathy, e.g., thal-
assemia or hemoglobin C. In addition, patients who 
receive splenic irradiation  or a neoplastic or autoim-
mune disease are also  unctionally hyposplenic. T e 
term hyposplenism is pre erred to asplenism in re er-
ring to the physiologic consequences o  splenectomy 
because asplenia is a rare, speci c, and  atal congenital 
abnormality in which there is a  ailure o  the le  side o  
the coelomic cavity (which includes the splenic anla-
gen) to develop normally. In ants with asplenia have no 
spleens, but that is the least o  their problems. T e right 
side o  the developing embryo is duplicated on the le  
so there is liver where the spleen should be, there are 
two right lungs, and the heart comprises two right atria 
and two right ventricles.
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Steven  M. Holland   ■   John  I. Gallin  

Leukocytes, the major cells comprising in ammatory 
and immune responses, include neutrophils,   and 
B lymphocytes, natural killer (NK) cells, monocytes, 
eosinophils, and basophils. T ese cells have speci c 
 unctions, such as antibody production by B lympho-
cytes or destruction o  bacteria by neutrophils, but in 
no single in ectious disease is the exact role o  the cell 
types completely established. T us, whereas neutro-
phils are classically thought to be critical to host de ense 
against bacteria, they may also play important roles in 
de ense against viral in ections.

T e blood delivers leukocytes to the various tissues 
 rom the bone marrow, where they are produced. Normal 
blood leukocyte counts are 4.3–10.8 × 109/L, with neutro-
phils representing 45–74% o  the cells, bands 0–4%, lym-
phocytes 16–45%, monocytes 4–10%, eosinophils 0–7%, 
and basophils 0–2%. Variation among individuals and 
among di erent ethnic groups can be substantial, with 
lower leukocyte numbers  or certain A rican-American  
ethnic groups. T e various leukocytes are derived  rom 
a common stem cell in the bone marrow. T ree- ourths 
o  the nucleated cells o  bone marrow are committed to 
the production o  leukocytes. Leukocyte maturation in 
the marrow is under the regulatory control o  a number 
o  di erent  actors, known as colony-stimulating  ac-
tors (CSFs) and interleukins (ILs). Because an alteration 
in the number and type o  leukocytes is o en associated 
with disease processes, total white blood cell (WBC) 
count (cells per µL) and di erential counts are in orma-
tive. T is chapter  ocuses on neutrophils, monocytes, and 
eosinophils.

NEUTROPHILS

MATURATION
Important events in neutrophil li e are summarized in 
Fig. 5-1. In normal humans, neutrophils are produced 
only in the bone marrow. T e minimum number o  

DISORDERS OF GRANULOCYTES AND MONOCYTES

CHAP TER 5

stem cells necessary to support hematopoiesis is esti-
mated to be 400–500 at any one time. Human blood 
monocytes, tissue macrophages, and stromal cells 
produce CSFs, hormones required  or the growth o  
monocytes and neutrophils in the bone marrow. T e 
hematopoietic system not only produces enough neu-
trophils (~1.3 × 1011 cells per 80-kg person per day) 
to carry out physiologic  unctions but also has a large 
reserve stored in the marrow, which can be mobilized in 
response to in ammation or in ection. An increase in 
the number o  blood neutrophils is called neutrophilia,  
and the presence o  immature cells is termed a shi  to 
the le . A decrease in the number o  blood neutrophils 
is called neutropenia.

Neutrophils and monocytes evolve  rom pluripo-
tent stem cells under the in uence o  cytokines and 
CSFs (Fig. 5-2). T e proli eration phase through the 
metamyelocyte takes about 1 week, while the matura-
tion phase  rom metamyelocyte to mature neutrophil 
takes another week. T e myeloblast is the  rst recogniz-
able precursor cell and is  ollowed by the promyelocyte. 
T e promyelocyte evolves when the classic lysosomal 
granules, called the primary, or azurophil, granules are 
produced. T e primary granules contain hydrolases, 
elastase, myeloperoxidase, cathepsin G, cationic pro-
teins, and bactericidal/permeability-increasing pro-
tein, which is important  or killing gram-negative 
bacteria. Azurophil granules also contain de ensins, a 
 amily o  cysteine-rich polypeptides with broad anti-
microbial activity against bacteria,  ungi, and certain 
enveloped viruses. T e promyelocyte divides to pro-
duce the myelocyte, a cell responsible  or the synthesis 
o  the speci c, or secondary, granules, which contain 
unique (speci c) constituents such as lacto errin, vita-
min B12–binding protein, membrane components o  the 
reduced nicotinamide-adenine dinucleotide phosphate 
(NADPH) oxidase required  or hydrogen peroxide 
production, histaminase, and receptors  or certain che-
moattractants and adherence-promoting  actors (CR3) 
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Stem
cell

PMN

G-CSF
Steroids
Endotoxin

Diapedes is

Microbia l killing
tissue  damage

Activa tion of other
limbs  of hos t defense

Redness
(Rubor)
Edema
(Tumor)
Pa in
(Dolor)
Warmth
(Calor)

Chemokines, other
chemoattractants

Fever

Macrophages
Lymphocytes

Endothe lium

Vesse l wall IL-1, TNF-α

IL-8, TNF-α , IL-12 

Bacte ria
or fungi

O2
–, H2O2, .OH,

HOCl (bleach)

Integrins

Increased
endothe lia l
s tickiness

Se lectins

C3a
C5a
His tamine
Bradykinin
Serotonin

BONE MARROW  CIRCULATION 

Vas odilation
Fluid Leakage

Recruitment

Cytokine  s ecretion

Inges tion
FIGURE 5 -1  
Schem atic events in  neu  
trop hil p ro  d uction , recru it  
ment, and  in  am m ation . The 
 our cardinal signs o  in amma-
tion (rubor, tumor, calor, dolor) are 
indicated, as are the interactions 
o  neutrophils with other cells and 
cytokines. G-CSF, granulocyte colony- 
stimulating  actor; IL, interleukin; PMN, 
polymorphonuclear leukocyte; TNF-α, 
tumor necrosis  actor α.

MYELOBLAST  CD33, CD13,
CD15

PROMYELOCYTE  CD33, CD13,
CD15

MYELOCYTE  CD33, CD13,
CD15, CD14,
CD11b

METAMYELOCYTE  CD33, CD13,
CD15, CD14,
CD11b

BAND FORM  CD33, CD13,
CD15, CD14,
CD11b CD10,
CD16

CD33, CD13,
CD15, CD14,
CD11b CD10,
CD16

NEUTROPHIL

aCD = Clus te r Dete rminant;      Nucleolus ;      P rimary granule ;      Secondary granule .

Prominent
  nucleoli

Large  ce ll
Primary granules
  appear

Secondary
  granules  appear

Kidney bean–
  shaped nucleus

Condensed, band–
  shaped nucleus

Condensed,
  multilobed
  nucleus

Cell  Stage  Surface  Markers a Characteris tics

FIGURE 5 -2  
Stages o  neutrophil development shown sch e  
m at ica lly. Granulocyte colony-stimulating  actor  
(G-CSF)and granulocyte-macrophage colony-
stimulating  actor (GM-CSF) are critical to this process. 
Identi ying cellular characteristics and speci c cell-sur-
 ace markers are listed  or each maturational stage.
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as well as receptors  or the basement membrane com-
ponent, laminin. T e secondary granules do not contain 
acid hydrolases and there ore are not classic lysosomes. 
Packaging o  secondary granule contents during 
myelopoiesis is controlled by CCAA /enhancer bind-
ing protein-ε. Secondary granule contents are readily 
released extracellularly, and their mobilization is impor-
tant in modulating in ammation. During the  nal 
stages o  maturation, no cell division occurs, and the 
cell passes through the metamyelocyte stage and then 
to the band neutrophil with a sausage-shaped nucleus  
(Fig. 5-3). As the band cell matures, the nucleus 
assumes a lobulated con guration. T e nucleus o  
neutrophils normally contains up to  our segments 
(Fig. 5-4). Excessive segmentation (more than  ve 
nuclear lobes) may be a mani estation o   olate or vita-
min B12 de ciency or the congenital neutropenia syn-
drome o  warts, hypogammaglobulinemia, in ections, 
and myelokathexis (WHIM) described below. T e Pel-
ger-Hüet anomaly (Fig. 5-5), an in requent dominant 
benign inherited trait, results in neutrophils with dis-
tinctive bilobed nuclei that must be distinguished  rom 
band  orms. Acquired bilobed nuclei, pseudo Pelger-
Hüet anomaly, can occur with acute in ections or in 
myelodysplastic syndromes. T e physiologic role o  the 
normal multilobed nucleus o  neutrophils is unknown, 
but it may allow great de ormation o  neutrophils dur-
ing migration into tissues at sites o  in ammation.

In severe acute bacterial in ection, prominent neu-
trophil cytoplasmic granules, called toxic granulations, 
are occasionally seen.  oxic granulations are immature 
or abnormally staining azurophil granules. Cytoplasmic 

FIGURE 5 -3  
Neutrophil b and  with  Döhle b ody. The neutrophil with a  
sausage-shaped nucleus in the center o  the  eld is a band  orm. 
Döhle bodies are discrete, blue-staining, nongranular areas  ound 
in the periphery o  the cytoplasm o  the neutrophil in in ections 
and other toxic states. They represent aggregates o  rough endo-
plasmic reticulum. FIGURE 5 -4  

No rm al g ran u lo cyte . The normal granulocyte has a segmented 
nucleus with heavy, clumped chromatin;  ne neutrophilic gran-
ules are dispersed throughout the cytoplasm.

FIGURE 5 -5  
Pe lg e r Hü e t  an o m a ly. In this benign disorder, the majority o  
granulocytes are bilobed. The nucleus  requently has a spectacle-
like, or “pince-nez,” con guration.

inclusions, also called Döhle bodies (Fig. 5-3), can be 
seen during in ection and are  ragments o  ribosome-
rich endoplasmic reticulum. Large neutrophil vacuoles 
are o en present in acute bacterial in ection and prob-
ably represent pinocytosed (internalized) membrane.

Neutrophils are heterogeneous in  unction. Mono-
clonal antibodies have been developed that recognize 
only a subset o  mature neutrophils. T e meaning o  
neutrophil heterogeneity is not known.
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T e morphology o  eosinophils and basophils is 
shown in Fig. 5-6.

MARROW RELEASE AND CIRCULATING 
COMPARTMENTS
Speci c signals, including IL-1, tumor necrosis  actor 
α ( NF-α), the CSFs, complement  ragments, and che-
mokines, mobilize leukocytes  rom the bone marrow 
and deliver them to the blood in an unstimulated state. 
Under normal conditions, ~90% o  the neutrophil pool 
is in the bone marrow, 2–3% in the circulation, and the 
remainder in the tissues (Fig. 5-7).

T e circulating pool exists in two dynamic compart-
ments: one  reely  owing and one marginated. T e 
 reely  owing pool is about one-hal  the neutrophils in 
the basal state and is composed o  those cells that are 
in the blood and not in contact with the endothelium. 
Marginated leukocytes are those that are in close physi-
cal contact with the endothelium (Fig. 5-8). In the pul-
monary circulation, where an extensive capillary bed 
(~1000 capillaries per alveolus) exists, margination 
occurs because the capillaries are about the same size as 
a mature neutrophil. T ere ore, neutrophil  uidity and 
de ormability are necessary to make the transit through 
the pulmonary bed. Increased neutrophil rigidity and 
decreased de ormability lead to augmented neutro-
phil trapping and margination in the lung. In contrast, 
in the systemic postcapillary venules, margination is 
mediated by the interaction o  speci c cell-sur ace 
molecules called selectins. Selectins are glycoproteins 
expressed on neutrophils and endothelial cells, among 
others, that cause a low-a nity interaction, result-
ing in “rolling” o  the neutrophil along the endothelial 

FIGURE 5 -6  
No rm al eosin o p h il  left   an d  b asop h il  right  . The eosino-
phil contains large, bright orange granules and usually a bilobed 
nucleus. The basophil contains large purple-black granules that 
 ll the cell and obscure the nucleus.

Bone  marrow

Epinephrine

Bone  marrow

Stero ids  (Acute)

Bone  marrow

Leukocyte Adhes ion Deficiency

Bone  marrow

Infection

Bone  marrow

Circula ting pool

Circula ting pool

Circula ting pool

Circula ting pool

Circula ting pool

Margina ted pool

Margina ted pool

Margina ted pool

Margina ted pool

Margina ted pool

Bas al

Tissue

Tissue

Tissue

Tissue

Tissue

FIGURE 5 -7  
Sch em at ic n eu t ro p h il d ist rib u t ion  and kinetics between the 
dif erent anatomic and  unctional pools.

sur ace. On neutrophils, the molecule L-selectin (clus-
ter determinant [CD] 62L) binds to glycosylated pro-
teins on endothelial cells (e.g., glycosylation-dependent 
cell adhesion molecule [GlyCAM1] and CD34). Glyco-
proteins on neutrophils, most importantly sialyl-Lewisx  
(SLex, CD15s), are targets  or binding o  selectins 
expressed on endothelial cells (E-selectin [CD62E] and 
P-selectin [CD62P]) and other leukocytes. In response 
to chemotactic stimuli  rom injured tissues (e.g., com-
plement product C5a, leukotriene B4, IL-8) or bacterial 
products (e.g., N- ormylmethionylleucylphenylalanine 
[ -met-leu-phe]), neutrophil adhesiveness increases 
through mobilization o  intracellular adhesion proteins 
stored in speci c granules to the cell sur ace, and the 
cells “stick” to the endothelium through integrins. T e 
integrins are leukocyte glycoproteins that exist as com-
plexes o  a common CD18 β chain with CD11a (LFA-1), 
CD11b (called Mac-1, CR3, or the C3bi receptor), and 
CD11c (called p150,95 or CR4). CD11a/CD18 and 
CD11b/CD18 bind to speci c endothelial receptors 
(intercellular adhesion molecules [ICAM] 1 and 2).

On cell stimulation, L-selectin is shed  rom neutro-
phils, and E-selectin increases in the blood, presumably 
because it is shed  rom endothelial cells; receptors  or 
chemoattractants and opsonins are mobilized; and the 
phagocytes orient toward the chemoattractant source 
in the extravascular space, increase their motile activity 
(chemokinesis), and migrate directionally (chemotaxis) 
into tissues. T e process o  migration into tissues is 
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called diapedesis and involves the crawling o  neu-
trophils between postcapillary endothelial cells that 
open junctions between adjacent cells to permit leu-
kocyte passage. Diapedesis involves platelet/endothe-
lial cell adhesion molecule (PECAM) 1 (CD31), which 
is expressed on both the emigrating leukocyte and the 
endothelial cells. T e endothelial responses (increased 
blood  ow  rom increased vasodilation and permeabil-
ity) are mediated by anaphylatoxins (e.g., C3a and C5a) 
as well as vasodilators such as histamine, bradykinin, 
serotonin, nitric oxide, vascular endothelial growth  ac-
tor (VEGF), and prostaglandins E and I. Cytokines reg-
ulate some o  these processes (e.g.,  NF-α induction o  
VEGF, inter eron [IFN] γ inhibition o  prostaglandin E).

In the healthy adult, most neutrophils leave the body 
by migration through the mucous membrane o  the 
gastrointestinal tract. Normally, neutrophils spend a 
short time in the circulation (hal -li e, 6–7 h). Senes-
cent neutrophils are cleared  rom the circulation by 
macrophages in the lung and spleen. Once in the tis-
sues, neutrophils release enzymes, such as collagenase 
and elastase, which may help establish abscess cavities. 
Neutrophils ingest pathogenic materials that have been 

Endothe lium

Pulmonary capilla ry bed

Sys temic circula tion pos tcapilla ry venules
Tight adhes ion

Activa tion Chemoattractant

Diapedes is

Rolling

Free  flowing

CD15s CD62L
CD18 CD11a ,b

CD31

C

D
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2
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4
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D

1

0

2

Nucleus
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l
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C
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-
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Chemotactic
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FIGURE 5 -8
Neu trop h il t rave l th ro u g h  th e  p u lm o n ary cap illa rie s is 
d ep en d en t  o n  n eu trop h il d e  o rm ab ility. Neutrophil rigidity 
(e.g., caused by C5a) enhances pulmonary trapping and response 
to pulmonary pathogens in a way that is not so dependent on 
cell-sur ace receptors. Intraalveolar chemotactic  actors, such as 
those caused by certain bacteria (e.g., Streptococcus pneumoniae), 
lead to diapedesis o  neutrophils  rom the pulmonary capillaries 
into the alveolar space. Neutrophil interaction with the endothe-
lium o  the systemic postcapillary venules is dependent on mole-
cules o  attachment. The neutrophil “rolls” along the endothelium 
using selectins: neutrophil CD15s (sialyl-Lewisx) binds to CD62E 
(E-selectin) and CD62P (P-selectin) on endothelial cells; CD62L 

(L-selectin) on neutrophils binds to CD34 and other molecules 
(e.g., GlyCAM-1) expressed on endothelium. Chemokines or other 
activation  actors stimulate integrin-mediated “tight adhesion”: 
CD11a/CD18 (LFA-1) and CD11b/CD18 (Mac-1, CR3) bind to CD54 
(ICAM-1) and CD102 (ICAM-2) on the endothelium. Diapedesis 
occurs between endothelial cells: CD31 (PECAM-1) expressed by 
the emigrating neutrophil interacts with CD31 expressed at the 
endothelial cell-cell junction. CD, cluster determinant; GlyCAM, 
glycosylation-dependent cell adhesion molecule; ICAM, intercel-
lular adhesion molecule; PECAM, platelet/endothelial cell adhe-
sion molecule.

opsonized by IgG and C3b. Fibronectin and the tetra-
peptide tu sin also  acilitate phagocytosis.

With phagocytosis comes a burst o  oxygen consump-
tion and activation o  the hexose-monophosphate shunt. 
A membrane-associated NADPH oxidase, consisting o  
membrane and cytosolic components, is assembled and 
catalyzes the univalent reduction o  oxygen to superox-
ide anion, which is then converted by superoxide dis-
mutase to hydrogen peroxide and other toxic oxygen 
products (e.g., hydroxyl radical). Hydrogen peroxide + 
chloride + neutrophil myeloperoxidase generate hypo-
chlorous acid (bleach), hypochlorite, and chlorine. 
T ese products oxidize and halogenate microorganisms 
and tumor cells and, when uncontrolled, can damage 
host tissue. Strongly cationic proteins, de ensins, elas-
tase, cathepsins, and probably nitric oxide also partici-
pate in microbial killing. Lacto errin chelates iron, an 
important growth  actor  or microorganisms, especially 
 ungi. Other enzymes, such as lysozyme and acid pro-
teases, help digest microbial debris. A er 1–4 days in 
tissues, neutrophils die. T e apoptosis o  neutrophils 
is also cytokine-regulated; granulocyte colony-stim-
ulating  actor (G-CSF) and IFN-γ prolong their li e 
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46 span. Under certain conditions, such as in delayed-type 
hypersensitivity, monocyte accumulation occurs within 
6–12 h o  initiation o  in ammation. Neutrophils, 
monocytes, microorganisms in various states o  diges-
tion, and altered local tissue cells make up the in am-
matory exudate, pus. Myeloperoxidase con ers the 
characteristic green color to pus and may participate 
in turning o  the in ammatory process by inactivating 
chemoattractants and immobilizing phagocytic cells.

Neutrophils respond to certain cytokines (IFN-γ, 
granulocyte-macrophage colony-stimulating  actor 
[GM-CSF], IL-8) and produce cytokines and chemo-
tactic signals ( NF-α, IL-8, macrophage in amma-
tory protein [MIP] 1) that modulate the in ammatory 
response. In the presence o   brinogen,  -met-leu-phe 
or leukotriene B4 induces IL-8 production by neutro-
phils, providing autocrine ampli cation o  in am-
mation. Chemokines (chemoattractant cytokines) are 
small proteins produced by many di erent cell types, 
including endothelial cells,  broblasts, epithelial cells, 
neutrophils, and monocytes, that regulate neutrophil, 
monocyte, eosinophil, and lymphocyte recruitment 
and activation. Chemokines transduce their signals 
through heterotrimeric G protein–linked receptors that 
have seven cell membrane–spanning domains, the same 
type o  cell-sur ace receptor that mediates the response 
to the classic chemoattractants  -met-leu-phe and C5a. 
Four major groups o  chemokines are recognized based 
on the cysteine structure near the N terminus: C, CC, 
CXC, and CXXXC. T e CXC cytokines such as IL-8 
mainly attract neutrophils; CC chemokines such as 
MIP-1 attract lymphocytes, monocytes, eosinophils, 
and basophils; the C chemokine lymphotactin is   cell 
tropic; the CXXXC chemokine  ractalkine attracts neu-
trophils, monocytes, and   cells. T ese molecules and 
their receptors not only regulate the tra cking and acti-
vation o  in ammatory cells, but speci c chemokine 
receptors also serve as co-receptors  or HIV in ection 
(Chap. 226) and have a role in other viral in ections 
such as West Nile in ection and atherogenesis.

NEUTROPHIL ABNORMALITIES
De ects in the neutrophil li e cycle can lead to dys unc-
tion and compromised host de enses. In ammation is 
o en depressed, and the clinical result is o en recur-
rent, severe bacterial and  ungal in ections. Aphthous 
ulcers o  mucous membranes (gray ulcers without pus) 
and gingivitis and periodontal disease suggest a phago-
cytic cell disorder. Patients with congenital phagocyte 
de ects can have in ections within the  rst  ew days o  
li e. Skin, ear, upper and lower respiratory tract, and 
bone in ections are common. Sepsis and meningitis are 
rare. In some disorders, the  requency o  in ection is 

variable, and patients can go  or months or even years 
without major in ection. Aggressive management o  
these congenital diseases has extended the li e span o  
patients well beyond 30 years.

Neutropenia

T e consequences o  absent neutrophils are dramatic. 
Susceptibility to in ectious diseases increases sharply 
when neutrophil counts  all below 1000 cells/µL. When 
the absolute neutrophil count (ANC; band  orms and 
mature neutrophils combined)  alls to <500 cells/µL, 
control o  endogenous microbial  ora (e.g., mouth, gut) 
is impaired; when the ANC is <200/µL, the local in am-
matory process is absent. Neutropenia can be due to 
depressed production, increased peripheral destruction, 
or excessive peripheral pooling. A  alling neutrophil 
count or a signi cant decrease in the number o  neu-
trophils below steady-state levels, together with a  ailure 
to increase neutrophil counts in the setting o  in ection 
or other challenge, requires investigation. Acute neu-
tropenia, such as that caused by cancer chemotherapy, 
is more likely to be associated with increased risk o  
in ection than neutropenia o  long duration (months to 
years) that reverses in response to in ection or care ully 
controlled administration o  endotoxin (see “Laboratory 
Diagnosis and Management,” below).

Some causes o  inherited and acquired neutropenia 
are listed in Table 5-1. T e most common neutrope-
nias are iatrogenic, resulting  rom the use o  cytotoxic 
or immunosuppressive therapies  or malignancy or con-
trol o  autoimmune disorders. T ese drugs cause neu-
tropenia because they result in decreased production o  
rapidly growing progenitor (stem) cells o  the marrow. 
Certain antibiotics such as chloramphenicol, trime-
thoprim-sul amethoxazole,  ucytosine, vidarabine, and 
the antiretroviral drug zidovudine may cause neutro-
penia by inhibiting proli eration o  myeloid precursors. 
Azathioprine and 6-mercaptopurine are metabolized 
by the enzyme thiopurine methyl trans erase ( PM ), 
hypo unctional polymorphisms in which are  ound 
in 11% o  whites and can lead to accumulation o  
6-thioguanine and pro ound marrow toxicity. T e mar-
row suppression is generally dose-related and depen-
dent on continued administration o  the drug. Cessation 
o  the o ending agent and recombinant human G-CSF 
usually reverse these  orms o  neutropenia.

Another important mechanism  or iatrogenic neu-
tropenia is the e ect o  drugs that serve as immune 
haptens and sensitize neutrophils or neutrophil precur-
sors to immune-mediated peripheral destruction. T is 
 orm o  drug-induced neutropenia can be seen within 
7 days o  exposure to the drug; with previous drug 
exposure, resulting in preexisting antibodies, neutrope-
nia may occur a  ew hours a er administration o  the 
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drug. Although any drug can cause this  orm o  neu-
tropenia, the most  requent causes are commonly used 
antibiotics, such as sul a-containing compounds, peni-
cillins, and cephalosporins. Fever and eosinophilia may 
also be associated with drug reactions, but o en these 
signs are not present. Drug-induced neutropenia can 
be severe, but discontinuation o  the sensitizing drug is 
su cient  or recovery, which is usually seen within 5–7 
days and is complete by 10 days. Readministration o  
the sensitizing drug should be avoided, because abrupt 
neutropenia will o en result. For this reason, diagnostic 
challenge should be avoided.

Autoimmune neutropenias caused by circulating 
antineutrophil antibodies are another  orm o  acquired 
neutropenia that results in increased destruction o  
neutrophils. Acquired neutropenia may also be seen 
with viral in ections, including in ection with HIV. 
Acquired neutropenia may be cyclic in nature, occur-
ring at intervals o  several weeks. Acquired cyclic or 
stable neutropenia may be associated with an expan-
sion o  large granular lymphocytes (LGLs), which may 
be   cells, NK cells, or NK-like cells. Patients with large 
granular lymphocytosis may have moderate blood and 
bone marrow lymphocytosis, neutropenia, polyclonal 

TABLE 5 -1
CAUSES OF NEUTROPENIA
Decreased  Pro d u ct ion
Drug-induced—alkylating agents (nitrogen mustard,  
busul an, chlorambucil, cyclophosphamide); antimetabolites 
(methotrexate, 6-mercaptopurine, 5- ucytosine);  
noncytotoxic agents (antibiotics [chloramphenicol, penicillins, 
sul onamides], phenothiazines, tranquilizers [meprobamate], 
anticonvulsants [carbamazepine], antipsychotics [clozapine], 
certain diuretics, anti-in ammatory agents, antithyroid drugs, 
many others)

Hematologic diseases—idiopathic, cyclic neutropenia,  
Chédiak-Higashi syndrome, aplastic anemia, in antile genetic 
disorders (see text)

Tumor invasion, myelo brosis
Nutritional de ciency—vitamin B12,  olate (especially alcoholics)
In ection—tuberculosis, typhoid  ever, brucellosis, tularemia, 

measles, in ectious mononucleosis, malaria, viral hepatitis, 
leishmaniasis, AIDS

Perip h e ra l Dest ruct ion
Antineutrophil antibodies and/or splenic or lung trapping
Autoimmune disorders—Felty’s syndrome, rheumatoid  

arthritis, lupus erythematosus
Drugs as haptens—aminopyrine, α-methyldopa, phenylbuta-

zone, mercurial diuretics, some phenothiazines
Granulomatosis with polyangiitis (Wegener’s)
Pe rip h e ra l Po o lin g   Tran sien t  Neu t ro p en ia  
Overwhelming bacterial in ection (acute endotoxemia)
Hemodialysis
Cardiopulmonary bypass

hypergammaglobulinemia, splenomegaly, rheuma-
toid arthritis, and absence o  lymphadenopathy. Such 
patients may have a chronic and relatively stable course. 
Recurrent bacterial in ections are  requent. Benign 
and malignant  orms o  this syndrome occur. In some 
patients, a spontaneous regression has occurred even 
a er 11 years, suggesting an immunoregulatory de ect 
as the basis  or at least one  orm o  the disorder. Glu-
cocorticoids, cyclosporine, and methotrexate are com-
monly used to manage these cytopenias.

Heredita ry neutropenia s

Hereditary neutropenias are rare and may mani est in 
early childhood as a pro ound constant neutropenia or 
agranulocytosis. Congenital  orms o  neutropenia include 
Kostmann’s syndrome (neutrophil count <100/µL),  
which is o en  atal and due to mutations in the anti-
apoptosis gene HAX-1; severe chronic neutropenia 
(neutrophil count o  300–1500/µL) due to mutations in 
neutrophil elastase (ELANE); hereditary cyclic neutro-
penia, or, more appropriately, cyclic hematopoiesis, also 
due to mutations in neutrophil elastase (ELANE); the 
cartilage-hair hypoplasia syndrome due to mutations 
in the mitochondrial RNA-processing endoribonucle-
ase RMRP; Shwachman-Diamond syndrome associated 
with pancreatic insu ciency due to mutations in the 
Shwachman-Bodian-Diamond syndrome gene SBDS; 
the WHIM (warts, hypogammaglobulinemia, in ections, 
myelokathexis [retention o  WBCs in the marrow]) syn-
drome, characterized by neutrophil hypersegmentation 
and bone marrow myeloid arrest due to mutations in the 
chemokine receptor CXCR4; and neutropenias associ-
ated with other immune de ects, such as X-linked agam-
maglobulinemia, Wiskott-Aldrich syndrome, and CD40 
ligand de ciency. Mutations in the G-CSF receptor can 
develop in severe congenital neutropenia and are linked 
to leukemia. Absence o  both myeloid and lymphoid 
cells is seen in reticular dysgenesis, due to mutations in 
the nuclear genome-encoded mitochondrial enzyme 
adenylate kinase-2 (AK2).

Maternal  actors can be associated with neutropenia 
in the newborn.  ransplacental trans er o  IgG directed 
against antigens on  etal neutrophils can result in periph-
eral destruction. Drugs (e.g., thiazides) ingested during 
pregnancy can cause neutropenia in the newborn by 
either depressed production or peripheral destruction.

In Felty’s syndrome—the triad o  rheumatoid arthri-
tis, splenomegaly, and neutropenia—spleen-produced 
antibodies can shorten neutrophil li e span, while large 
granular lymphocytes can attack marrow neutrophil pre-
cursors. Splenectomy may increase the neutrophil count 
in Felty’s syndrome and lower serum neutrophil-binding 
IgG. Some Felty’s syndrome patients also have neutro-
penia associated with an increased number o  LGLs. 
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48 Splenomegaly with peripheral trapping and destruction 
o  neutrophils is also seen in lysosomal storage diseases 
and in portal hypertension.

Neutrophilia

Neutrophilia results  rom increased neutrophil produc-
tion, increased marrow release, or de ective margination 
(Table 5-2). T e most important acute cause o  neutro-
philia is in ection. Neutrophilia  rom acute in ection 
represents both increased production and increased 
marrow release. Increased production is also associated 
with chronic in ammation and certain myeloproli era-
tive diseases. Increased marrow release and mobiliza-
tion o  the marginated leukocyte pool are induced by 
glucocorticoids. Release o  epinephrine, as with vigor-
ous exercise, excitement, or stress, will demarginate 
neutrophils in the spleen and lungs and double the neu-
trophil count in minutes. Cigarette smoking can elevate 
neutrophil counts above the normal range. Leukocytosis 
with cell counts o  10,000–25,000/µL occurs in response 
to in ection and other  orms o  acute in ammation and 
results  rom both release o  the marginated pool and 
mobilization o  marrow reserves. Persistent neutrophilia 

TABLE 5 -2
 CAUSES OF NEUTROPHILIA
In creased  Pro d u ct ion
Idiopathic
Drug-induced—glucocorticoids, G-CSF
In ection—bacterial,  ungal, sometimes viral
In ammation—thermal injury, tissue necrosis, myocardial and 
pulmonary in arction, hypersensitivity states, collagen vascular 
diseases

Myeloproli erative diseases—myelocytic leukemia, myeloid 
metaplasia, polycythemia vera

In creased  Marrow Re lea se
Glucocorticoids
Acute in ection (endotoxin)
In ammation—thermal injury
Decreased  o r De  ect ive  Marg in a t ion
Drugs—epinephrine, glucocorticoids, nonsteroidal  
anti-in ammatory agents

Stress, excitement, vigorous exercise
Leukocyte adhesion de ciency type 1 (CD18); leukocyte adhe-
sion de ciency type 2 (selectin ligand, CD15s); leukocyte 
adhesion de ciency type 3 (FERMT3)

Misce llan eou s
Metabolic disorders—ketoacidosis, acute renal  ailure,  
eclampsia, acute poisoning

Drugs—lithium
Other—metastatic carcinoma, acute hemorrhage or  
hemolysis

Abbrevia t ion: G-CSF, granulocyte colony-stimulating  actor.

with cell counts o  ≥30,000–50,000/µL is called a leu-
kemoid reaction, a term o en used to distinguish this 
degree o  neutrophilia  rom leukemia. In a leukemoid 
reaction, the circulating neutrophils are usually mature 
and not clonally derived.

Abnorma l neutrophil function

Inherited and acquired abnormalities o  phagocyte 
 unction are listed in Table 5-3. T e resulting diseases 
are best considered in terms o  the  unctional de ects o  
adherence, chemotaxis, and microbicidal activity. T e 
distinguishing  eatures o  the important inherited disor-
ders o  phagocyte  unction are shown in Table 5-4.

Disord ers o f ad hesion
T ree main types o  leukocyte adhesion de ciency 
(LAD) have been described. All are autosomal recessive 
and result in the inability o  neutrophils to exit the cir-
culation to sites o  in ection, leading to leukocytosis and 
increased susceptibility to in ection (Fig. 5-8). Patients 
with LAD 1 have mutations in CD18, the common 
component o  the integrins LFA-1, Mac-1, and p150,95, 
leading to a de ect in tight adhesion between neutro-
phils and the endothelium. T e heterodimer  ormed by 
CD18/CD11b (Mac-1) is also the receptor  or the com-
plement-derived opsonin C3bi (CR3). T e CD18 gene is 
located on distal chromosome 21q. T e severity o  the 
de ect determines the severity o  clinical disease. Com-
plete lack o  expression o  the leukocyte integrins results 
in a severe phenotype in which in ammatory stimuli 
do not increase the expression o  leukocyte integrins on 
neutrophils or activated   and B cells. Neutrophils (and 
monocytes)  rom patients with LAD 1 adhere poorly to 
endothelial cells and protein-coated sur aces and exhibit 
de ective spreading, aggregation, and chemotaxis. 
Patients with LAD 1 have recurrent bacterial in ections 
involving the skin, oral and genital mucosa, and respira-
tory and intestinal tracts; persistent leukocytosis (rest-
ing neutrophil counts o  15,000–20,000/µL) because 
cells do not marginate; and, in severe cases, a history o  
delayed separation o  the umbilical stump. In ections, 
especially o  the skin, may become necrotic with pro-
gressively enlarging borders, slow healing, and develop-
ment o  dysplastic scars. T e most common bacteria are 
Staphylococcus aureus and enteric gram-negative bacte-
ria. LAD 2 is caused by an abnormality o   ucosylation 
o  SLex (CD15s), the ligand on neutrophils that interacts 
with selectins on endothelial cells and is responsible 
 or neutrophil rolling along the endothelium. In ection 
susceptibility in LAD 2 appears to be less severe than in 
LAD 1. LAD 2 is also known as congenital disorder o  
glycosylation IIc (CDGIIc) due to mutation in a GDP-
 ucose transporter (SLC35C1). LAD 3 is characterized 
by in ection susceptibility, leukocytosis, and petechial 
hemorrhage due to impaired integrin activation caused 
by mutations in the gene FERMT3.
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49TABLE 5 -3
TYPES OF GRANULOCYTE AND MONOCYTE DISORDERS

CAUSE OF INDICATED DYSFUNCTION

FUNCTION  DRUG-INDUCED  ACQUIRED  INHERITED

Adherence-aggregation  Aspirin, colchicine, alcohol, 
glucocorticoids, ibupro en, 
piroxicam

Neonatal state, hemodialysis  Leukocyte adhesion de ciency 
types 1, 2, and 3

De ormability  Leukemia, neonatal state, 
diabetes mellitus, immature 
neutrophils

Chemokinesis-chemotaxis  Glucocorticoids (high dose), 
aurano n, colchicine (weak 
ef ect), phenylbutazone, 
naproxen, indomethacin, 
interleukin 2

Thermal injury, malignancy, 
malnutrition, periodontal 
disease, neonatal state, sys-
temic lupus erythematosus, 
rheumatoid arthritis, diabetes 
mellitus, sepsis, in uenza 
virus in ection, herpes simplex 
virus in ection, acrodermatitis 
enteropathica, AIDS

Chédiak-Higashi syndrome, 
neutrophil-speci c gran-
ule de ciency, hyper 
IgE–recurrent in ection 
(Job’s) syndrome (in some 
patients), Down’s syndrome, 
α-mannosidase de ciency, 
leukocyte adhesion de -
ciencies, Wiskott-Aldrich 
syndrome

Microbicidal activity  Colchicine, cyclophosphamide, 
glucocorticoids (high dose), 
TNF-α-blocking antibodies

Leukemia, aplastic anemia, 
certain neutropenias, tu tsin 
de ciency, thermal injury, sep-
sis, neonatal state, diabetes 
mellitus, malnutrition, AIDS

Chédiak-Higashi syndrome, 
neutrophil-speci c granule 
de ciency, chronic granulo-
matous disease, de ects in 
IFNγ/IL-12 axis

Abbrevia t ions: IFNγ, inter eron γ; IL, interleukin; TNF-α, tumor necrosis  actor alpha.

TABLE 5 -4
INHERITED DISORDERS OF PHAGOCYTE FUNCTION: DIFFERENTIAL FEATURES

CLINICAL MANIFESTATIONS  CELLULAR OR MOLECULAR DEFECTS  DIAGNOSIS

Ch ro n ic Gran u lom atou s Disease s  70% X Lin ked , 30% Au to som al Recessive  
Severe in ections o  skin, ears, lungs,  
liver, and bone with catalase-positive micro-
organisms such as Staphylococcus aureus, 
Burkholderia cepacia complex, Aspergillus 
spp., Chromobacterium  
violaceum; o ten hard to culture organism; 
excessive in ammation with  
granulomas,  requent lymph node  
suppuration; granulomas can obstruct  
GI or GU tracts; gingivitis, aphthous  
ulcers, seborrheic dermatitis

No respiratory burst due to the lack 
o  one o   ve NADPH oxidase sub-
units in neutrophils, monocytes, and 
eosinophils

DHR or NBT test; no superoxide and H2O2 
production by neutrophils; immunoblot 
 or NADPH oxidase components; genetic 
detection

Ch éd iak Hig ash i Syn d rom e   Au toso m a l Recessive  
Recurrent pyogenic in ections, especially with 
S. aureus; many patients get lymphoma-like 
illness during adolescence; periodontal dis-
ease; partial oculocutaneous albinism, nys-
tagmus, progressive peripheral neuropathy, 
mental retardation in some patients

Reduced chemotaxis and phagolyso-
some  usion, increased respiratory 
burst activity, de ective egress  rom 
marrow, abnormal skin window; de ect 
in CHS1

Giant primary granules in neutrophils and 
other granule-bearing cells (Wright’s 
stain); genetic detection

Sp ecif c Gran u le  Def cien cy  Au to so m a l Recessive  an d  Dom in an t  
Recurrent in ections o  skin, ears, and  
sinopulmonary tract; delayed wound heal-
ing; decreased in ammation;  
bleeding diathesis

Abnormal chemotaxis, impaired respira-
tory burst and bacterial killing,  ailure to 
upregulate chemotactic and adhesion 
receptors with stimulation, de ect in 
transcription o  granule proteins; de ect 
in CEBPE

Lack o  secondary (speci c) granules in 
neutrophils (Wright’s stain), no neutro-
phil-speci c granule contents (i.e., lacto-
 errin), no de ensins, platelet α granule 
abnormality; genetic detection

(continued)
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50 TABLE 5 -4
INHERITED DISORDERS OF PHAGOCYTE FUNCTION: DIFFERENTIAL FEATURES (CONTINUED)

CLINICAL MANIFESTATIONS  CELLULAR OR MOLECULAR DEFECTS  DIAGNOSIS

Myelop e roxid ase  De f cien cy  Au to som al Recessive  
Clinically normal except in patients with 
underlying disease such as diabetes mellitus; 
then candidiasis or other  ungal in ections

No myeloperoxidase due to pre- and 
posttranslational de ects in myeloper-
oxidase de ciency

No peroxidase in neutrophils; genetic 
detection

Leu ko cyte  Ad h esio n  Def cien cy
Type 1: Delayed separation o  umbilical cord, 
sustained neutrophilia, recurrent in ections 
o  skin and mucosa, gingivitis, periodontal 
disease

Impaired phagocyte adherence, 
aggregation, spreading, chemotaxis, 
phagocytosis o  C3bi-coated particles; 
de ective production o  CD18 subunit 
common to leukocyte integrins

Reduced phagocyte sur ace expression o  
the CD18-containing integrins with mono-
clonal antibodies against LFA-1 (CD18/
CD11a), Mac-1 or CR3 (CD18/CD11b), 
p150,95 (CD18/CD11c); genetic detection

Type 2: Mental retardation, short stature,  
Bombay (hh) blood phenotype, recurrent 
in ections, neutrophilia

Impaired phagocyte rolling along 
endothelium; due to de ects in  ucose 
transporter

Reduced phagocyte sur ace expression o  
Sialyl-Lewisx, with monoclonal antibod-
ies against CD15s; genetic detection

Type 3: Petechial hemorrhage, recurrent 
in ections

Impaired signaling  or integrin activation 
resulting in impaired adhesion due to 
mutation in FERMT3

Reduced signaling  or adhesion through 
integrins; genetic detection

Ph ag o cyte  Act iva t io n  De  ects  X Lin ked  an d  Au toso m a l Recessive  
NEMO de ciency: mild hypohidrotic ectoder-
mal dysplasia; broad-based immune de ect: 
pyogenic and encapsulated bacteria, viruses, 
Pneumocystis, mycobacteria; X-linked

Impaired phagocyte activation by IL-1, 
IL-18, TLR, CD40L, TNF-α leading to 
problems with in ammation and anti-
body production

Poor in vitro response to endotoxin; 
impaired NF-κB activation; genetic 
detection

IRAK4 and MyD88 de ciency: susceptibility 
to pyogenic bacteria such as staphylococci, 
streptococci, clostridia; resistant to Candida; 
autosomal recessive

Impaired phagocyte activation by endo-
toxin through TLR and other pathways; 
TNF-α signaling preserved

Poor in vitro response to endotoxin; 
lack o  NF-κB activation by endotoxin; 
genetic detection

Hyp er Ig E–Recu rren t  In  ect ion  Syn d rom e   Au to so m a l Dom in an t    Job’s Syn d rom e  
Eczematoid or pruritic dermatitis, “cold” skin 
abscesses, recurrent pneumonias with S. 
aureus with bronchopleural  stulae and cyst 
 ormation, mild eosinophilia, mucocutane-
ous candidiasis, characteristic  acies, restric-
tive lung disease, scoliosis, delayed primary 
dental deciduation

Reduced chemotaxis in some patients, 
reduced memory T and B cells; muta-
tion in STAT3

Somatic and immune  eatures involving 
lungs, skeleton, and immune system; 
serum IgE >2000 IU/mL; genetic testing

DOCK8 de ciency (autosomal recessive), 
severe eczema, atopic dermatitis, cutaneous 
abscesses, HSV, HPV, and molluscum in ec-
tions, severe allergies, cancer

Impaired T cell proli eration to mitogens; 
mutation in DOCK8

Severe allergies, viral in ections, high IgE, 
eosinophilia, low IgM, progressive lym-
phopenia, genetic detection

Mycob acte ria  Su scep t ib ility  Au toso m a l Dom in an t  an d  Recessive  Fo rm s 
Severe extrapulmonary or disseminated in ec-
tions with bacille Calmette-Guérin (BCG), 
nontuberculous mycobacteria, salmonella, 
histoplasmosis, coccidioidomycosis, poor 
granuloma  ormation

Inability to kill intracellular organ-
isms due to low IFN-γ production or 
response; mutations in IFN-γ receptors, 
IL-12 receptors, IL-12 p40, STAT1, NEMO, 
ISG15, GATA2

Abnormally low or very high levels o  
IFN-γ receptor 1;  unctional assays o  
cytokine production and response; 
genetic detection

GATA2 Def cien cy  Au toso m a l Dom in an t  
Persistent or disseminated warts, dissemi-
nated mycobacterial disease, low monocytes, 
NK cells, B cells; hypoplastic myelodysplasia, 
leukemia, cytogenetic abnormalities, pulmo-
nary alveolar proteinosis

Impaired macrophage activity, cytope-
nias; mutations in GATA2

Pro ound circulating monocytopenia, NK 
and B cell cytopenias; genetic detection

Abbrevia t ions: C/EBPε, CCAAT/enhancer binding protein-ε; DHR, dihydrorhodamine (oxidation test); DOCK8, dedicator o  cytokinesis 8; GI, gastrointes-
tinal; GU, genitourinary; HPV, human papilloma virus; HSV, herpes simplex virus; IFN, inter eron; IL, interleukin; IRAK4, IL-1 receptor–associated kinase 4; 
LFA-1, leukocyte  unction–associated antigen 1; MyD88, myeloid dif erentiation primary response gene 88; NADPH, nicotinamide–adenine dinueleotide 
phosphate; NBT, nitroblue tetrazolium (dye test); NEMO, NF-κB essential modulator; NF-κB, nuclear  actor-κB; NK, natural killer; STAT1–3, signal transducer 
and activator o  transcription 1–3; TLR, Toll-like receptor; TNF, tumor necrosis  actor.
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51Disord ers o f neu trop h il g ranu les
T e most common neutrophil de ect is myeloperoxi-
dase de ciency, a primary granule de ect inherited as 
an autosomal recessive trait; the incidence is ~1 in 2000 
persons. Isolated myeloperoxidase de ciency is not 
associated with clinically compromised de enses, pre-
sumably because other de ense systems such as hydro-
gen peroxide generation are ampli ed. Microbicidal 
activity o  neutrophils is delayed but not absent. Myelo-
peroxidase de ciency may make other acquired host 
de ense de ects more serious, and patients with myelo-
peroxidase de ciency and diabetes are more susceptible 
to Candida in ections. An acquired  orm o  myeloper-
oxidase de ciency occurs in myelomonocytic leukemia 
and acute myeloid leukemia.

Chédiak-Higashi syndrome (CHS) is a rare disease 
with autosomal recessive inheritance due to de ects in 
the lysosomal transport protein LYS , encoded by the 
gene CHS1 at 1q42. T is protein is required  or normal 
packaging and disbursement o  granules. Neutrophils 
(and all cells containing lysosomes)  rom patients with 
CHS characteristically have large granules (Fig. 5-9), 
making it a systemic disease. Patients with CHS have 
nystagmus, partial oculocutaneous albinism, and an 
increased number o  in ections resulting  rom many 
bacterial agents. Some CHS patients develop an “accel-
erated phase” in childhood with a hemophagocytic 
syndrome and an aggressive lymphoma requiring bone 
marrow transplantation. CHS neutrophils and mono-
cytes have impaired chemotaxis and abnormal rates o  

FIGURE 5 -9
Ch éd iak Hig ash i syn d rom e . The granulocytes contain huge 
cytoplasmic granules  ormed  rom aggregation and  usion o  azu-
rophilic and speci c granules. Large abnormal granules are  ound 
in other granule-containing cells throughout the body.

microbial killing due to slow rates o   usion o  the lyso-
somal granules with phagosomes. NK cell  unction is 
also impaired. CHS patients may develop a severe dis-
abling peripheral neuropathy in adulthood that can lead 
to bed con nement.

Speci c granule de ciency is a rare autosomal reces-
sive disease in which the production o  secondary gran-
ules and their contents, as well as the primary granule 
component de ensins, is de ective. T e de ect in killing 
leads to severe bacterial in ections. One type o  speci c 
granule de ciency is due to a mutation in the CCAA /
enhancer binding protein-ε, a regulator o  expression o  
granule components. A dominant mutation in C/EBP-ε 
has also been described.

Chron ic g ranu lom atous d isease
Chronic granulomatous disease (CGD) is a group 
o  disorders o  granulocyte and monocyte oxidative 
metabolism. Although CGD is rare, with an incidence 
o  ~1 in 200,000 individuals, it is an important model 
o  de ective neutrophil oxidative metabolism. In about 
two-thirds o  patients, CGD is inherited as an X-linked 
recessive trait; 30% o  patients inherit the disease in an 
autosomal recessive pattern. Mutations in the genes 
 or the  ve proteins that assemble at the plasma mem-
brane account  or all patients with CGD.  wo proteins 
(a 91-kDa protein, abnormal in X-linked CGD, and a 
22-kDa protein, absent in one  orm o  autosomal reces-
sive CGD)  orm the heterodimer cytochrome b-558 in 
the plasma membrane. T ree other proteins (40, 47, 
and 67 kDa, abnormal in the other autosomal reces-
sive  orms o  CGD) are cytoplasmic in origin and inter-
act with the cytochrome a er cell activation to  orm 
NADPH oxidase, required  or hydrogen peroxide pro-
duction. Leukocytes  rom patients with CGD have 
severely diminished hydrogen peroxide production. T e 
genes involved in each o  the de ects have been cloned 
and sequenced and the chromosome locations identi-
 ed. Patients with CGD characteristically have increased 
numbers o  in ections due to catalase-positive micro-
organisms (organisms that destroy their own hydrogen 
peroxide) such as S. aureus, Burkholderia cepacia, and 
Aspergillus species. When patients with CGD become 
in ected, they o en have extensive in ammatory reac-
tions, and lymph node suppuration is common despite 
the administration o  appropriate antibiotics. Aphthous 
ulcers and chronic in ammation o  the nares are o en 
present. Granulomas are  requent and can obstruct 
the gastrointestinal or genitourinary tracts. T e exces-
sive in ammation is due to  ailure to downregulate 
in ammation, re ecting  ailure to inhibit the synthe-
sis o , degradation o , or response to chemoattractants 
or residual antigens, leading to persistent neutrophil 
accumulation. Impaired killing o  intracellular micro-
organisms by macrophages may lead to persistent cell-
mediated immune activation and granuloma  ormation. 
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52 Autoimmune complications such as immune throm-
bocytopenic purpura and juvenile rheumatoid arthritis 
are also increased in CGD. In addition,  or unexplained 
reasons, discoid lupus is more common in X-linked car-
riers. Late complications, including nodular regenerative 
hyperplasia and portal hypertension, are increasingly 
recognized in long-term survivors o  severe CGD.

Disord ers o f p hagocyte  activation
Phagocytes depend on cell-sur ace stimulation to 
induce signals that evoke multiple levels o  the in am-
matory response, including cytokine synthesis, chemo-
taxis, and antigen presentation. Mutations a ecting the 
major pathway that signals through NF-κB have been 
noted in patients with a variety o  in ection susceptibil-
ity syndromes. I  the de ects are at a very late stage o  
signal transduction, in the protein critical  or NF-κB 
activation known as the NF-κB essential modulator 
(NEMO), then a ected males develop ectodermal dys-
plasia and severe immune de ciency with susceptibil-
ity to bacteria,  ungi, mycobacteria, and viruses. I  the 
de ects in NF-κB activation are closer to the cell-sur ace 
receptors, in the proteins transducing  oll-like recep-
tor signals, IL-1 receptor–associated kinase 4 (IRAK4), 
and myeloid di erentiation primary response gene 88 
(MyD88), then children have a marked susceptibility to 
pyogenic in ections early in li e but develop resistance 
to in ection later.

MONONUCLEAR PHAGOCYTES

T e mononuclear phagocyte system is composed o  
monoblasts, promonocytes, and monocytes, in addition 
to the structurally diverse tissue macrophages that make 
up what was previously re erred to as the reticuloendo-
thelial system. Macrophages are long-lived phagocytic 
cells capable o  many o  the  unctions o  neutrophils. 
T ey are also secretory cells that participate in many 
immunologic and in ammatory processes distinct  rom 
neutrophils. Monocytes leave the circulation by diape-
desis more slowly than neutrophils and have a hal -li e 
in the blood o  12–24 h.

A er blood monocytes arrive in the tissues, they di -
 erentiate into macrophages (“big eaters”) with special-
ized  unctions suited  or speci c anatomic locations. 
Macrophages are particularly abundant in capillary walls 
o  the lung, spleen, liver, and bone marrow, where they 
 unction to remove microorganisms and other noxious 
elements  rom the blood. Alveolar macrophages, liver 
Kup er cells, splenic macrophages, peritoneal macro-
phages, bone marrow macrophages, lymphatic macro-
phages, brain microglial cells, and dendritic macrophages 
all have specialized  unctions. Macrophage-secreted 
products include lysozyme, neutral proteases, acid 
hydrolases, arginase, complement components, enzyme 

inhibitors (plasmin, α2-macroglobulin), binding proteins 
(trans errin,  bronectin, transcobalamin II), nucleo-
sides, and cytokines ( NF-α; IL-1, -8, -12, -18). IL-1 has 
many  unctions, including initiating  ever in the hypo-
thalamus, mobilizing leukocytes  rom the bone marrow, 
and activating lymphocytes and neutrophils.  NF-α is a 
pyrogen that duplicates many o  the actions o  IL-1 and 
plays an important role in the pathogenesis o  gram-neg-
ative shock.  NF-α stimulates production o  hydrogen 
peroxide and related toxic oxygen species by macro-
phages and neutrophils. In addition,  NF-α induces cata-
bolic changes that contribute to the pro ound wasting 
(cachexia) associated with many chronic diseases.

Other macrophage-secreted products include reac-
tive oxygen and nitrogen metabolites, bioactive lipids 
(arachidonic acid metabolites and platelet-activating 
 actors), chemokines, CSFs, and  actors stimulating 
 broblast and vessel proli eration. Macrophages help 
regulate the replication o  lymphocytes and participate 
in the killing o  tumors, viruses, and certain bacteria 
(Mycobacterium tuberculosis and Listeria monocyto-
genes). Macrophages are key e ector cells in the elimi-
nation o  intracellular microorganisms. T eir ability to 
 use to  orm giant cells that coalesce into granulomas in 
response to some in ammatory stimuli is important in 
the elimination o  intracellular microbes and is under 
the control o  IFN-γ. Nitric oxide induced by IFN-γ is 
an important e ector against intracellular parasites, 
including tuberculosis and Leishmania.

Macrophages play an important role in the immune 
response. T ey process and present antigen to lympho-
cytes and secrete cytokines that modulate and direct 
lymphocyte development and  unction. Macrophages 
participate in autoimmune phenomena by removing 
immune complexes and other substances  rom the cir-
culation. Polymorphisms in macrophage receptors  or 
immunoglobulin (FcγRII) determine susceptibility to 
some in ections and autoimmune diseases. In wound 
healing, they dispose o  senescent cells, and they con-
tribute to atheroma development. Macrophage elastase 
mediates development o  emphysema  rom cigarette 
smoking.

DISORDERS OF THE MONONUCLEAR 
PHAGOCYTE SYSTEM
Many disorders o  neutrophils extend to mononuclear 
phagocytes. Monocytosis is associated with tuber-
culosis, brucellosis, subacute bacterial endocarditis, 
Rocky Mountain spotted  ever, malaria, and visceral 
leishmaniasis (kala azar). Monocytosis also occurs 
with malignancies, leukemias, myeloproli erative syn-
dromes, hemolytic anemias, chronic idiopathic neutro-
penias, and granulomatous diseases such as sarcoidosis, 
regional enteritis, and some collagen vascular diseases. 
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53Patients with LAD, hyperimmunoglobulin E–recurrent 
in ection (Job’s) syndrome, CHS, and CGD all have 
de ects in the mononuclear phagocyte system.

Monocyte cytokine production or response is impaired 
in some patients with disseminated nontuberculous 
mycobacterial in ection who are not in ected with HIV. 
Genetic de ects in the pathways regulated by IFN-γ and 
IL-12 lead to impaired killing o  intracellular bacteria, 
mycobacteria, salmonellae, and certain viruses (Fig. 5-10).

Certain viral in ections impair mononuclear phago-
cyte  unction. For example, in uenza virus in ection 
causes abnormal monocyte chemotaxis. Mononuclear 
phagocytes can be in ected by HIV using CCR5, the 
chemokine receptor that acts as a co-receptor with CD4 
 or HIV.   lymphocytes produce IFN-γ, which induces 
FcR expression and phagocytosis and stimulates hydro-
gen peroxide production by mononuclear phagocytes 
and neutrophils. In certain diseases, such as AIDS, 
IFN-γ production may be de cient, whereas in other 
diseases, such as   cell lymphomas, excessive release o  

IFN-γ may be associated with erythrophagocytosis by 
splenic macrophages.

Autoin ammatory diseases are characterized by 
abnormal cytokine regulation, leading to excess in am-
mation in the absence o  in ection. T ese diseases can 
mimic in ectious or immunode cient syndromes. 
Gain-o - unction mutations in the  NF-α receptor 
cause  NF-α receptor–associated periodic syndrome 
( RAPS), which is characterized by recurrent  ever in 
the absence o  in ection, due to persistent stimulation o  
the  NF-α receptor. Diseases with abnormal IL-1 regu-
lation leading to  ever include  amilial Mediterranean 
 ever due to mutations in PYRIN. Mutations in cold-
induced autoinf ammatory syndrome 1 (CIAS1) lead to 
neonatal-onset multisystem autoin ammatory disease, 
 amilial cold urticaria, and Muckle-Wells syndrome. 
T e syndrome o  pyoderma gangrenosum, acne, and 
sterile pyogenic arthritis (PAPA syndrome) is caused by 
mutations in PSTPIP1. In contrast to these syndromes 
o  overexpression o  proin ammatory cytokines, block-
ade o   NF-α by the antagonists in iximab, adalim-
umab, certolizumab, golimumab, or etanercept has been 
associated with severe in ections due to tuberculosis, 
nontuberculous mycobacteria, and  ungi.

Monocytopenia occurs with acute in ections, with 
stress, and a er treatment with glucocorticoids. Drugs 
that suppress neutrophil production in the bone mar-
row can cause monocytopenia. Persistent severe cir-
culating monocytopenia is seen in GA A2 de ciency, 
even though macrophages are  ound at the sites o  
in ammation. Monocytopenia also occurs in aplastic 
anemia, hairy cell leukemia, acute myeloid leukemia, 
and as a direct result o  myelotoxic drugs.

EOSINOPHILS

Eosinophils and neutrophils share similar morphol-
ogy, many lysosomal constituents, phagocytic capacity, 
and oxidative metabolism. Eosinophils express a spe-
ci c chemoattractant receptor and respond to a spe-
ci c chemokine, eotaxin, but little is known about their 
required role. Eosinophils are much longer lived than 
neutrophils, and unlike neutrophils, tissue eosinophils 
can recirculate. During most in ections, eosinophils 
appear unimportant. However, in invasive helminthic 
in ections, such as hookworm, schistosomiasis, stron-
gyloidiasis, toxocariasis, trichinosis,  lariasis, echi-
nococcosis, and cysticercosis, the eosinophil plays a 
central role in host de ense. Eosinophils are associated 
with bronchial asthma, cutaneous allergic reactions, 
and other hypersensitivity states.

T e distinctive  eature o  the red-staining (Wright’s 
stain) eosinophil granule is its crystalline core consist-
ing o  an arginine-rich protein (major basic protein) 
with histaminase activity, important in host de ense 
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FIGURE 5 -10  
Lym p hocyte  m acrop hage  in teract ions und erlying  resis 
tance  to  mycob acteria  and other intracellular pathogens such as 
Salmonella, Histoplasma, and Coccidioides. Mycobacteria (and oth-
ers) in ect macrophages, leading to the production o  IL-12, which 
activates T or NK cells through its receptor, leading to production 
o  IL-2 and IFN-γ. IFN-γ acts through its receptor on macrophages 
to upregulate TNF-γ and IL-12 and kill intracellular pathogens. 
Other critical interacting molecules include signal transducer and 
activator o  transcription 1 (STAT1), inter eron regulatory  actor 
8 (IRF8), GATA2, and ISG15. Mutant  orms o  the cytokines and 
receptors shown in bold type have been  ound in severe cases o  
nontuberculous mycobacterial in ection, salmonellosis and other 
intracellular pathogens. AFB, acid- ast bacilli; IFN, inter eron; IL, 
interleukin; NEMO, nuclear  actor-κB essential modulator; NK, nat-
ural killer; TLR, Toll-like receptor; TNF, tumor necrosis  actor.
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54 against parasites. Eosinophil granules also contain a 
unique eosinophil peroxidase that catalyzes the oxida-
tion o  many substances by hydrogen peroxide and may 
 acilitate killing o  microorganisms.

Eosinophil peroxidase, in the presence o  hydro-
gen peroxide and halide, initiates mast cell secretion in 
vitro and thereby promotes in ammation. Eosinophils 
contain cationic proteins, some o  which bind to hepa-
rin and reduce its anticoagulant activity. Eosinophil-
derived neurotoxin and eosinophil cationic protein are 
ribonucleases that can kill respiratory syncytial virus. 
Eosinophil cytoplasm contains Charcot-Leyden crystal 
protein, a hexagonal bipyramidal crystal  rst observed 
in a patient with leukemia and then in sputum o  
patients with asthma; this protein is lysophospholipase 
and may  unction to detoxi y certain lysophospholipids.

Several  actors enhance the eosinophil’s  unction in 
host de ense.   cell–derived  actors enhance the abil-
ity o  eosinophils to kill parasites. Mast cell–derived 
eosinophil chemotactic  actor o  anaphylaxis (ECFa) 
increases the number o  eosinophil complement recep-
tors and enhances eosinophil killing o  parasites. 
Eosinophil CSFs (e.g., IL-5) produced by macrophages 
increase eosinophil production in the bone marrow and 
activate eosinophils to kill parasites.

EOSINOPHILIA
Eosinophilia is the presence o  >500 eosinophils per µL 
o  blood and is common in many settings besides para-
site in ection. Signi cant tissue eosinophilia can occur 
without an elevated blood count. A common cause o  
eosinophilia is allergic reaction to drugs (iodides, aspi-
rin, sul onamides, nitro urantoin, penicillins, and ceph-
alosporins). Allergies such as hay  ever, asthma, eczema, 
serum sickness, allergic vasculitis, and pemphigus are 
associated with eosinophilia. Eosinophilia also occurs 
in collagen vascular diseases (e.g., rheumatoid arthritis, 
eosinophilic  asciitis, allergic angiitis, and periarteri-
tis nodosa) and malignancies (e.g., Hodgkin’s disease; 
mycosis  ungoides; chronic myeloid leukemia; and can-
cer o  the lung, stomach, pancreas, ovary, or uterus), 
as well as in Job’s syndrome, DOCK8 de ciency (see 
below), and CGD. Eosinophilia is commonly present 
in helminthic in ections. IL-5 is the dominant eosino-
phil growth  actor. T erapeutic administration o  the 
cytokines IL-2 or GM-CSF  requently leads to transient 
eosinophilia. T e most dramatic hypereosinophilic 
syndromes are Loef er’s syndrome, tropical pulmo-
nary eosinophilia, Loef er’s endocarditis, eosinophilic 
leukemia, and idiopathic hypereosinophilic syndrome 
(50,000–100,000/µL). IL-5 is the dominant eosinophil 
growth  actor and can be speci cally inhibited with the 
monoclonal antibody mepolizumab.

T e idiopathic hypereosinophilic syndrome repre-
sents a heterogeneous group o  disorders with the com-
mon  eature o  prolonged eosinophilia o  unknown 
cause and organ system dys unction, including the 
heart, central nervous system, kidneys, lungs, gastro-
intestinal tract, and skin. T e bone marrow is involved 
in all a ected individuals, but the most severe com-
plications involve the heart and central nervous sys-
tem. Clinical mani estations and organ dys unction are 
highly variable. Eosinophils are  ound in the involved 
tissues and likely cause tissue damage by local deposi-
tion o  toxic eosinophil proteins such as eosinophil 
cationic protein and major basic protein. In the heart, 
the pathologic changes lead to thrombosis, endocardial 
 brosis, and restrictive endomyocardiopathy. T e dam-
age to tissues in other organ systems is similar. Some 
cases are due to mutations involving the platelet-derived 
growth  actor receptor, and these are extremely sensi-
tive to the tyrosine kinase inhibitor imatinib. Glucocor-
ticoids, hydroxyurea, and IFN-α each have been used 
success ully, as have therapeutic antibodies against IL-5. 
Cardiovascular complications are managed aggressively.

T e eosinophilia-myalgia syndrome is a multisystem 
disease, with prominent cutaneous, hematologic, and 
visceral mani estations, that  requently evolves into a 
chronic course and can occasionally be  atal. T e syn-
drome is characterized by eosinophilia (eosinophil 
count >1000/µL) and generalized disabling myalgias 
without other recognized causes. Eosinophilic  asci-
itis, pneumonitis, and myocarditis; neuropathy culmi-
nating in respiratory  ailure; and encephalopathy may 
occur. T e disease is caused by ingesting contaminants 
in L-tryptophan–containing products. Eosinophils, 
lymphocytes, macrophages, and  broblasts accumulate 
in the a ected tissues, but their role in pathogenesis is 
unclear. Activation o  eosinophils and  broblasts and 
the deposition o  eosinophil-derived toxic proteins in 
a ected tissues may contribute. IL-5 and trans orm-
ing growth  actor β have been implicated as potential 
mediators.  reatment is withdrawal o  products con-
taining L-tryptophan and the administration o  gluco-
corticoids. Most patients recover  ully, remain stable, or 
show slow recovery, but the disease can be  atal in up to 
5% o  patients.

Eosinophilic neoplasms are discussed in Chapter 17.

EOSINOPENIA
Eosinopenia occurs with stress, such as acute bacterial 
in ection, and a er treatment with glucocorticoids. T e 
mechanism o  eosinopenia o  acute bacterial in ection 
is unknown but is independent o  endogenous glu-
cocorticoids, because it occurs in animals a er total 
adrenalectomy. T ere is no known adverse e ect o  
eosinopenia.
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55HYPERIMMUNOGLOBULIN E–
RECURRENT INFECTION SYNDROME

T e hyperimmunoglobulin E–recurrent in ection syn-
drome, or Job’s syndrome, is a rare multisystem disease 
in which the immune and somatic systems are a ected, 
including neutrophils, monocytes,   cells, B cells, and 
osteoclasts. Autosomal dominant mutations in signal 
transducer and activator o  transcription 3 (S A 3) 
lead to inhibition o  normal S A  signaling with broad 
and pro ound e ects. Patients have characteristic  acies 
with broad nose, kyphoscoliosis, and eczema. T e pri-
mary teeth erupt normally but do not deciduate, o en 
requiring extraction. Patients develop recurrent sino-
pulmonary and cutaneous in ections that tend to be 
much less in amed than appropriate  or the degree o  
in ection and have been re erred to as “cold abscesses.” 
Characteristically, pneumonias cavitate, leading to 
pneumatoceles. Coronary artery aneurysms are com-
mon, as are cerebral demyelinated plaques that accu-
mulate with age. Importantly, IL-17–producing   cells, 
which are thought responsible  or protection against 
extracellular and mucosal in ections, are pro oundly 
reduced in Job’s syndrome. Despite very high IgE levels, 
these patients do not have elevated levels o  allergy. An 
important syndrome with clinical overlap with S A 3 
de ciency is due to autosomal recessive de ects in dedi-
cator o  cytokinesis 8 (DOCK8). In DOCK8 de ciency, 
IgE elevation is joined to severe allergy, viral suscepti-
bility, and increased rates o  cancer.

LABORATORY DIAGNOSIS AND 
MANAGEMENT

Initial studies o  WBC and di erential and o en a bone 
marrow examination may be  ollowed by assessment 
o  bone marrow reserves (steroid challenge test), mar-
ginated circulating pool o  cells (epinephrine challenge 
test), and marginating ability (endotoxin challenge test) 
(Fig. 5-7). In vivo assessment o  in ammation is pos-
sible with a Rebuck skin window test or an in vivo skin 
blister assay, which measures the ability o  leukocytes 
and in ammatory mediators to accumulate locally in 
the skin. In vitro tests o  phagocyte aggregation, adher-
ence, chemotaxis, phagocytosis, degranulation, and 
microbicidal activity ( or S. aureus) may help pinpoint 
cellular or humoral lesions. De ciencies o  oxidative 
metabolism are detected with either the nitroblue tet-
razolium (NB ) dye test or the dihydrorhodamine 
(DHR) oxidation test. T ese tests are based on the abil-
ity o  products o  oxidative metabolism to alter the oxi-
dation states o  reporter molecules so that they can be 
detected microscopically (NB ) or by  ow cytometry 
(DHR). Qualitative studies o  superoxide and hydrogen 

peroxide production may  urther de ne neutrophil oxi-
dative  unction.

Patients with leukopenias or leukocyte dys unction 
o en have delayed in ammatory responses. T ere ore, 
clinical mani estations may be minimal despite over-
whelming in ection, and unusual in ections must always 
be suspected. Early signs o  in ection demand prompt, 
aggressive culturing  or microorganisms, use o  anti-
biotics, and surgical drainage o  abscesses. Prolonged 
courses o  antibiotics are o en required. In patients 
with CGD, prophylactic antibiotics (tri methoprim-
sul amethoxazole) and anti ungals (itraconazole) 
markedly diminish the  requency o  li e-threatening 
in ections. Glucocorticoids may relieve gastrointestinal 
or genitourinary tract obstruction by granulomas in 
patients with CGD. Although  NF-α-blocking agents 
may markedly relieve in ammatory bowel symptoms, 
extreme caution must be exercised in their use in CGD 
in ammatory bowel disease, because it pro oundly 
increases these patients’ already heightened suscepti-
bility to in ection. Recombinant human IFN-γ, which 
nonspeci cally stimulates phagocytic cell  unction, 
reduces the  requency o  in ections in patients with 
CGD by 70% and reduces the severity o  in ection. T is 
e ect o  IFN-γ in CGD is additive to the e ect o  pro-
phylactic antibiotics. T e recommended dose is 50 µg/
m2 subcutaneously three times weekly. IFN-γ has also 
been used success ully in the treatment o  leprosy, non-
tuberculous mycobacteria, and visceral leishmaniasis.

Rigorous oral hygiene reduces but does not elimi-
nate the discom ort o  gingivitis, periodontal disease, 
and aphthous ulcers; chlorhexidine mouthwash and 
tooth brushing with a hydrogen peroxide–sodium 
bicarbonate paste help many patients. Oral anti un-
gal agents ( uconazole, itraconazole, voriconazole, 
posaconazole) have reduced mucocutaneous candidia-
sis in patients with Job’s syndrome. Androgens, gluco-
corticoids, lithium, and immunosuppressive therapy 
have been used to restore myelopoiesis in patients with 
neutropenia due to impaired production. Recombinant 
G-CSF is use ul in the management o  certain  orms 
o  neutropenia due to depressed neutrophil produc-
tion, including those related to cancer chemotherapy. 
Patients with chronic neutropenia with evidence o  a 
good bone marrow reserve need not receive prophylac-
tic antibiotics. Patients with chronic or cyclic neutrophil 
counts <500/µL may bene t  rom prophylactic antibi-
otics and G-CSF during periods o  neutropenia. Oral 
trimethoprim-sul amethoxazole (160/800 mg) twice 
daily can prevent in ection. Increased numbers o   un-
gal in ections are not seen in patients with CGD on this 
regimen. Oral quinolones such as levo oxacin and cip-
ro oxacin are alternatives.

In the setting o  cytotoxic chemotherapy with severe, 
persistent lymphocyte dys unction, trimethoprim- 
sul amethoxazole prevents Pneumocystis jiroveci pneumonia. 
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56 T ese patients, and patients with phagocytic cell dys unc-
tion, should avoid heavy exposure to airborne soil, dust, 
or decaying matter (mulch, manure), which are o en rich 
in Nocardia and the spores o  Aspergillus and other  ungi. 
Restriction o  activities or social contact has no proven role 
in reducing risk o  in ection  or phagocyte de ects.

Although aggressive medical care  or many patients 
with phagocytic disorders can allow them to go  or years 

without a li e-threatening in ection, there may still be 
delayed e ects o  prolonged antimicrobials and other  
in ammatory complications. Cure o  most congenital 
phagocyte de ects is possible by bone marrow transplanta-
tion, and rates o  success are improving (Chap. 31). T e 
identi cation o  speci c gene de ects in patients with LAD 1, 
CGD, and other immunode ciencies has led to gene ther-
apy trials in a number o  genetic white cell disorders.

05_Hematology_ch05_p041-056.indd   56  04/08/16   2:17 PM



57

Dan  L. Longo  

Some o  the relevant  ndings in peripheral blood, 
enlarged lymph nodes, and bone marrow are illustrated 
in this chapter. Systematic histologic examination o  the 
bone marrow and lymph nodes is beyond the scope o  
a general medicine textbook. However, every internist 
should know how to examine a peripheral blood smear.

T e examination o  a peripheral blood smear is one 
o  the most in ormative exercises a physician can per-
 orm. Although advances in automated technology have 
made the examination o  a peripheral blood smear by 
a physician seem less important, the technology is not 
a completely satis actory replacement  or a blood smear 
interpretation by a trained medical pro essional who 
also knows the patient’s clinical history,  amily history, 
social history, and physical  ndings. It is use ul to ask 
the laboratory to generate a Wright’s-stained peripheral 
blood smear and examine it.

T e best place to examine blood cell morphology is 
the  eathered edge o  the blood smear where red cells lie 
in a single layer, side by side, just barely touching one 
another but not overlapping. T e author’s approach is 
to look at the smallest cellular elements, the platelets, 
 rst and work his way up in size to red cells and then 
white cells.

Using an oil immersion lens that magni es the cells 
100- old, one counts the platelets in  ve to six  elds, 
averages the number per  eld, and multiplies by 20,000 
to get a rough estimate o  the platelet count. T e plate-
lets are usually 1–2 µm in diameter and have a blue 
granulated appearance. T ere is usually 1 platelet  or 
every 20 or so red cells. O  course, the automated coun-
ter is much more accurate, but gross disparities between 
the automated and manual counts should be assessed. 
Large platelets may be a sign o  rapid platelet turnover, 
as young platelets are o en larger than old ones; alter-
natively, certain rare inherited syndromes can produce 
large platelets. Platelet clumping visible on the smear 

ATLAS OF HEMATOLOGY AND ANALYSIS  
OF PERIPHERAL BLOOD SMEARS

CHAP TER 6

can be associated with  alsely low automated platelet 
counts. Similarly, neutrophil  ragmentation can be a 
source o   alsely elevated automated platelet counts.

Next one examines the red blood cells. One can 
gauge their size by comparing the red cell to the nucleus 
o  a small lymphocyte. Both are normally about 8 µm 
wide. Red cells that are smaller than the small lympho-
cyte nucleus may be microcytic; those larger than the 
small lymphocyte nucleus may be macrocytic. Macro-
cytic cells also tend to be more oval than spherical in 
shape and are sometimes called macroovalocytes. T e 
automated mean corpuscular volume (MCV) can assist 
in making a classi cation. However, some patients may 
have both iron and vitamin B12 de ciency, which will 
produce an MCV in the normal range but wide varia-
tion in red cell size. When the red cells vary greatly in 
size, anisocytosis is said to be present. When the red 
cells vary greatly in shape, poikilocytosis is said to be 
present. T e electronic cell counter provides an inde-
pendent assessment o  variability in red cell size. It 
measures the range o  red cell volumes and reports the 
results as “red cell distribution width” (RDW). T is 
value is calculated  rom the MCV; thus, cell width is not 
being measured but cell volume is. T e term is derived 
 rom the curve displaying the  requency o  cells at each 
volume, also called the distribution. T e width o  the 
red cell volume distribution curve is what determines 
the RDW. T e RDW is calculated as  ollows: RDW = 
(standard deviation o  MCV ÷ mean MCV) × 100. In 
the presence o  morphologic anisocytosis, RDW (nor-
mally 11–14%) increases to 15–18%. T e RDW is use-
 ul in at least two clinical settings. In patients with 
microcytic anemia, the di erential diagnosis is gener-
ally between iron de ciency and thalassemia. In thalas-
semia, the small red cells are generally o  uni orm size 
with a normal small RDW. In iron de ciency, the size 
variability and the RDW are large. In addition, a large 
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58 RDW can suggest a dimorphic anemia when a chronic 
atrophic gastritis can produce both vitamin B12 malab-
sorption to produce macrocytic anemia and blood loss 
to produce iron de ciency. In such settings, RDW is 
also large. An elevated RDW also has been reported as 
a risk  actor  or all-cause mortality in population-based 
studies (Patel KV et al: Arch Intern Med 169:515, 2009), 
a  nding that is unexplained currently.

A er red cell size is assessed, one examines the 
hemoglobin content o  the cells. T ey are either nor-
mal in color (normochromic) or pale in color (hypo-
chromic). T ey are never “hyperchromic.” I  more than 
the normal amount o  hemoglobin is made, the cells 
get larger—they do not become darker. In addition to 
hemoglobin content, the red cells are examined  or 
inclusions. Red cell inclusions are the  ollowing:

1. Basophilic stippling—di use  ne or coarse blue dots 
in the red cell usually representing RNA residue—
especially common in lead poisoning

2. Howell-Jolly bodies—dense blue circular inclusions 
that represent nuclear remnants—their presence 
implies de ective splenic  unction

3. Nuclei—red cells may be released or pushed out o  the 
marrow prematurely be ore nuclear extrusion—o en 
implies a myelophthisic process or a vigorous narrow 
response to anemia, usually hemolytic anemia

4. Parasites—red cell parasites include malaria and 
babesia

5. Polychromatophilia—the red cell cytoplasm has a 
bluish hue, ref ecting the persistence o  ribosomes 
still actively making hemoglobin in a young red cell

Vital stains are necessary to see precipitated hemo-
globin called Heinz bodies.

Red cells can take on a variety o  di erent shapes. 
All abnormally shaped red cells are poikilocytes. Small 
red cells without the central pallor are spherocytes; they 
can be seen in hereditary spherocytosis, hemolytic ane-
mias o  other causes, and clostridial sepsis. Dacrocytes 
are teardrop-shaped cells that can be seen in hemolytic 
anemias, severe iron de ciency, thalassemias, myelo-
 brosis, and myelodysplastic syndromes. Schistocytes 
are helmet-shaped cells that ref ect microangiopathic 
hemolytic anemia or  ragmentation on an arti cial 
heart valve. Echinocytes are spiculated red cells with the 
spikes evenly spaced; they can represent an arti act o  
abnormal drying o  the blood smear or ref ect changes 
in stored blood. T ey also can be seen in renal  ailure 
and malnutrition and are o en reversible. Acanthocytes  
are spiculated red cells with the spikes irregularly dis-
tributed. T is process tends to be irreversible and 
ref ects underlying renal disease, abetalipoproteinemia, 
or splenectomy. Elliptocytes are elliptical-shaped red 
cells that can ref ect an inherited de ect in the red cell 
membrane, but they also are seen in iron de ciency, 
myelodysplastic syndromes, megaloblastic anemia, and 

thalassemias. Stomatocytes are red cells in which the 
area o  central pallor takes on the morphology o  a slit 
instead o  the usual round shape. Stomatocytes can 
indicate an inherited red cell membrane de ect and also 
can be seen in alcoholism. Target cells have an area o  
central pallor that contains a dense center, or bull’s-eye. 
T ese cells are seen classically in thalassemia, but they 
are also present in iron de ciency, cholestatic liver dis-
ease, and some hemoglobinopathies. T ey also can be 
generated arti actually by improper slide making.

One last  eature o  the red cells to assess be ore mov-
ing to the white blood cells is the distribution o  the 
red cells on the smear. In most individuals, the cells lie 
side by side in a single layer. Some patients have red cell 
clumping (called agglutination) in which the red cells 
pile upon one another; it is seen in certain paraprotein-
emias and autoimmune hemolytic anemias. Another 
abnormal distribution involves red cells lying in single 
cell rows on top o  one another like stacks o  coins. 
T is is called rouleaux formation and ref ects abnormal 
serum protein levels.

Finally, one examines the white blood cells. T ree 
types o  granulocytes are usually present: neutrophils, 
eosinophils, and basophils, in decreasing  requency. 
Neutrophils are generally the most abundant white 
cell. T ey are round, are 10–14 µm wide, and contain 
a lobulated nucleus with two to  ve lobes connected 
by a thin chromatin thread. Bands are immature neu-
trophils that have not completed nuclear condensation 
and have a U-shaped nucleus. Bands ref ect a le  shi  
in neutrophil maturation in an e ort to make more 
cells more rapidly. Neutrophils can provide clues to a 
variety o  conditions. Vacuolated neutrophils may be a 
sign o  bacterial sepsis. T e presence o  1- to 2-µm blue 
cytoplasmic inclusions, called Döhle bodies, can ref ect 
in ections, burns, or other inf ammatory states. I  the 
neutrophil granules are larger than normal and stain 
a darker blue, “toxic granulations” are said to be pres-
ent, and they also suggest a systemic inf ammation. T e 
presence o  neutrophils with more than  ve nuclear 
lobes suggests megaloblastic anemia. Large misshapen 
granules may ref ect the inherited Chédiak-Higashi 
syndrome.

Eosinophils are slightly larger than neutrophils, have 
bilobed nuclei, and contain large red granules. Diseases 
o  eosinophils are associated with too many o  them 
rather than any morphologic or qualitative change. 
T ey normally total less than one-thirtieth the number 
o  neutrophils. Basophils are even rarer than eosino-
phils in the blood. T ey have large dark blue granules 
and may be increased as part o  chronic myeloid 
leukemia.

Lymphocytes can be present in several morphologic 
 orms. Most common in healthy individuals are small 
lymphocytes with a small dark nucleus and scarce cyto-
plasm. In the presence o  viral in ections, more o  the 
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59lymphocytes are larger, about the size o  neutrophils, 
with abundant cytoplasm and a less condensed nuclear 
chromatin. T ese cells are called reactive lymphocytes. 
About 1% o  lymphocytes are larger and contain blue 
granules in a light blue cytoplasm; they are called large 
granular lymphocytes. In chronic lymphoid leukemia, 
the small lymphocytes are increased in number, and 
many o  them are ruptured in making the blood smear, 
leaving a smudge o  nuclear material without a sur-
rounding cytoplasm or cell membrane; they are called 
smudge cells and are rare in the absence o  chronic lym-
phoid leukemia.

Monocytes are the largest white blood cells, ranging 
 rom 15 to 22 µm in diameter. T e nucleus can take on 

a variety o  shapes but usually appears to be  olded; the 
cytoplasm is gray.

Abnormal cells may appear in the blood. Most 
o en the abnormal cells originate  rom neoplasms o  
bone marrow–derived cells, including lymphoid cells, 
myeloid cells, and occasionally red cells. More rarely, 
other types o  tumors can get access to the bloodstream, 
and rare epithelial malignant cells may be identi ed. 
T e chances o  seeing such abnormal cells is increased 
by examining blood smears made  rom bu y coats, 
the layer o  cells that is visible on top o  sedimenting 
red cells when blood is le  in the test tube  or an hour. 
Smears made  rom  nger sticks may include rare endo-
thelial cells.

FIGURE 6 -1  
Normal peripheral blood smear. Small lymphocyte in center o  
 eld. Note that the diameter o  the red blood cell is similar to the 
diameter o  the small lymphocyte nucleus.

FIGURE 6 -2  
Reticulocyte count preparation. This new methylene blue–stained 
blood smear shows large numbers o  heavily stained reticulocytes 
(the cells containing the dark blue–staining RNA precipitates).

FIGURE 6 -3  
Hypochromic microcytic anemia o  iron de ciency. Small  
lymphocyte in  eld helps assess the red blood cell size.

FIGURE 6 -4  
Iron de ciency anemia next to normal red blood cells. Micro-
cytes (right panel) are smaller than normal red blood cells (cell 
diameter <7 µm) and may or may not be poorly hemoglobinized 
(hypochromic).
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FIGURE 6 -5  
Polychromatophilia. Note large red cells with light purple coloring.

FIGURE 6 -6  
Macrocytosis. These cells are both larger than normal (mean cor-
puscular volume >100) and somewhat oval in shape. Some mor-
phologists call these cells macroovalocytes.

FIGURE 6 -7  
Hypersegmented neutrophils. Hypersegmented neutrophils 
(multilobed polymorphonuclear leukocytes) are larger than nor-
mal neutrophils with  ve or more segmented nuclear lobes. They 
are commonly seen with  olic acid or vitamin B12 de ciency.

FIGURE 6 -8  
Spherocytosis. Note small hyperchromatic cells without the 
usual clear area in the center.

FIGURE 6 -9  
Rouleaux  ormation. Small lymphocyte in center o   eld. These 
red cells align themselves in stacks and are related to increased 
serum protein levels.

FIGURE 6 -10  
Red cell agglutination. Small lymphocyte and segmented neu-
trophil in upper le t center. Note irregular collections o  aggre-
gated red cells.
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FIGURE 6 -11  
Fragmented red cells. Heart valve hemolysis.

FIGURE 6 -12  
Sickle cells. Homozygous sickle cell disease. A nucleated red cell 
and neutrophil are also in the  eld.

FIGURE 6 -13  
Target cells. Target cells are recognized by the bull’s-eye appear-
ance o  the cell. Small numbers o  target cells are seen with liver 
disease and thalassemia. Larger numbers are typical o  hemoglo-
bin C disease.

FIGURE 6 -14  
Elliptocytosis. Small lymphocyte in center o   eld. Elliptical 
shape o  red cells is related to weakened membrane structure, 
usually due to mutations in spectrin.

FIGURE 6 -15  
Stomatocytosis. Red cells characterized by a wide transverse slit 
or stoma. This o ten is seen as an arti act in a dehydrated blood 
smear. These cells can be seen in hemolytic anemias and in condi-
tions in which the red cell is overhydrated or dehydrated.

FIGURE 6 -16  
Acanthocytosis. Spiculated red cells are o  two types: acantho-
cytes are contracted dense cells with irregular membrane pro-
jections that vary in length and width; echinocytes have small, 
uni orm, and evenly spaced membrane projections. Acanthocytes 
are present in severe liver disease, in patients with abetalipopro-
teinemia, and in rare patients with McLeod blood group. Echino-
cytes are  ound in patients with severe uremia, in glycolytic red 
cell enzyme de ects, and in microangiopathic hemolytic anemia.

06_Hematology_ch06_p057-070.indd   61  04/08/16   2:47 PM



S

E

C

T

I

O

N

 

I

I

C

a

r

d

i

n

a

l

 

M

a

n

i

f

e

s

t

a

t

i

o

n

s

 

o

f

 

H

e

m

a

t

o

l

o

g

i

c

 

D

i

s

e

a

s

e

62

FIGURE 6 -17  
Howell-Jolly bodies. Howell-Jolly bodies are tiny nuclear rem-
nants that normally are removed by the spleen. They appear in 
the blood a ter splenectomy (de ect in removal) and with matura-
tion/dysplastic disorders (excess production).

FIGURE 6 -18  
Teardrop cells and nucleated red blood cells characteristic o  
myelo brosis. A teardrop-shaped red blood cell (left panel) and a 
nucleated red blood cell (right panel) as typically seen with myelo-
 brosis and extramedullary hematopoiesis.

FIGURE 6 -19  
Myelo brosis o  the bone marrow. Total replacement o  mar-
row precursors and  at cells by a dense in ltrate o  reticulin  bers 
and collagen (H&E stain).

FIGURE 6 -20  
Reticulin stain o  marrow myelo brosis. Silver stain o  a myelo-
 brotic marrow showing an increase in reticulin  bers (black-
staining threads).

FIGURE 6 -21  
Stippled red cell in lead poisoning . Mild hypochromia. Coarsely 
stippled red cell.

FIGURE 6 -22  
Heinz bodies. Blood mixed with hypotonic solution o  crystal vio-
let. The stained material is precipitates o  denatured hemoglobin 
within cells.
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FIGURE 6 -23  
Giant platelets. Giant platelets, together with a marked increase 
in the platelet count, are seen in myeloproli erative disorders, 
especially primary thrombocythemia.

FIGURE 6 -24  
Normal granulocytes. The normal granulocyte has a segmented 
nucleus with heavy, clumped chromatin;  ne neutrophilic gran-
ules are dispersed throughout the cytoplasm.

FIGURE 6 -25  
Normal monocytes. The  lm was prepared  rom the bu y coat o  the 
blood  rom a normal donor. L, lymphocyte; M, monocyte; N, neutrophil.

FIGURE 6 -26  
Normal eosinophils. The  lm was prepared  rom the bu y coat 
o  the blood  rom a normal donor. E, eosinophil; L, lymphocyte; N, 
neutrophil.

FIGURE 6 -27  
Normal basophil. The  lm was prepared  rom the bu y coat o  
the blood  rom a normal donor. B, basophil; L, lymphocyte.

FIGURE 6 -28  
Pelger-Hüet anomaly. In this benign disorder, the majority o  
granulocytes are bilobed. The nucleus  requently has a spectacle-
like, or “pince-nez,” con guration.
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FIGURE 6 -29  
Döhle body. Neutrophil band with Döhle body. The neutrophil 
with a sausage-shaped nucleus in the center o  the  eld is a band 
 orm. Döhle bodies are discrete, blue-staining nongranular areas 
 ound in the periphery o  the cytoplasm o  the neutrophil in in ec-
tions and other toxic states. They represent aggregates o  rough 
endoplasmic reticulum.

FIGURE 6 -30  
Chédiak-Higashi disease . Note giant granules in neutrophil.

FIGURE 6 -31  
Normal bone marrow. Low-power view o  normal adult marrow 
(hematoxylin and eosin [H&E] stain), showing a mix o   at cells 
(clear areas) and hematopoietic cells. The percentage o  the space 
that consists o  hematopoietic cells is re erred to as marrow cellu-
larity. In adults, normal marrow cellularity is 35–40%. I  demands 
 or increased marrow production occur, cellularity may increase to 
meet the demand. As people age, the marrow cellularity decreases 
and the marrow  at increases. Patients >70 years old may have a 
20–30% marrow cellularity.

FIGURE 6 -32  
Aplastic anemia bone marrow. Normal hematopoietic precursor 
cells are virtually absent, leaving behind  at cells, reticuloendo-
thelial cells, and the underlying sinusoidal structure.

FIGURE 6 -33  
Metastatic cancer in the bone marrow. Marrow biopsy speci-
men in ltrated with metastatic breast cancer and reactive  brosis 
(H&E stain).

FIGURE 6 -34  
Lymphoma in the bone marrow. Nodular ( ollicular) lymphoma 
in ltrate in a marrow biopsy specimen. Note the characteristic 
paratrabecular location o  the lymphoma cells.
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FIGURE 6 -35  
Erythroid hyperplasia o  the marrow. Marrow aspirate specimen 
with a myeloid/erythroid ratio (M/E ratio) o  1:1–2, typical  or a 
patient with a hemolytic anemia or one recovering  rom blood loss.

FIGURE 6 -36  
Myeloid hyperplasia o  the marrow. Marrow aspirate specimen 
showing a myeloid/erythroid ratio o  ≥3:1, suggesting either a loss 
o  red blood cell precursors or an expansion o  myeloid elements.

FIGURE 6 -37
Megaloblastic erythropoiesis. High-power view o  megaloblastic red blood cell precursors  rom a patient with a macrocytic anemia. Maturation 
is delayed, with late normoblasts showing a more immature-appearing nucleus with a lattice-like pattern with normal cytoplasmic maturation.

A  B

C  D

FIGURE 6 -38  
Prussian blue staining o  marrow iron stores. Iron stores can be graded on a scale o  0 to 4+. A. A marrow with excess iron stores (>4+); 
B. normal stores (2–3+); C. minimal stores (1+); and D. absent iron stores (0).
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FIGURE 6 -39  
Ringed sideroblast. An orthochromatic normoblast with a collar 
o  blue granules (mitochondria encrusted with iron) surrounding 
the nucleus.

FIGURE 6 -40  
Acute myeloid leukemia. Leukemic myeloblast with an Auer rod. 
Note two to  our large, prominent nucleoli in each cell.

FIGURE 6 -41  
Acute promyelocytic leukemia. Note prominent cytoplasmic 
granules in the leukemia cells.

FIGURE 6 -42  
Acute erythroleukemia. Note giant dysmorphic erythroblasts; 
two are binucleate, and one is multinucleate.

FIGURE 6 -43  
Acute lymphoblastic leukemia.

FIGURE 6 -44  
Burkitt’s leukemia, acute lymphoblastic leukemia.
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FIGURE 6 -45  
Chronic myeloid leukemia in the peripheral blood.

FIGURE 6 -46  
Chronic lymphoid leukemia in the peripheral blood.

FIGURE 6 -47  
Sézary’s syndrome . Lymphocytes with  requently convoluted 
nuclei (Sézary cells) in a patient with advanced mycosis  ungoides.

FIGURE 6 -48  
Adult T cell leukemia. Peripheral blood smear showing leukemia 
cells with typical “f ower-shaped” nucleus.

FIGURE 6 -49  
Follicular lymphoma in a lymph node . The normal nodal archi-
tecture is e aced by nodular expansions o  tumor cells. Nodules 
vary in size and contain predominantly small lymphocytes with 
cleaved nuclei along with variable numbers o  larger cells with 
vesicular chromatin and prominent nucleoli.

FIGURE 6 -50  
Dif use large B cell lymphoma in a lymph node . The neoplastic 
cells are heterogeneous but predominantly large cells with vesic-
ular chromatin and prominent nucleoli.
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FIGURE 6 -51  
Burkitt’s lymphoma in a lymph node . Burkitt’s lymphoma with 
starry-sky appearance. The lighter areas are macrophages attempt-
ing to clear dead cells.

FIGURE 6 -52  
Erythrophagocytosis accompanying aggressive lymphoma. The 
central macrophage is ingesting red cells, neutrophils, and platelets. 
(Courtesy of Dr. Kiyomi Tsukimori, Kyushu University, Fukuoka, Japan.)

FIGURE 6 -53  
Hodgkin’s disease. A Reed-Sternberg cell is present near the center 
o  the  eld; a large cell with a bilobed nucleus and prominent 
nucleoli giving an “owl’s eyes” appearance. The majority o  the 
cells are normal lymphocytes, neutrophils, and eosinophils that 
 orm a pleiomorphic cellular in ltrate.

FIGURE 6 -54  
Lacunar cell; Reed-Sternberg cell variant in nodular sclerosing 
Hodgkin’s disease. High-power view o  single mononuclear lacu-
nar cell with retracted cytoplasm in a patient with nodular scle-
rosing Hodgkin’s disease.

FIGURE 6 -55  
Normal plasma cell.

FIGURE 6 -56  
Multiple myeloma.
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Ac kn o wl ed g men t

Figures in this e-chapter were borrowed from Williams 
Hematology, 7th edition, M Lichtman et al (eds). New York, 
McGraw-Hill, 2005; Hematology in General Practice, 4th 
edition, RS Hillman, KA Ault, New York, McGraw-Hill,  
2005.

FIGURE 6 -57  
Serum color in hemoglobinemia. The distinctive red coloration 
o  plasma (hemoglobinemia) in a spun blood sample in a patient 
with intravascular hemolysis.
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SECTION III

ANEMIAS
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Anemias associated with normocytic and normochro-
mic red cells and an inappropriately low reticulocyte 
response (reticulocyte index <2–2.5) are hypoproli -
erative anemias. T is category includes early iron de -
ciency (be ore hypochromic microcytic red cells 
develop), acute and chronic in ammation (includ-
ing many malignancies), renal disease, hypometabolic 
states such as protein malnutrition and endocrine de -
ciencies, and anemias  rom marrow damage. Marrow 
damage states are discussed in Chap. 11.

Hypoproli erative anemias are the most common ane-
mias, and in the clinic, iron de ciency anemia is the most 
common o  these  ollowed by the anemia o  in amma-
tion. T e anemia o  in ammation, similar to iron de -
ciency, is related in part to abnormal iron metabolism. 
T e anemias associated with renal disease, in ammation, 
cancer, and hypometabolic states are characterized by a 
suboptimal erythropoietin response to the anemia.

IRON METABOLISM

Iron is a critical element in the  unction o  all cells, 
although the amount o  iron required by individual tis-
sues varies during development. At the same time, the 
body must protect itsel   rom  ree iron, which is highly 
toxic in that it participates in chemical reactions that 
generate  ree radicals such as singlet O2 or OH-. Conse-
quently, elaborate mechanisms have evolved that allow 
iron to be made available  or physiologic  unctions 
while at the same time conserving this element and 
handling it in such a way that toxicity is avoided.

T e major role o  iron in mammals is to carry O2 
as part o  hemoglobin. O2 is also bound by myoglobin 
in muscle. Iron is a critical element in iron-containing 
enzymes, including the cytochrome system in mito-
chondria. Iron distribution in the body is shown in 

IRON DEFICIENCY AND OTHER 
HYPOPROLIFERATIVE ANEMIAS

CHAP TER 7

Table 7-1. Without iron, cells lose their capacity  or 
electron transport and energy metabolism. In erythroid 
cells, hemoglobin synthesis is impaired, resulting in 
anemia and reduced O2 delivery to tissue.

THE IRON CYCLE IN HUMANS
Figure 7-1 outlines the major pathways o  internal iron 
exchange in humans. Iron absorbed  rom the diet or 
released  rom stores circulates in the plasma bound to 
trans errin, the iron transport protein.  rans errin is a 
bilobed glycoprotein with two iron binding sites.  rans-
 errin that carries iron exists in two  orms—mono erric 
(one iron atom) or di erric (two iron atoms). T e turn-
over (hal -clearance time) o  trans errin-bound iron is 
very rapid—typically 60–90 min. Because almost all o  
the iron transported by trans errin is delivered to the 
erythroid marrow, the clearance time o  trans errin-
bound iron  rom the circulation is a ected most by 
the plasma iron level and the erythroid marrow activ-
ity. When erythropoiesis is markedly stimulated, the 
pool o  erythroid cells requiring iron increases and the 
clearance time o  iron  rom the circulation decreases. 
T e hal -clearance time o  iron in the presence o  iron 
de ciency is as short as 10–15 min. With suppression o  

TABLE 7 -1
BODY IRON DISTRIBUTION

IRON CONTENT, m g

ADULT MALE,  
80 kg

ADULT FEMALE, 
60 kg

Hemoglobin  2500  1700
Myoglobin/enzymes  500  300
Trans errin iron  3  3
Iron stores  600–1000  0–300
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73circulation and can be measured as soluble trans er-
rin receptor protein. Within the erythroid cell, iron in 
excess o  the amount needed  or hemoglobin synthesis 
binds to a storage protein, apo erritin,  orming  erritin. 
T is mechanism o  iron exchange also takes place in 
other cells o  the body expressing trans errin receptors, 
especially liver parenchymal cells where the iron can be 
incorporated into heme-containing enzymes or stored. 
T e iron incorporated into hemoglobin subsequently 
enters the circulation as new red cells are released  rom 
the bone marrow. T e iron is then part o  the red cell 
mass and will not become available  or reutilization 
until the red cell dies.

In a normal individual, the average red cell li e span 
is 120 days. T us, 0.8–1% o  red cells are replaced each 
day. At the end o  its li e span, the red cell is recognized 
as senescent by the cells o  the reticuloendothelial (RE) 
system, and the red cell undergoes phagocytosis. Once 
within the RE cell, the ingested hemoglobin is broken 
down, the globin and other proteins are returned to the 
amino acid pool, and the iron is shuttled back to the 
sur ace o  the RE cell, where it is presented to circulat-
ing trans errin. It is the e cient and highly conserved 
recycling o  iron  rom senescent red cells that supports 
steady-state (and even mildly accelerated) erythropoiesis.

Because each milliliter o  red cells contains 1 mg o  
elemental iron, the amount o  iron needed to replace 
those red cells lost through senescence amounts to 20 
mg/d (assuming an adult with a red cell mass o  2 L). 
Any additional iron required  or daily red cell produc-
tion comes  rom the diet. Normally, an adult male will 
need to absorb at least 1 mg o  elemental iron daily to 
meet needs, while  emales in the childbearing years 
will need to absorb an average o  1.4 mg/d. However, 
to achieve a maximum proli erative erythroid marrow 
response to anemia, additional iron must be available. 
With markedly stimulated erythropoiesis, demands 
 or iron are increased by as much as six- to eight old. 
With extravascular hemolytic anemia, the rate o  red 
cell destruction is increased, but the iron recovered 
 rom the red cells is e ciently reutilized  or hemoglo-
bin synthesis. In contrast, with intravascular hemolysis 
or blood loss anemia, the rate o  red cell production 
is limited by the amount o  iron that can be mobilized 
 rom stores.  ypically, the rate o  mobilization under 
these circumstances will not support red cell produc-
tion more than 2.5 times normal. I  the delivery o  iron 
to the stimulated marrow is suboptimal, the marrow’s 
proli erative response is blunted, and hemoglobin syn-
thesis is impaired. T e result is a hypoproli erative mar-
row accompanied by microcytic, hypochromic anemia.

Whereas blood loss or hemolysis places a demand 
on the iron supply, in ammatory conditions inter ere 
with iron release  rom stores and can result in a rapid 
decrease in the serum iron (see below).

Parenchyma
(Live r)

Erythroid

marrow
REcells

REstores

Circula ting
erythrocytes

Transfe rrin
iron

Gut Extravascula r
exchange

FIGURE 7 -1  
In te rn a l iro n  exch an g e. Normally 80% o  iron passing through 
the plasma trans errin pool is recycled  rom senescent red cells. 
Absorption o  approximately 1 mg/d is required  rom the diet in 
men, and 1.4 mg/d in women to maintain homeostasis. As long 
as trans errin saturation is maintained between 20 and 60% and 
erythropoiesis is not increased, use o  iron stores is not required. 
However, in the event o  blood loss, dietary iron de ciency, or 
inadequate iron absorption, up to 40 mg/d o  iron can be mobi-
lized  rom stores. RE, reticuloendothelial.

erythropoiesis, the plasma iron level typically increases 
and the hal -clearance time may be prolonged to several 
hours. Normally, the iron bound to trans errin turns 
over 6–8 times per day. Assuming a normal plasma 
iron level o  80–100 µg/dL, the amount o  iron passing 
through the trans errin pool is 20–24 mg/d.

T e iron-trans errin complex circulates in the plasma 
until it interacts with speci c trans errin receptors on 
the sur ace o  marrow erythroid cells. Di erric trans-
 errin has the highest a nity  or trans errin receptors; 
apotrans errin (not carrying iron) has very little a n-
ity. Although trans errin receptors are  ound on cells 
in many tissues within the body—and all cells at some 
time during development will display trans errin recep-
tors—the cell having the greatest number o  receptors 
(300,000–400,000/cell) is the developing erythroblast.

Once the iron-bearing trans errin interacts with its 
receptor, the complex is internalized via clathrin-coated 
pits and transported to an acidic endosome, where the 
iron is released at the low pH. T e iron is then made 
available  or heme synthesis while the trans errin-
receptor complex is recycled to the sur ace o  the cell, 
where the bulk o  the trans errin is released back into 
circulation and the trans errin receptor reanchors into 
the cell membrane. At this point a certain amount o  
the trans errin receptor protein may be released into 
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74 NUTRITIONAL IRON BALANCE
T e balance o  iron in humans is tightly controlled and 
designed to conserve iron  or reutilization. T ere is 
no regulated excretory pathway  or iron, and the only 
mechanisms by which iron is lost are blood loss (via 
gastrointestinal bleeding, menses, or other  orms o  
bleeding) and the loss o  epithelial cells  rom the skin, 
gut, and genitourinary tract. Normally, the only route 
by which iron comes into the body is via absorption 
 rom  ood or  rom medicinal iron taken orally. Iron 
may also enter the body through red cell trans usions 
or injection o  iron complexes. T e margin between the 
amount o  iron available  or absorption and the require-
ment  or iron in growing in ants and the adult  emale 
is narrow; this accounts  or the great prevalence o  iron 
de ciency worldwide—currently estimated at one-hal  
billion people.

T e amount o  iron required  rom the diet to replace 
losses averages approximately 10% o  body iron content 
a year in men and 15% in women o  childbearing age. 
Dietary iron content is closely related to total caloric 
intake (approximately 6 mg o  elemental iron per 1000 
calories). Iron bioavailability is a ected by the nature 
o  the  oodstu , with heme iron (e.g., red meat) being 
most readily absorbed. In the United States, the average 
iron intake in an adult male is 15 mg/d with 6% absorp-
tion;  or the average  emale, the daily intake is 11 mg/d 
with 12% absorption. An individual with iron de -
ciency can increase iron absorption to approximately 
20% o  the iron present in a meat-containing diet but 
only 5–10% o  the iron in a vegetarian diet. As a result, 
one-third o  the  emale population in the United States 
has virtually no iron stores. Vegetarians are at an addi-
tional disadvantage because certain  oodstu s that 
include phytates and phosphates reduce iron absorption 
by approximately 50%. When ionizable iron salts are 
given together with  ood, the amount o  iron absorbed 
is reduced. When the percentage o  iron absorbed  rom 
individual  ood items is compared with the percentage 
 or an equivalent amount o   errous salt, iron in vege-
tables is only about one-twentieth as available, egg iron 
one-eighth, liver iron one-hal , and heme iron one-hal  
to two-thirds.

In ants, children, and adolescents may be unable to 
maintain normal iron balance because o  the demands 
o  body growth and lower dietary intake o  iron. During 
the last two trimesters o  pregnancy, daily iron require-
ments increase to 5–6 mg, and iron supplements are 
strongly recommended  or pregnant women in devel-
oped countries.

Iron absorption takes place largely in the proximal 
small intestine and is a care ully regulated process. 
For absorption, iron must be taken up by the luminal 
cell. T at process is  acilitated by the acidic contents o  
the stomach, which maintains the iron in solution. At 

the brush border o  the absorptive cell, the  erric iron 
is converted to the  errous  orm by a  errireductase. 
 ransport across the membrane is accomplished by 
divalent metal transporter type 1 (DM -1, also known 
as natural resistance macrophage-associated protein 
type 2 [Nramp 2] or DC -1). DM -1 is a general cation 
transporter. Once inside the gut cell, iron may be stored 
as  erritin or transported through the cell to be released 
at the basolateral sur ace to plasma trans errin through 
the membrane-embedded iron exporter,  erroportin. 
T e  unction o   erroportin is negatively regulated by 
hepcidin, the principal iron regulatory hormone. In the 
process o  release, iron interacts with another  erroxi-
dase, hephaestin, which oxidizes the iron to the  erric 
 orm  or trans errin binding. Hephaestin is similar to 
ceruloplasmin, the copper-carrying protein.

Iron absorption is in uenced by a number o  physi-
ologic states. Erythroid hyperplasia stimulates iron 
absorption even in the  ace o  normal or increased 
iron stores, and hepcidin levels are inappropriately low. 
T us, patients with anemias associated with high lev-
els o  ine ective erythropoiesis absorb excess amounts 
o  dietary iron. T e molecular mechanism underly-
ing this relationship is not known. Over time, this may 
lead to iron overload and tissue damage. In iron de -
ciency, hepcidin levels are also low and iron is much 
more e ciently absorbed; the contrary is true in states 
o  secondary iron overload. T e normal individual can 
reduce iron absorption in situations o  excessive intake 
or medicinal iron intake; however, while the percentage 
o  iron absorbed goes down, the absolute amount goes 
up. T is accounts  or the acute iron toxicity occasion-
ally seen when children ingest large numbers o  iron 
tablets. Under these circumstances, the amount o  iron 
absorbed exceeds the trans errin binding capacity o  the 
plasma, resulting in  ree iron that a ects critical organs 
such as cardiac muscle cells.

IRON-DEFICIENCY ANEMIA

Iron de ciency is one o  the most prevalent 
 orms o  malnutrition. Globally, 50% o  anemia 
is attributable to iron de ciency and accounts  or 

approximately 841,000 deaths annually worldwide. 
A rica and parts o  Asia bear 71% o  the global mortal-
ity burden; North America represents only 1.4% o  the 
total morbidity and mortality associated with iron 
de ciency.

STAGES OF IRON DEFICIENCY
T e progression to iron de ciency can be divided into 
three stages (Fig. 7-2). T e  rst stage is negative iron 
balance, in which the demands  or (or losses o ) iron 
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75the dwindling iron stores. Once the trans errin satura-
tion  alls to 15–20%, hemoglobin synthesis becomes 
impaired. T is is a period o  iron-def cient erythropoiesis. 
Care ul evaluation o  the peripheral blood smear reveals 
the  rst appearance o  microcytic cells, and i  the labora-
tory technology is available, one  nds hypochromic retic-
ulocytes in circulation. Gradually, the hemoglobin and 
hematocrit begin to  all, re ecting iron-def ciency ane-
mia. T e trans errin saturation at this point is 10–15%.

When moderate anemia is present (hemoglobin 
10–13 g/dL), the bone marrow remains hypoproli era-
tive. With more severe anemia (hemoglobin 7–8 g/dL), 
hypochromia and microcytosis become more promi-
nent, target cells and misshapen red cells (poikilocytes) 
appear on the blood smear as cigar- or pencil-shaped 
 orms, and the erythroid marrow becomes increasingly 
ine ective. Consequently, with severe prolonged iron-
de ciency anemia, erythroid hyperplasia o  the marrow 
develops, rather than hypoproli eration.

CAUSES OF IRON DEFICIENCY
Conditions that increase demand  or iron, increase iron 
loss, or decrease iron intake or absorption can produce 
iron de ciency (Table 7-2).

CLINICAL PRESENTATION OF IRON 
DEFICIENCY
Certain clinical conditions carry an increased likeli-
hood o  iron de ciency. Pregnancy, adolescence, peri-
ods o  rapid growth, and an intermittent history o  
blood loss o  any kind should alert the clinician to 
possible iron de ciency. A cardinal rule is that the 
appearance o  iron de ciency in an adult male means 

Microcytic
hypochromic

0

<15

>400

<30

<10

<10

>200

Microcytic/
hypochromic

Iron-
deficiency

anemia

0

<15

>380

<50

<20

<10

>100

NL

Iron-
de ficient

e rythropoies is

1-3+

50-200

300-360

50-150

30-50

40-60

30-50

NL

Normal

0-1+

<20

>360

NL

NL

NL

NL

NL

Nega tive
iron

ba lance
Iron s tores

Erythron iron

Marrow iron
s tores

RBC
protoporphyrin

( g/dL)

Satura tion (%)

Marrow
sideroblas ts  (%)

RBC
morphology

TIBC ( g/dL)

SI ( g/dL)

Serum ferritin
( g/L)

FIGURE 7 -2  
Lab ora to ry stu d ies in  th e  evo lu t ion  o   iro n  d e  cien cy. 
Measurements o  marrow iron stores, serum  erritin, and total 
iron-binding capacity (TIBC) are sensitive to early iron-store 
depletion. Iron-de cient erythropoiesis is recognized  rom addi-
tional abnormalities in the serum iron (SI), percent trans errin sat-
uration, the pattern o  marrow sideroblasts, and the red blood cell 
(RBC) protoporphyrin level. Patients with iron-de ciency anemia 
demonstrate all the same abnormalities plus hypochromic micro-
cytic anemia. (From RS Hillman, CA Finch: The Red Cell Manual, 7th 
ed. Philadelphia, F.A.Davis and Co., 1996, with permission.)

exceed the body’s ability to absorb iron  rom the diet. 
T is stage results  rom a number o  physiologic mecha-
nisms, including blood loss, pregnancy (in which the 
demands  or red cell production by the  etus outstrip the 
mother’s ability to provide iron), rapid growth spurts in 
the adolescent, or inadequate dietary iron intake. Blood 
loss in excess o  10–20 mL o  red cells per day is greater 
than the amount o  iron that the gut can absorb  rom a 
normal diet. Under these circumstances, the iron de cit 
must be made up by mobilization o  iron  rom RE stor-
age sites. During this period, iron stores—re ected by 
the serum  erritin level or the appearance o  stainable 
iron on bone marrow aspirations—decrease. As long as 
iron stores are present and can be mobilized, the serum 
iron, total iron-binding capacity ( IBC), and red cell 
protoporphyrin levels remain within normal limits. At 
this stage, red cell morphology and indices are normal.

When iron stores become depleted, the serum iron 
begins to  all. Gradually, the  IBC increases, as do red cell 
protoporphyrin levels. By de nition, marrow iron stores 
are absent when the serum  erritin level is <15 µg/L.  
As long as the serum iron remains within the nor-
mal range, hemoglobin synthesis is una ected despite 

TABLE 7 -2
CAUSES OF IRON DEFICIENCY
In creased  Dem an d   o r Iron
Rapid growth in in ancy or adolescence
Pregnancy
Erythropoietin therapy
In creased  Iron  Lo ss
Chronic blood loss
Menses
Acute blood loss
Blood donation
Phlebotomy as treatment  or polycythemia vera
Decreased  Iro n  In take  o r Ab so rp t io n
Inadequate diet
Malabsorption  rom disease (sprue, Crohn’s disease)
Malabsorption  rom surgery (gastrectomy and some  orms o  
bariatric surgery)

Acute or chronic in ammation
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76 gastrointestinal blood loss until proven otherwise. Signs 
related to iron de ciency depend on the severity and 
chronicity o  the anemia in addition to the usual signs 
o  anemia— atigue, pallor, and reduced exercise capac-
ity. Cheilosis ( ssures at the corners o  the mouth) and 
koilonychia (spooning o  the  ngernails) are signs o  
advanced tissue iron de ciency. T e diagnosis o  iron 
de ciency is typically based on laboratory results.

LABORATORY IRON STUDIES
Serum iron a nd to ta l iron-binding ca pa city

T e serum iron level represents the amount o  circu-
lating iron bound to trans errin. T e  IBC is an indi-
rect measure o  the circulating trans errin. T e normal 
range  or the serum iron is 50–150 µg/dL; the normal 
range  or  IBC is 300–360 µg/dL.  rans errin satura-
tion, which is normally 25–50%, is obtained by the 
 ollowing  ormula: serum iron × 100 ÷  IBC. Iron-de -
ciency states are associated with saturation levels below 
20%. T ere is a diurnal variation in the serum iron. A 
trans errin saturation % >50% indicates that a dispro-
portionate amount o  the iron bound to trans errin is 
being delivered to nonerythroid tissues. I  this persists 
 or an extended time, tissue iron overload may occur.

Serum  errit in

Free iron is toxic to cells, and the body has established 
an elaborate set o  protective mechanisms to bind iron 
in various tissue compartments. Within cells, iron is 
stored complexed to protein as  erritin or hemosiderin. 
Apo erritin binds to  ree  errous iron and stores it in the 
 erric state. As  erritin accumulates within cells o  the 
RE system, protein aggregates are  ormed as hemosid-
erin. Iron in  erritin or hemosiderin can be extracted 
 or release by the RE cells, although hemosiderin is 
less readily available. Under steady-state conditions, 
the serum  erritin level correlates with total body iron 
stores; thus, the serum  erritin level is the most conve-
nient laboratory test to estimate iron stores. T e nor-
mal value  or  erritin varies according to the age and 
gender o  the individual (Fig. 7-3). Adult males have 
serum  erritin values averaging 100 µg/L, while adult 
 emales have levels averaging 30 µg/L. As iron stores are 
depleted, the serum  erritin  alls to <15 µg/L. Such lev-
els are diagnostic o  absent body iron stores.

Eva lua tion o   bone ma rrow iron stores

Although RE iron stores can be estimated  rom the 
iron stain o  a bone marrow aspirate or biopsy, the 
measurement o  serum  erritin has largely supplanted 
these procedures  or determination o  storage iron 
(Table 7-3). T e serum  erritin level is a better indi-
cator o  iron overload than the marrow iron stain. 

However, in addition to storage iron, the marrow iron 
stain provides in ormation about the e ective delivery 
o  iron to developing erythroblasts. Normally, when the 
marrow smear is stained  or iron, 20–40% o  develop-
ing erythroblasts—called sideroblasts—will have vis-
ible  erritin granules in their cytoplasm. T is represents 
iron in excess o  that needed  or hemoglobin synthe-
sis. In states in which release o  iron  rom storage sites 
is blocked, RE iron will be detectable, and there will 
be  ew or no sideroblasts. In the myelodysplastic syn-
dromes, mitochondrial dys unction can occur, and 
accumulation o  iron in mitochondria appears in a 
necklace  ashion around the nucleus o  the erythroblast. 
Such cells are re erred to as ringed sideroblasts.

Red cell pro toporphyrin  levels

Protoporphyrin is an intermediate in the pathway to 
heme synthesis. Under conditions in which heme syn-
thesis is impaired, protoporphyrin accumulates within 
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FIGURE 7 -3  
Se ru m   e rrit in  leve ls a s a   u n ct io n  o   sex an d  ag e . Iron 
store depletion and iron de ciency are accompanied by a 
decrease in serum  erritin level below 20 µg/L. (From RS Hillman et 
al: Hematology in Clinical Practice, 5th ed. New York, McGraw-Hill, 
2011, with permission.)

TABLE 7 -3
IRON STORE MEASUREMENTS

IRON STORES
MARROW IRON 
STAIN, 0–4+

SERUM FERRITIN, 
µg /L

0  0  <15
1–300 mg  Trace to 1+  15–30
300–800 mg  2+  30–60
800–1000 mg  3+  60–150
1–2 g  4+  >150
Iron overload  —  >500–1000
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77the red cell. T is re ects an inadequate iron supply to 
erythroid precursors to support hemoglobin synthesis. 
Normal values are <30 µg/dL o  red cells. In iron de -
ciency, values in excess o  100 µg/dL are seen. T e most 
common causes o  increased red cell protoporphyrin 
levels are absolute or relative iron de ciency and lead 
poisoning.

Serum levels o   t ra ns errin  receptor pro tein

Because erythroid cells have the highest numbers 
o  trans errin receptors o  any cell in the body, and 
because trans errin receptor protein ( RP) is released 
by cells into the circulation, serum levels o   RP re ect 
the total erythroid marrow mass. Another condition 
in which  RP levels are elevated is absolute iron de -
ciency. Normal values are 4–9 µg/L determined by 
immunoassay. T is laboratory test is becoming increas-
ingly available and, along with the serum  erritin, has 
been proposed to distinguish between iron de ciency 
and the anemia o  in ammation (see below).

DIFFERENTIAL DIAGNOSIS
Other than iron de ciency, only three conditions need 
to be considered in the di erential diagnosis o  a hypo-
chromic microcytic anemia (Table 7-4). T e  rst is an 
inherited de ect in globin chain synthesis: the thalas-
semias. T ese are di erentiated  rom iron de ciency 
most readily by serum iron values; normal or increased 
serum iron levels and trans errin saturation are charac-
teristic o  the thalassemias. In addition, the red blood 
cell distribution width (RDW) index is generally nor-
mal in thalassemia and elevated in iron de ciency.

T e second condition is the anemia o  in ammation 
(AI; also re erred to as the anemia o  chronic disease) 
with inadequate iron supply to the erythroid marrow. 
T e distinction between true iron-de ciency anemia 
and AI is among the most common diagnostic problems 

TABLE 7 -4  
DIAGNOSIS OF MICROCYTIC ANEMIA

TESTS  IRON DEFICIENCY  INFLAMMATION  THALASSEMIA
SIDEROBLASTIC 
ANEMIA

Smear  Micro/hypo  Normal micro/hypo  Micro/hypo with targeting  Variable
Serum iron (µg/dL)  <30  <50  Normal to high  Normal to high
TIBC (µg/dL)  >360  <300  Normal  Normal
Percent saturation  <10  10–20  30–80  30–80
Ferritin (µg/L)  <15  30–200  50–300  50–300
Hemoglobin pattern  
on electrophoresis

Normal  Normal  Abnormal with β thalassemia;  
can be normal with α  
thalassemia

Normal

Abbrevia t ion: TIBC, total iron-binding capacity.

encountered by clinicians (see below). Usually, AI is 
normocytic and normochromic. T e iron values usually 
make the di erential diagnosis clear, as the  erritin level 
is normal or increased and the percent trans errin satu-
ration and  IBC are typically below normal.

Finally, the myelodysplastic syndromes represent 
the third and least common condition. Occasionally, 
patients with myelodysplasia have impaired hemoglo-
bin synthesis with mitochondrial dys unction, result-
ing in impaired iron incorporation into heme. T e iron 
values again reveal normal stores and more than an 
adequate supply to the marrow, despite the microcytosis 
and hypochromia.

TREATMENT Iron-Def ciency Anemia

T e severity and cause o  iron-de ciency anemia will deter-
mine the appropriate approach to treatment. As an example, 
symptomatic elderly patients with severe iron-de ciency ane-
mia and cardiovascular instability may require red cell trans-
 usions. Younger individuals who have compensated  or their 
anemia can be treated more conservatively with iron replace-
ment. T e  oremost issue  or the latter patient is the precise 
identi cation o  the cause o  the iron de ciency.

For the majority o  cases o  iron de ciency (pregnant 
women, growing children and adolescents, patients with 
in requent episodes o  bleeding, and those with inadequate 
dietary intake o  iron), oral iron therapy will su ce. For 
patients with unusual blood loss or malabsorption, speci c 
diagnostic tests and appropriate therapy take priority. Once 
the diagnosis o  iron-de ciency anemia and its cause is made, 
there are three major therapeutic approaches.

RED CELL TRANSFUSION  rans usion therapy is reserved  or 
individuals who have symptoms o  anemia, cardiovascu-
lar instability, and continued and excessive blood loss  rom 
whatever source and who require immediate intervention. 
T e management o  these patients is less related to the iron 
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78 de ciency than it is to the consequences o  the severe ane-
mia. Not only do trans usions correct the anemia acutely, but 
the trans used red cells provide a source o  iron  or reutiliza-
tion, assuming they are not lost through continued bleed-
ing.  rans usion therapy will stabilize the patient while other 
options are reviewed.

ORAL IRON THERAPY In the asymptomatic patient with estab-
lished iron-de ciency anemia, treatment with oral iron is 
usually adequate. Multiple preparations are available, rang-
ing  rom simple iron salts to complex iron compounds 
designed  or sustained release throughout the small intestine 
(Table 7-5). Although the various preparations contain di er-
ent amounts o  iron, they are generally all absorbed well and 
are e ective in treatment. Some come with other compounds 
designed to enhance iron absorption, such as ascorbic acid. 
It is not clear whether the bene ts o  such compounds jus-
ti y their costs.  ypically,  or iron replacement therapy, up to 
200 mg o  elemental iron per day is given, usually as three or 
 our iron tablets (each containing 50–65 mg elemental iron) 
given over the course o  the day. Ideally, oral iron prepara-
tions should be taken on an empty stomach, since  ood may 
inhibit iron absorption. Some patients with gastric disease or 
prior gastric surgery require special treatment with iron solu-
tions, because the retention capacity o  the stomach may be 
reduced. T e retention capacity is necessary  or dissolving 
the shell o  the iron tablet be ore the release o  iron. A dose o  
200 mg o  elemental iron per day should result in the absorp-
tion o  iron up to 50 mg/d. T is supports a red cell produc-
tion level o  two to three times normal in an individual with a 
normally  unctioning marrow and appropriate erythropoietin 
stimulus. However, as the hemoglobin level rises, erythropoi-
etin stimulation decreases, and the amount o  iron absorbed 
is reduced. T e goal o  therapy in individuals with iron-de -
ciency anemia is not only to repair the anemia, but also to 
provide stores o  at least 0.5–1 g o  iron. Sustained treatment 
 or a period o  6–12 months af er correction o  the anemia 
will be necessary to achieve this.

O  the complications o  oral iron therapy, gastrointesti-
nal distress is the most prominent and is seen in 15–20% o  
patients. Abdominal pain, nausea, vomiting, or constipation 
may lead to noncompliance. Although small doses o  iron or 

TABLE 7 -5  
ORAL IRON PREPARATIONS

GENERIC NAME
TABLET (IRON 
CONTENT), m g

ELIXIR (IRON 
CONTENT),  
m g  IN 5 m L

Ferrous sul ate  325 (65)  300 (60)
195 (39)  90 (18)

Extended release  525 (105)
Ferrous  umarate  325 (107)

195 (64)  100 (33)
Ferrous gluconate  325 (39)  300 (35)
Polysaccharide iron  150 (150)  100 (100)

50 (50)

iron preparations with delayed release may help somewhat, 
the gastrointestinal side e ects are a major impediment to the 
e ective treatment o  a number o  patients.

T e response to iron therapy varies, depending on the 
erythropoietin stimulus and the rate o  absorption.  ypically, 
the reticulocyte count should begin to increase within 4–7 
days af er initiation o  therapy and peak at 1–1½ weeks. T e 
absence o  a response may be due to poor absorption, non-
compliance (which is common), or a con ounding diagnosis. 
A use ul test in the clinic to determine the patient’s ability 
to absorb iron is the iron tolerance test.  wo iron tablets are 
given to the patient on an empty stomach, and the serum 
iron is measured serially over the subsequent 2 h. Normal 
absorption will result in an increase in the serum iron o  at 
least 100 µg/dL. I  iron de ciency persists despite adequate 
treatment, it may be necessary to switch to parenteral iron 
therapy.

PARENTERAL IRON THERAPY Intravenous iron can be given to 
patients who are unable to tolerate oral iron; whose needs 
are relatively acute; or who need iron on an ongoing basis, 
usually due to persistent gastrointestinal blood loss. Paren-
teral iron use has been increasing rapidly in the last several 
years with the recognition that recombinant erythropoietin 
(EPO) therapy induces a large demand  or iron—a demand 
that  requently cannot be met through the physiologic release 
o  iron  rom RE sources or oral iron absorption. T e sa ety 
o  parenteral iron—particularly iron dextran—has been a 
concern. T e serious adverse reaction rate to intravenous 
high-molecular-weight iron dextran is 0.7%. Fortunately, 
newer iron complexes are available in the United States, 
such as  erumoxytol (Feraheme), sodium  erric gluconate 
(Ferrlecit), iron sucrose (Veno er), and  erric carboxymalt-
ose (Injecta er), that have much lower rates o  adverse e ects. 
Ferumoxytol delivers 510 mg o  iron per injection;  erric glu-
conate 125 mg per injection,  erric carboxymaltose 750 mg 
per injection, and iron sucrose 200 mg per injection.

Parenteral iron is used in two ways: one is to administer 
the total dose o  iron required to correct the hemoglobin 
de cit and provide the patient with at least 500 mg o  iron 
stores; the second is to give repeated small doses o  parenteral 
iron over a protracted period. T e latter approach is common 
in dialysis centers, where it is not unusual  or 100 mg o  ele-
mental iron to be given weekly  or 10 weeks to augment the 
response to recombinant EPO therapy. T e amount o  iron 
needed by an individual patient is calculated by the  ollowing 
 ormula:

Body weight (kg) × 2.3 × (15 – patient’s hemoglobin, g/dL) +  
500 or 1000 mg ( or stores).

In administering intravenous iron dextran, anaphylaxis is 
a concern. Anaphylaxis is much rarer with the newer prepa-
rations. T e  actors that have correlated with an anaphylac-
tic-like reaction include a history o  multiple allergies or a 
prior allergic reaction to dextran (in the case o  iron dextran). 
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79Generalized symptoms appearing several days af er the in u-
sion o  a large dose o  iron can include arthralgias, skin rash, 
and low-grade  ever. T ese may be dose-related, but they do 
not preclude the  urther use o  parenteral iron in the patient. 
 o date, patients with sensitivity to iron dextran have been 
sa ely treated with other parenteral iron preparations. I  a 
large dose o  iron dextran is to be given (>100 mg), the iron 
preparation should be diluted in 5% dextrose in water or 
0.9% NaCl solution. T e iron solution can then be in used 
over a 60- to 90-min period ( or larger doses) or at a rate 
convenient  or the attending nurse or physician. Although a 
test dose (25 mg) o  parenteral iron dextran is recommended, 
in reality a slow in usion o  a larger dose o  parenteral iron 
solution will a ord the same kind o  early warning as a sepa-
rately injected test dose. Early in the in usion o  iron, i  chest 
pain, wheezing, a  all in blood pressure, or other systemic 
symptoms occur, the in usion o  iron should be stopped 
immediately.

OTHER HYPOPROLIFERATIVE ANEMIAS

In addition to mild to moderate iron-de ciency anemia, 
the hypoproli erative anemias can be divided into  our 
categories: (1) chronic in ammation, (2) renal disease, 
(3) endocrine and nutritional de ciencies (hypometa-
bolic states), and (4) marrow damage (Chap. 11). With 
chronic in ammation, renal disease, or hypometabo-
lism, endogenous EPO production is inadequate  or the 
degree o  anemia observed. For the anemia o  chronic 
in ammation, the erythroid marrow also responds 
inadequately to stimulation, due in part to de ective 
iron reutilization. As a result o  the lack o  adequate 
EPO stimulation, an examination o  the peripheral 
blood smear will disclose only an occasional polychro-
matophilic (“shif ”) reticulocyte. In cases o  iron de -
ciency or marrow damage, appropriate elevations in 
endogenous EPO levels are typically  ound, and shif 
reticulocytes will be present on the blood smear.

ANEMIA OF ACUTE AND CHRONIC 
INFLAMMATION/INFECTION (AI)
AI—which encompasses in ammation, in ection, tis-
sue injury, and conditions (such as cancer) associated 
with the release o  proin ammatory cytokines—is one 
o  the most common  orms o  anemia seen clinically. It 
is the most important anemia in the di erential diag-
nosis o  iron de ciency, because many o  the  eatures o  
the anemia are brought about by inadequate iron deliv-
ery to the marrow, despite the presence o  normal or 
increased iron stores. T is is re ected by a low serum 
iron, increased red cell protoporphyrin, a hypoproli -
erative marrow, trans errin saturation in the range o  
15–20%, and a normal or increased serum  erritin. T e 

serum  erritin values are of en the most distinguishing 
 eatures between true iron-de ciency anemia and the 
iron-restricted erythropoiesis associated with in am-
mation.  ypically, serum  erritin values increase three-
 old over basal levels in the  ace o  in ammation. T ese 
changes are due to the e ects o  in ammatory cytokines 
and hepcidin, the key iron regulatory hormone, acting 
at several levels o  erythropoiesis (Fig. 7-4).

Interleukin 1 (IL-1) directly decreases EPO produc-
tion in response to anemia. IL-1, acting through acces-
sory cell release o  inter eron γ (IFN-γ), suppresses the 
response o  the erythroid marrow to EPO—an e ect 
that can be overcome by EPO administration in vitro 
and in vivo. In addition, tumor necrosis  actor ( NF), 
acting through the release o  IFN-γ by marrow stro-
mal cells, also suppresses the response to EPO. Hepci-
din, made by the liver, is increased in in ammation via 
an IL-6 mediated pathway, and acts to suppress iron 
absorption and iron release  rom storage sites. T e 
overall result is a chronic hypoproli erative anemia with 
classic changes in iron metabolism. T e anemia is  ur-
ther compounded by a mild to moderate shortening in 
red cell survival.

With chronic in ammation, the primary disease will 
determine the severity and characteristics o  the ane-
mia. For example, many patients with cancer also have 
anemia that is typically normocytic and normochromic. 
In contrast, patients with long-standing active rheuma-
toid arthritis or chronic in ections such as tuberculosis 
will have a microcytic, hypochromic anemia. In both 
cases, the bone marrow is hypoproli erative, but the 
di erences in red cell indices re ect di erences in the 

TNF

Neoplas ms
Bacterial infec tions

Inte rfe ron β

Inte rfe ron γ

EPO
+

Iron

Marrow
BFU/CFU-E RBC

TNF

IL-1

Rheumato id arthritis

IL-1

FIGURE 7 -4  
Sup p ression  o   e ryth rop o iesis b y in f am m ato ry cytokines. 
Through the release o  tumor necrosis  actor (TNF) and inter eron 
γ (IFN-γ), neoplasms and bacterial in ections suppress erythropoi-
etin (EPO) production and the proli eration o  erythroid progeni-
tors (erythroid burst- orming units and erythroid colony- orming 
units [BFU/CFU-E]). The mediators in patients with vasculitis and 
rheumatoid arthritis include interleukin 1 (IL-1) and IFN-γ. The red 
arrows indicate sites o  in ammatory cytokine inhibitory ef ects. 
RBC, red blood cell.
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80 availability o  iron  or hemoglobin synthesis. Occasion-
ally, conditions associated with chronic in ammation 
are also associated with chronic blood loss. Under these 
circumstances, a bone marrow aspirate stained  or iron 
may be necessary to rule out absolute iron de ciency. 
However, the administration o  iron in this case will 
correct the iron de ciency component o  the anemia 
and leave the in ammatory component una ected.

T e anemia associated with acute in ection or 
in ammation is typically mild but becomes more pro-
nounced over time. Acute in ection can produce a 
decrease in hemoglobin levels o  2–3 g/dL within 1 or 
2 days; this is largely related to the hemolysis o  red 
cells near the end o  their natural li e span. T e  ever 
and cytokines released exert a selective pressure against 
cells with more limited capacity to maintain the red cell 
membrane. In most individuals, the mild anemia is rea-
sonably well tolerated, and symptoms, i  present, are 
associated with the underlying disease. Occasionally, in 
patients with preexisting cardiac disease, moderate ane-
mia (hemoglobin 10–11 g/dL) may be associated with 
angina, exercise intolerance, and shortness o  breath. 
T e erythropoietic pro le that distinguishes the anemia 
o  in ammation  rom the other causes o  hypoproli era-
tive anemias is shown in Table 7-6.

ANEMIA OF CHRONIC KIDNEY DISEASE 
(CKD)
Progressive CKD is usually associated with a moder-
ate to severe hypoproli erative anemia; the level o  the 
anemia correlates with the stage o  CKD. Red cells are 
typically normocytic and normochromic, and reticu-
locytes are decreased. T e anemia is primarily due to a 
 ailure o  EPO production by the diseased kidney and a 
reduction in red cell survival. In certain  orms o  acute 
renal  ailure, the correlation between the anemia and 
renal  unction is weaker. Patients with the hemolytic-
uremic syndrome increase erythropoiesis in response 
to the hemolysis, despite renal  ailure requiring dialysis. 

Polycystic kidney disease also shows a smaller degree 
o  EPO de ciency  or a given level o  renal  ailure. By 
contrast, patients with diabetes or myeloma have more 
severe EPO de ciency  or a given level o  renal  ailure.

Assessment o  iron status provides in ormation to 
distinguish the anemia o  CKD  rom the other  orms o  
hypoproli erative anemia ( able 7-6) and to guide man-
agement. Patients with the anemia o  CKD usually pres-
ent with normal serum iron,  IBC, and  erritin levels. 
However, those maintained on chronic hemodialysis 
may develop iron de ciency  rom blood loss through 
the dialysis procedure. Iron must be replenished in 
these patients to ensure an adequate response to EPO 
therapy (see below).

ANEMIA IN HYPOMETABOLIC STATES
Patients who are starving, particularly  or protein, and 
those with a variety o  endocrine disorders that produce 
lower metabolic rates, may develop a mild to moderate 
hypoproli erative anemia. T e release o  EPO  rom the 
kidney is sensitive to the need  or O2, not just O2 levels.  
T us, EPO production is triggered at lower levels o  
blood O2 content in disease states (such as hypothyroid-
ism and starvation) where metabolic activity, and thus 
O2 demand, is decreased.

Endocrine def ciency sta tes

T e di erence in the levels o  hemoglobin between 
men and women is related to the e ects o  androgen 
and estrogen on erythropoiesis.  estosterone and ana-
bolic steroids augment erythropoiesis; castration and 
estrogen administration to males decrease erythropoi-
esis. Patients who are hypothyroid or have de cits in 
pituitary hormones also may develop a mild anemia. 
Pathogenesis may be complicated by other nutritional 
de ciencies because iron and  olic acid absorption can 
be a ected by these disorders. Usually, correction o  the 
hormone de ciency reverses the anemia.

TABLE 7 -6
DIAGNOSIS OF HYPOPROLIFERATIVE ANEMIAS

TESTS  IRON DEFICIENCY  INFLAMMATION  RENAL DISEASE
HYPOMETABOLIC 
STATES

Anemia  Mild to severe  Mild  Mild to severe  Mild
MCV ( L)  60–90  80–90  90  90
Morphology  Normo-microcytic  Normocytic  Normocytic  Normocytic
SI (µg/dL)  <30  <50  Normal  Normal
TIBC (µg/dL)  >360  <300  Normal  Normal
Saturation (%)  <10  10–20  Normal  Normal
Serum  erritin (µg/L)  <15  30–200  115–150  Normal
Iron stores  0  2–4+  1–4+  Normal

Abbrevia t ions: MCV, mean corpuscular volume; SI, serum iron; TIBC, total iron-binding capacity.
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81Anemia may be more severe in Addison’s disease, 
depending on the level o  thyroid and androgen hor-
mone dys unction; however, anemia may be masked by 
decreases in plasma volume. Once such patients are given 
cortisol and volume replacement, the hemoglobin level 
may  all rapidly. Mild anemia complicating hyperpara-
thyroidism may be due to decreased EPO production as 
a consequence o  the renal e ects o  hypercalcemia or to 
impaired proli eration o  erythroid progenitors.

Protein  sta rva tion

Decreased dietary intake o  protein may lead to mild to 
moderate hypoproli erative anemia; this  orm o  ane-
mia may be prevalent in the elderly. T e anemia can be 
more severe in patients with a greater degree o  starva-
tion. In marasmus, where patients are both protein and 
calorie de cient, the release o  EPO is impaired in pro-
portion to the reduction in metabolic rate; however, the 
degree o  anemia may be masked by volume depletion 
and becomes apparent af er re eeding. De ciencies in 
other nutrients (iron,  olate) may also complicate the 
clinical picture but may not be apparent at diagnosis. 
Changes in the erythrocyte indices on re eeding should 
prompt evaluation o  iron,  olate, and B12 status.

Anemia  in  liver d isea se

A mild hypoproli erative anemia may develop in 
patients with chronic liver disease  rom nearly any 
cause. T e peripheral blood smear may show spur cells 
and stomatocytes  rom the accumulation o  excess 
cholesterol in the membrane  rom a de ciency o  lec-
ithin-cholesterol acyltrans erase. Red cell survival is 
shortened, and the production o  EPO is inadequate to 
compensate. In alcoholic liver disease, nutritional de -
ciencies are common and complicate the management. 
Folate de ciency  rom inadequate intake, as well as iron 
de ciency  rom blood loss and inadequate intake, can 
alter the red cell indices.

TREATMENT Hypoproli erative Anemias

Many patients with hypoproli erative anemias experience 
recovery o  normal hemoglobin levels when the underly-
ing disease is appropriately treated. For those in whom 
such reversals are not possible—such as patients with end-
stage kidney disease, cancer, and chronic in ammatory 

diseases—symptomatic anemia requires treatment. T e two 
major  orms o  treatment are trans usions and EPO.

TRANSFUSIONS T resholds  or trans usion should be deter-
mined based on the patient’s symptoms. In general, patients 
without serious underlying cardiovascular or pulmonary dis-
ease can tolerate hemoglobin levels above 7–8 g/dL and do 
not require intervention until the hemoglobin  alls below that 
level. Patients with more physiologic compromise may need 
to have their hemoglobin levels kept above 11 g/dL. Usually, 
a unit o  packed red cells increases the hemoglobin level by 
1 g/dL.  rans usions are associated with certain in ectious 
risks (Chap. 12), and chronic trans usions can produce iron 
overload. Importantly, the liberal use o  blood has been asso-
ciated with increased morbidity and mortality, particularly in 
the intensive care setting. T ere ore, in the absence o  docu-
mented tissue hypoxia, a conservative approach to the use o  
red cell trans usions is pre erable.

ERYTHROPOIETIN (EPO) EPO is particularly use ul in anemias in 
which endogenous EPO levels are inappropriately low, such as 
CKD or AI. Iron status must be evaluated and iron replaced 
to obtain optimal e ects  rom EPO. In patients with CKD, the 
usual dose o  EPO is 50–150 U/kg three times a week intrave-
nously. Hemoglobin levels o  10–12 g/dL are usually reached 
within 4–6 weeks i  iron levels are adequate; 90% o  these 
patients respond. Once a target hemoglobin level is achieved, 
the EPO dose can be decreased. A decrease in hemoglobin 
level occurring in the  ace o  EPO therapy usually signi es 
the development o  an in ection or iron depletion. Aluminum 
toxicity and hyperparathyroidism can also compromise the 
response to EPO. When an in ection intervenes, it is best to 
interrupt the EPO therapy and rely on trans usions to correct 
the anemia until the in ection is adequately treated. T e dose 
o  EPO needed to correct chemotherapy-induced anemia in 
patients with cancer is higher, up to 300 U/kg three times 
a week, and only approximately 60% o  patients respond. 
Because o  evidence that there is an increased risk o  throm-
boembolic complications and tumor progression with EPO 
administration, the risks and bene ts o  using EPO in such 
patients must be weighed care ully, and the target hemoglobin 
should be that necessary to avoid trans usions.

Longer-acting preparations o  EPO can reduce the  re-
quency o  injections. Darbepoetin al a, a molecularly modi-
 ed EPO with additional carbohydrate, has a hal -li e in the 
circulation that is three to  our times longer than recom-
binant human EPO, permitting weekly or every other week 
dosing.
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Hem gl bin is critical   r n rmal  xygen delivery t  
tissues; it is als  present in erythr cytes in such high 
c ncentrati ns that it can alter red cell shape, de  rm-
ability, and visc sity. Hem gl bin pathies are dis r-
ders a ecting the structure,  uncti n,  r pr ducti n    
hem gl bin. T ese c nditi ns are usually inherited and 
range in severity  r m asympt matic lab rat ry abn r-
malities t  death in uter . Di erent   rms may present 
as hem lytic anemia, erythr cyt sis, cyan sis,  r vas -
 cclusive stigmata.

PROPERTIES OF THE HUMAN 
HEMOGLOBINS

HEMOGLOBIN STRUCTURE
Di erent hem gl bins are pr duced during embry nic, 
 etal, and adult li e (Fig. 8-1). Each c nsists    a tetra-
mer    gl bin p lypeptide chains: a pair    α-like chains 
141 amin  acids l ng and a pair    β-like chains 146 
amin  acids l ng. T e maj r adult hem gl bin, HbA, 
has the structure α2β2. HbF (α2γ2) pred minates dur-
ing m st    gestati n, and HbA2 (α2δ2) is min r adult 
hem gl bin. Embry nic hem gl bins need n t be c n-
sidered here.

Each gl bin chain en  lds a single heme m iety, c n-
sisting    a pr t p rphyrin IX ring c mplexed with a 
single ir n at m in the  err us state (Fe2+). Each heme 
m iety can bind a single  xygen m lecule; a m l-
ecule    hem gl bin can transp rt up t    ur  xygen 
m lecules.

T e amin  acid sequences    the vari us gl bins are 
highly h m l g us t   ne an ther. Each has a highly 
helical secondary structure. T eir gl bular tertiary struc-
tures cause the exteri r sur aces t  be rich in p lar 
(hydr philic) amin  acids that enhance s lubility, and 
the interi r t  be lined with n np lar gr ups,   rming 
a hydr ph bic p cket int  which heme is inserted. T e 
tetrameric quaternary structure    HbA c ntains tw  αβ 

DISORDERS OF HEMOGLOBIN

CHAP TER 8

dimers. Numer us tight interacti ns (i.e., α1β1 c ntacts) 
h ld the α and β chains t gether. T e c mplete tetra-
mer is held t gether by inter aces (i.e., α1β2 c ntacts) 
between the α-like chain     ne dimer and the n n-α 
chain    the  ther dimer.

T e hem gl bin tetramer is highly s luble, but indi-
vidual gl bin chains are ins luble. Unpaired gl bin pre-
cipitates,   rming inclusi ns that damage the cell and 
can trigger ap pt sis. N rmal gl bin chain synthesis 
is balanced s  that each newly synthesized α  r n n-α 
gl bin chain will have an available partner with which t  
pair.

S lubility and reversible  xygen binding are the 
key pr perties deranged in hem gl bin pathies. B th 
depend m st  n the hydr philic sur ace amin  acids, 
the hydr ph bic amin  acids lining the heme p cket, a 
key histidine in the F helix, and the amin  acids   rm-
ing the α1β1 and α1β2 c ntact p ints. Mutati ns in these 
strategic regi ns tend t  be the  nes that alter  xygen 
a nity  r s lubility.

Chromosomes
Kilobases  500

16

11

Polypeptide
  cha ins

Hemoglobins F A2 A

α2γ2

α2 α1

α2δ2 α2β2

α δ

δ

γ β

βGγ Aγ  Ψβ

ΨαΨζζ

ε

3'

3'

FIGURE 8 -1  
Th e  g lo b in  g en es. The α-like genes (α, ζ) are encoded on chro-
mosome 16; the β-like genes (β, γ, δ , ε) are encoded on chromo-
some 11. The ζ and ε genes encode embryonic globins.
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83FUNCTION OF HEMOGLOBIN
   supp rt  xygen transp rt, hem gl bin must bind O2 
e ciently at the partial pressure     xygen (Po2)    the 
alve lus, retain it in the circulati n, and release it t  tis-
sues at the Po2    tissue capillary beds. Oxygen acqui-
siti n and delivery  ver a relatively narr w range    
 xygen tensi ns depend  n a pr perty inherent in the 
tetrameric arrangement    heme and gl bin subunits 
within the hem gl bin m lecule called cooperativity  r 
heme-heme interaction.

At l w  xygen tensi ns, the hem gl bin tetramer is 
 ully de xygenated (Fig. 8-2). Oxygen binding begins 
sl wly as O2 tensi n rises. H wever, as s  n as s me 
 xygen has been b und by the tetramer, an abrupt 
increase  ccurs in the sl pe    the curve. T us, hem -
gl bin m lecules that have b und s me  xygen devel p 
a higher  xygen a nity, greatly accelerating their 
ability t  c mbine with m re  xygen. T is S-shaped 
 xygen equilibrium curve (Fig. 8-2), al ng which sub-
stantial am unts     xygen l ading and unloading can 
 ccur  ver a narr w range     xygen tensi ns, is physi-
 l gically m re use ul than the high-a nity hyperb lic 
curve    individual m n mers.

Oxygen a nity is m dulated by several  act rs. T e 
B hr e ect is the ability    hem gl bin t  deliver m re 
 xygen t  tissues at l w pH. It arises  r m the stabiliz-
ing acti n    pr t ns  n de xyhem gl bin, which binds 
pr t ns m re readily than  xyhem gl bin because 

the latter is a weaker acid (Fig. 8-2). T us, hem gl -
bin has a l wer  xygen a nity at l w pH. T e maj r 
small m lecule that alters  xygen a nity in humans is 
2,3-bisph sph glycerate (2,3-BPG;   rmerly 2,3-DPG), 
which l wers  xygen a nity when b und t  hem gl -
bin. HbA has a reas nably high a nity   r 2,3-BPG. 
HbF d es n t bind 2,3-BPG, s  it tends t  have a higher 
 xygen a nity in viv . Hem gl bin als  binds nitric 
 xide reversibly; this interacti n in uences vascular 
t ne, but its clinical relevance remains inc mpletely 
underst  d.

Pr per  xygen transp rt depends  n the tetrameric 
structure    the pr teins, the pr per arrangement    
hydr philic and hydr ph bic amin  acids, and interac-
ti n with pr t ns  r 2,3-BPG.

DEVELOPMENTAL BIOLOGY OF HUMAN 
HEMOGLOBINS
Red cells  rst appearing at ab ut 6 weeks af er c ncep-
ti n c ntain the embry nic hem gl bins Hb P rtland 
(ζ2γ2), Hb G wer I (ζ2ε2), and Hb G wer II (α2ε2). At 
10–11 weeks,  etal hem gl bin (HbF; α2γ2) bec mes 
pred minant. T e switch t  nearly exclusive synthe-
sis    adult hem gl bin (HbA; α2β2)  ccurs at ab ut 
38 weeks (Fig. 8-1). Fetuses and newb rns there  re 
require α-gl bin but n t β-gl bin   r n rmal gesta-
ti n. A maj r advance in understanding the HbF t  
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Oxyhemoglobin

Oxyhemoglobin  Deoxyhemoglobin
Deoxyhemoglobin
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α α

α

2,3-BPG
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FIGURE 8 -2  
Hem og lob in  oxygen  d issociat ion  curve. The hemoglobin 
tetramer can bind up to  our molecules o  oxygen in the iron-
containing sites o  the heme molecules. As oxygen is bound, 
2,3-bisphosphoglycerate (2,3-BPG) and carbon dioxide (CO2) are 
expelled. Salt bridges are broken, and each o  the globin molecules 
changes its con ormation to  acilitate oxygen binding. Oxygen 
release to the tissues is the reverse process, with salt bridges being 

 ormed and 2,3-BPG and CO2 bound. Deoxyhemoglobin does not 
bind oxygen e ciently until the cell returns to conditions o  higher 
pH, the most important modulator o  O2 a nity (Bohr e ect). When 
acid is produced in the tissues, the dissociation curve shi ts to the 
right,  acilitating oxygen release and CO2 binding. Alkalosis has the 
opposite e ect, reducing oxygen delivery.
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84 HbA transiti n has been the dem nstrati n that the 
transcripti n  act r Bcl11a plays a piv tal r le in its 
regulati n. Small am unts    HbF are pr duced dur-
ing p stnatal li e. A  ew red cell cl nes called F cells are 
pr geny    a small p  l    immature c mmitted ery-
thr id precurs rs (BFU-e) that retain the ability t  pr -
duce HbF. Pr   und erythr id stresses, such as severe 
hem lytic anemias, b ne marr w transplantati n, 
 r cancer chem therapy, cause m re    the F-p tent 
BFU-e t  be recruited. HbF levels thus tend t  rise in 
s me patients with sickle cell anemia  r thalassemia. 
T is phen men n pr bably explains the ability    
hydr xyurea t  increase levels    HbF in adults. Agents 
such as butyrate and hist ne deacetylase inhibit rs can 
als  activate  etal gl bin genes partially af er birth.

GENETICS AND BIOSYNTHESIS OF HUMAN 
HEMOGLOBIN

T e human hem gl bins are enc ded in tw  tightly 
linked gene clusters; the α-like gl bin genes are 
clustered  n chr m s me 16 and the β-like genes 

 n chr m s me 11 (Fig. 8-1). T e α-like cluster c nsists 
   tw  α-gl bin genes and a single c py    the ζ gene. 
T e n n-α gene cluster c nsists    a single ε gene, the Gγ 
and Aγ  etal gl bin genes, and the adult δ and β genes.

Imp rtant regulat ry sequences  ank each gene. 
Immediately upstream are typical pr m ter elements 
needed   r the assembly    the transcripti n initiati n 
c mplex. Sequences in the 5  ʹ  anking regi n    the 
γ and the β genes appear t  be crucial   r the c rrect 
devel pmental regulati n    these genes, whereas ele-
ments that  uncti n like classic enhancers and silenc-
ers are in the 3  ʹ  anking regi ns. T e l cus c ntr l 
regi n (LCR) elements l cated  ar upstream appear 
t  c ntr l the  verall level    expressi n    each clus-
ter. T ese elements achieve their regulat ry e ects by 
interacting with trans-acting transcripti n  act rs. 
S me    these  act rs are ubiquit us (e.g., Sp1 and 
YY1), while  thers are m re  r less limited t  erythr id 
cells  r hemat p ietic cells (e.g., GA A-1, NFE-2, and 
EKLF). T e LCR c ntr lling the α-gl bin gene cluster 
is m dulated by a SWI/SNF-like pr tein called A RX; 
this pr tein appears t  in uence chr matin rem del-
ing and DNA methylati n. T e ass ciati n    α thal-
assemia with mental retardati n and myel dysplasia 
in s me  amilies appears t  be related t  mutati ns in 
the A RX pathway. T is pathway als  m dulates genes 
speci cally expressed during erythr p iesis, such as 
th se that enc de the enzymes   r heme bi synthesis. 
N rmal red bl  d cell (RBC) di erentiati n requires 
the c  rdinated expressi n    the gl bin genes with 
the genes resp nsible   r heme and ir n metab lism. 
RBC precurs rs c ntain a pr tein, α-hem gl bin-
stabilizing pr tein (AHSP), that enhances the   lding 

and s lubility    α gl bin, which is  therwise easily 
denatured, leading t  ins luble precipitates. T ese pre-
cipitates play an imp rtant r le in the thalassemia syn-
dr mes and certain unstable hem gl bin dis rders. 
P lym rphic variati n in the am unts and/ r  unc-
ti nal capacity    AHSP might explain s me    the 
clinical variability seen in patients inheriting identical 
thalassemia mutati ns.

CLASSIFICATION OF 
HEMOGLOBINOPATHIES

T ere are  ve maj r classes    hem gl bin pathies 
(Table 8-1). Structural hemoglobinopathies  ccur when 
mutati ns alter the amin  acid sequence    a gl bin 
chain, altering the physi l gic pr perties    the variant 
hem gl bins and pr ducing the characteristic clini-
cal abn rmalities. T e m st clinically relevant variant 
hem gl bins p lymerize abn rmally, as in sickle cell 
anemia,  r exhibit altered s lubility  r  xygen-binding 
a nity. T alassemia syndromes arise  r m mutati ns 
that impair pr ducti n  r translati n    gl bin mRNA, 
leading t  de cient gl bin chain bi synthesis. Clinical 

TABLE 8 -1
CLASSIFICATION OF HEMOGLOBINOPATHIES
I. Structural hemoglobinopathies—hemoglobins with altered 

amino acid sequences that result in deranged  unction or 
altered physical or chemical properties
A. Abnormal hemoglobin polymerization—HbS, hemoglo-

bin sickling
B. Altered O2 a nity

1. High a nity—polycythemia
2. Low a nity—cyanosis, pseudoanemia

C. Hemoglobins that oxidize readily
1. Unstable hemoglobins—hemolytic anemia, jaundice
2. M hemoglobins—methemoglobinemia, cyanosis

II. Thalassemias—de ective biosynthesis o  globin chains
A. α Thalassemias
B. β Thalassemias
C. δβ, γδβ, αβ Thalassemias

III. Thalassemic hemoglobin variants—structurally abnormal 
Hb associated with coinherited thalassemic phenotype
A. HbE
B. Hb Constant Spring
C. Hb Lepore

IV. Hereditary persistence o   etal hemoglobin—persistence o  
high levels o  HbF into adult li e

V. Acquired hemoglobinopathies
A. Methemoglobin due to toxic exposures
B. Sul hemoglobin due to toxic exposures
C. Carboxyhemoglobin
D. HbH in erythroleukemia
E. Elevated HbF in states o  erythroid stress and bone  

marrow dysplasia
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85abn rmalities are attributable t  the inadequate supply 
   hem gl bin and the imbalances in the pr ducti n    
individual gl bin chains, leading t  premature destruc-
ti n    erythr blasts and RBC. T alassemic hemoglobin 
variants c mbine  eatures    thalassemia (e.g., abn r-
mal gl bin bi synthesis) and    structural hem gl -
bin pathies (e.g., an abn rmal amin  acid sequence). 
Hereditary persistence o   etal hemoglobin (HPFH) is 
characterized by synthesis    high levels     etal hem -
gl bin in adult li e. Acquired hemoglobinopathies include 
m di cati ns    the hem gl bin m lecule by t xins 
(e.g., acquired methem gl binemia) and cl nal abn r-
malities    hem gl bin synthesis (e.g., high levels    
HbF pr ducti n in preleukemia and α thalassemia in 
myel pr li erative dis rders).

EPIDEMIOLOGY
Hem gl bin pathies are especially c mm n in 
areas in which malaria is endemic. T is cluster-
ing    hem gl bin pathies is assumed t  re ect a 

selective survival advantage   r the abn rmal RBC, 
which presumably pr vides a less h spitable envir n-
ment during the  bligate RBC stages    the parasitic li e 
cycle. Very y ung children with α thalassemia are more 
susceptible t  in ecti n with the n nlethal Plasmodium 
vivax. T alassemia might then  av r a natural pr tec-
ti n against in ecti n with the m re lethal Plasmodium 
 alciparum.

T alassemias are the m st c mm n genetic dis r-
ders in the w rld, a ecting nearly 200 milli n pe ple 
w rldwide. Ab ut 15%    A rican Americans are silent 
carriers   r α thalassemia; α thalassemia trait (min r) 
 ccurs in 3%    A rican American and in 1–15%    
pers ns    Mediterranean  rigin. β T alassemia has a 
10–15% incidence in individuals  r m the Mediterra-
nean and S utheast Asia and 0.8% in A rican Ameri-
cans. T e number    severe cases    thalassemia in the 
United States is ab ut 1000. Sickle cell disease is the 
m st c mm n structural hem gl bin pathy,  ccurring 
in heter zyg us   rm in ~8%    A rican Americans and 
in h m zyg us   rm in 1 in 400. Between 2 and 3%    
A rican Americans carry a hem gl bin C allele.

INHERITANCE AND ONTOGENY
Hem gl bin pathies are aut s mal c d minant 
traits—thus, c mp und heter zyg tes wh  inherit a di -
 erent abn rmal mutant allele  r m each parent exhibit 
c mp site  eatures    each. F r example, patients inher-
iting sickle β thalassemia exhibit  eatures    β thalas-
semia and sickle cell anemia. T e α chain is present in 
HbA, HbA2, and HbF; α-chain mutati ns thus cause 
abn rmalities in all three. T e α-gl bin hem gl bin p-
athies are sympt matic in uter  and af er birth because 

n rmal  uncti n    the α-gl bin gene is required 
thr ugh ut gestati n and adult li e. In c ntrast, in ants 
with β-gl bin hem gl bin pathies tend t  be asymp-
t matic until 3–9 m nths    age, when HbA has largely 
replaced HbF. Preventi n  r partial reversi n    the 
switch sh uld thus be an e ective therapeutic strategy 
  r β-chain hem gl bin pathies.

DETECTION AND CHARACTERIZATION 
OF HEMOGLOBINOPATHIES–GENERAL 
METHODS

Electr ph retic techniques are still widely used   r 
hem gl bin analysis. Electr ph resis at pH 8.6  n cel-
lul se acetate membranes is especially simple, inex-
pensive, and reliable   r initial screening. Agar gel 
electr ph resis at pH 6.1 in citrate bu er is  f en used 
as a c mplementary meth d because each meth d 
detects di erent variants. S me imp rtant variants are 
electr ph retically silent. T ese mutant hem gl bins 
can usually be characterized by m re specialized tech-
niques such as mass spectr sc py, which is rapidly 
replacing electr ph resis   r initial analysis.

Quantitati n    the hem gl bin pr  le is  f en desir-
able. HbA2 is  requently elevated in β thalassemia trait 
and depressed in ir n de ciency. HbF is elevated in 
HPFH, s me β thalassemia syndr mes, and  ccasi nal 
peri ds    erythr id stress  r marr w dysplasia. F r 
characterizati n    sickle cell trait, sickle thalassemia 
syndr mes,  r HbSC disease, and   r m nit ring the 
pr gress    exchange trans usi n therapy t  l wer the 
percentage    circulating HbS, quantitati n    individ-
ual hem gl bins is als  required. In m st lab rat ries, 
quantitati n is per  rmed  nly i  the test is speci cally 
 rdered. C mplete characterizati n, including amin  
acid sequencing  r gene cl ning and sequencing, is 
readily available  r m several re erence lab rat ries.

Because s me variants can c migrate with HbA  r 
HbS (sickle hem gl bin), electr ph retic assessment 
sh uld always be regarded as inc mplete unless  unc-
ti nal assays   r hem gl bin sickling, s lubility,  r 
 xygen a nity are als  per  rmed, as dictated by the 
clinical presentati n. T e best sickling assays inv lve 
measurement    the degree t  which the hem gl bin 
sample bec mes ins luble,  r gelated, as it is de xygen-
ated (i.e., sickle s lubility test). Unstable hem gl bins 
are detected by their precipitati n in is pr pan l  r 
af er heating t  50°C. High-O2 a nity and l w-O2 a n-
ity variants are detected by quantitating the P50, the par-
tial pressure     xygen at which the hem gl bin sample 
bec mes 50% saturated with  xygen. Direct tests   r the 
percent carb xyhem gl bin and methem gl bin, using 
spectr ph t metric techniques, can readily be  btained 
 r m m st clinical lab rat ries  n an urgent basis.
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86 Lab rat ry evaluati n remains an adjunct, rather 
than the s le diagn stic aid. Diagn sis is best estab-
lished by rec gniti n    a characteristic hist ry, physi-
cal  ndings, peripheral bl  d smear m rph l gy, and 
abn rmalities    the c mplete bl  d cell c unt (e.g., 
pr   und micr cyt sis with minimal anemia in thalas-
semia trait).

STRUCTURALLY ABNORMAL 
HEMOGLOBINS

SICKLE CELL SYNDROMES
T e sickle cell syndr mes are caused by a mutati n in 
the β-gl bin gene that changes the sixth amin  acid 
 r m glutamic acid t  valine. HbS (α2β2

6 Glu→Val) p lym-
erizes reversibly when de xygenated t    rm a gelati-
n us netw rk     br us p lymers that sti en the RBC 
membrane, increase visc sity, and cause dehydrati n 
due t  p tassium leakage and calcium in ux (Fig. 8-3). 
T ese changes als  pr duce the sickle shape. Sickled 
cells l se the pliability needed t  traverse small capil-
laries. T ey p ssess altered “sticky” membranes that 
are abn rmally adherent t  the end thelium    small 
venules. T ese abn rmalities pr v ke unpredictable 
epis des    micr vascular vas  cclusi n and premature 
RBC destructi n (hem lytic anemia). Hem lysis  ccurs 
because the spleen destr ys the abn rmal RBC. T e 
rigid adherent cells cl g small capillaries and venules, 
causing tissue ischemia, acute pain, and gradual end-
 rgan damage. T is ven  cclusive c mp nent usually 
d minates the clinical c urse. Pr minent mani esta-
ti ns include epis des    ischemic pain (i.e., pain ul cri-
ses) and ischemic mal uncti n  r  rank in arcti n in the 
spleen, central nerv us system, b nes, j ints, liver, kid-
neys, and lungs (Fig. 8-3).

Arte ria l PO2
  oxy Hbs  (soluble )

Capilla ry venous  PO2
  deoxy Hbs  (polymerized)

Stiff, viscous  s ickle  ce ll Membrane  changes
Ca2+ influx, K leakage

Capilla ry venule  occlus ion  Shortened red ce ll
  surviva l (hemolytic anemia)

Microinfa rction
Ischemic tis sue  pa in
Ischemic organ malfunction
Autoinfa rction of spleen

Anemia , Jaundice,
Galls tones, Leg ulce rs

FIGURE 8 -3  
Pathophysiology of sickle cell crisis.

Several sickle syndr mes  ccur as the result    inher-
itance    HbS  r m  ne parent and an ther hem gl -
bin pathy, such as β thalassemia  r HbC (α2β2

6 Glu→Lys), 
 r m the  ther parent. T e pr t type disease, sickle cell 
anemia, is the h m zyg us state   r HbS (Table 8-2).

Clin ica l ma nifesta tions of sickle cell a nemia

M st patients with sickling syndr mes su er  r m 
hem lytic anemia, with hemat crits  r m 15 t  30%, and 
signi cant reticul cyt sis. Anemia was  nce th ught t  
exert pr tective e ects against vas  cclusi n by reduc-
ing bl  d visc sity. H wever, natural hist ry and drug 
therapy trials suggest that an increase in the hemat crit 
and  eedback inhibiti n    reticul cyt sis might be ben-
e cial, even at the expense    increased bl  d visc s-
ity. T e r le    adhesive reticul cytes in vas  cclusi n 
might acc unt   r these parad xical e ects.

Granul cyt sis is c mm n. T e white c unt can 
 uctuate substantially and unpredictably during and 
between pain ul crises, in ecti us epis des, and  ther 
intercurrent illnesses.

Vas  cclusi n causes pr tean mani estati ns. Inter-
mittent epis des    vas  cclusi n in c nnective and 
muscul skeletal structures pr duce ischemia mani-
 ested by acute pain and tenderness,  ever, tachycardia, 
and anxiety. T ese recurrent epis des, called pain ul cri-
ses, are the m st c mm n clinical mani estati n. T eir 
 requency and severity vary greatly. Pain can devel p 
alm st anywhere in the b dy and may last  r m a  ew 
h urs t  2 weeks. Repeated crises requiring h spital-
izati n (>3 epis des per year) c rrelate with reduced 
survival in adult li e, suggesting that these epis des are 
ass ciated with accumulati n    chr nic end- rgan 
damage. Pr v cative  act rs include in ecti n,  ever, 
excessive exercise, anxiety, abrupt changes in tempera-
ture, hyp xia,  r hypert nic dyes.

Repeated micr in arcti n can destr y tissues hav-
ing micr vascular beds pr ne t  sickling. T us, splenic 
 uncti n is  requently l st within the  rst 18–36 m nths 
   li e, causing susceptibility t  in ecti n, particularly by 
pneum c cci. Acute ven us  bstructi n    the spleen 
(splenic sequestration crisis), a rare  ccurrence in early 
childh  d, may require emergency trans usi n and/ r 
splenect my t  prevent trapping    the entire arterial 
 utput in the  bstructed spleen. Occlusi n    retinal 
vessels can pr duce hem rrhage, ne vascularizati n, 
and eventual detachments. Renal papillary necr sis 
invariably pr duces is sthenuria. M re widespread 
renal necr sis leads t  renal  ailure in adults, a c mm n 
late cause    death. B ne and j int ischemia can lead t  
aseptic necr sis, especially    the  em ral  r humeral 
heads; chr nic arthr pathy; and unusual susceptibility 
t   ste myelitis, which may be caused by  rganisms, 
such as Salmonella, rarely enc untered in  ther settings. 
T e hand- oot syndrome is caused by pain ul in arcts    
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the digits and dactylitis. Str ke is especially c mm n 
in children; a small subset tends t  su er repeated epi-
s des. Str ke is less c mm n in adults and is  f en hem-
 rrhagic. A particularly pain ul c mplicati n in males is 
priapism, due t  in arcti n    the penile ven us  ut  w 
tracts; permanent imp tence is a  requent c nsequence. 
Chr nic l wer leg ulcers pr bably arise  r m ischemia 
and superin ecti n in the distal circulati n.

Acute chest syndrome is a distinctive mani estati n 
characterized by chest pain, tachypnea,  ever, c ugh, 
and arterial  xygen desaturati n. It can mimic pneu-
m nia, pulm nary emb li, b ne marr w in arcti n and 
emb lism, my cardial ischemia,  r in situ lung in arc-
ti n. Acute chest syndr me is th ught t  re ect in situ 
sickling within the lung, pr ducing pain and temp rary 
pulm nary dys uncti n. Of en it is di cult  r imp s-
sible t  distinguish am ng  ther p ssibilities. Pulm -
nary in arcti n and pneum nia are the m st  requent 
underlying  r c nc mitant c nditi ns in patients with 
this syndr me. Repeated epis des    acute chest pain 
c rrelate with reduced survival. Acutely, reducti n in 
arterial  xygen saturati n is especially  min us because 
it pr m tes sickling  n a massive scale. Chr nic acute  r 
subacute pulm nary crises lead t  pulm nary hyperten-
si n and c r pulm nale, an increasingly c mm n cause 
   death as patients survive l nger. C nsiderable c ntr -
versy exists ab ut the p ssible r le played by  ree plasma 
HbS in scavenging nitr gen di xide (NO2), thus raising 
pulm nary vascular t ne.  rials    sildena l t  rest re 
NO2 levels were terminated because    adverse e ects.

Chr nic subacute central nerv us system damage in 
the absence    an  vert str ke is a distressingly c m-
m n phen men n beginning in early childh  d. M d-
ern  uncti nal imaging techniques have pinp inted 
circulat ry dys uncti n due t  a likely CNS sickle vas-
cul pathy; these changes c rrelate with an array    
c gnitive and behavi ral abn rmalities in children and 
y ung adults. It is imp rtant t  be aware    these  f en 
subtle changes because they can c mplicate clinical 

management  r be misinterpreted as “di cult patient” 
behavi rs.

Sickle cell syndr mes are remarkable   r their clinical 
heter geneity. S me patients remain virtually asymp-
t matic int   r even thr ugh adult li e, while  thers su -
 er repeated crises requiring h spitalizati n  r m early 
childh  d. Patients with sickle thalassemia and sickle-
HbE tend t  have similar, slightly milder sympt ms, 
perhaps because    the ameli rating e ects    pr duc-
ti n     ther hem gl bins within the RBC. Hem gl -
bin SC disease,  ne    the m re c mm n variants    
sickle cell anemia, is  requently marked by lesser degrees 
   hem lytic anemia and a greater pr pensity   r the 
devel pment    retin pathy and aseptic necr sis    
b nes. In m st respects, h wever, the clinical mani esta-
ti ns resemble sickle cell anemia. S me rare hem gl bin 
variants actually aggravate the sickling phen men n.

T e clinical variability in di erent patients inherit-
ing the same disease-causing mutati n (sickle hem -
gl bin) has made sickle cell disease the   cus    e  rts 
t  identi y m di ying genetic p lym rphisms in  ther 
genes that might acc unt   r the heter geneity. T e 
c mplexity    the data  btained thus  ar has dampened 
the expectati n that gen me-wide analysis will yield 
individualized pr  les that predict a patient's clinical 
c urse. Nevertheless, a number    interesting patterns 
have emerged  r m these m di ying gene analyses. F r 
example, genes a ecting the in ammat ry resp nse  r 
cyt kine expressi n appear t  be m di ying candidates. 
Genes that a ect transcripti nal regulati n    lymph -
cytes may als  be inv lved.

Clin ica l ma nifesta tions of sickle cell t ra it

Sickle cell trait is  f en asympt matic. Anemia and 
pain ul crises are rare. An unc mm n but highly dis-
tinctive sympt m is painless hematuria  f en  ccurring 
in ad lescent males, pr bably due t  papillary necr sis. 
Is sthenuria is a m re c mm n mani estati n    the 

TABLE 8 -2
CLINICAL FEATURES OF SICKLE HEMOGLOBINOPATHIES

CONDITION  CLINICAL ABNORMALITIES
HEMOGLOBIN LEVEL, 
g /L  g /d L  MCV, fL

HEMOGLOBIN 
ELECTROPHORESIS

Sickle cell trait  None; rare painless hematuria  Normal  Normal  HbS/A: 40/60
Sickle cell anemia  Vasoocclusive crises with in arction o  spleen, 

brain, marrow, kidney, lung; aseptic necrosis 
o  bone; gallstones; priapism; ankle ulcers

70–100 (7–10)  80–100  HbS/A: 100/0
HbF: 2–25%

S/β° thalassemia  Vasoocclusive crises; aseptic necrosis o  bone  70–100 (7–10)  60–80  HbS/A: 100/0
HbF: 1–10%

S/β+ thalassemia  Rare crises and aseptic necrosis  100–140 (10–14)  70–80  HbS/A: 60/40
Hemoglobin SC  Rare crises and aseptic necrosis; painless 

hematuria
100–140 (10–14)  80–100  HbS/A: 50/0

HbC: 50%
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88 same pr cess. Sl ughing    papillae with urethral 
 bstructi n has been rep rted, as have is lated cases 
   massive sickling  r sudden death due t  exp sure t  
high altitudes  r extremes    exercise and dehydrati n. 
Av idance    dehydrati n  r extreme physical stress 
sh uld be advised.

Dia gnosis

Sickle cell syndr mes are suspected  n the basis    
hem lytic anemia, RBC m rph l gy (Fig. 8-4), and 
intermittent epis des    ischemic pain. Diagn sis is 
c n rmed by hem gl bin electr ph resis, mass spec-
tr sc py, and the sickling tests already discussed. T  r-
 ugh characterizati n    the exact hem gl bin pr  le    
the patient is imp rtant, because sickle thalassemia and 
hem gl bin SC disease have distinct pr gn ses  r clini-
cal  eatures. Diagn sis is usually established in child-
h  d, but  ccasi nal patients,  f en with c mp und 
heter zyg us states, d  n t devel p sympt ms until the 
 nset    puberty, pregnancy,  r early adult li e. Gen typ-
ing     amily members and p tential parental partners 
is critical   r genetic c unseling. Details    the child-
h  d hist ry establish pr gn sis and need   r aggres-
sive  r experimental therapies. Fact rs ass ciated with 
increased m rbidity and reduced survival include m re 
than three crises requiring h spitalizati n per year, 
chr nic neutr philia, a hist ry    splenic sequestrati n 
 r hand-   t syndr me, and sec nd epis des    acute 
chest syndr me. Patients with a hist ry    cerebr vascu-
lar accidents are at higher risk   r repeated epis des and 
require partial exchange trans usi n and especially cl se 
m nit ring using D ppler car tid   w measurements. 
Patients with severe  r repeated epis des    acute chest 
syndr me may need li el ng trans usi n supp rt, using 
partial exchange trans usi n, i  p ssible.

TREATMENT Sickle Cell Syndromes

Patients with sickle cell syndr mes require  ng ing c ntinuity 
   care. Familiarity with the pattern    sympt ms pr vides the 
best sa eguard against excessive use    the emergency r  m, 
h spitalizati n, and habituati n t  addictive narc tics. Addi-
ti nal preventive measures include regular slit-lamp exami-
nati ns t  m nit r devel pment    retin pathy; antibi tic 
pr phylaxis appr priate   r splenect mized patients during 
dental  r  ther invasive pr cedures; and vig r us  ral hydra-
ti n during  r in anticipati n    peri ds    extreme exercise, 
exp sure t  heat  r c ld, em ti nal stress,  r in ecti n. Pneu-
m c ccal and Haemophilus in uenzae vaccines are less e ec-
tive in splenect mized individuals. T us, patients with sickle 
cell anemia sh uld be vaccinated early in li e.

T e management    an acute pain ul crisis includes vig-
 r us hydrati n, th r ugh evaluati n   r underlying causes 
(such as in ecti n), and aggressive analgesia administered by 
a standing  rder and/ r patient-c ntr lled analgesia (PCA) 
pump. M rphine (0.1–0.15 mg/kg every 3–4 h) sh uld be 
used t  c ntr l severe pain. B ne pain may resp nd as well t  
ket r lac (30–60 mg initial d se, then 15–30 mg every 6–8 h).  
Inhalati n    nitr us  xide can pr vide sh rt-term pain 
relie , but great care must be exercised t  av id hyp xia and 
respirat ry depressi n. Nitr us  xide als  elevates O2 a nity, 
reducing O2 delivery t  tissues. Its use sh uld be restricted 
t  experts. Many crises can be managed at h me with  ral 
hydrati n and  ral analgesia. Use    the emergency r  m 
sh uld be reserved   r especially severe sympt ms  r circum-
stances in which  ther pr cesses, e.g., in ecti n, are str ngly 
suspected. Nasal  xygen sh uld be used as appr priate t  
pr tect arterial saturati n. M st crises res lve in 1–7 days. 
Use    bl  d trans usi n sh uld be reserved   r extreme 
cases: trans usi ns d  n t sh rten the durati n    the crisis.

N  tests are de nitive t  diagn se acute pain ul crisis. 
Critical t  g  d management is an appr ach that rec gnizes 
that m st patients rep rting crisis sympt ms d  indeed have 
crisis  r an ther signi cant medical pr blem. Diligent diag-
n stic evaluati n   r underlying causes is imperative, even 
th ugh these are   und in requently. In adults, the p ssibility 
   aseptic necr sis  r sickle arthr pathy must be c nsidered, 
especially i  pain and imm bility bec me repeated  r chr nic 
at a single site. N nster idal anti-in ammat ry agents are 
 f en e ective   r sickle cell arthr pathy.

Acute chest syndr me is a medical emergency that may 
require management in an intensive care unit. Hydrati n 
sh uld be m nit red care ully t  av id the devel pment    
pulm nary edema, and  xygen therapy sh uld be especially 
vig r us   r pr tecti n    arterial saturati n. Diagn stic 
evaluati n   r pneum nia and pulm nary emb lism sh uld 
be especially th r ugh, since these may  ccur with atypical 
sympt ms. Critical interventi ns are trans usi n t  main-
tain a hemat crit >30, and emergency exchange trans usi n 
i  arterial saturati n dr ps t  <90%. As patients with sickle 

FIGURE 8 -4  
Sickle  ce ll anem ia . The elongated and crescent-shaped red blood 
cells seen on this smear represent circulatingirreversibly sickled 
cells. Target cells and a nucleated red blood cell are also seen.
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89cell syndr me increasingly survive int  their  f h and sixth 
decades, end-stage renal  ailure and pulm nary hypertensi n 
are bec ming increasingly pr minent causes    end-stage 
m rbidity. A sickle cell cardi my pathy and/ r premature 
c r nary artery disease may c mpr mise cardiac  uncti n 
in later years. Sickle cell patients have received kidney trans-
plants, but they  f en experience an increase in the  requency 
and severity    crises, p ssibly due t  increased in ecti n as a 
c nsequence    immun suppressi n.

T e m st signi cant advance in the therapy    sickle cell 
anemia has been the intr ducti n    hydr xyurea as a main-
stay    therapy   r patients with severe sympt ms. Hydr xy-
urea (10–30 mg/kg per day) increases  etal hem gl bin and 
may als  exert bene cial e ects  n RBC hydrati n, vascu-
lar wall adherence, and suppressi n    the granul cyte and 
reticul cyte c unts; d sage is titrated t  maintain a white cell 
c unt between 5000 and 8000/µL. White cells and reticul -
cytes may play a maj r r le in the path genesis    sickle cell 
crisis, and their suppressi n may be an imp rtant side bene t 
   hydr xyurea therapy.

Hydr xyurea sh uld be c nsidered in patients experienc-
ing repeated epis des    acute chest syndr me  r with m re 
than three crises per year requiring h spitalizati n. T e util-
ity    this agent   r reducing the incidence     ther c mplica-
ti ns (priapism, retin pathy) is under evaluati n, as are the 
l ng-term side e ects.    date, h wever, minimal risk    b ne 
marr w dyscrasias  r  ther ne plasms has been d cumented. 
Hydr xyurea   ers br ad bene ts t  m st patients wh se 
disease is severe en ugh t  impair their  uncti nal status, and 
it may impr ve survival. HbF levels increase in m st patients 
within a  ew m nths.

T e antitum r drug 5-azacytidine was the  rst agent 
  und t  elevate HbF. It never achieved widespread use 
because    c ncerns ab ut acute t xicity and carcin genesis. 
H wever, l w d ses    the related agent 5-de xyazacytidine 
(decitabine) can elevate HbF with m re acceptable t xicity.

B ne marr w transplantati n can pr vide de nitive cures 
but is kn wn t  be e ective and sa e  nly in children. Clinical 
trials studying partially myel ablative c nditi ning regimens 
(“mini” transplants) are likely t  supp rt m re widespread use 
   this m dality in  lder patients. Pr gn stic  eatures justi y-
ing b ne marr w transplant are the presence    repeated cri-
ses early in li e, a high neutr phil c unt,  r the devel pment 
   hand-   t syndr me. Children at risk   r str ke can n w be 
identi ed thr ugh the use    D ppler ultras und techniques. 
Pr phylactic exchange trans usi n appears t  substantially 
reduce the risk    str ke in this p pulati n. Children wh  d  
su er a cerebr vascular accident sh uld be maintained   r at 
least 3–5 years  n a pr gram    vig r us exchange trans u-
si n, as the risk    sec nd str kes is extremely high.

Gene therapy   r sickle cell anemia is being intensively 
pursued, but n  sa e measures are currently available. T e 
devel pment    newer meth ds    direct gene c rrecti n in 
situ (e.g., zinc  nger nucleases,  r “CRISPR” [clustered reg-
ularly interspaced sh rt palindr mic repeats] techn l gy) 

c uld well  nd clinical use in these patients. Experimental 
meth ds    derepressing HbF by inter ering with Bcl11a are 
als  being expl red.

UNSTABLE HEMOGLOBINS
Amin  acid substituti ns that reduce s lubility  r 
increase susceptibility t   xidati n result in unstable 
hem gl bins that precipitate,   rming inclusi n b dies 
injuri us t  the RBC membrane. Representative muta-
ti ns are th se that inter ere with c ntact p ints between 
the α and β subunits (e.g., Hb Philly [β35 yr→Phe]), alter 
the helical segments (e.g., Hb Gen va [β28Leu→Pr ]),  r 
disrupt interacti ns    the hydr ph bic p ckets    the 
gl bin subunits with heme (e.g., Hb Köln [β98Val→Met]) 
(Table 8-3). T e inclusi ns, called Heinz bodies, are 
clinically detectable by staining with supravital dyes 
such as crystal vi let. Rem val    these inclusi ns by the 
spleen generates pitted, rigid cells that have sh rtened 
li e spans, pr ducing hem lytic anemia    variable sever-
ity, s metimes requiring chr nic trans usi n supp rt. 
Splenect my may be needed t  c rrect the anemia. Leg 
ulcers and premature gallbladder disease due t  bilirubin 
l ading are  requent stigmata.

Unstable hem gl bins  ccur sp radically,  f en by 
sp ntane us new mutati ns. Heter zyg tes are  f en 
sympt matic because a signi cant Heinz b dy burden 
can devel p even when the unstable variant acc unts 
  r  nly a p rti n    the t tal hem gl bin. Sympt m-
atic unstable hem gl bins tend t  be β-gl bin variants, 

TABLE 8 -3
REPRESENTATIVE ABNORMAL HEMOGLOBINS WITH 
ALTERED SYNTHESIS OR FUNCTION

DESIGNATION  MUTATION  POPULATION
MAIN CLINICAL 
EFFECTSa

Sickle or S β6Glu→Val A rican  Anemia, ischemic 
in arcts

C β6Glu→Lys A rican  Mild anemia; inter-
acts with HbS

E β26Glu→Lys Southeast 
Asian

Microcytic  
anemia,  
splenomegaly, 
thalassemic 
phenotype

Köln β98Val→Met Sporadic  Hemolytic  
anemia, Heinz 
bodies when 
splenectomized

Yakima β99Asp→His Sporadic  Polycythemia

Kansas β102Asn→Lys Sporadic  Mild anemia

M Iwata β87His→Tyr Sporadic  Methemoglobinemia

aSee text  or details.
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90 because sp radic mutati ns a ecting  nly  ne    the   ur 
α gl bins alleles w uld generate  nly 20–30% abn rmal 
hem gl bin.

HEMOGLOBINS WITH ALTERED OXYGEN 
AFFINITY
High-af nity hemoglobins (e.g., Hb Yakima [β99Asp→His]) 
bind  xygen m re readily but deliver less O2 t  tissues 
at n rmal capillary Po2 levels (Fig. 8-2). Mild tissue 
hyp xia ensues, stimulating RBC pr ducti n and eryth-
r cyt sis ( able 8-3). In extreme cases, the hemat crits 
can rise t  60–65%, increasing bl  d visc sity and pr -
ducing typical sympt ms (headache, s mn lence,  r diz-
ziness). Phleb t my may be required.  ypical mutati ns 
alter interacti ns within the heme p cket  r disrupt the 
B hr e ect  r salt-b nd site. Mutati ns that impair the 
interacti n    HbA with 2,3-BPG can increase O2 a nity 
because 2,3-BPG binding l wers O2 a nity.

Low-af nity hemoglobins (e.g., Hb Kansas 
[β102Asn→Lys]) bind su cient  xygen in the lungs, despite 
their l wer  xygen a nity, t  achieve nearly  ull satu-
rati n. At capillary  xygen tensi ns, they l se su cient 
am unts     xygen t  maintain h me stasis at a l w 
hemat crit (Fig. 8-2) (pseudoanemia). Capillary hem -
gl bin desaturati n can als  be su cient t  pr duce 
clinically apparent cyan sis. Despite these  ndings, 
patients usually require n  speci c treatment.

METHEMOGLOBINEMIAS
Methem gl bin is generated by  xidati n    the heme 
ir n m ieties t  the  erric state, causing a characteristic 
bluish-br wn muddy c l r resembling cyan sis. Methe-
m gl bin has such high  xygen a nity that virtually n  
 xygen is delivered. Levels >50–60% are  f en  atal.

C ngenital methem gl binemia arises  r m gl -
bin mutati ns that stabilize ir n in the  erric state (e.g., 
HbM Iwata [α87His→ yr],  able 8-3)  r  r m mutati ns 
that impair the enzymes that reduce methem gl bin 
t  hem gl bin (e.g., methem gl bin reductase, NADP 
diaph rase). Acquired methem gl binemia is caused 
by t xins that  xidize heme ir n, n tably nitrate and 
nitrite-c ntaining c mp unds, including drugs c m-
m nly used in cardi l gy and anesthesi l gy.

DIAGNOSIS AND MANAGEMENT OF 
PATIENTS WITH UNSTABLE HEMOGLOBINS, 
HIGH-AFFINITY HEMOGLOBINS, AND 
METHEMOGLOBINEMIA
Unstable hemoglobin variants sh uld be suspected in 
patients with n nimmune hem lytic anemia, jaundice, 
splen megaly,  r premature biliary tract disease. Severe 
hem lysis usually presents during in ancy as ne natal 

jaundice  r anemia. Milder cases may present in adult 
li e with anemia  r  nly as unexplained reticul cyt sis, 
hepat splen megaly, premature biliary tract disease,  r 
leg ulcers. Because sp ntane us mutati n is c mm n, 
 amily hist ry    anemia may be absent. T e periph-
eral bl  d smear  f en sh ws anis cyt sis, abundant 
cells with punctate inclusi ns, and irregular shapes (i.e., 
p ikil cyt sis).

T e tw  best tests   r diagn sing unstable hem gl -
bins are the Heinz b dy preparati n and the is pr -
pan l  r heat stability test. Many unstable Hb variants 
are electr ph retically silent. A n rmal electr ph resis 
d es n t rule  ut the diagn sis. Mass spectr sc py  r 
direct gene analysis will pr vide a de nitive diagn sis.

Severely a ected patients may require trans usi n 
supp rt   r the  rst 3 years    li e, because splenect my 
be  re age 3 is ass ciated with a signi cantly higher 
immune de cit. Splenect my is usually e ective there-
af er, but  ccasi nal patients may require li el ng trans-
 usi n supp rt. Af er splenect my, patients can devel p 
ch lelithiasis and leg ulcers, hyperc agulable states, 
and susceptibility t   verwhelming sepsis. Splenect my 
sh uld thus be av ided  r delayed unless it is the  nly 
alternative. Precipitati n    unstable hem gl bins is 
aggravated by  xidative stress, e.g., in ecti n and anti-
malarial drugs, which sh uld be av ided where p ssible.

High-O2 af nity hemoglobin variants sh uld be sus-
pected in patients with erythr cyt sis. T e best test 
  r c n rmati n is measurement    the P50. A high-O2 
a nity hem gl bin causes a signi cant lef  shif  (i.e., 
l wer numeric value    the P50); c n  unding c ndi-
ti ns, e.g., t bacc  sm king  r carb n m n xide exp -
sure, can als  l wer the P50.

High-a nity hem gl bins are  f en asympt m-
atic; rub r  r pleth ra may be telltale signs. When the 
hemat crit appr aches 60%, sympt ms    high bl  d 
visc sity and sluggish   w (headache, lethargy, dizzi-
ness, etc.) may be present. T ese pers ns may bene t 
 r m judici us phleb t my. Erythr cyt sis represents 
an appr priate attempt t  c mpensate   r the impaired 
 xygen delivery by the abn rmal variant. Overzeal us 
phleb t my may stimulate increased erythr p iesis 
 r aggravate sympt ms by thwarting this c mpensa-
t ry mechanism. T e guiding principle    phleb t my 
sh uld be t  impr ve  xygen delivery by reducing 
bl  d visc sity and increasing bl  d   w rather than 
rest rati n    a n rmal hemat crit. Phleb t my-
induced m dest ir n de ciency may aid in c ntr l.

Low-af nity hemoglobins sh uld be c nsidered in 
patients with cyan sis  r a l w hemat crit with n  
 ther reas n apparent af er th r ugh evaluati n. T e 
P50 test c n rms the diagn sis. C unseling and reassur-
ance are the interventi ns    ch ice.

Methemoglobin sh uld be suspected in patients with 
hyp xic sympt ms wh  appear cyan tic but have a Pao2 
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91su ciently high that hem gl bin sh uld be  ully satu-
rated with  xygen. A hist ry    nitrite  r  ther  xidant 
ingesti ns may n t always be available; s me exp -
sures may be inapparent t  the patient, and  thers may 
result  r m suicide attempts. T e characteristic muddy 
appearance     reshly drawn bl  d can be a critical clue. 
T e best diagn stic test is methem gl bin assay, which 
is usually available  n an emergency basis.

Methem gl binemia  f en causes sympt ms    
cerebral ischemia at levels >15%; levels >60% are usu-
ally lethal. Intraven us injecti n    1 mg/kg    methy-
lene blue is e ective emergency therapy. Milder cases 
and   ll w-up    severe cases can be treated  rally with 
methylene blue (60 mg three t    ur times each day)  r 
asc rbic acid (300–600 mg/d).

THALASSEMIA SYNDROMES

T e thalassemia syndr mes are inherited dis rders    
α-  r β-gl bin bi synthesis. T e reduced supply    gl -
bin diminishes pr ducti n    hem gl bin tetramers, 
causing hyp chr mia and micr cyt sis. Unbalanced 
accumulati n    α and β subunits  ccurs because the 
synthesis    the una ected gl bins pr ceeds at a n r-
mal rate. Unbalanced chain accumulati n d minates 
the clinical phen type. Clinical severity varies widely, 
depending  n the degree t  which the synthesis    the 
a ected gl bin is impaired, altered synthesis     ther 
gl bin chains, and c inheritance     ther abn rmal gl -
bin alleles.

CLINICAL MANIFESTATIONS OF  
β THALASSEMIA SYNDROMES
Mutati ns causing thalassemia can a ect any step in the 
pathway    gl bin gene expressi n: transcripti n, pr -
cessing    the mRNA precurs r, translati n, and p st-
translati nal metab lism    the β-gl bin p lypeptide 
chain. T e m st c mm n   rms arise  r m mutati ns 
that derange splicing    the mRNA precurs r  r prema-
turely terminate translati n    the mRNA.

Hyp chr mia and micr cyt sis characterize all 
  rms    β thalassemia because    the reduced am unts 
   hem gl bin tetramers (Fig. 8-5). In heter zyg tes 
(β thalassemia trait), this is the  nly abn rmality seen. 
Anemia is minimal. In m re severe h m zyg us states, 
unbalanced α- and β-gl bin accumulati n causes accu-
mulati n    highly ins luble unpaired α chains. T ey 
  rm t xic inclusi n b dies that kill devel ping eryth-
r blasts in the marr w. Few    the pr erythr blasts 
beginning erythr id maturati n survive. T e surviv-
ing RBCs bear a burden    inclusi n b dies that are 
detected in the spleen, sh rtening the RBC li e span 
and pr ducing severe hem lytic anemia. T e resulting 

FIGURE 8 -5  
β  Th a la ssem ia  in te rm ed ia . Microcytic and hypochromic red 
blood cells are seen that resemble the red blood cells o  severe 
iron-def ciency anemia. Many elliptical and teardrop-shaped red 
blood cells are noted.

pr   und anemia stimulates erythr p ietin release and 
c mpensat ry erythr id hyperplasia, but the marr w 
resp nse is sab taged by the ine ective erythr p iesis. 
Anemia persists. Erythr id hyperplasia can bec me 
exuberant and pr duce masses    extramedullary eryth-
r p ietic tissue in the liver and spleen.

Massive b ne marr w expansi n deranges gr wth 
and devel pment. Children devel p characteristic 
“chipmunk”  acies due t  maxillary marr w hyperplasia 
and  r ntal b ssing. T inning and path l gic  racture 
   l ng b nes and vertebrae may  ccur due t  c rtical 
invasi n by erythr id elements and pr   und gr wth 
retardati n. Hem lytic anemia causes hepat splen -
megaly, leg ulcers, gallst nes, and high- utput c nges-
tive heart  ailure. T e c nscripti n    cal ric res urces 
t  supp rt erythr p iesis leads t  inaniti n, suscep-
tibility t  in ecti n, end crine dys uncti n, and in the 
m st severe cases, death during the  rst decade    li e. 
Chr nic trans usi ns with RBCs impr ve  xygen deliv-
ery, suppress the excessive ine ective erythr p iesis, 
and pr l ng li e, but the inevitable side e ects, n tably 
ir n  verl ad,  f en pr ve  atal by age 30 years.

Severity is highly variable. Kn wn m dulating  ac-
t rs are th se that ameli rate the burden    unpaired 
α-gl bin inclusi ns. Alleles ass ciated with milder syn-
thetic de ects and c inheritance    α thalassemia trait 
reduce clinical severity by reducing accumulati n    
excess α gl bin. HbF persists t  vari us degrees in β 
thalassemias. γ-Gl bin gene chains can substitute   r 
β chains, generating m re hem gl bin and reducing 
the burden    α-gl bin inclusi ns. T e terms β thalas-
semia major and β thalassemia intermedia are used t  
re ect the clinical heter geneity. Patients with β thal-
assemia maj r require intensive trans usi n supp rt t  
survive. Patients with β thalassemia intermedia have a 
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92 s mewhat milder phen type and can survive with ut 
trans usi n. T e terms β thalassemia minor and β thal-
assemia trait describe asympt matic heter zyg tes   r β 
thalassemia.

THALASSEMIA SYNDROMES
T e   ur classic α thalassemias, m st c mm n in 
Asians, are α thalassemia-2 trait, in which  ne    the 
  ur α-gl bin l ci is deleted; α thalassemia-1 trait, with 
tw  deleted l ci; HbH disease, with three l ci deleted; 
and hydr ps  etalis with Hb Barts, with all   ur l ci 
deleted (Table 8-4). N ndeleti n   rms    α thalas-
semia als  exist.
α T alassemia-2 trait is an asympt matic, silent car-

rier state. α T alassemia-1 trait resembles β thalassemia 
min r. O spring d ubly heter zyg us   r α thalas-
semia-2 and α thalassemia-1 exhibit a m re severe 
phen type called HbH disease. Heter zyg sity   r a 
deleti n that rem ves b th genes  r m the same chr -
m s me (cis deleti n) is c mm n in Asians and in 
th se  r m the Mediterranean regi n, as is h m zyg s-
ity   r α thalassemia-2 (trans deleti n). B th pr duce 
asympt matic hyp chr mia and micr cyt sis.

In HbH disease, HbA pr ducti n is  nly 25–30% 
n rmal. Fetuses accumulate s me unpaired γ chains 
(Hb Barts; γ-chain tetramers). In adults, unpaired β 
chains accumulate and are s luble en ugh t    rm 
β4 tetramers called HbH. HbH   rms  ew inclusi ns 
in erythr blasts and precipitates in circulating RBC. 
Patients with HbH disease have thalassemia interme-
dia characterized by m derately severe hem lytic ane-
mia but milder ine ective erythr p iesis. Survival int  
midadult li e with ut trans usi ns is c mm n.

T e h m zyg us state   r the α thalassemia-1 
cis deleti n (hydr ps  etalis) causes t tal absence    
α-gl bin synthesis. N  physi l gically use ul hem gl -
bin is pr duced bey nd the embry nic stage. Excess γ 
gl bin   rms tetramers called Hb Barts (γ4), which has 
a very high  xygen a nity. It delivers alm st n  O2 t  
 etal tissues, causing tissue asphyxia, edema (hydr ps 
 etalis), c ngestive heart  ailure, and death in uter . α 
T alassemia-2 trait is c mm n (15–20%) am ng pe ple 
   A rican descent. T e cis α thalassemia-1 deleti n is 
alm st never seen, h wever. T us, α thalassemia-2 and 
the trans   rm    α thalassemia-1 are very c mm n, but 
HbH disease and hydr ps  etalis are rare.

It has been kn wn   r s me time that s me patients 
with myel dysplasia  r erythr leukemia pr duce RBC 
cl nes c ntaining HbH. T is phen men n is due t  
mutati ns in the A RX pathway that a ect the LCR    
the α-gl bin gene cluster.

DIAGNOSIS AND MANAGEMENT OF 
THALASSEMIAS
T e diagn sis    β-thalassemia maj r is readily made 
during childh  d  n the basis    severe anemia acc m-
panied by the characteristic signs    massive ine ective 
erythr p iesis: hepat splen megaly, pr   und micr -
cyt sis, a characteristic bl  d smear (Fig. 8-5), and 
elevated levels    HbF, HbA2,  r b th. Many patients 
require chr nic hypertrans usi n therapy designed t  
maintain a hemat crit    at least 27–30% s  that eryth-
r p iesis is suppressed. Splenect my is required i  the 
annual trans usi n requirement (v lume    RBCs per 
kil gram    b dy weight per year) increases by >50%. 
F lic acid supplements may be use ul. Vaccinati n with 

TABLE 8 -4  
THE α  THALASSEMIAS

CONDITION  HEMOGLOBIN A, %  HEMOGLOBIN H (β 4), %
HEMOGLOBIN LEVEL, 
g /L (g /d L)  MCV, fL

Normal  97  0  150 (15)  90
Silent thalassemia: −α/αα  98–100  0  150 (15)  90
Thalassemia trait:
−α/−α homozygous α-thal-2a

85–95  Rare red blood cell 
inclusions

120–130 (12–13)  70–80

or

−−/αα heterozygous α-thal-1a

Hemoglobin H disease: 
−−/−α heterozygous α-thal-1/α-thal-2

70–95  5–30  60–100 (6–10)  60–70

Hydrops  etalis: 
−−/−− homozygous α-thal-1

0  5–10b Fatal in utero or at 
birth

aWhen both α alleles on one chromosome are deleted, the locus is called α-thal-1; when only a single α allele on one chromosome is deleted, the locus is 
called α-thal-2.
b90–95% o  the hemoglobin is hemoglobin Barts (tetramers o  γ chains).
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93Pneum vax in anticipati n    eventual splenect my is 
advised, as is cl se m nit ring   r in ecti n, leg ulcers, 
and biliary tract disease. Many patients devel p end -
crine de ciencies as a result    ir n  verl ad. Early 
end crine evaluati n is required   r gluc se int ler-
ance, thyr id dys uncti n, and delayed  nset    puberty 
 r sec ndary sexual characteristics.

Patients with β thalassemia intermedia exhibit simi-
lar stigmata but can survive with ut chr nic hyper-
trans usi n. Management is particularly challenging 
because a number     act rs can aggravate the anemia, 
including in ecti n,  nset    puberty, and devel pment 
   splen megaly and hypersplenism. S me patients may 
eventually bene t  r m splenect my. T e expanded ery-
thr n can cause abs rpti n    excessive dietary ir n and 
hem sider sis, even with ut trans usi n. S me patients 
eventually bec me trans usi n dependent.
β T alassemia min r (i.e., thalassemia trait) usually 

presents as pr   und micr cyt sis and hyp chr mia 
with target cells, but  nly minimal  r mild anemia. T e 
mean c rpuscular v lume is rarely >75  L; the hemat -
crit is rarely <30–33%. Hem gl bin analysis classically 
reveals an elevated HbA2 (3.5–7.5%), but s me   rms 
are ass ciated with n rmal HbA2 and/ r elevated HbF. 
Genetic c unseling and patient educati n are essential. 
Patients with β thalassemia trait sh uld be warned that 
their bl  d picture resembles ir n de ciency and can 
be misdiagn sed. T ey sh uld eschew empirical use    
ir n, yet ir n de ciency requiring replacement therapy 
can devel p during pregnancy  r  r m chr nic bleeding.

Pers ns with α thalassemia trait may exhibit mild 
hyp chr mia and micr cyt sis usually with ut anemia. 
HbA2 and HbF levels are n rmal. A ected individuals 
usually require  nly genetic c unseling. HbH disease 
resembles β thalassemia intermedia, with the added 
c mplicati n that the HbH m lecule behaves like m d-
erately unstable hem gl bin. Patients with HbH dis-
ease sh uld underg  splenect my i  excessive anemia 
 r a trans usi n requirement devel ps. Oxidative drugs 
sh uld be av ided. Ir n  verl ad leading t  death can 
 ccur in m re severely a ected patients.

PREVENTION
Antenatal diagn sis    thalassemia syndr mes is n w 
widely available. DNA diagn sis is based  n p lymerase 
chain reacti n (PCR) ampli cati n     etal DNA, 
 btained by amni centesis  r ch ri nic villus bi psy 
  ll wed by hybridizati n t  allele-speci c  lig nucle-
 tide pr bes  r direct DNA sequencing.

THALASSEMIC STRUCTURAL VARIANTS

T alassemic structural variants are characterized by 
b th de ective synthesis and abn rmal structure.

HEMOGLOBIN LEPORE
Hb Lep re [α2(δβ)2] arises by an unequal cr ss ver and 
rec mbinati n event that  uses the pr ximal end    the 
δ-gene with the distal end    the cl sely linked β-gene. 
It is c mm n in the Mediterranean basin. T e result-
ing chr m s me c ntains  nly the  used δβ gene. T e 
Lep re (δβ) gl bin is synthesized p  rly because the 
 used gene is under the c ntr l    the weak δ-gl bin 
pr m ter. Hb Lep re alleles have a phen type like β 
thalassemia, except   r the added presence    2–20% 
Hb Lep re. C mp und heter zyg tes   r Hb Lep re 
and a classic β thalassemia allele may als  have severe 
thalassemia.

HEMOGLOBIN E
HbE (i.e., α2β2

26Glu→Lys) is extremely c mm n in 
Camb dia, T ailand, and Vietnam. T e gene has 
bec me  ar m re prevalent in the United States 

as a result    immigrati n    Asian pers ns, especially 
in Cali  rnia, where HbE is the m st c mm n variant 
detected. HbE is mildly unstable but n t en ugh t  
a ect RBC li e span signi cantly. Heter zyg tes resem-
ble individuals with a mild β-thalassemia trait. H m -
zyg tes have s mewhat m re marked abn rmalities but 
are asympt matic. C mp und heter zyg tes   r HbE 
and a β thalassemia gene can have β thalassemia inter-
media  r β thalassemia maj r, depending  n the sever-
ity    the c inherited thalassemic gene.

T e βE allele c ntains a single base change in c d n 
26 that causes the amin  acid substituti n. T is muta-
ti n als  activates a cryptic RNA splice site, generat-
ing a structurally abn rmal gl bin mRNA that cann t 
be translated,  r m ab ut 50%    the initial pre-mRNA 
m lecules. T e remaining 40–50% are n rmally spliced 
and generate  uncti nal mRNA that is translated int  
βE-gl bin because the mature mRNA carries the base 
change that alters c d n 26.

Genetic c unseling    the pers ns at risk   r HbE 
sh uld   cus especially  n the interacti n    HbE with 
β thalassemia, because HbE h m zyg sity is a c ndi-
ti n ass ciated with mildly asympt matic micr cyt sis, 
hyp chr mia, and hem gl bin levels rarely <100 g/L 
(<10 g/dL).

HEREDITARY PERSISTENCE OF FETAL 
HEMOGLOBIN
HPFH is characterized by c ntinued synthesis    high 
levels    HbF in adult li e. N  deleteri us e ects are 
apparent, even when all    the hem gl bin pr duced is 
HbF. T ese rare patients dem nstrate c nvincingly that 
preventi n  r reversal    the  etal t  adult hem gl bin 
switch w uld pr vide e ective therapy   r sickle cell 
anemia and β thalassemia.
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94 ACQUIRED HEMOGLOBINOPATHIES
T e tw  m st imp rtant acquired hem gl bin pathies 
are carb n m n xide p is ning and methem gl bin-
emia (see ab ve). Carb n m n xide has a higher a n-
ity   r hem gl bin than d es  xygen; it can replace 
 xygen and diminish O2 delivery. Chr nic elevati n    
carb xyhem gl bin levels t  10  r 15%, as  ccurs in 
sm kers, can lead t  sec ndary p lycythemia. Carb xy-
hem gl bin is cherry red in c l r and masks the devel-
 pment    cyan sis usually ass ciated with p  r O2 
delivery t  tissues.

Abn rmalities    hem gl bin bi synthesis have als  
been described in bl  d dyscrasias. In s me patients 
with myel dysplasia, erythr leukemia,  r myel pr li er-
ative dis rders, elevated HbF  r a mild   rm    HbH dis-
ease may als  be seen. T e abn rmalities are n t severe 
en ugh t  alter the c urse    the underlying disease.

TREATMENT Transfusional Hemosiderosis

Chr nic bl  d trans usi n can lead t  bl  db rne in ecti n, 
all immunizati n,  ebrile reacti ns, and lethal ir n  verl ad 
(Chap. 12). A unit    packed RBCs c ntains 250–300 mg 
ir n (1 mg/mL). T e ir n assimilated by a single trans u-
si n    2 units    packed RBCs is thus equal t  a 1- t  2-year 
 ral intake    ir n. Ir n accumulates in chr nically trans-
 used patients because n  mechanisms exist   r increasing 
ir n excreti n: an expanded erythr n causes especially rapid 
devel pment    ir n  verl ad because accelerated erythr -
p iesis pr m tes excessive abs rpti n    dietary ir n. Vita-
min C sh uld n t be supplemented because it generates  ree 
radicals in ir n excess states.

Patients wh  receive >100 units    packed RBCs usu-
ally devel p hem sider sis. T e  erritin level rises,   l-
l wed by early end crine dys uncti n (gluc se int lerance 
and delayed puberty), cirrh sis, and cardi my pathy. Liver 
bi psy sh ws b th parenchymal and reticul end thelial ir n. 
T e superc nducting quantum-inter erence device (SQUID) 
is accurate at measuring hepatic ir n but n t widely avail-
able. Cardiac t xicity is  f en insidi us. Early devel pment 
   pericarditis is   ll wed by dysrhythmia and pump  ailure. 
T e  nset    heart  ailure is  min us,  f en presaging death 
within a year.

T e decisi n t  start l ng-term trans usi n supp rt 
sh uld als  pr mpt  ne t  institute therapy with ir n-
chelating agents. De er xamine (Des eral) is   r parenteral 
use. Its ir n-binding kinetics require chr nic sl w in usi n 
via a metering pump. T e c nstant presence    the drug 
impr ves the e ciency    chelati n and pr tects tissues  r m 
 ccasi nal releases    the m st t xic  racti n    ir n—l w-
m lecular-weight ir n—which may n t be sequestered by 
pr tective pr teins.

De er xamine is relatively n nt xic. Occasi nal cataracts, 
dea ness, and l cal skin reacti ns, including urticaria,  ccur. 
Skin reacti ns can usually be managed with antihistamines. 
Negative ir n balance can be achieved, even in the  ace    a 
high trans usi n requirement, but this al ne d es n t prevent 
l ng-term m rbidity and m rtality in chr nically trans used 
patients. Irreversible end- rgan deteri rati n devel ps at rel-
atively m dest levels    ir n  verl ad, even i  sympt ms d  
n t appear   r many years thereaf er.    enj y a signi cant 
survival advantage, chelati n must begin be  re 5–8 years    
age in β thalassemia maj r.

De erasir x is an  ral ir n-chelating agent. Single daily 
d ses    20–30 mg/kg de erasir x pr duced reducti ns in 
liver ir n c ncentrati n c mparable t  de er xamine in l ng-
term trans used adult and pediatric patients. De erasir x 
pr duces s me elevati ns in liver enzymes and slight but 
persistent increases in serum creatinine, with ut apparent 
clinical c nsequence. Other t xicities are similar t  th se    
de er xamine. Its t xicity pr  le is acceptable, alth ugh l ng-
term e ects are still being evaluated.

EXPERIMENTAL THERAPIES

BONE MARROW TRANSPLANTATION, GENE 
THERAPY, AND MANIPULATION OF Hb F
B ne marr w transplantati n pr vides stem cells able 
t  express n rmal hem gl bin; it has been used in 
a large number    patients with β thalassemia and a 
smaller number    patients with sickle cell anemia. 
Early in the c urse    disease, be  re end- rgan dam-
age  ccurs, transplantati n is curative in 80–90%    
patients. In highly experienced centers, the treatment-
related m rtality is <10%. Because survival int  adult 
li e is p ssible with c nventi nal therapy, the decisi n 
t  transplant is best made in c nsultati n with special-
ized centers.

Gene therapy    thalassemia and sickle cell dis-
ease has pr ved t  be an elusive g al, but experimental 
advances are raising expectati ns.

Reestablishing high levels     etal hem gl bin syn-
thesis sh uld ameli rate the sympt ms    β-chain 
hem gl bin pathies. Cyt t xic agents such as hydr xy-
urea and cytarabine pr m te high levels    HbF syn-
thesis, pr bably by stimulating pr li erati n    the 
primitive HbF-pr ducing pr genit r cell p pulati n 
(i.e., F cell pr genit rs). Un  rtunately, this regimen has 
n t yet been e ective in β thalassemia. Butyrates stim-
ulate HbF pr ducti n, but  nly transiently. Pulsed  r 
intermittent administrati n has been   und t  sustain 
HbF inducti n in the maj rity    patients with sickle 
cell disease. It is unclear whether butyrates will have 
similar activity in patients with β thalassemia.
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95APLASTIC AND HYPOPLASTIC CRISIS IN 
PATIENTS WITH HEMOGLOBINOPATHIES

Patients with hem lytic anemias s metimes exhibit an 
alarming decline in hemat crit during and immediately 
af er acute illnesses. B ne marr w suppressi n  ccurs 
in alm st every ne during acute and chr nic in am-
mat ry illnesses. In patients with sh rt RBC li e spans, 
suppressi n can a ect RBC c unts m re dramatically. 
T ese hyp plastic crises are usually transient and sel -
c rrecting be  re interventi n is required.

Aplastic crisis re ers t  a pr   und cessati n    ery-
thr id activity in patients with chr nic hem lytic ane-
mias. It is ass ciated with a rapidly  alling hemat crit. 
Epis des are usually sel -limited. Aplastic crises are 
caused by in ecti n with a particular strain    parv -
virus, B19A. Children in ected with this virus usu-
ally devel p permanent immunity. Aplastic crises d  
n t  f en recur and are rarely seen in adults. Manage-
ment requires cl se m nit ring    the hemat crit and 
reticul cyte c unt. I  anemia bec mes sympt matic, 
trans usi n supp rt is indicated. M st crises res lve 
sp ntane usly within 1–2 weeks.
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T e megaloblastic anemias are a group o  disorders char-
acterized by the presence o  distinctive morphologic 
appearances o  the developing red cells in the bone mar-
row. T e marrow is usually hypercellular and the anemia 
is based on ine ective erythropoiesis. T e cause is usu-
ally a de ciency o  either cobalamin (vitamin B12) or 
 olate, but megaloblastic anemia may occur because o  
genetic or acquired abnormalities that a ect the metab-
olism o  these vitamins or because o  de ects in DNA 
synthesis not related to cobalamin or  olate (Table 9-1). 
Cobalamin and  olate absorption and metabolism are 
described next,  ollowed by the biochemical basis, clini-
cal and laboratory  eatures, causes, and treatment o  
megaloblastic anemia.

COBALAMIN

Cobalamin (vitamin B12) exists in a number o  di erent  
chemical  orms. All have a cobalt atom at the center 
o  a corrin ring. In nature, the vitamin is mainly in the 
2-deoxyadenosyl (ado)  orm, which is located in mito-
chondria. It is the co actor  or the enzyme methylmalo-
nyl coenzyme A (CoA) mutase. T e other major natural 
cobalamin is methylcobalamin, the  orm in human 
plasma and in cell cytoplasm. It is the co actor  or 
methionine synthase. T ere are also minor amounts o  
hydroxocobalamin to which methyl- and adocobalamin 
are converted rapidly by exposure to light.

DIETARY SOURCES AND REQUIREMENTS
Cobalamin is synthesized solely by microorganisms. 
Ruminants obtain cobalamin  rom the  oregut, but the 
only source  or humans is  ood o  animal origin, e.g., 
meat,  sh, and dairy products. Vegetables,  ruits, and 
other  oods o  nonanimal origin are  ree  rom cobala-
min unless they are contaminated by bacteria. A nor-
mal Western diet contains 5–30 µg o  cobalamin daily. 

MEGALOBLASTIC ANEMIAS

CHAP TER 9

Adult daily losses (mainly in the urine and  eces) are 
1–3 µg (~0.1% o  body stores), and because the body 
does not have the ability to degrade cobalamin, daily 
requirements are also about 1–3 µg. Body stores are o  
the order o  2–3 mg, su cient  or 3–4 years i  supplies 
are completely cut o .

ABSORPTION
 wo mechanisms exist  or cobalamin absorption. One 
is passive, occurring equally through buccal, duode-
nal, and ileal mucosa; it is rapid but extremely ine -
cient, with <1% o  an oral dose being absorbed by this 
process. T e normal physiologic mechanism is active; 
it occurs through the ileum and is e cient  or small 
(a  ew micrograms) oral doses o  cobalamin, and it is 
mediated by gastric intrinsic  actor (IF). Dietary cobala-
min is released  rom protein complexes by enzymes 
in the stomach, duodenum, and jejunum; it combines 
rapidly with a salivary glycoprotein that belongs to 
the  amily o  cobalamin-binding proteins known as 

TABLE 9 -1  
CAUSES OF MEGALOBLASTIC ANEMIA

Cobalamin de ciency or abnormalities o  cobalamin  
metabolism (see Tables 9-3, 9-4)

Folate de ciency or abnormalities o   olate metabolism  
(see Table 9-5)

Therapy with anti olate drugs (e.g., methotrexate)
Independent o  either cobalamin or  olate de ciency and 
re ractory to cobalamin and  olate therapy:
Some cases o  acute myeloid leukemia, myelodysplasia
Therapy with drugs inter ering with synthesis o  DNA  
(e.g., cytosine arabinoside, hydroxyurea,  
6-mercaptopurine,  
azidothymidine [AZT])

Orotic aciduria (responds to uridine)
Thiamine-responsive
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97haptocorrins (HCs). In the intestine, the haptocorrin 
is digested by pancreatic trypsin and the cobalamin is 
trans erred to IF.

IF (gene at chromosome 11q13) is produced in the 
gastric parietal cells o  the  undus and body o  the stom-
ach, and its secretion parallels that o  hydrochloric acid. 
Normally, there is a vast excess o  IF. T e IF-cobalamin 
complex passes to the ileum, where IF attaches to a 
speci c receptor (cubilin) on the microvillus mem-
brane o  the enterocytes. Cubilin also is present in yolk 
sac and renal proximal tubular epithelium. Cubilin 
appears to tra c by means o  amnionless (AMN), an 
endocytic receptor protein that directs sublocalization 
and endocytosis o  cubilin with its ligand IF-cobalamin  
complex. T e cobalamin-IF complex enters the ileal cell, 
where IF is destroyed. A er a delay o  about 6 h, the 
cobalamin appears in portal blood attached to transco-
balamin ( C) II.

Between 0.5 and 5 µg o  cobalamin enter the bile 
each day. T is binds to IF, and a major portion o  biliary 
cobalamin normally is reabsorbed together with cobal-
amin derived  rom sloughed intestinal cells. Because 
o  the appreciable amount o  cobalamin undergoing 
enterohepatic circulation, cobalamin de ciency devel-
ops more rapidly in individuals who malabsorb cobal-
amin than it does in vegans, in whom reabsorption o  
biliary cobalamin is intact.

TRANSPORT
 wo main cobalamin transport proteins exist in human 
plasma; they both bind cobalamin—one molecule  or 
one molecule. One HC, also known as  C I, is closely 
related to other cobalamin-binding HCs in milk, gastric 
juice, bile, saliva, and other f uids. T e gene TCNL is at 
chromosome 11q11-q12.3. T ese HCs di er  rom each 
other only in the carbohydrate moiety o  the molecule. 
 C I is derived primarily  rom the speci c granules 
in neutrophils. Normally, it is about two-thirds satu-
rated with cobalamin, which it binds tightly.  C I does 
not enhance cobalamin entry into tissues. Glycopro-
tein receptors on liver cells are involved in the removal 
o   C I  rom plasma, and  C I may play a role in the 
transport o  cobalamin analogues (which it binds more 
e ectively than IF) to the liver  or excretion in bile.

T e other major cobalamin transport protein in 
plasma is transcobalamin, also known as  C II. T e 
gene is on chromosome 22q11-q13.1. As  or IF and HC, 
there are nine exons. T e three proteins are likely to have 
a common ancestral origin.  C II is synthesized by liver 
and by other tissues, including macrophages, ileum, and 
vascular endothelium. It normally carries only 20–60 
ng o  cobalamin per liter o  plasma and readily gives up 
cobalamin to marrow, placenta, and other tissues, which 
it enters by receptor-mediated endocytosis involving 

the  C II receptor and megalin (encoded by the LRP-2 
gene). T e  C II cobalamin is internalized by endocyto-
sis via clathrin-coated pits; the complex is degraded, but 
the receptor probably is recycled to the cell membrane as 
is the case  or trans errin. Export o  “ ree” cobalamin is 
via the A P-binding cassette drug transporter alias mul-
tidrug resistance protein 1.

FOLATE

DIETARY FOLATE
Folic (pteroylglutamic) acid is a yellow, crystalline, 
water-soluble substance. It is the parent compound 
o  a large  amily o  natural  olate compounds, which 
di er  rom it in three respects: (1) they are partly or 
completely reduced to di- or tetrahydro olate ( HF) 
derivatives, (2) they usually contain a single carbon 
unit (Table 9-2), and (3) 70–90% o  natural  olates are 
 olate-polyglutamates.

Most  oods contain some  olate. T e highest concen-
trations are  ound in liver, yeast, spinach, other greens, 
and nuts (>100 µg/100 g). T e total  olate content o  an 
average Western diet is ~250 µg daily, but the amount 
varies widely according to the type o   ood eaten and 
the method o  cooking. Folate is easily destroyed by 
heating, particularly in large volumes o  water.  otal 
body  olate in the adult is ~10 mg, with the liver con-
taining the largest store. Daily adult requirements are 
~100 µg, and so stores are su cient  or only 3–4 months 
in normal adults and severe  olate de ciency may 
develop rapidly.

ABSORPTION
Folates are absorbed rapidly  rom the upper small intes-
tine. T e absorption o   olate polyglutamates is less e -
cient than that o  monoglutamates; on average, ~50% o  
 ood  olate is absorbed. Polyglutamate  orms are hydro-
lyzed to the monoglutamate derivatives either in the 
lumen o  the intestine or within the mucosa. All dietary 
 olates are converted to 5-methyl HF (5-M HF) within 
the small intestinal mucosa be ore entering portal 
plasma. T e monoglutamates are actively transported 
across the enterocyte by a proton-coupled  olate trans-
porter (PCF , SCL46A1). T is is situated at the api-
cal brush border and is most active at pH 5.5, which 
is about the pH o  the duodenal and jejunal sur ace. 
Genetic mutations o  this protein underlie hereditary 
malabsorption o   olate (see below). Pteroylglutamic 
acid at doses >400 µg is absorbed largely unchanged 
and converted to natural  olates in the liver. Lower 
doses are converted to 5-M HF during absorption 
through the intestine.
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About 60–90 µg o   olate enters the bile each day and 
is excreted into the small intestine. Loss o  this  olate, 
together with the  olate o  sloughed intestinal cells, 
accelerates the speed with which  olate de ciency devel-
ops in malabsorption conditions.

TRANSPORT
Folate is transported in plasma; about one-third is 
loosely bound to albumin, and two-thirds is unbound. 
In all body f uids (plasma, cerebrospinal f uid, milk, 
bile),  olate is largely, i  not entirely, 5-M HF in the 
monoglutamate  orm. T ree types o   olate-binding 
protein are involved. A reduced  olate transporter (RFC, 
SLC19A1) is the major route o  delivery o  plasma  olate 
(5-M HF) to cells.  wo  olate receptors, FR2 and FR3 
embedded in the cell membrane by a glycosyl phos-
phatidylinositol anchor, transport  olate into the cell 
via receptor-mediated endocytosis. T e third protein, 
PCF , transports  olate at low pH  rom the vesicle to 
the cell cytoplasm. T e reduced  olate transporter also 
mediates uptake o  methotrexate by cells.

BIOCHEMICAL FUNCTIONS
Folates (as the intracellular polyglutamate derivatives) 
act as coenzymes in the trans er o  single-carbon units  

(Fig. 9-1 and  able 9-2).  wo o  these reactions are 
involved in purine synthesis and one in pyrimidine 
synthesis necessary  or DNA and RNA replication. 
Folate is also a coenzyme  or methionine synthesis, in 
which methylcobalamin is also involved and in which 
 HF is regenerated.  HF is the acceptor o  single car-
bon units newly entering the active pool via conversion 
o  serine to glycine. Methionine, the other product o  
the methionine synthase reaction, is the precursor  or 
S-adenosylmethionine (SAM), the universal methyl donor 
involved in >100 methyltrans erase reactions (Fig. 9-1).

During thymidylate synthesis, 5,10-methylene- HF 
is oxidized to DHF (dihydro olate). T e enzyme DHF 
reductase converts this to  HF. T e drugs methotrexate, 
pyrimethamine, and (mainly in bacteria) trimethoprim 
inhibit DHF reductase and so prevent  ormation o  
active  HF coenzymes  rom DHF. A small  raction o  
the  olate coenzyme is not recycled during thymidylate 
synthesis but is degraded at the C9-N10 bond.

BIOCHEMICAL BASIS OF 
MEGALOBLASTIC ANEMIA

T e common  eature o  all megaloblastic anemias is a 
de ect in DNA synthesis that a ects rapidly dividing 
cells in the bone marrow. All conditions that give rise 

TABLE 9 -2  
BIOCHEMICAL REACTIONS OF FOLATE COENZYMES

REACTION
COENZYME FORM OF 
FOLATE INVOLVED

SINGLE CARBON 
UNIT TRANSFERRED  IMPORTANCE

Formate activation THF  −CHO  Generation o  10- ormyl-THF
Purine synthesis

Formation o  glycinamide 
ribonucleotide

5,10-Methylene-THF  −CHO  Formation o  purines needed  or DNA, RNA 
synthesis, but reactions probably not 
rate-limiting

Formylation o  aminoimidazole 
carboxamide ribonucleotide 
(AICAR)

10-Formyl (CHO)THF

Pyrimidine synthesis
Methylation o  deoxyuridine 
monophosphate (dUMP) to  
thymidine monophosphate 
(dTMP)

5,10-Methylene-THF  −CH3 Rate limiting in DNA synthesis
Oxidizes THF to DHF

Some breakdown o   olate at the C-9–N-10 
bond

Amino acid interconversion
Serine–glycine interconversion  THF  =CH2 Entry o  single carbon units into active pool
Homocysteine to methionine  5-Methyl(M)THF  −CH3 Demethylation o  5-MTHF to THF; also 

requires cobalamin, f avine adenine dinu-
cleotide, ATP, and adenosylmethionine

Forminoglutamic acid to  
glutamic acid in histidine 
catabolism

THF  −HN−CH=

Abbrevia tions: DHF, dihydro olate; THF, tetrahydro olate.
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to megaloblastic changes have in common a disparity in 
the rate o  synthesis or availability o  the  our immediate 
precursors o  DNA: the deoxyribonucleoside triphos-
phates (dN Ps)—dA(adenine) P and dG(guanine) P 
(purines), d (thymine) P and dC(cytosine) P (pyrimi-
dines). In de ciencies o  either  olate or cobalamin, 
there is  ailure to convert deoxyuridine monophosphate 
(dUMP) to deoxythymidine monophosphate (d MP), 
the precursor o  d  P (Fig 9-1). T is is the case because 
 olate is needed as the coenzyme 5,10-methylene- HF 
polyglutamate  or conversion o  dUMP to d MP; the 
availability o  5,10-methylene- HF is reduced in either 
cobalamin or  olate de ciency. An alternative theory  or 
megaloblastic anemia in cobalamin or  olate de ciency 

Methyla ted product

Folic acid  Folic acid

Deoxythymidine
monophospha te

Purines

SerineGlycine

S-Adenosylhomocys te ine
(SAH)

5-Methyl
te trahydrofola te

5, 10-Methylene
te trahydrofola te

5-Methyl 
te trahydrofola te
(monoglutamate)

P lasma

Cell Te trahydrofola te

Dihydrofola te

S-Adenosylmethionine
(SAM)

Homocys te ine  Methionine

Cys ta thionine

Pyruva te

GSH

Cyste ine  
     

THE METHYLATION
CYCLE

Subs tra te

ATP

(e.g., methyla ted lipids , myelin
bas ic prote in, DOPA, DNA)

Methyltransfe rases

Methionine  synthase
methylcoba lamin

Cys ta thionine
synthase  
vitamin B6

5,10-Methylene-
te trahydrofola te

reductase  

DHF 
reduc tase

Polyglutamate
synthase

+ glutamates

10-Formyl
te trahydrofola te

DNA CYCLE
(CELL REPLICATION)

Formate

Deoxyuridine
monophospha te

FIGURE 9 -1  
The  ro le  o f fo la tes in  DNA syn thesis and in  ormation o  
S-adenosylmethionine (SAM), which is involved in numerous meth-
ylation reactions. DHF, dihydro olate; GSH, glutathione. (Reprinted 

 rom AV Hof brand et al [eds]: Postgraduate Haematology,5th ed. 
Ox ord, UK, Blackwell Publishing, 2005; with permission.) 

is misincorporation o  uracil into DNA because o  a 
buildup o  deoxyuridine triphosphate (dU P) at the 
DNA replication  ork as a consequence o  the block in 
conversion o  dUMP to d MP.

COBALAMIN-FOLATE RELATIONS
Folate is required  or many reactions in mammalian 
tissues. Only two reactions in the body are known to 
require cobalamin. Methylmalonyl CoA isomerization 
requires adocobalamin, and the methylation o  homo-
cysteine to methionine requires both methylcobalamin 
and 5-M HF (Fig. 9-1). T is reaction is the  rst step 
in the pathway by which 5-M HF, which enters bone 
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100 marrow and other cells  rom plasma, is converted into 
all the intracellular  olate coenzymes. T e coenzymes 
are all polyglutamated (the larger size aiding retention 
in the cell), but the enzyme  olate polyglutamate syn-
thase can use only  HF, not M HF, as substrate. In 
cobalamin de ciency, M HF accumulates in plasma, 
and intracellular  olate concentrations  all due to  ailure 
o   ormation o   HF, the substrate on which  olate poly-
glutamates are built. T is has been termed THF starva-
tion, or the methylfolate trap.

T is theory explains the abnormalities o   olate 
metabolism that occur in cobalamin de ciency (high 
serum  olate, low cell  olate, positive purine precursor 
aminoimidazole carboxamide ribonucleotide [AICAR] 
excretion;  able 9-2) and also why the anemia o  cobal-
amin de ciency responds to  olic acid in large doses.

CLINICAL FEATURES

Many symptomless patients are detected through the 
 nding o  a raised mean corpuscular volume (MCV) 
on a routine blood count. T e main clinical  eatures in 
more severe cases are those o  anemia. Anorexia is usu-
ally marked, and there may be weight loss, diarrhea, or 
constipation. Glossitis, angular cheilosis, a mild  ever 
in more severely anemic patients, jaundice (unconju-
gated), and reversible melanin skin hyperpigmenta-
tion also may occur with a de ciency o  either  olate 
or cobalamin. T rombocytopenia sometimes leads to 
bruising, and this may be aggravated by vitamin C de -
ciency or alcohol in malnourished patients. T e anemia 
and low leukocyte count may predispose to in ections, 
particularly o  the respiratory and urinary tracts. 
Cobalamin de ciency has also been associated with 
impaired bactericidal  unction o  phagocytes.

GENERAL TISSUE EFFECTS OF COBALAMIN 
AND FOLATE DEFICIENCIES
Epithelia l sur a ces

A er the marrow, the next most  requently a ected 
tissues are the epithelial cell sur aces o  the mouth, 
stomach, and small intestine and the respiratory, uri-
nary, and  emale genital tracts. T e cells show macro-
cytosis, with increased numbers o  multinucleate and 
dying cells. T e de ciencies may cause cervical smear 
abnormalities.

Complica tions o   pregna ncy

T e gonads are also a ected, and in ertility is common 
in both men and women with either de ciency. Mater-
nal  olate de ciency has been implicated as a cause o  

prematurity, and both  olate de ciency and cobalamin 
de ciency have been implicated in recurrent  etal loss 
and neural tube de ects, as discussed below.

Neura l tube de ects

Folic acid supplements at the time o  conception and 
in the  rst 12 weeks o  pregnancy reduce by ~70% 
the incidence o  neural tube de ects (N Ds) (anen-
cephaly, meningomyelocele, encephalocele, and spina 
bi da) in the  etus. Most o  this protective e ect can be 
achieved by taking  olic acid, 0.4 mg daily, at the time o  
conception.

T e incidence o  cle  palate and harelip also can be 
reduced by prophylactic  olic acid. T ere is no clear 
simple relationship between maternal  olate status and 
these  etal abnormalities, although overall the lower the 
maternal  olate, the greater the risk to the  etus. N Ds 
also can be caused by anti olate and antiepileptic drugs.

An underlying maternal  olate metabolic abnor-
mality has also been postulated. One abnormality 
has been identi ed: reduced activity o  the enzyme 
5,10-methylene- HF reductase (M HFR) (Fig. 9-1) 
caused by a common C677  polymorphism in the 
MTHFR gene. In one study, the prevalence o  this poly-
morphism was  ound to be higher than in controls in 
the parents o  N D  etuses and in the  etuses them-
selves: homozygosity  or the    mutation was  ound 
in 13% o  cases compared with 5% o  control subjects. 
T e polymorphism codes  or a thermolabile  orm o  
M HFR. T e homozygous state results in a lower mean 
serum and red cell  olate level compared with control 
subjects, as well as signi cantly higher serum homocys-
teine levels.  ests  or mutations in other enzymes pos-
sibly associated with N Ds, e.g., methionine synthase 
and serine–glycine hydroxymethylase, have been nega-
tive. Serum vitamin B12 levels are also lower in the sera 
o  mothers o  N D in ants than in controls. In addition, 
maternal  C II receptor polymorphisms are associated 
with increased risk o  N D births. T ere are, however, 
no studies showing dietary  orti cation with vitamin 
B12 reduces the incidence o  N Ds.

Ca rdiova scula r disea se

Children with severe homocystinuria (blood lev-
els ≥100 µmol/L) due to de ciency o  one o  three 
enzymes, methionine synthase, M HFR, or cystathio-
nine synthase (Fig. 9-1), have vascular disease, e.g., 
ischemic heart disease, cerebrovascular disease, or pul-
monary embolus, as teenagers or in young adulthood. 
Lesser degrees o  raised serum homocysteine and low 
levels o  serum  olate and homozygous inherited muta-
tions o  M HFR have been  ound to be associated with 
cerebrovascular, peripheral vascular, and coronary heart 
disease and with deep vein thrombosis. Prospective 
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101randomized trials o  lowering homocysteine levels with 
supplements o   olic acid, vitamin B12, and vitamin B6 
against placebo over a 5-year period in patients with 
vascular disease or diabetes have not, however, shown 
a reduction o   rst event  atal or non atal myocardial 
in arction, nor have these supplements reduced the risk 
o  recurrent cardiovascular disease a er an acute myo-
cardial in arct. Meta-analysis showed an 18% reduction 
in strokes but no signi cant prevention o  death  rom 
any cause. Venous thrombosis has been reported to be 
more  requent in vitamin B12–de cient subjects than in 
controls. T is was ascribed to raised plasma homocyste-
ine levels in vitamin B12 de ciency.

Ma ligna ncy

Prophylactic  olic acid in pregnancy has been  ound in 
some but not all studies to reduce the subsequent inci-
dence o  acute lymphoblastic leukemia (ALL) in child-
hood. A signi cant negative association has also been 
 ound with the MTHFR C677  polymorphism and 
leukemias with mixed lineage leukemia (MLL) trans-
locations, but a positive association with hyperdip-
loidy in in ants with ALL or acute myeloid leukemia 
or with childhood ALL. A second polymorphism in 
the MTHFR gene, A1298C, is also strongly associated 
with hyperdiploid leukemia. T ere are various positive 
and negative associations between polymorphisms in 
 olate-dependent enzymes and the incidence o  adult 
ALL. T e C677  polymorphism is thought to lead to 
increased thymidine pools and “better quality” o  DNA 
synthesis by shunting one-carbon groups toward thymi-
dine and purine synthesis. T is may explain its reported 
association with a lower risk  or colorectal cancer. Most 
but not all studies suggest that prophylactic  olic acid 
also protects against colon adenomas. Other tumors 
that have been associated with  olate polymorphisms 
or status include  ollicular lymphoma, breast cancer, 
and gastric cancer. A meta-analysis o  50,000 individu-
als given  olic acid or placebo in cardiovascular or colon 
adenoma prevention trials  ound that  olic acid supple-
mentation did not substantially increase or decrease the 
incidence o  site-speci c cancer during the  rst 5 years 
o  treatment. Because  olic acid may “ eed” tumors, it 
probably should be avoided in those with established 
tumors unless there is severe megaloblastic anemia due 
to  olate de ciency.

Neurologic ma ni esta tions

Cobalamin de ciency may cause a bilateral peripheral 
neuropathy or degeneration (demyelination) o  the pos-
terior and pyramidal tracts o  the spinal cord and, less 
 requently, optic atrophy or cerebral symptoms.

T e patient, more  requently male, presents with par-
esthesias, muscle weakness, or di culty in walking and 

sometimes dementia, psychotic disturbances, or visual 
impairment. Long-term nutritional cobalamin de -
ciency in in ancy leads to poor brain development and 
impaired intellectual development. Folate de ciency has 
been suggested to cause organic nervous disease, but 
this is uncertain, although methotrexate injected into 
the cerebrospinal f uid may cause brain or spinal cord 
damage.

An important clinical problem is the nonanemic 
patient with neurologic or psychiatric abnormali-
ties and a low or borderline serum cobalamin level. In 
such patients, it is necessary to try to establish whether 
there is signi cant cobalamin de ciency, e.g., by care-
 ul examination o  the blood  lm, tests  or serum gas-
trin level and  or antibodies to IF or parietal cells, along 
with serum methylmalonic acid (MMA) measurement 
i  available. A trial o  cobalamin therapy  or at least 
3 months will usually also be needed to determine 
whether the symptoms improve.

T e biochemical basis  or cobalamin neuropathy 
remains obscure. Its occurrence in the absence o  meth-
ylmalonic aciduria in  C II de ciency suggests that the 
neuropathy is related to the de ect in homocysteine-
methionine conversion. Accumulation o  S-adenosyl-
homocysteine in the brain, resulting in inhibition o  
transmethylation reactions, has been suggested.

Psychiatric disturbance is common in both  olate 
and cobalamin de ciencies. T is, like the neuropathy, 
has been attributed to a  ailure o  the synthesis o  SAM, 
which is needed in methylation o  biogenic amines 
(e.g., dopamine) as well as that o  proteins, phospholip-
ids, and neurotransmitters in the brain (Fig. 9-1). Asso-
ciations between lower serum  olate or cobalamin levels 
and higher homocysteine levels and the development o  
decreased cognitive  unction and dementia in Alzheim-
er’s disease have been reported. A meta-analysis o  
randomized, placebo-controlled trials o  homocysteine-
lowering B-vitamin supplementation o  individu-
als with and without cognitive impairment, however, 
showed that supplementation with vitamin B12, vita-
min B6, and  olic acid alone or in combination did not 
improve cognitive  unction. It is unknown whether pro-
longed treatment with these B vitamins can reduce the 
risk o  dementia in later li e.

HEMATOLOGIC FINDINGS

PERIPHERAL BLOOD
Oval macrocytes, usually with considerable anisocyto-
sis and poikilocytosis, are the main  eature (Fig. 9-2A). 
T e MCV is usually >100  L unless a cause o  microcy-
tosis (e.g., iron de ciency or thalassemia trait) is pres-
ent. Some o  the neutrophils are hypersegmented (more 
than  ve nuclear lobes). T ere may be leukopenia due 
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to a reduction in granulocytes and lymphocytes, but this 
is usually >1.5 × 109/L; the platelet count may be mod-
erately reduced, rarely to <40 × 109/L. T e severity o  all 
these changes parallels the degree o  anemia. In a non-
anemic patient, the presence o  a  ew macrocytes and 
hypersegmented neutrophils in the peripheral blood 
may be the only indication o  the underlying disorder.

BONE MARROW
In a severely anemic patient, the marrow is hypercellular 
with an accumulation o  primitive cells due to selective 
death by apoptosis o  more mature  orms. T e erythro-
blast nucleus maintains a primitive appearance despite 
maturation and hemoglobinization o  the cytoplasm. 
T e cells are larger than normoblasts, and an increased 
number o  cells with eccentric lobulated nuclei or 
nuclear  ragments may be present (Fig. 9-2B). Giant and 
abnormally shaped metamyelocytes and enlarged hyper-
polyploid megakaryocytes are characteristic. In severe 
cases, the accumulation o  primitive cells may mimic 
acute myeloid leukemia, whereas in less anemic patients, 
the changes in the marrow may be di cult to recognize. 
T e terms intermediate, mild, and early have been used. 
T e term megaloblastoid does not mean mildly megalo-
blastic. It is used to describe cells with both immature-
appearing nuclei and de ective hemoglobinization and is 
usually seen in myelodysplasia.

CHROMOSOMES
Bone marrow cells, trans ormed lymphocytes, and 
other proli erating cells in the body show a variety o  

    
FIGURE 9 -2  
A. Th e  p e rip h e ra l b lo o d  in  seve re  m eg alob la st ic an em ia .  
B. The bone marrow in severe megaloblastic anemia. (Reprinted 

 rom AV Hof brand et al [eds]: Postgraduate Haematology, 5th ed. 
Ox ord, UK, Blackwell Publishing, 2005; with permission.)

changes, including random breaks, reduced contrac-
tion, spreading o  the centromere, and exaggeration o  
secondary chromosomal constrictions and overpromi-
nent satellites. Similar abnormalities may be produced 
by antimetabolite drugs (e.g., cytosine arabinoside, 
hydroxyurea, and methotrexate) that inter ere with 
either DNA replication or  olate metabolism and that 
also cause megaloblastic appearances.

INEFFECTIVE HEMATOPOIESIS
T ere is an accumulation o  unconjugated bilirubin in 
plasma due to the death o  nucleated red cells in the 
marrow (ine ective erythropoiesis). Other evidence  or 
this includes raised urine urobilinogen, reduced hap-
toglobins and positive urine hemosiderin, and a raised 
serum lactate dehydrogenase. A weakly positive direct 
antiglobulin test due to complement can lead to a  alse 
diagnosis o  autoimmune hemolytic anemia.

CAUSES OF COBALAMIN DEFICIENCY

Cobalamin de ciency is usually due to malabsorption. 
T e only other cause is inadequate dietary intake.

INADEQUATE DIETARY INTAKE
Adults

Dietary cobalamin de ciency arises in vegans who omit 
meat,  sh, eggs, cheese, and other animal products 
 rom their diet. T e largest group in the world consists 
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103o  Hindus, and it is likely that many millions o  Indians 
are at risk o  de ciency o  cobalamin on a nutritional 
basis. Subnormal serum cobalamin levels are  ound in 
up to 50% o  randomly selected, young, adult Indian 
vegans, but the de ciency usually does not progress to 
megaloblastic anemia since the diet o  most vegans is 
not totally lacking in cobalamin and the enterohepatic 
circulation o  cobalamin is intact. Dietary cobalamin 
de ciency may also arise rarely in nonvegetarian indi-
viduals who exist on grossly inadequate diets because o  
poverty or psychiatric disturbance.

In  a nts

Cobalamin de ciency has been described in in ants 
born to severely cobalamin-de cient mothers. T ese 
in ants develop megaloblastic anemia at about 3–6 months 
o  age, presumably because they are born with low 
stores o  cobalamin and because they are  ed breast 
milk with low cobalamin content. T e babies have also 
shown growth retardation, impaired psychomotor 
development, and other neurologic sequelae.

GASTRIC CAUSES OF COBALAMIN 
MALABSORPTION
See Tables 9-3 and 9-4.

Pernicious a nemia

Pernicious anemia (PA) may be de ned as a severe lack 
o  IF due to gastric atrophy. It is a common disease in 
north Europeans but occurs in all countries and ethnic 
groups. T e overall incidence is about 120 per 100,000 
population in the United Kingdom (UK). T e ratio o  
incidence in men and women among whites is ~1:1.6, 
and the peak age o  onset is 60 years, with only 10% 

TABLE 9 -3  
CAUSES OF COBALAMIN DEFICIENCY SUFFICIENTLY 
SEVERE TO CAUSE MEGALOBLASTIC ANEMIA
Nutritional  Vegans

Malabsorption  Pernicious anemia
Gastric causes  Congenital absence o  intrinsic  

 actor or  unctional abnormality
Total or partial gastrectomy

Intestinal causes  Intestinal stagnant loop syn-
drome: jejunal diverticulosis, 
ileocolic  stula, anatomic blind 
loop, intestinal stricture, etc.

Ileal resection and Crohn’s disease
Selective malabsorption with 
proteinuria

Tropical sprue
Transcobalamin II de ciency
Fish tapeworm

o  patients being <40 years o  age. However, in some 
ethnic groups, notably black individuals and Latin 
Americans, the age at onset o  PA is generally lower. 
T e disease occurs more commonly than by chance in 
close relatives and in persons with other organ-speci c 
autoimmune diseases, e.g., thyroid diseases, vitiligo, 
hypoparathyroidism, and Addison’s disease. It is also 
associated with hypogammaglobulinemia, with prema-
ture graying or blue eyes, and persons o  blood group A.  
An association with human leukocyte antigen (HLA) 3  
has been reported in some but not all series and, in 
those with endocrine disease, with HLA-B8, -B12, and 
-BW15. Li e expectancy is normal in women once regu-
lar treatment has begun. Men have a slightly subnormal 
li e expectancy as a result o  a higher incidence o  car-
cinoma o  the stomach than in control subjects. Gastric 
output o  hydrochloric acid, pepsin, and IF is severely 
reduced. T e serum gastrin level is raised, and serum 
pepsinogen I levels are low.

Ga stric b iopsy

A single endoscopic examination is recommended i  
PA is diagnosed. Gastric biopsy usually shows atrophy 
o  all layers o  the body and  undus, with loss o  glan-
dular elements, an absence o  parietal and chie  cells 
and replacement by mucous cells, a mixed inf amma-
tory cell in ltrate, and perhaps intestinal metaplasia. 
T e in ltrate o  plasma cells and lymphocytes contains 
an excess o  CD4 cells. T ese are directed against gas-
tric H/K-A Pase. T e antral mucosa is usually well pre-
served. Helicobacter pylori in ection occurs in requently 
in PA, but it has been suggested that H. pylori gastritis 

TABLE 9 -4  
MALABSORPTION OF COBALAMIN MAY OCCUR IN 
THE FOLLOWING CONDITIONS BUT IS NOT USUALLY 
SUFFICIENTLY SEVERE AND PROLONGED TO CAUSE 
MEGALOBLASTIC ANEMIA
Gastric causes

Simple atrophic gastritis ( ood cobalamin malabsorption)
Zollinger-Ellison syndrome
Gastric bypass surgery
Use o  proton pump inhibitors

Intestinal causes
Gluten-induced enteropathy
Severe pancreatitis
HIV in ection
Radiotherapy
Gra t-versus-host disease

De ciencies o  cobalamin,  olate, protein, ?ribof avin, ?nicotinic 
acid

Therapy with colchicine, para-aminosalicylate, neomycin,  
slow-release potassium chloride, anticonvulsant drugs,  
met ormin, phen ormin, cytotoxic drugs

Alcohol
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104 occurs at an early phase o  atrophic gastritis and pres-
ents in younger patients as iron-de ciency anemia but 
in older patients as PA. H. pylori is suggested to stimu-
late an autoimmune process directed against parietal 
cells, with the H. pylori in ection then being gradu-
ally replaced, in some individuals, by an autoimmune 
process.

Serum a ntibodies

 wo types o  IF immunoglobulin G antibody may be 
 ound in the sera o  patients with PA. One, the “block-
ing,” or type I, antibody, prevents the combination o  IF 
and cobalamin, whereas the “binding,” or type II, anti-
body prevents attachment o  IF to ileal mucosa.  ype I  
occurs in the sera o  ~55% o  patients, and type II in 
35%. IF antibodies cross the placenta and may cause 
temporary IF de ciency in a newborn in ant. Patients 
with PA also show cell-mediated immunity to IF.  ype I 
antibody has been detected rarely in the sera o  patients 
without PA but with thyrotoxicosis, myxedema, Hashi-
moto’s disease, or diabetes mellitus and in relatives o  
PA patients. IF antibodies also have been detected in 
gastric juice in ~80% o  PA patients. T ese gastric anti-
bodies may reduce absorption o  dietary cobalamin by 
combining with small amounts o  remaining IF.

Parietal cell antibody is present in the sera o  almost 
90% o  adult patients with PA but is  requently present 
in other subjects. T us, it occurs in as many as 16% o  
randomly selected  emale subjects age >60 years. T e 
parietal cell antibody is directed against the α and β 
subunits o  the gastric proton pump (H+,K+-A Pase).

JUVENILE PERNICIOUS ANEMIA
T is usually occurs in older children and resembles PA 
o  adults. Gastric atrophy, achlorhydria, and serum IF 
antibodies are all present, although parietal cell antibod-
ies are usually absent. About one-hal  o  these patients 
show an associated endocrinopathy such as autoim-
mune thyroiditis, Addison’s disease, or hypoparathy-
roidism; in some, mucocutaneous candidiasis occurs.

CONGENITAL INTRINSIC FACTOR 
DEFICIENCY OR FUNCTIONAL 
ABNORMALITY
An a ected child usually presents with megaloblas-
tic anemia in the  rst to third year o  li e; a  ew have 
presented as late as the second decade. T e child usu-
ally has no demonstrable IF but has a normal gastric 
mucosa and normal secretion o  acid. T e inheritance is 
autosomal recessive. Parietal cell and IF antibodies are 
absent. Variants have been described in which the child 
is born with IF that can be detected immunologically 
but is unstable or  unctionally inactive, unable to bind 
cobalamin or to  acilitate its uptake by ileal receptors.

GASTRECTOMY
A er total gastrectomy, cobalamin de ciency is inevi-
table, and prophylactic cobalamin therapy should be 
commenced immediately a er the operation. A er par-
tial gastrectomy, 10–15% o  patients also develop this 
de ciency. T e exact incidence and time o  onset are 
most inf uenced by the size o  the resection and the pre-
existing size o  cobalamin body stores.

FOOD COBALAMIN MALABSORPTION
Failure o  release o  cobalamin  rom binding proteins 
in  ood is believed to be responsible  or this condition, 
which is more common in the elderly. It is associated 
with low serum cobalamin levels, with or without raised 
serum levels o  MMA and homocysteine.  ypically, 
these patients have normal cobalamin absorption, as 
measured with crystalline cobalamin, but show malab-
sorption when a modi ed test using  ood-bound cobal-
amin is used. T e  requency o  progression to severe 
cobalamin de ciency and the reasons  or this progres-
sion are not clear.

INTESTINAL CAUSES OF COBALAMIN 
MALABSORPTION
Intestina l sta gna nt loop syndrome

Malabsorption o  cobalamin occurs in a variety o  
intestinal lesions in which there is colonization o  the 
upper small intestine by  ecal organisms. T is may 
occur in patients with jejunal diverticulosis, enteroanas-
tomosis, or an intestinal stricture or  stula or with an 
anatomic blind loop due to Crohn’s disease, tuberculo-
sis, or an operative procedure.

Ilea l resection

Removal o  ≥1.2 m o  terminal ileum causes malabsorp-
tion o  cobalamin. In some patients a er ileal resec-
tion, particularly i  the ileocecal valve is incompetent, 
colonic bacteria may contribute  urther to the onset o  
cobalamin de ciency.

Selective ma la bsorption o   coba la min 
with  proteinuria  (Imerslund’s syndrome; 
Imerslund-Grä sbeck syndrome; congenita l 
coba la min ma la bsorption; a utosoma l recessive 
mega lobla st ic a nemia ; MGA1)

T is autosomally recessive disease is the most com-
mon cause o  megaloblastic anemia due to cobalamin 
de ciency in in ancy in Western countries. More than 
200 cases have been reported, with  amilial clusters in 
Finland, Norway, the Middle East, and North A rica. 
T e patients secrete normal amounts o  IF and gastric 
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105acid but are unable to absorb cobalamin. In Finland, 
impaired synthesis, processing, or ligand binding o  
cubilin due to inherited mutations is  ound. In Norway, 
mutation o  the gene  or AMN has been reported. Other 
tests o  intestinal absorption are normal. Over 90% o  
these patients show nonspeci c proteinuria, but renal 
 unction is otherwise normal and renal biopsy has not 
shown any consistent renal de ect. A  ew have shown 
aminoaciduria and congenital renal abnormalities, such 
as duplication o  the renal pelvis.

Tropica l sprue

Nearly all patients with acute and subacute tropical 
sprue show malabsorption o  cobalamin; this may persist 
as the principal abnormality in the chronic  orm o  the 
disease, when the patient may present with megaloblas-
tic anemia or neuropathy due to cobalamin de ciency. 
Absorption o  cobalamin usually improves a er antibi-
otic therapy and, in the early stages,  olic acid therapy.

Fish  ta peworm in  esta t ion

T e  sh tapeworm (Diphyllobothrium latum) lives in 
the small intestine o  humans and accumulates cobala-
min  rom  ood, rendering the cobalamin unavailable  or 
absorption. Individuals acquire the worm by eating raw 
or partly cooked  sh. In estation is common around the 
lakes o  Scandinavia, Germany, Japan, North America, 
and Russia. Megaloblastic anemia or cobalamin neu-
ropathy occurs only in those with a heavy in estation.

Gluten-induced enteropa thy

Malabsorption o  cobalamin occurs in ~30% o  untreated 
patients (presumably those in whom the disease 
extends to the ileum). Cobalamin de ciency is not severe 
in these patients and is corrected with a gluten- ree diet.

Severe chronic pa ncrea tit is

In this condition, lack o  trypsin is thought to cause 
dietary cobalamin attached to gastric non-IF (R) binder 
to be unavailable  or absorption. It also has been pro-
posed that in pancreatitis, the concentration o  calcium 
ions in the ileum  alls below the level needed to main-
tain normal cobalamin absorption.

HIV in  ection

Serum cobalamin levels tend to  all in patients with 
HIV in ection and are subnormal in 10–35% o  those 
with AIDS. Malabsorption o  cobalamin not corrected 
by IF has been shown in some, but not all, patients with 
subnormal serum cobalamin levels. Cobalamin de -
ciency su ciently severe to cause megaloblastic anemia 
or neuropathy is rare.

Zollinger-ellison syndrome

Malabsorption o  cobalamin has been reported in the 
Zollinger-Ellison syndrome. It is thought that there is a 
 ailure to release cobalamin  rom R-binding protein due 
to inactivation o  pancreatic trypsin by high acidity, as 
well as inter erence with IF binding o  cobalamin.

Ra dio thera py

Both total-body irradiation and local radiotherapy to 
the ileum (e.g., as a complication o  radiotherapy  or 
carcinoma o  the cervix) may cause malabsorption o  
cobalamin.

Gra  t-versus-host  d isea se

T is commonly a ects the small intestine. Malabsorp-
tion o  cobalamin due to abnormal gut f ora, as well as 
damage to ileal mucosa, is common.

Drugs

T e drugs that have been reported to cause malabsorp-
tion o  cobalamin are listed in 34-4. However, megalo-
blastic anemia due to these drugs is rare.

ABNORMALITIES OF COBALAMIN 
METABOLISM
Congenita l tra nscoba la min II de ciency or 
a bnorma lity

In ants with  C II de ciency usually present with meg-
aloblastic anemia within a  ew weeks o  birth. Serum 
cobalamin and  olate levels are normal, but the anemia 
responds to massive (e.g., 1 mg three times weekly) 
injections o  cobalamin. Some cases show neurologic 
complications. T e protein may be present but  unc-
tionally inert. Genetic abnormalities  ound include 
mutations o  an intra-exonic cryptic splice site, exten-
sive deletion, single nucleotide deletion, nonsense 
mutation, and an RNA editing de ect. Malabsorption o  
cobalamin occurs in all cases, and serum immunoglob-
ulins are usually reduced. Failure to institute adequate 
cobalamin therapy or treatment with  olic acid may lead 
to neurologic damage.

Congenita l methylma lonic a cidemia  a nd 
a ciduria

In ants with this abnormality are ill  rom birth with 
vomiting,  ailure to thrive, severe metabolic acidosis, 
ketosis, and mental retardation. Anemia, i  present, 
is normocytic and normoblastic. T e condition may 
be due to a  unctional de ect in either mitochondrial 
methylmalonyl CoA mutase or its co actor adocobala-
min. Mutations in the methylmalonyl CoA mutase are 
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106 not responsive, or only poorly responsive, to treatment 
with cobalamin. A proportion o  in ants with  ailure o  
adocobalamin synthesis respond to cobalamin in large 
doses. Some children have combined methylmalonic 
aciduria and homocystinuria due to de ective  ormation 
o  both cobalamin coenzymes. T is usually presents in 
the  rst year o  li e with  eeding di culties, develop-
mental delay, microcephaly, seizures, hypotonia, and 
megaloblastic anemia.

Acquired a bnorma lity o   coba la min meta bolism: 
nitrous oxide inha la t ion

Nitrous oxide (N2O) irreversibly oxidizes methylcobala-
min to an inactive precursor; this inactivates methio-
nine synthase. Megaloblastic anemia has occurred in 
patients undergoing prolonged N2O anesthesia (e.g., in 
intensive care units). A neuropathy resembling cobala-
min neuropathy has been described in dentists and 
anesthetists who are exposed repeatedly to N2O. Meth-
ylmalonic aciduria does not occur as adocobalamin is 
not inactivated by N2O.

CAUSES OF FOLATE DEFICIENCY

(Table 9-5)

NUTRITIONAL
Dietary  olate de ciency is common. Indeed, in most 
patients with  olate de ciency a nutritional element 
is present. Certain individuals are particularly prone 
to have diets containing inadequate amounts o   olate 
( able 9-5). In the United States and other countries 
where  orti cation o  the diet with  olic acid has been 
adopted, the prevalence o   olate de ciency has dropped 
dramatically and is now almost restricted to high-risk 
groups with increased  olate needs. Nutritional  olate 
de ciency occurs in kwashiorkor and scurvy and in 
in ants with repeated in ections or those who are  ed 
solely on goats’ milk, which has a low  olate content.

MALABSORPTION
Malabsorption o  dietary  olate occurs in tropical sprue 
and in gluten-induced enteropathy. In the rare con-
genital recessive syndrome o  selective malabsorption 
o   olate due to mutation o  the proton-coupled  olate 
transporter (PCF ), there is an associated de ect o  
 olate transport into the cerebrospinal f uid, and these 
patients show megaloblastic anemia, which responds to 
physiologic doses o   olic acid given parenterally but not 
orally. T ey also show mental retardation, convulsions, 
and other central nervous system abnormalities. Minor 
degrees o  malabsorption may also occur a er jejunal 

TABLE 9 -5  
CAUSES OF FOLATE DEFICIENCY
Dietarya

 Particularly in: old age, in ancy, poverty, alcoholism, chronic 
invalids, and the psychiatrically disturbed; may be associ-
ated with scurvy or kwashiorkor

Malabsorption
Major causes o  de ciency

Tropical sprue, gluten-induced enteropathy in children 
and adults, and in association with dermatitis  
herpeti ormis, speci c malabsorption o   olate, intestinal 
megaloblastosis caused by severe cobalamin or  olate 
de ciency

Minor causes o  de ciency
Extensive jejunal resection, Crohn’s disease, partial  
gastrectomy, congestive heart  ailure, Whipple’s disease, 
scleroderma, amyloid, diabetic enteropathy, systemic  
bacterial in ection, lymphoma, sul asalazine (Salazopyrin)

Excess utilization or loss
Physiologic

Pregnancy and lactation, prematurity
Pathologic

Hematologic diseases: chronic hemolytic anemias, sickle 
cell anemia, thalassemia major, myelo brosis

Malignant diseases: carcinoma, lymphoma, leukemia, 
myeloma

Inf ammatory diseases: tuberculosis, Crohn’s disease,  
psoriasis, ex oliative dermatitis, malaria

Metabolic disease: homocystinuria
Excess urinary loss: congestive heart  ailure, active liver 
disease

Hemodialysis, peritoneal dialysis
Anti olate drugsb

Anticonvulsant drugs (phenytoin, primidone, barbiturates), 
sul asalazine

Nitro urantoin, tetracycline, antituberculosis (less well 
documented)

Mixed causes
Liver diseases, alcoholism, intensive care units

aIn severely  olate-de cient patients with causes other than those listed 
under Dietary, poor dietary intake is o ten present.
bDrugs inhibiting dihydro olate reductase are discussed in the text.

resection or partial gastrectomy, in Crohn’s disease, and 
in systemic in ections, but in these conditions, i  severe 
de ciency occurs, it is usually largely due to poor nutri-
tion. Malabsorption o   olate has been described in 
patients receiving sul asalazine (Salazopyrin), cholestyr-
amine, and triamterene.

EXCESS UTILIZATION OR LOSS
Pregna ncy

Folate requirements are increased by 200–300 µg to 
~400 µg daily in a normal pregnancy, partly because o  
trans er o  the vitamin to the  etus but mainly because 
o  increased  olate catabolism due to cleavage o   olate 
coenzymes in rapidly proli erating tissues. Megaloblastic 
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107anemia due to this de ciency is prevented by prophylac-
tic  olic acid therapy. It occurred in 0.5% o  pregnancies 
in the UK and other Western countries be ore prophy-
laxis with  olic acid, but the incidence is much higher in 
countries where the general nutritional status is poor.

Prema turity

A newborn in ant, whether  ull term or premature, has 
higher serum and red cell  olate concentrations than 
does an adult. However, a newborn in ant’s demand  or 
 olate has been estimated to be up to 10 times that o  
adults on a weight basis, and the neonatal  olate level 
 alls rapidly to the lowest values at about 6 weeks o  age. 
T e  alls are steepest and are liable to reach subnormal 
levels in premature babies, a number o  whom develop 
megaloblastic anemia responsive to  olic acid at about 
4–6 weeks o  age. T is occurs particularly in the small-
est babies (<1500 g birth weight) and those who have 
 eeding di culties or in ections or have undergone 
multiple exchange trans usions. In these babies, pro-
phylactic  olic acid should be given.

Hema tologic d isorders

Folate de ciency  requently occurs in chronic hemo-
lytic anemia, particularly in sickle cell disease, autoim-
mune hemolytic anemia, and congenital spherocytosis. 
In these and other conditions o  increased cell turnover 
(e.g., myelo brosis, malignancies),  olate de ciency arises  
because it is not completely reutilized a er per orming 
coenzyme  unctions.

Inf a mma tory conditions

Chronic inf ammatory diseases such as tuberculosis, 
rheumatoid arthritis, Crohn’s disease, psoriasis, ex o-
liative dermatitis, bacterial endocarditis, and chronic 
bacterial in ections cause de ciency by reducing the 
appetite and increasing the demand  or  olate. Sys-
temic in ections also may cause malabsorption o   olate. 
Severe de ciency is virtually con ned to the patients 
with the most active disease and the poorest diet.

Homocystinuria

T is is a rare metabolic de ect in the conversion o  
homocysteine to cystathionine. Folate de ciency occur-
ring in most o  these patients may be due to excessive 
utilization because o  compensatory increased conver-
sion o  homocysteine to methionine.

Long-term dia lysis

Because  olate is only loosely bound to plasma proteins, 
it is easily removed  rom plasma by dialysis. In patients 
with anorexia, vomiting, in ections, and hemolysis, 

 olate stores are particularly likely to become depleted. 
Routine  olate prophylaxis is now given.

Congestive hea rt   a ilure, liver d isea se

Excess urinary  olate losses o  >100 µg per day may 
occur in some o  these patients. T e explanation appears 
to be release o   olate  rom damaged liver cells.

ANTIFOLATE DRUGS
A large number o  epileptics who are receiving long-
term therapy with phenytoin or primidone, with or 
without barbiturates, develop low serum and red cell 
 olate levels. T e exact mechanism is unclear. Alco-
hol may also be a  olate antagonist, as patients who 
are drinking spirits may develop megaloblastic anemia 
that will respond to normal quantities o  dietary  olate 
or to physiologic doses o   olic acid only i  alcohol is 
withdrawn. Macrocytosis o  red cells is associated with 
chronic alcohol intake even when  olate levels are nor-
mal. Inadequate  olate intake is the major  actor in the 
development o  de ciency in spirit-drinking alcoholics. 
Beer is relatively  olate-rich in some countries, depend-
ing on the technique used  or brewing.

T e drugs that inhibit DHF reductase include metho-
trexate, pyrimethamine, and trimethoprim. Methotrexate 
has the most power ul action against the human enzyme, 
whereas trimethoprim is most active against the bacte-
rial enzyme and is likely to cause megaloblastic anemia 
only when used in conjunction with sul amethoxazole in 
patients with preexisting  olate or cobalamin de ciency. 
T e activity o  pyrimethamine is intermediate. T e anti-
dote to these drugs is  olinic acid (5- ormyl- HF).

CONGENITAL ABNORMALITIES OF FOLATE 
METABOLISM
Some in ants with congenital de ects o   olate enzymes 
(e.g., cyclohydrolase or methionine synthase) have had 
megaloblastic anemia.

DIAGNOSIS OF COBALAMIN AND 
FOLATE DEFICIENCIES

T e diagnosis o  cobalamin or  olate de ciency has tra-
ditionally depended on the recognition o  the relevant 
abnormalities in the peripheral blood and analysis o  
the blood levels o  the vitamins.

COBALAMIN DEFICIENCY
Serum coba la min

T is is measured by an automated enzyme-linked 
immunosorbent assay (ELISA) or competitive-binding 
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108 luminescence assay (CBLA). Normal serum levels range 
 rom 118–148 pmol/L (160–200 ng/L) to ~738 pmol/L 
(1000 ng/L). In patients with megaloblastic anemia due 
to cobalamin de ciency, the level is usually <74 pmol/L 
(100 ng/L). In general, the more severe the de ciency, 
the lower is the serum cobalamin level. In patients with 
spinal cord damage due to the de ciency, levels are very 
low even in the absence o  anemia. Values between 74 
and 148 pmol/L (100 and 200 ng/L) are regarded as 
borderline. T ey may occur,  or instance, in pregnancy, 
in patients with megaloblastic anemia due to  olate de -
ciency. T ey may also be due to heterozygous, homo-
zygous, or compound heterozygous mutations o  the 
gene TCN1 that codes  or haptocorrin (transcobala-
min I). T ere is no clinical or hematologic abnormality. 
T e serum cobalamin level is su ciently robust, cost-
e ective, and most convenient to rule out cobalamin 
de ciency in the vast majority o  patients suspected o  
having this problem. However, problems have arisen 
with commercial CBLA assays involving intrinsic  actor 
in PA patients with intrinsic antibodies in serum. T ese 
antibodies may cause  alse normal serum vitamin B12 
levels in up to 50% o  cases tested. Where clinical indi-
cations o  PA are strong, a normal serum vitamin B12 
does not rule out the diagnosis. Serum MMA levels will 
be elevated in PA (see below).

Serum methylma lona te a nd homocysteine

In patients with cobalamin de ciency su cient to cause 
anemia or neuropathy, the serum MMA level is raised. 
Sensitive methods  or measuring MMA and homocys-
teine in serum have been introduced and recommended 
 or the early diagnosis o  cobalamin de ciency, even in 
the absence o  hematologic abnormalities or subnormal 
levels o  serum cobalamin. Serum MMA levels f uctu-
ate, however, in patients with renal  ailure. Mildly ele-
vated serum MMA and/or homocysteine levels occur in 
up to 30% o  apparently healthy volunteers, with serum 
cobalamin levels up to 258 pmol/L (350 ng/L) and nor-
mal serum  olate levels; 15% o  elderly subjects, even 
with cobalamin levels >258 pmol/L (>350 ng/L), have 
this pattern o  raised metabolite levels. T ese  ndings 
bring into question the exact cuto  points  or normal 
MMA and homocysteine levels. It is also unclear at 
present whether these mildly raised metabolite levels 
have clinical consequences.

Serum homocysteine is raised in both early cobala-
min and  olate de ciency but may be raised in other 
conditions, e.g., chronic renal disease, alcoholism, 
smoking, pyridoxine de ciency, hypothyroidism, and 
therapy with steroids, cyclosporine, and other drugs. 
Levels are also higher in serum than in plasma, in men 
than in premenopausal women, in women taking hor-
mone replacement therapy or in oral contraceptive 
users, and in elderly persons and patients with several 

inborn errors o  metabolism a ecting enzymes in trans-
sul uration pathways o  homocysteine metabolism. 
T us, homocysteine levels must be care ully interpreted 
 or diagnosis o  cobalamin or  olate de ciency.

Tests  o r the ca use o   coba la min de ciency

Only vegans, strict vegetarians, or people living on a 
totally inadequate diet will become vitamin B12 de -
cient because o  inadequate intake. Studies o  cobala-
min absorption once were widely used, but di culty 
in obtaining radioactive cobalamin and ensuring that 
IF preparations are  ree o  viruses has made these tests 
obsolete.  ests to diagnose PA include serum gastrin, 
which is raised; serum pepsinogen I, which is low in 
PA (90–92%) but also in other conditions; and gas-
tric endoscopy.  ests  or IF and parietal cell antibodies 
are also used, as well as tests  or individual intestinal 
diseases.

FOLATE DEFICIENCY
Serum  o la te

T is is also measured by an ELISA technique. In most 
laboratories, the normal range is  rom 11 nmol/L  
(2 µg/L) to ~82 nmol/L (15 µg/L). T e serum  olate 
level is low in all  olate-de cient patients. It also ref ects 
recent diet. Because o  this, serum  olate may be low 
be ore there is hematologic or biochemical evidence o  
de ciency. Serum  olate rises in severe cobalamin de -
ciency because o  the block in conversion o  M HF to 
 HF inside cells; raised levels have also been reported 
in the intestinal stagnant loop syndrome due to absorp-
tion o  bacterially synthesized  olate.

Red cell  o la te

T e red cell  olate assay is a valuable test o  body  olate 
stores. It is less a ected than the serum assay by recent 
diet and traces o  hemolysis. In normal adults, concen-
trations range  rom 880–3520 µmol/L (160–640 µg/L) 
o  packed red cells. Subnormal levels occur in patients 
with megaloblastic anemia due to  olate de ciency 
but also in nearly two-thirds o  patients with severe 
cobalamin de ciency. False-normal results may occur 
i  a  olate-de cient patient has received a recent blood 
trans usion or i  a patient has a raised reticulocyte 
count. Serum homocysteine assay is discussed earlier.

Tests  or the ca use o    o la te  de ciency

T e diet history is important.  ests  or transglutaminase 
antibodies are per ormed to con rm or exclude celiac 
disease. I  positive, duodenal biopsy is needed. An 
underlying disease causing increased  olate breakdown 
should also be excluded.
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TREATMENT Cobalamin and Folate Defciency

It is usually possible to establish which o  the two de cien-
cies,  olate or cobalamin, is the cause o  the anemia and to 
treat only with the appropriate vitamin. In patients who enter 
the hospital severely ill, however, it may be necessary to treat 
with both vitamins in large doses once blood samples have 
been taken  or cobalamin and  olate assays and a bone mar-
row biopsy has been per ormed (i  deemed necessary).  rans-
 usion is usually unnecessary and inadvisable. I  it is essential, 
packed red cells should be given slowly, one or two units only, 
with the usual treatment  or heart  ailure i  present. Potas-
sium supplements have been recommended to obviate the 
danger o  the hypokalemia but are not necessary. Occasion-
ally, an excessive rise in platelets occurs a er 1–2 weeks o  
therapy. Antiplatelet therapy, e.g., aspirin, should be consid-
ered i  the platelet count rises to >800 × 109/L.

COBALAMIN DEFICIENCY It is usually necessary to treat patients 
who have developed cobalamin de ciency with li elong 
regular cobalamin injections. In the UK, the  orm used is 
hydroxocobalamin; in the United States, cyanocobalamin. In 
a  ew instances, the underlying cause o  cobalamin de ciency 
can be permanently corrected, e.g.,  sh tapeworm, tropi-
cal sprue, or an intestinal stagnant loop that is amenable to 
surgery. T e indications  or starting cobalamin therapy are a 
well-documented megaloblastic anemia or other hematologic 
abnormalities and neuropathy due to the de ciency. Patients 
with borderline serum cobalamin levels but no hematologic 
or other abnormality may be  ollowed to make sure that the 
cobalamin de ciency does not progress (see below). I  mal-
absorption o  cobalamin or rises in serum MMA levels have 
been demonstrated, however, these patients also should be 
given regular maintenance cobalamin therapy. Cobalamin 
should be given routinely to all patients who have had a total 
gastrectomy or ileal resection. Patients who have undergone 
gastric reduction  or control o  obesity or who are receiving 
long-term treatment with proton pump inhibitors should be 
screened and, i  necessary, given cobalamin replacement.

Replenishment o  body stores should be complete with 
six 1000-µg IM injections o  hydroxocobalamin given at 
3- to 7-day intervals. More  requent doses are usually used 
in patients with cobalamin neuropathy, but there is no evi-
dence that they produce a better response. Allergic reactions 
are rare and may require desensitization or antihistamine 
or glucocorticoid cover. For maintenance therapy, 1000 µg 
hydroxocobalamin IM once every 3 months is satis actory. 
Because o  the poorer retention o  cyanocobalamin, protocols 
generally use higher and more  requent doses, e.g., 1000 µg 
IM, monthly,  or maintenance treatment.

Because a small  raction o  cobalamin can be absorbed 
passively through mucous membranes even when there is 
complete  ailure o  physiologic IF-dependent absorption, 
large daily oral doses (1000–2000 µg) o  cyanocobalamin 
have been used in PA  or replacement and maintenance o  
normal cobalamin status in, e.g.,  ood malabsorption o  

cobalamin. Sublingual therapy has also been proposed  or 
those in whom injections are di cult because o  a bleed-
ing tendency and who may not tolerate oral therapy. I  oral 
therapy is used, it is important to monitor compliance, par-
ticularly with elderly,  orget ul patients. T is author pre ers 
parenteral therapy  or initial treatment, particularly in severe 
anemia or i  a neuropathy is present, and  or maintenance.

For treatment o  patients with subnormal serum vitamin 
B12 (B12) levels with a normal MCV and no hypersegmenta-
tion o  neutrophils, a negative IF antibody test in the absence 
o  tests o  B12 absorption is problematic. Some (perhaps 15%) 
cases may be due to  C I (HC) de ciency. Homocysteine 
and/or MMA measurements may help, but in the absence o  
these tests and with otherwise normal gastrointestinal  unc-
tion, repeat serum B12 assay a er 6–12 months may help one 
decide whether to start cobalamin therapy.

Vitamin B12 injections are used in a wide variety o  dis-
eases, o en neurologic, despite normal serum B12 and  olate 
levels and a normal blood count and in the absence o  ran-
domized, double-blind, controlled trials. T ese conditions 
include multiple sclerosis and chronic  atigue syndrome/
myalgic encephalomyelitis (ME). It seems probable that any 
bene t is due to the placebo e ect o  a usually painless, pink 
injection. In ME, oral B12 therapy, despite providing equally 
large amounts o  B12, has not been bene cial, supporting the 
view o  the e ect o  the injections being placebo only.

FOLATE DEFICIENCY Oral doses o  5–15 mg  olic acid daily 
are satis actory, as su cient  olate is absorbed  rom these 
extremely large doses even in patients with severe malabsorp-
tion. T e length o  time therapy must be continued depends 
on the underlying disease. It is customary to continue ther-
apy  or about 4 months, when all  olate-de cient red cells 
will have been eliminated and replaced by new  olate-replete 
populations.

Be ore large doses o   olic acid are given, cobalamin de -
ciency must be excluded and, i  present, corrected; otherwise 
cobalamin neuropathy may develop despite a response o  the 
anemia o  cobalamin de ciency to  olate therapy. Studies in 
the United States, however, suggest that there is no increase 
in the proportion o  individuals with low serum cobalamin 
levels and no anemia since  ood  orti cation with  olic acid, 
but it is unknown i  there has been a change in incidence o  
cobalamin neuropathy.

Long-term  olic acid therapy is required when the under-
lying cause o  the de ciency cannot be corrected and the 
de ciency is likely to recur, e.g., in chronic dialysis or hemo-
lytic anemias. It may also be necessary in gluten-induced 
enteropathy that does not respond to a gluten- ree diet. 
Where mild but chronic  olate de ciency occurs, it is pre er-
able to encourage improvement in the diet a er correcting 
the de ciency with a short course o   olic acid. In any patient 
receiving long-term  olic acid therapy, it is important to mea-
sure the serum cobalamin level at regular (e.g., once-yearly) 
intervals to exclude the coincidental development o  cobala-
min de ciency.

09_Hematology_ch09_p096-110.indd   109  05/08/16   3:34 PM



S

E

C

T

I

O

N

 

I

I

I

A

n

e

m

i

a

s

110 Folinic Acid (5-Formyl-THF) T is is a stable  orm o   ully reduced 
 olate. It is given orally or parenterally to overcome the toxic 
e ects o  methotrexate or other DHF reductase inhibitors, 
e.g., trimethoprim or cotrimoxazole.

PROPHYLACTIC FOLIC ACID Prophylactic  olic acid is used in 
chronic dialysis patients and in parenteral  eeds. Prophylactic 
 olic acid has been used to reduce homocysteine levels to pre-
vent cardiovascular disease and  or cognitive  unction in the 
elderly, but there are no  rm data to show any bene t.

Pregnancy In over 70 countries (but none in Europe),  ood 
is  orti ed with  olic acid (in grain or f our) to reduce the 
risk o  N Ds. Nevertheless,  olic acid, 400 µg daily, should 
be given as a supplement be ore and throughout pregnancy 
to prevent megaloblastic anemia and reduce the incidence 
o  N Ds, even in countries with  orti cation o  the diet. T e 
levels o   orti cation provide up to 400 µg daily on aver-
age in Chile, but in most countries, it is nearer to 200 µg, 
so periconceptual  olic acid is still needed. Studies in early 
pregnancy show signi cant lack o  compliance with the  olic 
acid supplements, emphasizing the bene t o   ood  orti ca-
tion. Supplemental  olic acid reduces the incidence o  birth 
de ects in babies born to diabetic mothers. In women who 
have had a previous  etus with an N D, 5 mg daily is recom-
mended when pregnancy is contemplated and throughout 
the subsequent pregnancy.

Infancy and Childhood T e incidence o   olate de ciency is 
so high in the smallest premature babies during the  rst 
6 weeks o  li e that  olic acid (e.g., 1 mg daily) should be 
given routinely to those weighing <1500 g at birth and to 
larger premature babies who require exchange trans usions 
or develop  eeding di culties, in ections, or vomiting and 
diarrhea.

T e World Health Organization currently recommends 
routine supplementation with iron and  olic acid in children 
in countries where iron de ciency is common and child mor-
tality, largely due to in ectious diseases, is high. However, 
some studies suggest that in areas where malaria rates are 
high, this approach may increase the incidence o  severe ill-
ness and death. Even where malaria is rare, there appears to 
be no survival bene t.

MEGALOBLASTIC ANEMIA NOT DUE TO 
COBALAMIN OR FOLATE DEFICIENCY 
OR ALTERED METABOLISM

T is may occur with many antimetabolic drugs (e.g., 
hydroxyurea, cytosine arabinoside, 6-mercaptopurine) 
that inhibit DNA replication. Antiviral nucleoside ana-
logues used in treatment o  HIV in ection may also 
cause macrocytosis and megaloblastic marrow changes. 
In the rare disease orotic aciduria, two consecutive 
enzymes in purine synthesis are de ective. T e condi-
tion responds to therapy with uridine, which bypasses 
the block. In thiamine-responsive megaloblastic ane-
mia, there is a genetic de ect in the high-a nity thia-
mine transport (SLC19A2) gene. T is causes de ective 
RNA ribose synthesis through impaired activity o  tran-
sketolase, a thiamine-dependent enzyme in the pentose 
cycle. T is leads to reduced nucleic acid production. It 
may be associated with diabetes mellitus and dea ness 
and the presence o  many ringed sideroblasts in the 
marrow. T e explanation is unclear  or megaloblas-
tic changes in the marrow in some patients with acute 
myeloid leukemia and myelodysplasia.
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CHAP TER 1 0

Lucio  Luzzatto  

DEFINITIONS
A   ite li e  p   i    di ti  t    r  teri ti  o  red  ell . 
He  e,   logi  l, time- o ored  l   i   tio  o    e-
mi   i  i  t ree group : (1) de re  ed produ tio  o  
red  ell , (2) i  re  ed de tru tio  o  red  ell ,   d (3) 
  ute blood lo  . De re  ed produ tio  i   overed i  
Chaps. 7, 9, and 11; i  re  ed de tru tio    d   ute 
blood lo    re  overed i  t i     pter.

All p tie t  w o  re   emi       re ult o  eit er 
i  re  ed de tru tio  o  red  ell  or   ute blood lo   
  ve o e import  t eleme t i   ommo : t e   emi  
re ult   rom over o  umptio  o  red  ell   rom t e 
perip er l blood, w ere   t e  upply o   ell   rom t e 
bo e m rrow i   orm l (i deed, it i  u u lly i  re  ed). 
O  t e ot er    d, t e e two group  di er i  t  t p y -
i  l lo   o  red  ell   rom t e blood tre m or from t e 
body it el ,    i    ute  emorr  ge, i   u d me t lly 
di ere t  rom de tru tio  o  red  ell  within t e body, 
   i   emolyti    emi  . T ere ore, t e  li i  l   pe t  
  d p t op y iology o    emi  i  t e e two group  o  
p tie t   re quite di ere t,   d t ey will be  o  idered 
 ep r tely.

HEMOLYTIC ANEMIAS
Wit  re pe t to prim ry etiology,   emi   due to 
i  re  ed de tru tio  o  red  ell , w i   we k ow    
 emolyti    emi   (HA ), m y be inherited or acquired; 
 rom    li i  l poi t o  view, t ey m y be more acute 
or more chronic,   d t ey m y v ry  rom mild to very 
 evere; t e  ite o   emoly i  m y be predomi   tly 
intravascular or extravascular. Wit  re pe t to me   -
 i m , HA  m y be due to intracorpuscular   u e  or 
to extracorpuscular   u e  (Table 10-1). But be ore 
reviewi g t e i dividu l type  o  HA, it i   ppropri te 
to  o  ider w  t t ey   ve i   ommo .

GENERAL CLINICAL AND LABORATORY 
FEATURES
T e  li i  l pre e t tio  o    p tie t wit    emi  i  
gre tly i  ue  ed i  t e  r t pl  e by w et er t e 
o  et i   brupt or gr du l,   d HA   re  o ex eptio . A 
p tie t wit   utoimmu e HA or wit    vi m m y be   
medi  l emerge  y, w ere     p tie t wit  mild  eredi-
t ry  p ero yto i  or wit   old  ggluti i  di e  e m y 
be di g o ed   er ye r . T i  i  due i  l rge me  ure to 
t e rem rk ble  bility o  t e body to  d pt to   emi  
w e  it i   lowly progre  i g (Chap. 2).

HEMOLYTIC ANEMIAS AND ANEMIA  
DUE TO ACUTE BLOOD LOSS

TABLE 10 -1  
CLASSIFICATION OF HEMOLYTIC ANEMIASa

INTRACORPUSCULAR 
DEFECTS

EXTRACORPUSCULAR 
FACTORS

Hereditary  Hemoglobinopathies
Enzymopathies
Membrane-cytoskeletal 
de ects

Familial (atypical) 
hemolytic-uremic 
syndrome

Acquired  Paroxysmal nocturnal 
hemoglobinuria 
(PNH)

Mechanical destruction 
(microangiopathic)

Toxic agents
Drugs
In ectious
Autoimmune

aHereditary causes correlate with intracorpuscular de ects, because these 
de ects are due to inherited mutations; the one exception is PNH, because 
the de ect is due to an acquired somatic mutation. Similarly, acquired 
causes correlate with extracorpuscular  actors, because mostly these  ac-
tors are exogenous; the one exception is  amilial hemolytic-uremic syn-
drome (HUS; o ten re erred to as atypical HUS), because here an inherited 
abnormality allows complement activation to be excessive, with bouts o  
production o  membrane attack complex capable o  destroying normal 
red cells.
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W  t di ere ti te  HA   rom ot er   emi   i  t  t 
t e p tie t      ig     d  ymptom   ri i g dire tly 
 rom  emoly i  (Table 10-2). At t e  li i  l level, t e 
m i   ig  i  jaundice; i   dditio , t e p tie t m y 
report di  olor tio  o  t e uri e. I  m  y    e  o  HA, 
t e  plee  i  e l rged, be  u e it i    pre ere ti l  ite o  
 emoly i ;   d i   ome    e , t e liver m y be e l rged 
   well. I   ll  evere  o ge it l  orm  o  HA, t ere m y 
 l o be  kelet l     ge  due to over  tivity o  t e bo e 
m rrow ( lt oug  t ey  re  ever     evere    t ey  re i  
t  l   emi ).

T e l bor tory  e ture  o  HA  re rel ted to  emoly-
 i  per  e   d t e eryt ropoieti  re po  e o  t e bo e 
m rrow. Hemoly i  regul rly produ e     i  re  e i  
u  o jug ted bilirubi    d   p rt te  mi otr    er  e 
(AS ) i  t e  erum; urobili oge  will be i  re  ed i  
bot  uri e   d  tool. I   emoly i  i  m i ly i tr v   u-
l r, t e tellt le  ig  i   emoglobi uri  (o e     o i ted 
wit   emo ideri uri ); i  t e  erum, t ere i   emo-
globi , l  t te de ydroge   e (LDH) i  i  re  ed,   d 
  ptoglobi  i  redu ed. I   o tr  t, t e bilirubi  level 
m y be  orm l or o ly mildly elev ted. T e m i   ig  
o  t e eryt ropoieti  re po  e by t e bo e m rrow i     
i  re  e i  reti ulo yte  (  te t  ll too o e   egle ted 
i  t e i iti l workup o    p tie t wit    emi ). U u lly 
t e i  re  e will be re e ted i  bot  t e per e t ge o  
reti ulo yte  (t e more  ommo ly quoted  gure)   d 
t e  b olute reti ulo yte  ou t (t e more de  itive 
p r meter). T e i  re  ed  umber o  reti ulo yte  i  
   o i ted wit     i  re  ed me    orpu  ul r vol-
ume (MCV) i  t e blood  ou t. O  t e blood  me r, 
t i  i  re e ted i  t e pre e  e o  m  ro yte ; t ere i  
 l o poly  rom  i ,   d  ometime  o e  ee   u le ted 
red  ell . I  mo t    e ,   bo e m rrow   pir te i   ot 
 e e   ry i  t e di g o ti  workup; i  it i  do e, it will 
  ow eryt roid  yperpl  i . I  pr  ti e, o  e    HA i  
 u pe ted,  pe i   te t  will u u lly be required  or   
de  itive di g o i  o     pe i   type o  HA.

GENERAL PATHOPHYSIOLOGY
T e m ture red  ell i  t e produ t o    developme t l 
p t w y t  t bri g  t e p e ome o  o  di ere ti tio  
to    extreme. A  orderly  eque  e o  eve t  produ e  
 y   ro ou      ge , w ereby t e gr du l    umul -
tio  o     uge  mou t o   emoglobi  i  t e  ytopl  m 
(to      l level o  340 g/L, i.e.,  bout 5 mM) goe     d 
i     d wit  t e gr du l lo   o   ellul r org  elle    d 
o  bio y t eti   bilitie . I  t e e d, t e eryt roid  ell 
u dergoe    pro e   t  t      e ture  o   popto i , 
i  ludi g  u le r pyk o i    d   tu l lo   o  t e  u leu . 
However, t e    l re ult i  more  ltrui ti  t     ui id l; 
t e  ytopl  mi  body, i  te d o  di i tegr ti g, i   ow 
 ble to provide oxyge  to  ll  ell  i  t e  um   org  i m 
 or  ome rem i i g 120 d y  o  t e red  ell li e  p  .

A    re ult o  t i  u ique pro e   o  di ere ti tio  
  d m tur tio , i termedi ry met boli m i  dr  ti  lly 
 urt iled i  m ture red  ell  (Fig. 10-1);  or i  t   e, 
 yto  rome-medi ted oxid tive p o p oryl tio      
bee  lo t wit  t e lo   o  mito  o dri  (t roug    pro-
 e   o  p y iologi   utop  gy); t ere ore, t ere i   o 
b  kup to    erobi  gly oly i , w i   i  t e red  ell 
i  t e o ly provider o   de o i e trip o p  te (A P). 
Al o t e   p  ity o  m ki g protei      bee  lo t wit  
t e lo   o  ribo ome . T i  pl  e  t e  ell’  limited met-
 boli   pp r tu   t ri k, be  u e i    y protei   om-
po e t deterior te , it     ot be repl  ed,    it would 
be i  mo t ot er  ell ;   d i     t t e   tivity o  mo t 
e zyme  gr du lly de re  e     red  ell   ge. At t e 
  me time, duri g t eir lo g time i   ir ul tio , v riou  
red  ell  ompo e t  i evit bly    umul te d m ge; i  
 e e  e t red  ell , t e membr  e protei  b  d 3 mol-
e ule  ( ee below   d Fig. 10-1),   vi g bou d  emi-
  rome  o  t eir i tr  ellul r dom i  , te d to  lu ter. 
Now t ey bi d   ti–b  d 3 IgG   tibodie  (pre e t 
i  mo t people)   d C3  ompleme t  r gme t ; t u  
t ey be ome op o ized   d  re eve tu lly removed by 
p  go yto i  i  t e reti uloe dot eli l  y tem.

A ot er  o  eque  e o  t e rel tive  impli ity o  
red  ell  i  t  t t ey   ve   very limited r  ge o  w y  
to m  i e t di tre   u der   rd  ip; i  e  e  e,   y  ort 
o  met boli    ilure will eve tu lly le d eit er to  tru -
tur l d m ge to t e membr  e or to   ilure o  t e   t-
io  pump. I  eit er    e, t e li e  p   o  t e red  ell i  
redu ed, w i   i  t e de  itio  o    hemolytic disorder. 
I  t e r te o  red  ell de tru tio  ex eed  t e   p  ity o  
t e bo e m rrow to produ e more red  ell , t e  emo-
lyti  di order will m  i e t    HA.

T u , t e e  e ti l p t op y iologi  pro e    om-
mo  to  ll HA  i     i  re  ed red  ell tur over;   d 
i  m  y HA , t i  i  due  t le  t i  p rt to       el-
er tio  o  t e  e e  e  e pro e   de  ribed  bove. T e 
gold  t  d rd  or provi g t  t t e li e  p   o  red  ell  
i  redu ed ( omp red to t e  orm l v lue o   bout 120 
d y ) i    red cell survival  tudy, w i       be   rried 

TABLE 10-2  
FEATURES COMMON TO MOST PATIENTS WITH A 
HEMOLYTIC DISORDER
General examination  Jaundice, pallor
Other physical  ndings  Spleen may be enlarged; bossing o  

skull in severe congenital cases
Hemoglobin level  From normal to severely reduced
MCV, MCH  Usually increased
Reticulocytes  Increased
Bilirubin  Increased (mostly unconjugated)
LDH  Increased (up to 10 time normal 

with intravascular hemolysis)
Haptoglobin  Reduced to absent (i  hemolysis in 

part intravascular)

Abbrevia tions: LDH, lactate dehydrogenase; MCH, mean corpuscular  
hemoglobin; MCV, mean corpuscular volume.
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out by l beli g t e red  ell  wit  51Cr   d me  uri g 
re idu l r dio  tivity over  ever l d y  or week :  ow-
ever, t i   l   i  te t i   ow  v il ble i  very  ew  e -
ter ,   d it i  r rely  e e   ry. I  t e  emolyti  eve t 
i  tr   ie t, it doe   ot u u lly   u e   y lo g-term 
 o  eque  e , ex ept  or    i  re  ed requireme t  or 
eryt ropoieti     tor , p rti ul rly  oli    id. However, 
i   emoly i  i  re urre t or per i te t, t e i  re  ed 
bilirubi  produ tio    vor  t e  orm tio  o  g ll-
 to e . I     o  ider ble proportio  o   emoly i  t ke  
pl  e i  t e  plee ,    i  o e  t e    e,  ple omeg ly 
m y be ome i  re  i gly    e ture,   d  yper ple -
i m m y develop, wit   o  eque t  eutrope i    d/or 
t rombo ytope i .

glucose  phospha te
isomerase

glucose

hexokinase
ATP
ADP

glucose-6-phospha te

fructose-6-phospha te
ATP
ADP

phosphofructokinase

fructose-1, 6-diphospha te

a ldolase

glyce ra ldehyde-3-phospha te

NAD+ glycera ldehyde  3-phospha te
dehydrogenase

HbFe2+

1,3-bisphosphoglycera te
ADP
ATP

phosphoglyce ra te
kinase

3-phosphoglycera te

3-phosphoglyce ra te
mutase

2-phosphoglycera te

enolase

phosphoenolpyruva te

pyruvate  kinaseADP

ATP
pyruva te

lacta te
dehydrogenase

Embden-Meyerhof pathway

NADHHbFe3+

NADH

NAD+

lacta te

GSH GSSG

NADPHNADP +

6-phosphoglucona te

2,3-bisphosphoglyce ra te  mutase

2,3-bisphosphoglyce ra te  phospha tase

Gluta thione
reductase

Hexos e  monophos phate  s hunt

G6PD

2,3-bisphosphoglycera te

FIGURE 10 -1  
Red  b lo od  ce ll  RBC  m etab o lism . The Embden-Meyerho  
pathway (glycolysis) generates ATP  or energy and membrane 
maintenance. The generation o  NADPH maintains hemoglobin 
in a reduced state. The hexose monophosphate shunt generates 
NADPH that is used to reduce glutathione, which protects the 
red cell against oxidant stress. Regulation o  2,3-bisphosphoglyc-
erate levels is a critical determinant o  oxygen a nity o  hemo-
globin. Enzyme de ciency states in order o  prevalence: glucose 
6-phosphate dehydrogenase (G6PD) > pyruvate kinase > glucose-
6-phosphate isomerase > rare de ciencies o  other enzymes in the 
pathway. The more common enzyme de ciencies are encircled.

T e i  re  ed red  ell tur over  l o     met boli  
 o  eque  e . I   orm l  ubje t , t e iro   rom e ete 
red  ell  i  very ef  ie tly re y led by t e body;  ow-
ever, wit    ro i  i tr v   ul r  emoly i , t e per-
 i te t  emoglobi uri  will   u e  o  ider ble iro  
lo  ,  eedi g repl  eme t. Wit    ro i  extr v   ul r 
 emoly i , t e oppo ite problem, iro  overlo d, i  more 
 ommo , e pe i lly i  t e p tie t  eed   reque t blood 
tr    u io  . C ro i  iro  overlo d will   u e  e o d-
 ry  emo  rom to i ; t i  will   u e d m ge p rti u-
l rly to t e liver, eve tu lly le di g to  irr o i ,   d to 
t e  e rt mu  le, eve tu lly   u i g  e rt   ilure.

Compensa ted hemolysis versus hemolytic a nemia

Red  ell de tru tio  i    pote t  timulu   or eryt ropoi-
e i , w i   i  medi ted by eryt ropoieti  (EPO) pro-
du ed by t e kid ey. T i  me    i m i   o e e tive t  t 
i  m  y    e  t e i  re  ed output o  red  ell   rom t e 
bo e m rrow      ully b l   e    i  re  ed de tru tio  
o  red  ell . I   u      e , we   y t  t  emoly i  i  com-
pensated. T e p t op y iology o   ompe   ted  emoly i  
i   imil r to w  t we   ve ju t de  ribed, ex ept t ere 
i   o   emi . T i   otio  i  import  t  rom t e di g-
 o ti  poi t o  view, be  u e   p tie t wit     emolyti  
 o ditio , eve     i  erited o e, m y pre e t wit out 
  emi ;   d it i   l o import  t  rom t e poi t o  view 
o  m   geme t, be  u e  ompe   ted  emoly i  m y 
be ome “de ompe   ted,” i.e.,   emi  m y  udde ly  ppe r, 
i   ert i   ir um t   e ,  or i  t   e i  preg    y,  
 ol te de  ie  y, or re  l   ilure i ter eri g wit   dequ te 
EPO produ tio . A ot er ge er l  e ture o    ro i  
HA  i   ee  w e    y i ter urre t  o ditio ,  u      
     ute i  e tio , depre  e  eryt ropoie i . W e  t i  
  ppe  , i  view o  t e i  re  ed r te o  red  ell tur -
over, t e e e t will be predi t bly mu   more m rked 
t    i    per o  w o doe   ot   ve  emoly i . T e 
mo t dr m ti  ex mple i  i  e tio  by p rvoviru  B19, 
w i   m y   u e   r t er pre ipitou    ll i   emoglobi —
   o  urre  e  ometime  re erred to    aplastic crisis.

INHERITED HEMOLYTIC ANEMIAS
T ere  re t ree e  e ti l  ompo e t  i  t e red  ell: (1) 
 emoglobi , (2) t e membr  e- yto keleto   omplex, 
  d (3) t e met boli  m   i ery  e e   ry to keep 
 emoglobi    d t e membr  e- yto keleto   omplex 
i  worki g order. Di e  e    u ed by  b orm litie  o  
 emoglobi , or  emoglobi op t ie ,  re  overed i  
Chap. 8. Here we will de l wit  di e  e  o  t e ot er 
two  ompo e t .

Hemolytic a nemia s due to  a bnorma lit ies of the 
membra ne-cytoskeleton complex

T e det iled  r  ite ture o  t e red  ell membr  e i  
 omplex, but it  b  i  de ig  i  rel tively  imple (Fig. 10-2). 
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T e lipid bil yer i  orpor te  p o p olipid    d   o-
le terol,   d it i   p   ed by    umber o  protei   t  t 
  ve t eir  ydrop obi  tr   membr  e dom i ( ) 
embedded i  t e membr  e; mo t o  t e e protei   
 l o exte d to bot  t e out ide (extr  ellul r dom i  ) 
  d t e i  ide o  t e  ell ( ytopl  mi  dom i  ). Ot er 
protei    re tet ered to t e membr  e t roug    gly o-
 ylp o p  tidyli o itol (GPI)     or; t e e   ve o ly 
   extr  ellul r dom i ,   d t ey i  lude io       el , 
re eptor   or  ompleme t  ompo e t ,   d re eptor  
 or ot er lig  d . T e mo t  bu d  t red  ell membr  e 
protei    re gly op ori     d t e  o-  lled band 3,    
  io  tr   porter. T e extr  ellul r dom i   o  m  y 
o  t e e protei    re  e vily gly o yl ted,   d t ey 
  rry   tige i  determi   t  t  t  orre po d to blood 
group . U der e t  t e membr  e,   d t  ge ti l to it, 
i     etwork o  ot er protei   t  t m ke up t e  yto kel-
eto . T e m i   yto kelet l protei  i   pe tri , t e b  i  
u it o  w i   i    dimer o  α- pe tri    d β- pe tri . 
T e membr  e i  p y i  lly li ked to t e  yto keleto  
by   t ird  et o  protei   (i  ludi g   kyri    d t e  o-
  lled band 4.1   d band 4.2), w i   t u  m ke t e e 
two  tru ture  i tim tely  o  e ted to e    ot er.

T e membr  e- yto keleto   omplex i   o i tegr ted 
t  t,  ot  urpri i gly,     b orm lity o   lmo t   y o  
it   ompo e t  will be di turbi g or di ruptive,   u i g 
 tru tur l   ilure, w i   re ult  ultim tely i   emoly-
 i . T e e  b orm litie   re  lmo t i v ri bly i  erited 
mut tio  ; t u , di e  e  o  t e membr  e- yto keleto  
 omplex belo g to t e   tegory o  i  erited HA . Be ore 

Band 3  Band 3

Rh

RhAG

AChE
CD59

CD55

–

CD47

4.2  GPA

GPC

4.1R
Ankyrin

Se lf-associa tion s ite

Tropomyos in

Adducin

Dematin

Actin protofilament

p55

Tropomodulin

β-Spectrin
α -Spectrin

α  β

FIGURE 10 -2  
Th e  red  ce ll m em b ran e. In this  gure, one sees, within the 
lipid bilayer, several membrane proteins, o  which band 3 (anion 
exchanger 1 [AE1]) is the most abundant; the α-β spectrin dimers 
that associate to  orm most o  the cytoskeleton; and several pro-
teins (e.g., ankyrin) that connect the membrane to the cytoskel-
eton. In addition, as examples o  glycosylphosphatidylinositol 
(GPI)-linked proteins, one sees acetylcholinesterase (AChE) and 
the two complement-regulatory proteins CD59 and CD55. The 

(nonrealistic) shapes o  the protein moieties o  the GPI-linked pro-
teins are meant to indicate that they can be very di erent  rom 
each other and that, unlike with the other membrane proteins 
shown, the entire polypeptide chain is extracellular. Branched 
lines symbolize carbohydrate moiety o  proteins. The molecules 
are obviously not drawn to the same scale. Additional explana-
tions can be  ound in the text. (From N Young et al: Clinical Hema-
tology. Copyright Elsevier, 2006; with permission.)

t e red  ell  ly e, t ey o e  ex ibit more or le    pe-
 i   morp ologi      ge  t  t  lter t e  orm l bi o -
  ve di k    pe. T u , t e m jority o  t e di e  e  i  t i  
group   ve bee  k ow   or over    e tury    hereditary 
spherocytosis   d hereditary elliptocytosis. Over t e p  t 
20 ye r , t eir mole ul r b  i      bee  elu id ted; it     
emerged t  t bot   o ditio        ri e  rom mut tio   
i   ever l ge e  wit   o  ider ble overl p (Fig. 10-3).

EPB41

RHAG

ANK1

EPB42

PIEZ01

SLC2A1

SPTA1SPTB

SLC4A1

HS

HSt

HE

FIGURE 10 -3  
Hered itary spherocytosis  HS , hered itary ellip tocytosis  HE , 
and  hered itary stomatocytosis  HSt  are three morphologically 
distinct  orms o  congenital hemolytic anemia. It has emerged that 
each one can arise  rom mutation o  one o  several genes and that di -
 erent mutations o  the same gene can give one or another  orm. (See 
also Table 10-3.)
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115Hered itary sp herocytosis (HS)
T i  i    rel tively  ommo  type o  ge eti  lly deter-
mi ed HA, wit     e tim ted  reque  y o   t le  t 1 i  
5000. It  ide ti   tio  i   redited to Mi kowk y   d 
C  u  rd, w o,  t t e e d o  t e  i etee t   e tury, 
reported   milie  w o   d t e pre e  e o   umerou  
 p ero yte  i  t e perip er l blood (Fig 10-4A). I  vitro 
 tudie  reve led t  t t e red  ell  were  b orm lly  u -
 eptible to ly i  i   ypoto i  medi ; i deed, t e pre e  e 
o  osmotic fragility be  me t e m i  di g o ti  te t  or 
HS.  od y we k ow t  t HS, t u  de  ed, i  ge eti  lly 
 eteroge eou ; i.e., it      ri e  rom   v riety o  mut -
tio   i  o e o   ever l ge e  (Table 10-3). It     bee  
 l o re og ized t  t t e i  erit   e o  HS i   ot  lw y  
 uto om l domi   t (wit  t e p tie t bei g  eterozy-
gou ); i deed,  ome o  t e mo t  evere  orm   re i  te d 
 uto om l re e  ive (wit  t e p tie t bei g  omozygou ).

Clin ica l p re sen ta t ion  and  d iag n osis
T e  pe trum o   li i  l  everity o  HS i  bro d. Severe 
   e  m y pre e t i  i     y wit   evere   emi , 
w ere   mild    e  m y pre e t i  you g  dult  or eve  
l ter i  li e. T e m i   li i  l   di g   re j u di e,    
e l rged  plee ,   d o e  g ll to e ; i deed, it m y be 
t e   di g o  g ll to e  i    you g per o  t  t trigger  
di g o ti  i ve tig tio  .

T e v ri bility i   li i  l m  i e t tio   t  t i  
ob erved  mo g p tie t  wit  HS i  l rgely due to t e 
di ere t u derlyi g mole ul r le io   (  ble 10-3). 
Not o ly  re mut tio   o   ever l ge e  i volved, but 
 l o i dividu l mut tio   o  t e   me ge e      l o 
give very di ere t  li i  l m  i e t tio  . I  milder 
   e ,  emoly i  i  o e   ompe   ted ( ee  bove), 
  d t i  m y   u e v ri tio  i  time eve  i  t e   me 
p tie t, due to t e    t t  t i ter urre t  o ditio   
(e.g., preg    y, i  e tio ) m y   u e de ompe   tio . 
T e   emi  i  u u lly  ormo yti , wit  t e    r  ter-
i ti  morp ology t  t give  t e di e  e it    me. A  
i  re  ed me    orpu  ul r  emoglobi   o  e tr tio  
(MCHC) o     ordi  ry blood  ou t report   ould 
r i e t e  u pi io  o  HS, be  u e HS i   lmo t t e o ly 
 o ditio  i  w i   t i   b orm lity o  ur . It     bee  
 pp re t  or   lo g time t  t t e  plee  pl y     pe i l 
role i  HS t roug    du l me    i m. O  o e    d, 
like i  m  y ot er HA , t e  plee  it el  i    m jor  ite 
o  de tru tio ; o  t e ot er    d, tr   it t roug  t e 
 ple i   ir ul tio  m ke  t e de e tive red  ell  more 
 p ero yti    d, t ere ore,    eler te  t eir demi e, 
eve  t oug  t  t m y t ke pl  e el ew ere.

W e  t ere i      mily  i tory, it i  u u lly e  y to 
m ke   di g o i  b  ed o   e ture  o  HA   d typi  l 
red  ell morp ology. However, t ere m y be  o   m-
ily  i tory  or  t le  t two re  o  . Fir t, t e p tie t 
m y   ve   de  ovo mut tio , i.e.,   mut tio  t  t     
t ke  pl  e i    germ  ell o  o e o   i  p re t  or e rly 
  er zygote  orm tio . Se o d, t e p tie t m y   ve   

FIGURE 10 -4  
Perip hera l b lood  sm ear  rom  p at ien ts with  m em b rane   
cytoske le ton  ab n orm a lit ie s. A. Hereditary spherocytosis.  
B. Hereditary elliptocytosis, heterozygote. C. Elliptocytosis, with 
both alleles o  the α-spectrin gene mutated.
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116 TABLE 10-3  
INHERITED DISEASES OF THE RED CELL MEMBRANE-CYTOSKELETON COMPLEX

GENE
CHROMOSOMAL 
LOCATION  PROTEIN PRODUCED

DISEASE(S) WITH 
CERTAIN MUTATIONS 
(INHERITANCE)  COMMENTS

SPTA1 1q22-q23  α-Spectrin  HS (recessive)  Rare
HE (dominant)  Mutations o  this gene account  or about 65% 

o  HE. More severe  orms may be due to coex-
istence o  an otherwise silent mutant allele.

SPTB 14q23-q24.1  β-Spectrin  HS (dominant)  Rare
HE (dominant)  Mutations o  this gene account  or about 30% 

o  HE, including some severe  orms.
ANK1 8p11.2  Ankyrin  HS (dominant)  May account  or majority o  HS.
SLC4A1 17q21  Band 3; also known as 

AE (anion exchanger) 
or AE1

HS (dominant)  Mutations o  this gene may account  or about 
25% o  HS.

Southeast Asia  
ovalocytosis 
(dominant)

Polymorphic mutation (deletion o  9 amino 
acids); clinically asymptomatic; protective 
against Plasmodium falciparum.

Stomatocytosis  Certain speci c missense mutations shi t pro-
tein  unction  rom anion exchanger to cation 
conductance.

EPB41 1p33-p34.2  Band 4.1  HE (dominant)  Mutations o  this gene account  or about 5% o  
HE, mostly with prominent morphology but 
no hemolysis in heterozygotes; severe hemo-
lysis in homozygotes.

EPB42 15q15-q21  Band 4.2  HS (recessive)  Mutations o  this gene account  or about 3% 
o  HS.

RHAG 6p21.1-p11  Rhesus antigen  Chronic nonspherocytic 
hemolytic anemia 
(recessive)

Very rare; associated with total loss o  all Rh 
antigens.

A speci c mutation causes overhydrated 
stomatocytosis.

PIEZO1 16q23-q24  PIEZO1  Dehydrated heredi-
tary stomatocytosis 
(dominant)

Also known as xerocytosis with pseudohyper-
kalemia. Patients may present with perinatal 
edema. PIEZO1 is a mechanosensitive cation 
channel.

Abbrevia t ions: HE, hereditary elliptocytosis; HS, hereditary spherocytosis.

re e  ive  orm o  HS (  ble 10-3). I   u      e , more 
exte  ive l bor tory i ve tig tio    re required, i  lud-
i g o moti   r gility, t e   id gly erol ly i  te t, t e 
eo i -5′-m leimide (EMA)–bi di g te t,   d SDS-gel 
ele trop ore i  o  membr  e protei  ; t e e te t   re 
u u lly   rried out i  l bor torie  wit   pe i l exper-
ti e i  t i   re . Sometime    de  itive di g o i      
be obt i ed o ly by mole ul r  tudie  demo  tr ti g   
mut tio  i  o e o  t e ge e  u derlyi g HS (  ble 10-3).

TREATMENT Hereditary Spherocytosis

We do  ot   ve     u  l tre tme t  or HS; i.e.,  o w y     yet 
bee   ou d to  orre t t e b  i  de e t i  t e membr  e- yto-
 keleto   tru ture. Give  t e  pe i l role o  t e  plee  i  HS 
( ee  bove), it     lo g bee  t oug t t  t     lmo t oblig tory 

t er peuti  me  ure w    ple e tomy. Be  u e t i  oper tio  
m y   ve more t    trivi l  o  eque  e , tod y we   ve more 
 rti ul te re omme d tio  , b  ed o  di e  e  everity (  v-
i g  ou d out, w e ever po  ible,  bout t e out ome o   ple-
 e tomy i  t e p tie t’  rel tive  wit  HS),     ollow . I  mild 
   e ,  void  ple e tomy. Del y  ple e tomy u til puberty i  
moder te    e  or u til 4–6 ye r  o   ge i   evere    e . A ti-
p eumo o   l v   i  tio  be ore  ple e tomy i  imper tive, 
w ere   pe i illi  prop yl xi    er  ple e tomy i   o trover-
 i l. Alo g wit   ple e tomy,   ole y te tomy   ould  ot be 
reg rded     utom ti ; it   ould be   rried out, u u lly by t e 
l p ro  opi   ppro   , w e   li i  lly i di  ted.

Hered itary e llip tocytosis (HE)
HE i   t le  t     eteroge eou     HS, bot   rom t e 
ge eti  poi t o  view (  ble 10-3, Fig. 10-3)   d  rom 
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117t e  li i  l poi t o  view. Ag i , it i  t e    pe o  t e 
red  ell  (Fig. 10-4B) t  t give  t e   me to t e  o di-
tio , but t ere i   o dire t  orrel tio  betwee  t e ellip-
to yti  morp ology   d  li i  l  everity. I     t,  ome 
mild or eve    ymptom ti     e  m y   ve  e rly 100% 
ellipto yte , w ere   i   evere    e ,  ll ki d  o  biz rre 
poikilo yte      predomi  te. Cli i  l  e ture    d re -
omme ded m   geme t  re  imil r to t o e outli ed 
 bove  or HS. Alt oug  t e  plee  m y  ot   ve t e  pe-
 i   role it     i  HS, i   evere    e ,  ple e tomy m y 
be be e  i l. T e prev le  e o  HE   u i g  li i  l di -
e  e i   imil r to t  t o  HS. However,    i - r me dele-
tio  o   i e  mi o   id  i  t e SLC4A1 ge e e  odi g 
b  d 3,   u i g t e  o-  lled Southeast Asia ovalocytosis, 
       reque  y o  up to 7% i   ert i  popul tio  , pre-
 um bly      re ult o  m l ri   ele tio ; it i    ymptom-
 ti  i   eterozygote    d prob bly let  l i   omozygote .

Disorders of ca tion tra nsport

T e e r re  o ditio   wit   uto om l domi   t i  eri-
t   e  re    r  terized by i  re  ed i tr  ellul r  odium 
i  red  ell , wit   o  omit  t lo   o  pot   ium; i deed, 
t ey  re  ometime  di  overed t roug  t e i  ide t l 
  di g, i    blood te t, o     ig   erum K+ (pseudohy-
perkalemia). I  p tie t   rom  ome   milie , t e   tio  
tr   port di turb   e i     o i ted wit  g i  o  w ter; 
     re ult, t e red  ell   re over ydr ted (low MCHC), 
  d o    blood  me r, t e  orm lly rou d-   ped  e -
tr l p llor i  repl  ed by   li e r-   ped  e tr l p llor, 
w i       e r ed t i  di order t e   me stomatocytosis 
(Fig. 10-3). I  p tie t   rom ot er   milie , i  te d, t e 
red  ell   re de ydr ted ( ig  MCHC),   d t eir  o -
 eque t rigidity     e r ed t i  di order t e   me xero-
cytosis. O e would  urmi e t  t i  t e e di order  t e 
prim ry de e t m y be i      tio  tr   porter; i deed, 
xero yto i  re ult   rom mut tio   i  PIEZO1. I  ot er 
p tie t  wit   tom to yto i , mut tio    re  ou d i  
ot er ge e   l o rel ted to  olute tr   port (  ble 10-3), 
i  ludi g SLC4A1 (e  odi g b  d 3), t e R e u  ge e 
RHAG,   d t e glu o e tr   porter ge e SLC2A1 re po -
 ible  or    pe i l  orm   lled  ryo ydro yto i . Hemo-
ly i      v ry  rom rel tively mild to quite  evere. From 
t e pr  ti  l poi t o  view, it i  import  t to k ow t  t i  
 tom to yto i ,  ple e tomy i   tro gly  o tr i di  ted 
be  u e it     bee   ollowed i     ig i    t proportio  
o     e  by  evere t romboemboli   ompli  tio  .

Enzyme a bnorma lit ies

W e  t ere i     import  t de e t i  t e membr  e or 
i  t e  yto keleto ,  emoly i  i    dire t  o  eque  e 
o  t e    t t  t t e very  tru ture o  t e red  ell i  
 b orm l. I  te d, w e  o e o  t e e zyme  i  de e -
tive, t e  o  eque  e  will depe d o  t e pre i e role 
o  t  t e zyme i  t e met boli  m   i ery o  t e red 

 ell, w i  , i   r t  pproxim tio ,     two import  t 
 u  tio  : (1) to provide e ergy i  t e  orm o  A P   d 
(2) to preve t oxid tive d m ge to  emoglobi    d to 
ot er protei   by providi g  uf  ie t redu tive pote -
ti l; t e key mole ule  or t i  i  NADPH.

Ab norm alit ie s o   the  g lyco lytic p athway
Be  u e red  ell , i  t e  our e o  t eir di ere ti tio , 
  ve    ri  ed  ot o ly t eir  u leu    d t eir ribo-
 ome , but  l o t eir mito  o dri , t ey rely ex lu ively 
o  t e    erobi  portio  o  t e gly olyti  p t w y  or 
produ i g e ergy i  t e  orm o  A P. Mo t o  t e A P i  
required by t e red  ell  or   tio  tr   port  g i  t    o -
 e tr tio  gr die t   ro   t e membr  e. I  t i    il , due 
to   de e t o    y o  t e e zyme  o  t e gly olyti  p t -
w y (Table 10-4), t e re ult will be  emolyti  di e  e.

Pyruva te  kinase  d e f ciency
Ab orm litie  o  t e gly olyti  p t w y  re  ll i  erited 
  d  ll r re. Amo g t em, de  ie  y o  pyruv te ki   e 
(PK) i  t e le  t r re, wit     e tim ted prev le  e i  
mo t popul tio   o  t e order o  1:10,000. However, 
very re e tly,   polymorp i  PK mut tio  (E277K) 
w    ou d i   ome A ri    popul tio  , wit   etero-
zygote  reque  ie  o  1–7%,  ugge ti g t  t t i  m y 
be   ot er m l ri -rel ted polymorp i m. T e  li i-
  l pi ture o   omozygou  (or  ompou d bi lleli ) PK 
de  ie  y i  t  t o     HA t  t o e  pre e t  i  t e 
 ewbor  wit   eo  t l j u di e; t e j u di e per i t , 
  d it i  u u lly    o i ted wit    very  ig  reti ulo-
 yto i . T e   emi  i  o  v ri ble  everity;  ometime  
it i   o  evere    to require regul r blood tr    u io  
tre tme t, w ere    ometime  it i  mild, borderi g o  
   e rly  ompe   ted  emolyti  di order. A    re ult, 
t e di g o i  m y be del yed,   d i   ome    e , it i  
m de,  or i  t   e, i    you g wom   duri g  er  r t 
preg    y, w e  t e   emi  m y get wor e. T e del y 
i  di g o i  m y be  l o  elped by t e    t t  t t e   e-
mi  i  rem rk bly well toler ted, be  u e t e met boli  
blo k  t t e l  t  tep i  gly oly i    u e     i  re  e 
i  bi p o p ogly er te (or DPG; Fig. 10-1),   m jor 
e e tor o  t e  emoglobi -oxyge  di  o i tio   urve; 
t u , t e oxyge  delivery to t e ti  ue  i  e     ed,   
rem rk ble  ompe   tory  e t.

TREATMENT Pyruvate Kinase Def ciency

T e m   geme t o  PK de  ie  y i  m i ly  upportive. I  
view o  t e m rked i  re  e i  red  ell tur over, or l  oli  
  id  uppleme t    ould be give   o  t  tly. Blood tr   -
 u io    ould be u ed     e e   ry,   d iro    el tio  m y 
  ve to be  dded i  t e blood tr    u io  requireme t i   ig  
e oug  to   u e iro  overlo d. I  t e e p tie t , w o   ve 
more  evere di e  e,  ple e tomy m y be be e  i l. T ere 
i     i gle    e report o   ur tive tre tme t o  PK de  ie  y 
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118 TABLE 10-4  
RED CELL ENZYME ABNORMALITIES CAUSING HEMOLYSIS

ENZYME (ACRONYM)
CHROMOSOMAL 
LOCATION

PREVALENCE 
OF ENZYME 
DEFICIENCY 
(RANK)

CLINICAL 
MANIFESTATIONS 
EXTRA-RED CELL  COMMENTS

Glyco lyt ic 
Pa thway

Hexokinase (HK)  10q22  Very rare  Other isoenzymes 
known

Glucose 6-phosphate  
isomerase (G6PI)

19q31.1  Rare (4)a NM, CNS

Phospho ructokinase (PFK)  12q13  Very rare  Myopathy
Aldolase  16q22-24  Very rare
Triose phosphate isomerase 
(TPI)

12p13  Very rare  CNS (severe), NM

Glyceraldehyde 3-phosphate 
dehydrogenase (GAPD)

12p13.31-p13.1  Very rare  Myopathy

Diphosphoglycerate mutase 
(DPGM)

7q31-q34  Very rare  Erythrocytosis rather 
than hemolysis

Phosphoglycerate kinase 
(PGK)

Xq13  Very rare  CNS, NM  May bene t  rom 
splenectomy

Pyruvate kinase (PK)  1q21  Rare (2)a May bene t  rom 
splenectomy

Red ox Glucose 6-phosphate  
dehydrogenase (G6PD)

Xq28  Common (1)a Very rarely 
granulocytes

In almost all cases, 
only AHA  rom  
exogenous trigger

Glutathione synthase  20q11.2  Very rare  CNS
γ-Glutamylcysteine synthase  6p12  Very rare  CNS
Cytochrome b5 reductase  22q13.31-qter  Rare  CNS  Methemoglobinemia 

rather than hemolysis
Nu cleo t id e  
Metab olism

Adenylate kinase (AK)  9q34.1  Very rare  CNS

Pyrimidine 5 -ʹnucleotidase 
(P5N)

3q11-q12  Rare (3)a May bene t  rom 
splenectomy

aThe numbers  rom (1) to (4) indicate the ranking order o  these enzymopathies in terms o   requency.
Abbrevia t ions: AHA, acquired hemolytic anemia; CNS, central nervous system; NM, neuromuscular.

by bo e m rrow tr   pl  t tio   rom    HLA-ide ti  l PK-
 orm l  ibli g. T i   eem    vi ble optio   or  evere    e  
w e     ibli g do or i   v il ble. Re  ue o  i  erited PK de -
 ie  y t roug  le tivir l-medi ted  um   PK ge e tr    er 
    bee   u  e   ul i  mi e. Pre  t l di g o i      bee    r-
ried out i    mot er w o   d  lre dy   d      e ted   ild.

Oth e r g lyco lyt ic enzym e  ab n o rm a lit ie s
All o  t e e de e t   re r re to very r re (  ble 10-4), 
  d  ll   u e  emolyti    emi  wit  v ryi g degree  
o   everity. It i   ot u u u l  or t e pre e t tio  to be 
i  t e gui e o   evere  eo  t l j u di e, w i   m y 
require ex    ge tr    u io ; i  t e   emi  i  le   
 evere, it m y pre e t l ter i  li e, or it m y eve  rem i  
  ymptom ti    d be dete ted i  ide t lly w e    
blood  ou t i  do e  or u rel ted re  o  . T e  plee  
i  o e  e l rged. W e  ot er  y temi  m  i e t -
tio   o  ur, t ey     i volve t e  e tr l  ervou   y -
tem ( ometime  e t ili g  evere me t l ret rd tio , 
p rti ul rly i  t e    e o  trio e p o p  te i omer  e 

de  ie  y), t e  euromu  ul r  y tem, or bot . T i  i  
 ot  ltoget er  urpri i g, i  we  o  ider t  t t e e  re 
 ou ekeepi g ge e . T e diagnosis o   emolyti    emi  
i  u u lly  ot dif  ult, t   k  to t e tri d o   ormo-
m  ro yti    emi , reti ulo yto i ,   d  yperbiliru-
bi emi . E zymop t ie    ould be  o  idered i  t e 
di ere ti l di g o i  o    y   ro i  Coomb - eg tive 
 emolyti    emi . U like wit  membr  e di order  
w ere t e red  ell    ow    r  teri ti  morp ologi  
 b orm litie , i  mo t    e  o  gly olyti  e zymop -
t ie , t e e  re  o  pi uou  by t eir  b e  e. A de  i-
tive di g o i      be m de o ly by demo  tr ti g 
t e de  ie  y o     i dividu l e zyme by qu  tit -
tive     y ; t e e  re   rried out i  o ly    ew  pe i l-
ized l bor torie . I    p rti ul r mole ul r  b orm lity 
i   lre dy k ow  i  t e   mily, t e  o e  ould te t 
dire tly  or t  t de e t  t t e DNA level, t u  byp   i g 
t e  eed  or e zyme     y . O   our e t e time m y be 
getti g  e rer w e    p tie t will pre e t wit   er or 
 i  exome  lre dy  eque  ed,   d we will  eed to  o -
 e tr te o  w i   ge e  to look up wit i  t e  le. T e 
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119pri  iple   or t e m   geme t o  t e e  o ditio    re 
 imil r     or PK de  ie  y. I  o e    e o  p o p o-
gly er te ki   e de  ie  y,  lloge ei  bo e m rrow 
tr   pl  t tio  (BM ) e e tively  o trolled t e  em -
tologi  m  i e t tio   but did  ot rever e  eurologi  
d m ge.

Ab norm alit ies o   red ox m etab o lism

Glucose  6 p hosp hate  d ehyd rog enase   G6PD  
d e f ciency
G6PD i     ou ekeepi g e zyme  riti  l i  t e redox 
met boli m o   ll  erobi   ell  (Fig. 10-1). I  red  ell , 
it  role i  eve  more  riti  l, be  u e it i  t e o ly 
 our e o  NADPH, w i   dire tly   d vi  glut t i-
o e (GSH) de e d  t e e  ell   g i  t oxid tive  tre   
(Fig. 10-5). G6PD de  ie  y i    prime ex mple o     
HA due to i ter  tio  betwee     i tr  orpu  ul r 
  u e   d    extr  orpu  ul r   u e, be  u e i  t e 
m jority o     e   emoly i  i  triggered by    exog-
e ou   ge t. Alt oug    de re  e i  G6PD   tivity 
i  pre e t i  mo t ti  ue  o  G6PD-de  ie t  ubje t , 
i  ot er  ell , t e de re  e i  mu   le   m rked t    
i  red  ell ,   d it doe   ot  eem to imp  t o   li i  l 
expre  io .

GENETIC CONSIDERATIONS
T e G6PD ge e i  X-li ked,   d t i      import  t 
impli  tio  . Fir t, be  u e m le    ve o ly o e 
G6PD ge e (i.e., t ey  re  emizygou   or t i  

ge e), t ey mu t be eit er  orm l or G6PD de  ie t. 
By  o tr  t,  em le , w o   ve two G6PD ge e ,     be 
eit er  orm l or de  ie t ( omozygou ) or i termedi-
 te ( eterozygou ). A    re ult o  t e p e ome o  o  X 
  romo ome i   tiv tio ,  eterozygou   em le   re 
ge eti  mo  i  , wit     ig ly v ri ble r tio o  G6PD-
 orm l to G6PD-de  ie t  ell    d    equ lly v ri ble 
degree o   li i  l expre  io ;  ome  eterozygote      be 
ju t      e ted     emizygou  m le . T e e zym ti  lly 

G6P

6PG

NADP

NADPH

GSH

GSSG
Cata lase

Gluta thione
peroxidase

Gluta thione
reduc tase

G6PD

H2O2

H2O

Hb(Fe2+)

MetHb(Fe3+)

Oxida tive
agents

FIGURE 10 -5  
Diag ram  o   red ox m e tab o lism  in  th e  red  ce ll. 6PG, 6-phos-
phogluconate; G6P, glucose 6-phosphate; G6PD, glucose 6-phos-
phate dehydrogenase; GSH, reduced glutathione; GSSG, oxidized 
glutathione; Hb, hemoglobin; MetHb, methemoglobin; NADP, 
nicotinamide adenine dinucleotide phosphate; NADPH, reduced 
nicotinamide adenine dinucleotide phosphate.

  tive  orm o  G6PD i  eit er   dimer or   tetr mer o    
 i gle protei   ubu it o  514  mi o   id . G6PD-
de  ie t  ubje t    ve bee   ou d i v ri bly to   ve 
mut tio   i  t e  odi g regio  o  t e G6PD ge e  
(Fig. 10-5). Almo t  ll o  t e  pproxim tely 180 di er-
e t mut tio   k ow   re  i gle mi  e  e poi t mut -
tio  , e t ili g  i gle  mi o   id repl  eme t  i  t e 
G6PD protei . I  mo t    e , t e e mut tio     u e 
G6PD de  ie  y by de re  i g t e i  vivo  t bility o  
t e protei ; t u , t e p y iologi  de re  e i  G6PD 
  tivity t  t t ke  pl  e wit  red  ell  gi g i  gre tly 
   eler ted. I   ome    e ,     mi o   id repl  eme t 
     l o   e t t e   t lyti   u  tio  o  t e e zyme.

Amo g t e e mut tio  , t o e u derlyi g   ro i  
 o  p ero yti   emolyti    emi  (CNSHA;  ee below) 
 re   di  rete  ub et. T i  mu   more  evere  li i  l 
p e otype     be    ribed i   ome    e  to  dver e 
qu lit tive     ge  ( or i  t   e,   de re  ed  f  ity 
 or t e  ub tr te, glu o e 6-p o p  te) or  imply to t e 
   t t  t t e e zyme de  it i  more extreme, be  u e o  
  more  evere i  t bility o  t e e zyme. For i  t   e,   
 lu ter o  mut tio   m p  t or  e r t e dimer i ter   e, 
  d  le rly t ey  ompromi e  everely t e  orm tio  o  
t e dimer.

Ep id em io log y
G6PD de  ie  y i  widely di tributed i  tropi  l 
  d  ubtropi  l p rt  o  t e world (A ri  , 
Sout er  Europe, t e Middle E  t, Sout e  t 

A i ,   d O e  i ) (Fig. 10-6)   d w erever people 
 rom t o e  re     ve migr ted. A  o  erv tive e ti-
m te i  t  t  t le  t 400 millio  people   ve   G6PD 
de  ie  y ge e. I   ever l o  t e e  re  , t e  reque  y 
o    G6PD de  ie  y ge e m y be     ig     20% or 
more. It would be quite extr ordi  ry  or   tr it t  t 
  u e   ig i    t p t ology to  pre d widely   d re    
 ig   reque  ie  i  m  y popul tio   wit out  o  er-
ri g  ome biologi   dv  t ge. I deed, G6PD i  o e o  
t e be t-   r  terized ex mple  o  ge eti  polymor-
p i m  i  t e  um    pe ie . Cli i  l  eld  tudie    d 
i  vitro experime t   tro gly  upport t e view t  t 
G6PD de  ie  y     bee   ele ted by Plasmodium fal-
ciparum m l ri , by virtue o  t e    t t  t it  o  er    
rel tive re i t   e  g i  t t i   ig ly let  l i  e tio . 
Di ere t G6PD v ri  t  u derlie G6PD de  ie  y i  
di ere t p rt  o  t e world. Some o  t e more wide-
 pre d v ri  t   re G6PD Mediterr  e   o  t e   ore  
o  t  t  e , i  t e Middle E  t,   d i  I di ; G6PD A– 
i  A ri     d i  Sout er  Europe; G6PD Vi         d 
G6PD M  idol i  Sout e  t A i ; G6PD C  to  i  
C i  ;   d G6PD U io  worldwide. T e  eteroge eity 
o  polymorp i  G6PD v ri  t  i  proo  o  t eir i de-
pe de t origi ,   d it  upport  t e  otio  t  t t ey 
  ve bee   ele ted by    ommo  e viro me t l  ge t, 
i  keepi g wit  t e  o  ept o   o verge t evolutio  
(Fig. 10-6).
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Clin ica l m an i e sta t ion s
T e v  t m jority o  people wit  G6PD de  ie  y 
rem i   li i  lly   ymptom ti  t roug out t eir li e-
time;  owever,  ll o  t em   ve    i  re  ed ri k o  
developi g  eo  t l j u di e (NNJ)   d   ri k o  devel-
opi g   ute HA (AHA) w e     lle ged by    umber 
o  oxid tive  ge t . NNJ rel ted to G6PD de  ie  y 
i  very r rely pre e t  t birt ; t e pe k i  ide  e o  
 li i  l o  et i  betwee  d y 2   d d y 3,   d i  mo t 
   e , t e   emi  i   ot  evere. However, NNJ     
be very  evere i   ome G6PD-de  ie t b bie , e pe-
 i lly i     o i tio  wit  prem turity, i  e tio ,   d/or 

FIGURE 10 -6  
Ep id em io lo g y o   g lu cose  6 p h osp h ate  d ehyd ro g en ase  
 G6PD  d e f cien cy th rou g h ou t  th e  wo rld . The di erent shad-
ings indicate increasingly high levels o  prevalence, up to about 
20%; the di erent colored symbols indicate individual genetic 

variants o  G6PD, each one having a di erent mutation. (From L 
Luzzatto et al, in C Scriver et al [eds]: The Metabolic & Molecular 
Bases of Inherited Disease, 8th ed. New York, McGraw-Hill, 2001.)

TABLE 10-5  
DRUGS THAT CARRY RISK OF CLINICAL HEMOLYSIS IN PERSONS WITH GLUCOSE 6-PHOSPHATE DEHYDROGENASE 
DEFICIENCY

DEFINITE RISK  POSSIBLE RISK  DOUBTFUL RISK

Antimalarials  Primaquine  Chloroquine  Quinine
Dapsone/chlorproguanila

Sulphonamides/sulphones  Sul amethoxazole  Sul asalazine  Sul soxazole
Others  Sul adimidine  Sul adiazine
Dapsone

Antibacterial/antibiotics  Cotrimoxazole  Ciprof oxacin  Chloramphenicol
Nalidixic acid  Norf oxacin p-Aminosalicylic acid
Nitro urantoin
Niridazole

Antipyretic/analgesics  Acetanilide  Acetylsalicylic acid high dose 
(>3 g/d)

Acetylsalicylic acid (<3 g/d)

Phenazopyridine  Acetaminophen
Phenacetin

Other  Naphthalene  Vitamin K analogues  Doxorubicin
Methylene blue  Ascorbic acid (>1 g)  Probenecid
Rasburicase

aMarketed as Lapdap  rom 2003 to 2008.

e viro me t l    tor  ( u        p t  le e-  mp or 
b ll , w i    re u ed i  b bie ’ beddi g   d  lot i g), 
  d t e ri k o   evere NNJ i   l o i  re  ed by t e  oex-
i te  e o    mo o lleli  or bi lleli  mut tio  i  t e uri-
dyl tr    er  e ge e (UGT1A1; t e   me mut tio    re 
   o i ted wit  Gilbert’   y drome). I  i  dequ tely 
m   ged, NNJ    o i ted wit  G6PD de  ie  y     
produ e ker i teru    d perm  e t  eurologi  d m ge.

AHA     develop      re ult o  t ree type  o  trigger : 
(1)   v  be   , (2) i  e tio  ,   d (3) drug  (Table 10-5). 
 ypi  lly,    emolyti   tt  k  t rt  wit  m l i e, we k-
 e  ,   d  bdomi  l or lumb r p i . A er    i terv l 
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121o   ever l  our  to 2–3 d y , t e p tie t develop  j u -
di e   d o e  d rk uri e. T e o  et     be extremely 
 brupt, e pe i lly wit    vi m i    ildre . T e   emi  
i  moder te to extremely  evere, u u lly  ormo yti  
  d  ormo  romi ,   d due p rtly to i tr v   ul r 
 emoly i ;  e  e, it i     o i ted wit   emoglobi e-
mi ,  emoglobi uri ,  ig  LDH,   d low or  b e t 
pl  m    ptoglobi . T e blood  lm   ow    i o yto i , 
poly  rom  i ,   d  p ero yte  typi  l o   emolyti  
  emi  . T e mo t typi  l  e ture o  G6PD de  ie  y 
i  t e pre e  e o  biz rre poikilo yte , wit  red  ell  
t  t  ppe r to   ve u eve ly di tributed  emoglobi  
(“ emig o t ”)   d red  ell  t  t  ppe r to   ve   d 
p rt  o  t em bitte   w y (“bite  ell ” or “bli ter  ell ”) 
(Fig. 10-7). A  l   i  l te t,  ow r rely   rried out, i  
 upr vit l  t i i g wit  met yl violet, w i  , i  do e 
promptly, reve l  t e pre e  e o  Hei z bodie  ( o  i t-
i g o  pre ipit te  o  de  tured  emoglobi    d  emi-
  rome ), w i    re reg rded       ig  ture o  oxid tive 
d m ge to red  ell  (t ey  re  l o  ee  wit  u  t ble 
 emoglobi  ). LDH i   ig ,   d  o i  t e u  o jug ted 
bilirubi , i di  ti g t  t t ere i   l o extr v   ul r 
 emoly i . T e mo t  eriou  t re t  rom AHA i   dult  
i  t e developme t o    ute re  l   ilure (t i  i  ex eed-
i gly r re i    ildre ). O  e t e t re t o    ute   emi  
i  over   d i  t e  b e  e o   omorbidity,  ull re overy 
 rom AHA    o i ted wit  G6PD de  ie  y i  t e rule.

Alt oug  it w   prim qui e (PQ) t  t led to t e di -
 overy o  G6PD de  ie  y, t i  drug      ot bee  very 
promi e t  ub eque tly, be  u e it i   ot  e e   ry  or 
t e tre tme t o  li e-t re te i g P. falciparum m l ri . 
 od y t ere i    reviv l o  i tere t i  PQ be  u e it i  
t e o ly e e tive  ge t  or elimi  ti g t e g meto yte  
o  P. falciparum (t u  preve ti g  urt er tr   mi -
 io )   d elimi  ti g t e  yp ozoite  o  Plasmodium 

FIGURE 10 -7  
Perip hera l b lood  sm ear  rom a glucose 6-phosphate dehydro-
genase (G6PD)-de cient boy experiencing hemolysis. Note the red 
cells that are misshapen and called “bite” cells. (From MA Lichtman 
et al: Lichtman's Atlas of Hematology: http://www.accessmedicine.com. 
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.)

vivax (t u  preve ti g e doge ou  rel p e). I   ou -
trie   imi g to elimi  te m l ri , t ere m y be     ll 
 or m     dmi i tr tio  o  PQ; t i  oug t to be    o i-
 ted wit  G6PD te ti g. At t e ot er e d o  t e  i tori  
 pe trum, t e l te t  dditio  to t e li t o  pote ti lly 
 emolyti  drug  (  ble 10-5) i  r  buri   e;  g i  
G6PD te ti g oug t to be m de m  d tory be ore giv-
i g t i  drug be  u e   t l    e    ve bee  reported i  
 ewbor   wit  kid ey i jury   d i   dult  wit  tumor 
ly i   y drome.

A very  m ll mi ority o   ubje t  wit  G6PD de -
 ie  y   ve chronic nonspherocytic hemolytic anemia 
(CNSHA) o  v ri ble  everity. T e p tie t i   e rly 
 lw y    m le, u u lly wit     i tory o  NNJ, w o m y 
pre e t wit    emi , u expl i ed j u di e, or g ll-
 to e  l ter i  li e. T e  plee  m y be e l rged. T e 
 everity o    emi  r  ge  i  di ere t p tie t   rom bor-
derli e to tr    u io  depe de t. T e   emi  i  u u lly 
 ormom  ro yti , wit  reti ulo yto i . Bilirubi    d 
LDH  re i  re  ed. Alt oug   emoly i  i , by de  i-
tio ,   ro i  i  t e e p tie t , t ey  re  l o vul er-
 ble to   ute oxid tive d m ge,   d t ere ore t e   me 
 ge t  t  t       u e AHA i  people wit  t e ordi  ry 
type o  G6PD de  ie  y will   u e  evere ex  erb -
tio   i  people wit  CNSHA    o i ted wit  G6PD 
de  ie  y. I   ome    e  o  CNSHA, t e de  ie  y 
o  G6PD i   o  evere i  gr  ulo yte  t  t it be ome  
r te-limiti g  or t eir oxid tive bur t, wit   o  eque t 
i  re  ed  u  eptibility to  ome b  teri l i  e tio  .

Lab o ra to ry d iag n osis
T e  u pi io  o  G6PD de  ie  y     be  o  rmed by 
 emiqu  tit tive met od  o e  re erred to      ree -
i g te t , w i    re  uit ble  or popul tio   tudie    d 
     orre tly  l   i y m le  ubje t , i  t e  te dy  t te, 
   G6PD  orm l or G6PD de  ie t. However, i   li i-
  l pr  ti e,   di g o ti  te t i  u u lly  eeded w e  t e 
p tie t       d    emolyti   tt  k; t i  implie  t  t t e 
olde t, mo t G6PD-de  ie t red  ell    ve bee   ele -
tively de troyed,   d you g red  ell ,   vi g  ig er 
G6PD   tivity,  re bei g rele  ed i to t e  ir ul tio . 
U der t e e  o ditio  , o ly   qu  tit tive te t     
give   de  itive re ult. I  m le , t i  te t will ide ti y 
 orm l  emizygote    d G6PD-de  ie t  emizygote ; 
 mo g  em le ,  ome  eterozygote  will be mi  ed, but 
t o e w o  re  t mo t ri k o   emoly i  will be ide ti-
 ed. O   our e, G6PD de  ie  y  l o     be di g o ed 
by DNA te ti g.

TREATMENT G6PD Defciency

T e AHA o  G6PD de  ie  y i  l rgely preve t ble by  void-
i g expo ure to triggeri g    tor  o  previou ly   ree ed  ub-
je t . O   our e, t e pr  ti  bility   d  o t-e e tive e   o  
  ree i g depe d o  t e prev le  e o  G6PD de  ie  y i  
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122 e    i dividu l  ommu ity. F vi m i  e tirely preve t ble 
i  G6PD-de  ie t  ubje t  by  ot e ti g   v  be   . Drug-
i du ed  emoly i      be preve ted by te ti g  or G6PD 
de  ie  y be ore pre  ribi g; i  mo t    e , o e     u e 
 lter  tive drug . W e  AHA develop    d o  e it    u e i  
re og ized, i  mo t    e ,  o  pe i   tre tme t i   eeded. 
However, i  t e   emi  i   evere, it m y be   medi  l emer-
ge  y, e pe i lly i    ildre , requiri g immedi te   tio , 
i  ludi g blood tr    u io . T i      bee  t e    e wit     
  tim l ri l drug  ombi  tio   o t i i g d p o e (  lled 
L pd p, i trodu ed i  2003) t  t       u ed  evere   ute 
 emolyti  epi ode  i    ildre  wit  m l ri  i   ever l A ri-
     ou trie ;   er    ew ye r , t e drug w   t ke  o  t e 
m rket. I  t ere i    ute re  l   ilure,  emodi ly i  m y be 
 e e   ry, but i  t ere i   o previou  kid ey di e  e, re overy 
i  t e rule. T e m   geme t o  NNJ    o i ted wit  G6PD 
de  ie  y i   o di ere t  rom t  t o  NNJ due to ot er 
  u e .

I     e  wit  cnsha , i  t e   emi  i   ot  evere, regul r 
 oli    id  uppleme t    d regul r  em tologi   urveill   e 
will  uf  e. It will be import  t to  void expo ure to pote -
ti lly  emolyti  drug ,   d blood tr    u io  m y be i di-
  ted w e  ex  erb tio   o  ur, mo tly i   o  omit   e 
wit  i ter urre t i  e tio . I  r re p tie t , regul r blood 
tr    u io   m y be required, i  w i      e  ppropri te 
iro    el tio    ould be i  tituted. U like i  HS, t ere i   o 
evide  e o   ele tive red  ell de tru tio  i  t e  plee ;  ow-
ever, i  pr  ti e,  ple e tomy     prove  be e  i l i   evere 
   e .

Oth e r ab n o rm a lit ie s o   th e  red ox system
A  me tio ed  bove, GSH i    key pl yer i  t e de e  e 
 g i  t oxid tive  tre  . I  erited de e t  o  GSH 
met boli m  re ex eedi gly r re, but e    o e     give 
ri e to   ro i  HA (  ble 10-4). A r re, pe uli r, u u-
 lly  el -limited  evere HA o  t e  r t mo t  o  li e, 
  lled infantile poikilocytosis, m y be    o i ted wit  
de  ie  y o  glut t io e peroxid  e (GSHPX) due  ot 
to    i  erited  b orm lity, but to tr   ie t  utritio  l 
de  ie  y o   ele ium,    eleme t e  e ti l  or t e 
  tivity o  GSHPX.

Pyrim id ine  5 ′-nucleo tid ase  (P5N) d ef ciency
P5N i    key e zyme i  t e   t boli m o   u leotide  
 ri i g  rom t e degr d tio  o   u lei    id  t  t t ke  
pl  e i  t e    l  t ge  o  eryt roid  ell m tur tio . 
How ex  tly it  de  ie  y   u e  HA i   ot well u der-
 tood, but    ig ly di ti  tive  e ture o  t i   o ditio  
i    morp ologi   b orm lity o  t e red  ell  k ow     
basophilic stippling. T e  o ditio  i  r re, but it prob-
 bly r  k  t ird i   reque  y  mo g red  ell e zyme 
de e t  (  er G6PD de  ie  y   d PK de  ie  y). T e 
  emi  i  li elo g, o  v ri ble  everity,   d m y be e t 
 rom  ple e tomy.

Fa milia l (a typica l) hemolytic-uremic syndrome

T e term familial (atypical) hemolytic-uremic syndrome 
i  u ed to de ig  te   group o  r re di order , mo tly 
  e ti g   ildre ,    r  terized by mi ro  giop t i  
HA wit  pre e  e o   r gme ted eryt ro yte  i  t e 
perip er l blood  me r, t rombo ytope i  (u u lly 
mild),   d   ute re  l   ilure. (T e word atypical i  
p rt o  t e p r  e  or  i tori  l re  o  ; it w    emo-
lyti -uremi   y drome [HUS]   u ed by i  e tio  wit  
Escherichia coli produ i g t e S ig  toxi  t  t w   
reg rded    typical). T e ge eti  b  i  o   typi  l HUS 
( HUS)     bee  elu id ted. Studie  o  >100   milie  
  ve reve led t  t t o e   mily member  w o devel-
oped HUS   d mut tio   i    y o e o   ever l ge e  
e  odi g  ompleme t regul tory protei  :  ompleme t 
   tor H (CFH), CD46 or membr  e  o   tor protei  
(MCP),  ompleme t    tor I (CFI),  ompleme t  om-
po e t C3,  ompleme t    tor B (CFB),   d t rombo-
moduli . T u , w ere    ll ot er i  erited HA   re due 
to i tri  i  red  ell  b orm litie , t i  group i  u ique 
i  t  t  emoly i  re ult   rom    i  erited de e t exter-
  l to red  ell  (  ble 10-1). Be  u e t e regul tio  o  
t e  ompleme t      de      o  ider ble redu d   y, 
i  t e  te dy  t te,   y o  t e  bove  b orm litie      
be toler ted. However, w e     i ter urre t i  e tio  
or  ome ot er trigger   tiv te   ompleme t t roug  t e 
 lter  tive p t w y, t e de  ie  y o  o e o  t e  om-
pleme t regul tor  be ome   riti  l. E dot eli l  ell  
get d m ged, e pe i lly i  t e kid ey;  t t e   me time, 
  d p rtly      re ult o  t i , t ere will be bri k  emo-
ly i  (t u , t e more  ommo  S ig  toxi –rel ted HUS 
    be reg rded      p e o opy o   HUS).  HUS i    
 evere di e  e, wit  up to 15% mort lity i  t e   ute 
p   e   d up to 50% o     e  progre  i g to e d- t ge 
re  l di e  e. Not i  reque tly,  HUS u dergoe   po -
t  eou  remi  io ; but be  u e it  b  i  i     i  erited 
 b orm lity, it i   ot  urpri i g t  t, give  re ewed 
expo ure to   trigger, t e  y drome will te d to re ur; 
w e  it doe , t e prog o i  i   lw y   eriou . T e  t  -
d rd tre tme t     bee  pl  m  ex    ge, w i   will 
 upply t e de  ie t  ompleme t regul tor. T e   ti-
C5  ompleme t i  ibitor e ulizum b ( ee below) w   
 ou d to gre tly  melior te t e mi ro  giop t i  pi -
ture, wit  improveme t i  pl telet  ou t    d i  re  l 
 u  tio , t u   brog ti g t e  eed  or pl  m  ex    ge. 
It rem i   to be  ee   or  ow lo g e ulizum b tre t-
me t will   ve to be  o ti ued i  i dividu l p tie t  
  d w et er it will i  ue  e t e  o trover i l i  ue o  
kid ey (  d liver) tr   pl  t tio .

ACQUIRED HEMOLYTIC ANEMIA
Mecha nica l destruction of red  cells

Alt oug  red  ell   re    r  terized by t e rem rk ble 
de orm bility t  t e  ble  t em to  queeze t roug  
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123  pill rie    rrower t    t em elve   or t ou   d  
o  time  i  t eir li etime, t ere  re  t le  t two  itu -
tio   i  w i   t ey  u  umb to   e r, i   ot to we r 
  d te r; t e re ult i  i tr v   ul r  emoly i , re ult-
i g i   emoglobi uri  (Table 10-6). O e  itu tio  
i    ute   d  el -i  i ted, march hemoglobinuria. 
W y  ometime    m r t o  ru  er m y develop 
t i   ompli  tio , w ere   o    ot er o    io , t i  
doe   ot   ppe , we do  ot k ow (per  p   er or  i  
 ootwe r  eed   tte tio ). A  imil r  y drome m y 
develop   er prolo ged b re oot ritu l d   i g or 
i te  e pl yi g o  bo go drum . T e ot er  itu tio  
i    ro i    d i troge i  (it     bee    lled microan-
giopathic hemolytic anemia). It t ke  pl  e i  p tie t  
wit  pro t eti   e rt v lve , e pe i lly w e  p r pro -
t eti  regurgit tio  i  pre e t. I  t e  emoly i   o  e-
que t o  me    i  l tr um  to t e red  ell  i  mild, 
  d i  t e  upply o  iro  i   dequ te, t e lo   m y be 
l rgely  ompe   ted; i  more t    mild   emi  devel-
op , rei terve tio  to  orre t regurgit tio  m y be 
required.

Infection

By   r t e mo t  reque t i  e tiou    u e o  HA, i  
e demi   re  , i  m l ri . I  ot er p rt  o  t e world, 
t e mo t  reque t dire t   u e i  prob bly S ig  toxi –
produ i g E. coli O157:H7,  ow re og ized    t e 

m i  etiologi   ge t o  HUS, w i   i  more  ommo  
i    ildre  t    i   dult . Li e-t re te i g i tr v   u-
l r  emoly i , due to   toxi  wit  le it i   e   tivity, 
o  ur  wit  Clostridium perfringens  ep i , p rti ul rly 
 ollowi g ope  wou d ,  epti   bortio , or      di   -
trou     ide t due to    o t mi  ted blood u it. R rely, 
  d i   t  ll i    ildre , HA i   ee  wit   ep i  or e do-
  rditi   rom   v riety o  org  i m . I   dditio , b  -
teri l   d vir l i  e tio         u e HA by i dire t 
me    i m  ( ee  bove  e tio  o  G6PD de  ie  y 
  d   ble 10-6).

Immune hemolytic a nemia s

T e e      ri e t roug   t le  t two di ti  t me   -
 i m . (1) T ere i    true  uto  tibody dire ted  g i  t 
  red  ell   tige , i.e.,   mole ule pre e t o  t e  ur-
   e o  red  ell . (2) W e       tibody dire ted  g i  t 
   ert i  mole ule (e.g.,   drug) re  t  wit  t  t mole-
 ule, red  ell  m y get   ug t i  t e re  tio , w ereby 
t ey  re d m ged or de troyed. Be  u e t e   tibodie  
i volved di er i  optimum re  tivity temper ture , t ey 
 re  l   i ed i  t e time- o ored   tegorie  o  “ old” 
  d “w rm” (Table 10-7). Auto  tibody-medi ted HA  
m y be  ee  i  i ol tio  (w e  t ey  re   lled idio-
pathic) or    p rt o     y temi   utoimmu e di order 
 u       y temi  lupu  eryt em to u . Here we di  u   
t e mo t di ti  tive  li i  l pi ture .

TABLE 10-6  
DISEASES AND CLINICAL SITUATIONS WITH PREDOMINANTLY INTRAVASCULAR HEMOLYSIS

ONSET/TIME COURSE  MAIN MECHANISM

APPROPRIATE 
DIAGNOSTIC 
PROCEDURE  COMMENTS

Mismatched blood 
trans usion

Abrupt  Nearly always ABO 
incompatibility

Repeat cross-match

Paroxysmal nocturnal 
hemoglobinuria (PNH)

Chronic with acute 
exacerbations

Complement (C)- 
mediated destruction 
o  CD59(−) red cells

Flow cytometry to  
display a CD59(−) red 
cell population

Exacerbations due to C 
activation through any 
pathway

Paroxysmal cold  
hemoglobinuria (PCH)

Acute  Immune lysis o  normal 
red cells

Test  or Donath-Land-
steiner antibody

O ten triggered by viral 
in ection

Septicemia  Very acute  Exotoxins produced by 
Clostridium perfringens

Blood cultures  Other organisms may be 
responsible

Microangiopathic  Acute or chronic  Red cell  ragmentation  Red cell morphology on 
blood smear

Di erent causes ranging 
 rom endothelial dam-
age to hemangioma to 
leaky prosthetic heart 
valve

March hemoglobinuria  Abrupt  Mechanical destruction  Targeted history taking
Favism  Acute  Destruction o  older 

 raction o  G6PD- 
de cient red cells

G6PD assay  Triggered by ingestion 
o  large dish o   ava 
beans, but trigger can 
be in ection or drug 
instead

Abbrevia t ion: G6PD, glucose 6-phosphate dehydrogenase.
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Auto im m une hem olyt ic anem ia (AIHA)
O  e   red  ell i   o ted by     uto  tibody ( ee [1] 
 bove), it will be de troyed by o e or more me   -
 i m . I  mo t    e , t e F  portio  o  t e   tibody will 
be re og ized by t e F  re eptor o  m  rop  ge ,   d 
t i  will trigger eryt rop  go yto i . T u , de tru tio  
o  red  ell  will t ke pl  e w erever m  rop  ge   re 
 bu d  t, i.e., i  t e  plee , liver, or bo e m rrow; t i  
i    lled extravascular hemolysis (Fig. 10-8). Be  u e o  
t e  pe i l    tomy o  t e  plee , t i  org   i  p rti u-
l rly ef  ie t i  tr ppi g   tibody- o ted red  ell ,   d 
o e  t i  i  t e predomi   t  ite o  red  ell de tru -
tio . I   ome    e , t e   ture o  t e   tibody i   u   
(u u lly    IgM   tibody) t  t t e   tige -  tibody 
 omplex o  t e  ur   e o  red  ell  i   ble to   tiv te 
 ompleme t (C);      re ult,   l rge  mou t o  mem-
br  e  tt  k  omplex will  orm,   d t e red  ell  m y 
be de troyed dire tly; t i  i  k ow     intravascular 
hemolysis.

Clin ica l  e a tu re s
AIHA i     eriou   o ditio ; wit out  ppropri te tre t-
me t, it m y   ve   mort lity o   pproxim tely 10%. 
T e o  et i  o e   brupt   d     be dr m ti . T e 
 emoglobi  level     drop, wit i  d y , to    low    4 
g/dL; t e m   ive red  ell remov l will produ e j u -
di e;   d  ometime  t e  plee  i  e l rged. W e  t i  
tri d i  pre e t, t e  u pi io  o  AIHA mu t be  ig . 

W e   emoly i  i  (i  p rt) i tr v   ul r, t e tellt le 
 ig  will be  emoglobi uri , w i   t e p tie t m y 
report or  bout w i   we mu t e quire or te t  or. T e 
di g o ti  te t  or AIHA i  t e dire t   tiglobuli  te t 
developed i  1945 by R. R. A. Coomb    d k ow   i  e 
by t i    me. T e be uty o  t i  te t i  t  t it dete t  
dire tly t e p t oge eti  medi tor o  t e di e  e, i.e., 
t e pre e  e o    tibody o  t e red  ell  t em elve . 
W e  t e te t i  po itive, it  li   e  t e di g o i ; w e  
it i   eg tive, t e di g o i  i  u likely. However, t e 
 e  itivity o  t e Coomb  te t v rie  depe di g o  t e 
te   ique t  t i  u ed,   d i  doubt ul    e ,   repe t i  
   pe i lized l b i   dvi  ble; t e term Coombs-negative 
AIHA i    l  t re ort. I   ome    e , t e  uto  tibody 
      de  ed ide tity; it m y be  pe i    or      tige  
belo gi g to t e R e u   y tem (it i  o e    ti-e). I  
m  y    e , it i  reg rded    “ o  pe i  ” be  u e it 
re  t  wit  virtu lly  ll type  o  red  ell .

W e  AIHA develop  i    per o  w o i   lre dy 
k ow  to   ve,  or i  t   e,  y temi  lupu  or   ro i  
lymp o yti  leukemi  (  ble 10-7), we   ll it    om-
pli  tio ;  o ver ely, w e  AIHA pre e t  o  it  ow , 
it m y be   poi ter to    u derlyi g  o ditio  t  t 
we oug t to  eek out. I  bot     e , w  t bri g   bout 
AIHA rem i  ,    i  ot er  utoimmu e di order , 
ob  ure. I   ome    e , AIHA     be    o i ted, o   r t 
pre e t tio  or  ub eque tly, wit   utoimmu e t rom-
bo ytope i  (Ev   ’  y drome).

TABLE 10-7  
CLASSIFICATION OF ACQUIRED IMMUNE HEMOLYTIC ANEMIAS

TYPE OF ANTIBODY

CLINICAL SETTING
COLD, MOSTLY IGM, OPTIMAL 
TEMPERATURE 4–30°C

WARM, MOSTLY IGG, OPTIMAL TEMPERATURE 
37°C; OR MIXED

Primary  CAD  AIHA (idiopathic)
Secondary to viral in ection  EBV

CMV
Other

HIV
Viral vaccines

Secondary to other in ection  Mycoplasma in ection: paroxysmal cold 
hemoglobinuria

Secondary to/ 
associated with other disease

CAD in:
  Waldenstróm’s disease
 Lymphoma

AIHA in:
 SLE
 CLL
  Other malignancy
  Chronic inf ammatory disorders (e.g., IBD)
  A ter allogeneic HSCT

Secondary to drugs: drug-induced 
immune hemolytic anemia

Small minority (e.g., with lenalidomide)  Majority: currently most common culprit drugs 
are ce otetan, ce triaxone, piperacillin

Drug-dependent: antibody destroys red cells only when drug present (e.g., rarely penicillin)
Drug-independent: antibody can destroy red cells even when drug no longer present (e.g., 
methyldopa)

Abbrevia t ions: AIHA, autoimmune hemolytic anemia; CAD, cold agglutinin disease; CLL, chronic lymphocytic leukemia; CMV, cytomegalovirus; EBV, 
Epstein-Barr virus; HIV, human immunode ciency virus; HSCT, hematopoietic stem cell transplantation; IBD, inf ammatory bowel disease; SLE, systemic 
lupus erythematosus.
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TREATMENT Autoimmune Hemolytic Anemia

Severe   ute AIHA     be   medi  l emerge  y. T e imme-
di te tre tme t  lmo t i v ri bly i  lude  tr    u io  o  red 
 ell . T i  m y po e    pe i l problem be  u e, i  t e   ti-
body i volved i   o  pe i  ,  ll o  t e blood u it   ro  -
m t  ed will be i  omp tible. I  t e e    e , it i  o e  
 orre t, p r doxi  lly, to tr    u e i  omp tible blood, 
wit  t e r tio  le bei g t  t t e tr    u ed red  ell  will be 
de troyed  o le   but  o more t    t e p tie t’  ow  red 
 ell , but i  t e me  time, t e p tie t  t y   live. A  itu tio  
like t i  require   lo e li i o    d u der t  di g betwee  t e 
 li i  l u it tre ti g t e p tie t   d t e blood tr    u io /
 erology l b. W e ever t e   emi  i   ot immedi tely li e-
t re te i g, blood tr    u io    ould be wit  eld (be  u e 
 omp tibility problem  m y i  re  e wit  e    u it o  blood 
tr    u ed),   d medi  l tre tme t  t rted immedi tely wit  
pred i o e (1 mg/kg per d y), w i   will produ e   remi -
 io  promptly i   t le  t o e-  l  o  p tie t . Rituxim b 
(  ti-CD20) w   reg rded     e o d-li e tre tme t, but it i  
i  re  i gly likely t  t   rel tively low do e (100 mg/wk × 4) 
o  rituxim b toget er wit  pred i o e will be ome    r t-
li e  t  d rd. It i  e pe i lly e  our gi g t  t t i   ppro    
 eem  to redu e t e r te o  rel p e,    ommo  o  urre  e i  
AIHA. For p tie t  w o do rel p e or  re re r  tory to medi-
  l tre tme t, o e m y   ve to  o  ider  ple e tomy, w i  , 
 lt oug  it doe   ot  ure t e di e  e,     produ e  ig i    t 

be e t by removi g   m jor  ite o   emoly i , t u  improv-
i g t e   emi    d/or redu i g t e  eed  or ot er t er pie  
(e.g., t e do e o  pred i o e). Si  e t e i trodu tio  o  ritux-
im b,  z t iopri e,  y lop o p  mide,  y lo pori e,   d 
i tr ve ou  immu oglobuli    ve be ome  e o d- or t ird-
li e  ge t . I  very r re  evere re r  tory    e , eit er  utolo-
gou  or  lloge ei   em topoieti   tem  ell tr   pl  t tio  
m y   ve to be  o  idered.

Paroxysm al co ld  hem oglob inuria  (PCH)
PCH i    r t er r re  orm o  AIHA o  urri g mo tly 
i    ildre , u u lly triggered by   vir l i  e tio , u u-
 lly  el -limited,   d    r  terized by t e i volveme t 
o  t e  o-  lled Do  t -L  d tei er   tibody. I  vitro, 
t i    tibody     u ique  erologi   e ture ; it       ti-
P  pe i  ity   d bi d  to red  ell  o ly  t   low tem-
per ture (optim lly  t 4°C), but w e  t e temper ture 
i    i ed to 37°C, ly i  o  red  ell  t ke  pl  e i  t e 
pre e  e o   ompleme t. Co  eque tly, i  vivo t ere i  
i tr v   ul r  emoly i , re ulti g i   emoglobi uri . 
Cli i  lly t e di ere ti l di g o i  mu t i  lude ot er 
  u e  o   emoglobi uri  (  ble 10-6), but t e pre -
e  e o  t e Do  t -L  d tei er   tibody will prove 
PCH. A tive  upportive tre tme t, i  ludi g blood 
tr    u io , i   eeded to  o trol t e   emi ;  ub e-
que tly, re overy i  t e rule.

RBC  Complement

Re ticuloendothe lia l
sys tem

Mononuclear
phagocyte  ce ll
(MPC)

IgG1 or IgG3
antibody molecules

Fc receptors

Phacocytos is  Fragmenta tion  Cytotoxicity
(ADCC)

Complement activa tion
with formation of
membrane
a ttack complex

Des troyed red ce ll
membrane  and
free  hemoglobin

FIGURE 10 -8  
Mechan ism o   antib od y m ed iated  im m une d estruction  o   
red  b lood  ce lls  RBCs . ADCC, antibody-dependent cell-mediated 

cytotoxicity. (From N Young et al: Clinical Hematology. Philadelphia, 
Elsevier, 2006; with permission.)
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126 Cold  agg lu tin in  d isease  (CAD)
T i  de ig  tio  i  u ed  or    orm o    ro i  AIHA 
t  t u u lly   e t  t e elderly   d      pe i l  li i  l 
  d p t ologi   e ture . Fir t, t e term cold re er  to t e 
   t t  t t e  uto  tibody i volved re  t  wit  red  ell  
poorly or  ot  t  ll  t 37°C, w ere   it re  t   tro gly 
 t lower temper ture . A    re ult,  emoly i  i  more 
promi e t t e more t e body i  expo ed to t e  old. T e 
  tibody i  u u lly IgM; u u lly it          ti-I  pe i-
  ity (t e I   tige  i  pre e t o  t e red  ell  o   lmo t 
everybody),   d it m y   ve   very  ig  titer (1:100,000 
or more     bee  ob erved). Se o d, t e   tibody i  
produ ed by    exp  ded  lo e o  B lymp o yte , 
  d  ometime  it   o  e tr tio  i  t e pl  m  i   ig  
e oug  to   ow up       pike i  pl  m  protei  ele -
trop ore i , i.e.,      mo o lo  l g mmop t y. T ird, 
be  u e t e   tibody i  IgM, CAD i  rel ted to W lde -
 tröm’  m  roglobuli emi  (WM) (Chap. 18),  lt oug  
i  mo t    e , t e ot er  li i  l  e ture  o  t i  di e  e 
 re  ot pre e t. T u , CAD mu t be reg rded       orm 
o  WM (i.e.,      low-gr de m ture B  ell lymp om ) 
t  t m  i e t   t    e rlier  t ge pre i ely be  u e t e 
u ique biologi  propertie  o  t e IgM t  t it produ e  
give t e  li i  l pi ture o    ro i  HA.

I  mild  orm  o  CAD,  void   e o  expo ure to  old 
m y be  ll t  t i   eeded to e  ble t e p tie t to   ve 
  re  o  bly  om ort ble qu lity o  li e; but i  more 
 evere  orm , t e m   geme t o  CAD i   ot e  y. 
Blood tr    u io  i   ot very e e tive be  u e do or 
red  ell   re I po itive   d will be r pidly removed. 
Immu o uppre  ive/ ytotoxi  tre tme t wit   z t io-
pri e or  y lop o p  mide     redu e t e   tibody 
titer, but  li i  l ef    y i  limited,   d i  view o  t e 
  ro i    ture o  t e di e  e, t e  ide e e t  m y prove 
u    ept ble. U like i  AIHA, pred i o e   d  ple e -
tomy  re i e e tive. Pl  m  ex    ge will remove   ti-
body   d i , t ere ore, i  t eory,   r tio  l  ppro   , 
but it i  l boriou    d mu t be   rried out  t  reque t 
i terv l  i  it i  to be be e  i l. T e m   geme t o  
CAD         ged  ig i    tly wit  t e  dve t o  ritux-
im b;  lt oug  it  imp  t o  CAD i   ot    gre t    o  
AIHA, up to 60% o  p tie t  re po d,   d remi  io   
m y be more dur ble wit    rituxim b- ud r bi e 
 ombi  tio . Give  t e lo g  li i  l  our e o  CAD, it 
rem i   to be  ee  wit  w  t    edule or periodi ity 
t e e  ge t  will  eed to be  dmi i tered.

Toxic a gents a nd drugs

A  umber o    emi  l  wit  oxid tive pote ti l, w et er 
medi i  l or  ot,       u e  emoly i  eve  i  people 
w o  re  ot G6PD de  ie t ( ee  bove). Ex mple   re 
 yperb ri  oxyge  (or 100% oxyge ),  itr te ,   lo-
r te , met yle e blue, d p o e,  i pl ti ,   d  umer-
ou   rom ti  ( y li )  ompou d . Ot er   emi  l  m y 
be  emolyti  t roug   o oxid tive, l rgely u k ow  

me    i m ; ex mple  i  lude  r i e,  tibi e,  opper, 
  d le d. T e HA   u ed by le d poi o i g i     r  ter-
ized by b  op ili   tippli g; it i  i     t   p e o opy o  
t  t  ee  i  P5N de  ie  y ( ee  bove),  ugge ti g it i  
medi ted  t le  t i  p rt by le d i  ibiti g t i  e zyme.

I  t e e    e ,  emoly i   ppe r  to be medi ted 
by   dire t   emi  l   tio  o  red  ell . But drug      
  u e  emoly i  t roug   t le  t two ot er me   -
 i m . (1) A drug     be  ve        pte    d i du e 
  tibody produ tio ; i  r re  ubje t , t i    ppe  ,  or 
i  t   e, wit  pe i illi . Upo     ub eque t expo ure, 
red  ell   re   ug t,    i  o e t by t  der , i  t e re  -
tio  betwee  pe i illi    d   tipe i illi    tibodie . 
Hemoly i  will  ub ide     oo     pe i illi   dmi i tr -
tio  i   topped. (2) A drug     trigger, per  p  t roug  
mimi ry, t e produ tio  o       tibody  g i  t   red 
 ell   tige . T e be t k ow  ex mple i  met yldop , 
     ti yperte  ive  ge t  o lo ger i  u e, w i   i    
 m ll  r  tio  o  p tie t   timul ted t e produ tio  o  
t e R e u    tibody   ti-e. I  p tie t  w o   ve t i  
  tige , t e   ti-e i    true  uto  tibody, w i   t e  
  u e      utoimmu e HA ( ee below). U u lly t i  will 
gr du lly  ub ide o  e met yldop  i  di  o ti ued.

Severe i tr v   ul r  emoly i      be   u ed by t e 
ve om o   ert i     ke  ( obr     d viper ),   d HA 
     l o  ollow  pider bite .

Pa roxysma l nocturna l hemoglobinuria  (PNH)

PNH i       quired   ro i  HA    r  terized by per-
 i te t i tr v   ul r  emoly i   ubje t to re urre t 
ex  erb tio  . I   dditio  to  emoly i , t ere i  o e  
p   ytope i    d   di ti  t te de  y to ve ou  t rom-
bo i . T i  tri d m ke  PNH   truly u ique  li i  l 
 o ditio ;  owever, w e   ot  ll o  t e e t ree  e ture  
 re m  i e t o  pre e t tio , t e di g o i  i  o e  
del yed,  lt oug  it      lw y  be m de by  ppropri te 
l bor tory i ve tig tio   ( ee below).

PNH      bout t e   me  reque  y i  me  
  d wome    d i  e  ou tered i   ll popul -
tio   t roug out t e world, but it i    r re di -

e  e; it  prev le  e i  e tim ted to be  pproxim tely 
5 per millio  (it m y be  omew  t le   r re i  Sout e  t 
A i    d i  t e F r E  t). T ere i   o evide  e o  i  er-
ited  u  eptibility. PNH      ever bee  reported      
 o ge it l di e  e, but it     pre e t i   m ll   ildre  
or    l te    i  t e  eve tie ,  lt oug  mo t p tie t   re 
you g  dult .

Clin ical  eatu res
T e p tie t m y  eek medi  l  tte tio  be  u e, o e 
mor i g,   e or  e p   ed blood i  te d o  uri e 
(Fig. 10-9). T i  di tre  i g or  rig te i g eve t m y 
be reg rded    t e  l   i  l pre e t tio ;  owever, more 
 reque tly, t i   ymptom i   ot  oti ed or i   uppre  ed. 
I deed, t e p tie t o e  pre e t   imply      problem i  
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t e di ere ti l di g o i  o  anemia, w et er  ymptom-
 ti  or di  overed i  ide t lly. Sometime , t e   emi  
i     o i ted  rom t e out et wit   eutrope i , t rom-
bo ytope i , or bot , t u   ig  li g    eleme t o  bo e 
m rrow   ilure ( ee below). Some p tie t  m y pre e t 
wit  re urre t  tt  k  o   evere  bdomi  l p i  de yi g 
   pe i   di g o i    d eve tu lly  ou d to be rel ted to 
t rombo i . W e  t rombo i    e t  t e  ep ti  vei  , it 
m y produ e   ute  ep tomeg ly   d    ite , i.e.,    ull-
 edged Budd-C i ri  y drome, w i  , i  t e  b e  e o  
liver di e  e, oug t to r i e t e  u pi io  o  PNH.

T e natural history o  PNH     exte d over de  de . 
Wit out tre tme t, t e medi    urviv l i  e tim ted to 
be  bout 8–10 ye r ; i  t e p  t, t e mo t  ommo    u e 
o  de t      bee  ve ou  t rombo i ,  ollowed by i  e -
tio   e o d ry to  evere  eutrope i    d  emorr  ge 
 e o d ry to  evere t rombo ytope i . R rely (e ti-
m ted 1–2% o   ll    e ), PNH m y termi  te i    ute 
myeloid leukemi . O  t e ot er    d,  ull  po t  eou  
re overy  rom PNH     bee  do ume ted,  lbeit r rely.

Lab orato ry invest igations and  d iagnosis
T e mo t  o  i te t blood   di g i    emi , w i   
m y r  ge  rom mild to moder te to very  evere. T e 
  emi  i  u u lly  ormom  ro yti , wit  u rem rk-
 ble red  ell morp ology. I  t e MCV i   ig , it i  u u-
 lly l rgely    ou ted  or by reti ulo yto i , w i   m y 
be quite m rked (up to 20%, or up to 400,000/µL). T e 
  emi  m y be ome mi ro yti  i  t e p tie t i   llowed 
to be ome iro  de  ie t      re ult o    ro i  uri  ry 
blood lo   t roug   emoglobi uri . U  o jug ted bili-
rubi  i  mildly or moder tely elev ted; LDH i  typi  lly 
m rkedly elev ted (v lue  i  t e t ou   d   re  om-
mo );   d   ptoglobi  i  u u lly u dete t ble. All o  
t e e   di g  m ke t e di g o i  o   emolyti    emi  
 ompelli g. Hemoglobi uri  m y be overt i    r  dom 
uri e   mple; i  it i   ot, it m y be  elp ul to obt i  
 eri l uri e   mple , be  u e  emoglobi uri      v ry 

FIGURE 10 -9  
Con secu t ive  u rin e  sam p les  rom  a  p a t ien t  with paroxysmal 
nocturnal hemoglobinuria (PNH). The variation in the severity o  
hemoglobinuria within hours is probably unique to this condition.

dr m ti  lly  rom d y to d y   d eve   rom  our to 
 our. T e bo e m rrow i  u u lly  ellul r, wit  m rked 
to m   ive eryt roid  yperpl  i , o e  wit  mild to 
moder te dy eryt ropoieti   e ture  ( ot to be  o -
 u ed wit  myelody pl  ti   y drome). At  ome  t ge 
o  t e di e  e, t e m rrow m y be ome  ypo ellul r or 
eve   r  kly  pl  ti  ( ee below).

T e de  itive di g o i  o  PNH mu t be b  ed o  
t e demo  tr tio  t  t    ub t  ti l proportio  o  t e 
p tie t’  red  ell    ve    i  re  ed  u  eptibility to 
 ompleme t (C), due to t e de  ie  y o  t eir  ur   e 
o  protei   (p rti ul rly CD59   d CD55) t  t  or-
m lly prote t t e red  ell   rom   tiv ted C. T e  u ro e 
 emoly i  te t i  u reli ble; i   o tr  t, t e   idi-
 ed  erum (H m) te t i   ig ly reli ble but i    rried 
out o ly i     ew l b . T e gold  t  d rd tod y i   ow 
 ytometry, w i       be   rried out o  gr  ulo yte     
well    o  red  ell . A bimod l di tributio  o   ell , wit  
  di  rete popul tio  t  t i  CD59   d CD55  eg tive, 
i  di g o ti  o  PNH. I  PNH p tie t , t i  popul tio  
i   t le  t 5% o  t e tot l red  ell    d  t le  t 20% o  t e 
tot l gr  ulo yte .

Pathop hysio logy
Hemoly i  i  PNH i  m i ly i tr v   ul r   d i  due 
to    i tri  i   b orm lity o  t e red  ell, w i   m ke  
it exqui itely  e  itive to   tiv ted C, w et er it i    ti-
v ted t roug  t e  lter  tive p t w y or t roug     
  tige -  tibody re  tio . T e  ormer me    i m i  
m i ly re po  ible  or   ro i   emoly i  i  PNH; t e 
l tter expl i   w y t e  emoly i      be dr m ti  lly 
ex  erb ted i  t e  our e o    vir l or b  teri l i  e -
tio . Hyper u  eptibility to C i  due to de  ie  y o  
 ever l prote tive membr  e protei   (Fig. 10-10), o  
w i   CD59 i  t e mo t import  t, be  u e it  i der  
t e i  ertio  i to t e membr  e o  C9 polymer . T e 
mole ul r b  i   or t e de  ie  y o  t e e protei       
bee  pi poi ted  ot to   de e t i    y o  t e re pe tive 
ge e , but r t er to t e   ort ge o    u ique gly olipid 
mole ule, GPI (Fig. 10-2), w i  , t roug    peptide 
bo d,     or  t e e protei   to t e  ur   e membr  e 
o   ell . T e   ort ge o  GPI i  due i  tur  to   mut -
tio  i     X-li ked ge e,   lled PIG-A, required  or    
e rly  tep i  GPI bio y t e i . I  virtu lly e    p tie t, 
t e PIG-A mut tio  i  di ere t. T i  i   ot  urpri i g, 
be  u e t e e mut tio    re  ot i  erited; r t er, e    
o e t ke  pl  e de  ovo i     emopoieti   tem  ell (i.e., 
t ey  re  om ti  mut tio  ). A    re ult, t e p tie t’  
m rrow i    mo  i  o  mut  t   d  o mut  t  ell , 
  d t e perip er l blood  lw y   o t i   bot  PNH 
 ell    d  orm l ( o -PNH)  ell . T rombo i  i  o e o  
t e mo t immedi tely li e-t re te i g  ompli  tio   o  
PNH   d yet o e o  t e le  t u der tood i  it  p t o-
ge e i . It  ould be t  t de  ie  y o  CD59 o  t e PNH 
pl telet   u e  i  ppropri te pl telet   tiv tio ;  ow-
ever, ot er me    i m   re po  ible.
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FIGURE 10 -10  
The com p lem ent cascad e and  the   a te  o   red  ce lls. A. Nor-
mal red cells are protected  rom complement activation and 
subsequent hemolysis by CD55 and CD59. These two proteins, 
being GPI-linked, are missing  rom the sur ace o  PNH red cells 
as a result o  a somatic mutation o  the X-linked PIG-A gene that 
encodes a protein required  or an early step o  the GPI molecule 
biosynthesis. B. In the steady state, PNH erythrocytes su er  rom 
spontaneous (tick-over) complement activation, with consequent 
intravascular hemolysis through  ormation o  the membrane 

attack complex (MAC); when extra complement is activated 
through the classical pathway, an exacerbation o  hemolysis will 
result. C. On eculizumab, PNH erythrocytes are protected  rom 
hemolysis  rom the inhibition o  C5 cleavage; however, upstream 
complement activation may lead to C3 opsonization and possible 
extravascular hemolysis. GPI, glycosylphosphatidylinositol; PNH, 
paroxysmal nocturnal hemoglobinuria. (From L Luzzatto et al: Hae-
matologica 95:523, 2010.)
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129Bone  m arrow  a ilu re  (BMF) and  re lat ionsh ip  
b e tween  PNH and  ap lastic anem ia (AA)
It i   ot u u u l t  t p tie t  wit   rmly e t bli  ed 
PNH   ve   previou   i tory o  well-do ume ted AA; 
i deed, BMF pre edi g overt PNH i  prob bly t e rule 
r t er t    t e ex eptio . O  t e ot er    d,  ome-
time    p tie t wit  PNH be ome  le    emolyti    d 
more p   ytope i    d ultim tely     t e  li i  l pi -
ture o  AA. Be  u e AA i  prob bly    org  - pe i   
 utoimmu e di e  e, i  w i      ell    u e d m ge to 
 em topoieti   tem  ell , t e   me m y be true o  PNH, 
wit  t e  pe i   provi o t  t t e d m ge  p re  PNH 
 tem  ell . PIG-A mut tio       be demo  tr ted i  
 orm l people,   d t ere i  evide  e  rom mou e mod-
el  t  t PNH  tem  ell  do  ot exp  d w e  t e re t 
o  t e bo e m rrow i   orm l. T u , we     vi u lize 
PNH     lw y    vi g two  ompo e t :   ilure o   or-
m l  em topoie i    d m   ive exp   io  o    PNH 
 lo e. Fi di g   upporti g t i   otio  i  lude  kewi g 
o  t e    ell repertoire   d t e demo  tr tio  o  GPI-
re  tive    ell  i  p tie t  wit  PNH.

TREATMENT Paroxysmal Nocturnal Hemoglobinuria

U like ot er   quired  emolyti    emi  , PNH m y be   
li elo g  o ditio ,   d mo t p tie t  re eive  upportive 
tre tme t o ly, i  ludi g tr    u io  o   ltered red  ell 1 
w e ever  e e   ry, w i  ,  or  ome p tie t , me    quite 
 reque tly. Foli    id  uppleme t  ( t le  t 3 mg/d)  re m  -
d tory; t e  erum iro    ould be   e ked periodi  lly,   d 
iro   uppleme t    ould be  dmi i tered     ppropri te. 
Lo g-term glu o orti oid   re  ot i di  ted be  u e t ere 
i   o evide  e t  t t ey   ve   y e e t o    ro i   emoly-
 i ; i     t, t ey  re  o tr i di  ted be  u e t eir  ide e e t  
 re  o  ider ble   d pote ti lly d  gerou . A m jor  dv   e 
i  t e m   geme t o  PNH     bee  t e developme t o    
 um  ized mo o lo  l   tibody, e ulizum b, w i   bi d  
to t e  ompleme t  ompo e t C5  e r t e  ite t  t, w e  
 le ved, will trigger t e di t l p rt o  t e  ompleme t    -
  de le di g to t e  orm tio  o  membr  e  tt  k  omplex 
(MAC). I     i ter  tio  l, pl  ebo- o trolled, r  domized 
tri l o  87 p tie t  ( o   r t e o ly  o trolled t er peuti  tri l 
i  PNH) w o   d bee   ele ted o  grou d  o    vi g  evere 
 emoly i  m ki g t em tr    u io -depe de t, e ulizum b 
proved e e tive   d w   li e  ed i  2007. E ulizum b, by 
 brog ti g  ompleme t-depe de t i tr v   ul r  emoly-
 i ,  ig i    tly improve  t e qu lity o  li e o  PNH p tie t . 
O e would expe t t  t t e  eed  or blood tr    u io  would 
 l o be  brog ted; i deed, t i  i  t e    e i   bout o e-  l  

1Now t  t  lter  wit  ex elle t rete tio  o  w ite  ell   re rou-
ti ely u ed, t e tr ditio  l w   i g o  red  ell ,  imi g to  void 
w ite  ell re  tio   triggeri g  emoly i , i   o lo ger  e e   ry 
  d i  w  te ul.

o  p tie t , i  m  y o  w om t ere i   l o   ri e i   emoglo-
bi  level . I  t e rem i i g p tie t ,  owever, t e   emi  
rem i    uf  ie tly  evere to require blood tr    u io . O e 
re  o   or t i  i  t  t, o  e t e di t l  ompleme t p t w y i  
blo ked, red  ell   o lo ger de troyed by t e MAC be ome 
op o ized by  ompleme t (C3)  r gme t    d u dergo 
extr v   ul r  emoly i  (Fig. 10-10). T e exte t to w i   t i  
  ppe   depe d  i  p rt o    ge eti  polymorp i m o  t e 
 ompleme t re eptor CR1. B  ed o  it    l -li e, e ulizum b 
mu t be  dmi i tered i tr ve ou ly every 14 d y . T e o ly 
 orm o  tre tme t t  t  urre tly     provide   de  itive  ure 
 or PNH i   lloge ei  BM . W e     HLA-ide ti  l  ibli g 
i   v il ble, BM    ould be o ered to   y you g p tie t wit  
 evere PNH; t e  v il bility o  e ulizum b     de re  ed  ig-
 i    tly t e proportio  o  p tie t  re eivi g BM .

For p tie t  wit  t e PNH-AA  y drome, immu o-
 uppre  ive tre tme t wit    tit ymo yte globuli    d  y lo-
 pori e A m y be i di  ted, e pe i lly i  order to relieve  evere 
t rombo ytope i    d/or  eutrope i  i  p tie t  i  w om 
t e e were t e m i  problem( ); o   our e, t i  tre tme t will 
  ve little or  o e e t o   emoly i . A y p tie t w o       d 
ve ou  t rombo i  or w o       ge eti  lly determi ed t rom-
bop ili   t te i   dditio  to PNH   ould be o  regul r   ti o-
 gul  t prop yl xi . Wit  t romboti   ompli  tio   t  t do  ot 
re olve ot erwi e, t rombolyti  tre tme t wit  ti  ue pl  mi o-
ge    tiv tor m y be i di  ted.

ANEMIA DUE TO ACUTE BLOOD LOSS

Blood lo     u e    emi  by two m i  me    i m : (1) 
by t e dire t lo   o  red  ell ;   d (2) i  t e lo   o  blood 
i  protr  ted, it will gr du lly deplete iro   tore , eve -
tu lly re ulti g i  iro  de  ie  y. T e l tter type o    e-
mi  i   overed i  Chap. 7;  ere we  re  o  er ed wit  
t e  ormer type, i.e., posthemorrhagic anemia, w i   
 ollow  acute blood lo  . T i      be external (e.g.,   er 
tr um  or ob tetri   emorr  ge) or internal (e.g.,  rom 
bleedi g i  t e g  troi te ti  l tr  t, rupture o  t e 
 plee , rupture o     e topi  preg    y,  ub r    oid 
 emorr  ge). I    y o  t e e    e ,   er t e  udde  
lo   o    l rge  mou t o  blood, t ere  re t ree  li i  l/
p t op y iologi   t ge . (1) At  r t, t e domi   t  e -
ture i   ypovolemi , w i   po e    t re t p rti ul rly to 
org    t  t  orm lly   ve    ig  blood  upply, like t e 
br i    d t e kid ey ; t ere ore, lo   o   o   iou  e   
  d   ute re  l   ilure  re m jor t re t . It i  import  t 
to  ote t  t  t t i   t ge    ordi  ry blood  ou t will 
 ot   ow   emi , be  u e t e  emoglobi   o  e tr -
tio  i   ot   e ted. (2) Next,       emerge  y re po  e, 
b rore eptor    d  tret   re eptor  will   u e rele  e o  
v  opre  i    d ot er peptide ,   d t e body will   i  
 uid  rom t e extr v   ul r to t e i tr v   ul r  om-
p rtme t, produ i g  emodilutio ; t u , t e  ypovole-
mi  gr du lly  o vert  to   emi . T e degree o    emi  
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130 will re e t t e  mou t o  blood lo t. I    er 3 d y  t e 
 emoglobi  i ,  or ex mple, 7 g/dL, it me    t  t  bout 
  l  o  t e e tire blood     bee  lo t. (3) Provided 
bleedi g doe   ot  o ti ue, t e bo e m rrow re po  e 
will gr du lly  melior te t e   emi .

T e di g o i  o    ute po t emorr  gi    emi  
(APHA) i  u u lly  tr ig t orw rd,  lt oug   ome-
time  i ter  l bleedi g epi ode  (e.g.,   er   tr um ti  
i jury), eve  w e  l rge, m y  ot be immedi tely obvi-
ou . W e ever     brupt   ll i   emoglobi      t ke  
pl  e, w  tever  i tory i  give  by t e p tie t, APHA 
  ould be  u pe ted. Suppleme t ry  i tory m y   ve 
to be obt i ed by   ki g t e  ppropri te que tio  , 
  d  ppropri te i ve tig tio   (e.g.,    o ogr m or    
e do  opy) m y   ve to be   rried out.

TREATMENT Anemia Due to Acute Blood Loss

Wit  re pe t to tre tme t,   two-pro ged  ppro    i  imper-
 tive. (1) I  m  y    e , t e blood lo t  eed  to be repl  ed 
promptly. U like wit  m  y   ro i    emi  , w e    d-
i g   d  orre ti g t e   u e o  t e   emi  i  t e  r t pri-
ority   d blood tr    u io  m y  ot be eve   e e   ry 
be  u e t e body i   d pted to t e   emi , wit    ute blood 

lo   t e rever e i  true; be  u e t e body i   ot  d pted to 
t e   emi , blood tr    u io  t ke  priority. (1) W ile t e 
emerge  y i  bei g  o  ro ted, it i  imper tive to  top t e 
 emorr  ge   d to elimi  te it   our e.

A  pe i l type o  APHA i  blood lo   duri g   d immedi-
 tely   er  urgery, w i       be  ub t  ti l (e.g., up to 2 L i  
t e    e o    r di  l pro t te tomy). O   our e wit  ele tive 
 urgi  l pro edure , t e p tie t’  ow   tored blood m y be 
 v il ble (t roug  preoper tive  utologou  blood do  tio ), 
  d i    y    e, blood lo   oug t to   ve bee    re ully mo -
itored/me  ured. T e    t t  t t i  blood lo   i  i troge i  
di t te  t  t ever more e ort   ould be i ve ted i  optimiz-
i g it  m   geme t.

A Holy Gr il o  emerge  y medi i e  or   lo g time     
bee  t e ide  o    blood  ub titute t  t would be u iver  lly 
 v il ble,  uit ble  or  ll re ipie t , e  y to  tore   d to tr   -
port,    e,   d    e e tive    blood it el .  wo m i  p t   
  ve bee  pur ued: (1)  uoro  rbo   y t eti    emi  l  t  t 
bi d oxyge  rever ibly,   d (2)  rti  i lly modi ed  emoglo-
bi  , k ow      emoglobi -b  ed oxyge    rrier  (HBOC ). 
Alt oug  t ere  re  umerou    e dot l report  o  t e u e 
o  bot   ppro   e  i   um   ,   d  lt oug  HBOC    ve 
re   ed t e  t ge o  p   e 2–3  li i  l tri l ,  o “blood  ub-
 titute”     yet be ome  t  d rd tre tme t.
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BONE MARROW FAILURE SYNDROMES INCLUDING 
APLASTIC ANEMIA AND MYELODYSPLASIA

Neal S. Young  

T e hypoproli erative anemias are normochromic, nor-
mocytic, or macrocytic and are characterized by a low 
reticulocyte count. Hypoproli erative anemia is also 
a prominent  eature o  hematologic diseases that are 
described as bone marrow  ailure states; these include 
aplastic anemia, myelodysplastic syndrome (MDS), 
pure red cell aplasia (PRCA), and myelophthisis. Ane-
mia in these disorders is o en not a solitary or even 
the major hematologic  nding. More  requent in bone 
marrow  ailure is pancytopenia: anemia, leukopenia, 
and thrombocytopenia. Low blood counts in the mar-
row  ailure diseases result  rom de cient hematopoiesis, 
as distinguished  rom blood count depression due to 
peripheral destruction o  red cells (hemolytic anemias), 
platelets (idiopathic thrombocytopenic purpura [I P] 
or due to splenomegaly), and granulocytes (as in the 
immune leukopenias). Marrow damage and dys unc-
tion also may be secondary to in ection, in ammation, 
or cancer.

Hematopoietic  ailure syndromes are classi ed by 
dominant morphologic  eatures o  the bone marrow 
(Table 11-1). Although practical distinction among 
these syndromes usually is clear, some processes are 
so closely related that the diagnosis may be complex. 
Patients may seem to su er  rom two or three related 
diseases simultaneously, or one diagnosis may appear to 
evolve into another. Many o  these syndromes share an 
immune-mediated mechanism o  marrow destruction 
and some element o  genomic instability resulting in a 
higher rate o  malignant trans ormation.

It is important that the internist and general practi-
tioner recognize the marrow  ailure syndromes, as their 
prognosis may be poor i  the patient is untreated; e ec-
tive therapies are o en available but suf ciently compli-
cated in their choice and delivery so as to warrant the 
care o  a hematologist or oncologist.

CHAP TER 1 1

APLASTIC ANEMIA

DEFINITION
Aplastic anemia is pancytopenia with bone marrow 
hypocellularity. Acquired aplastic anemia is distin-
guished  rom iatrogenic aplasia, marrow hypocellularity 

TABLE 11 -1  
DIFFERENTIAL DIAGNOSIS OF PANCYTOPENIA
Pan cytop en ia  with  Hyp o ce llu la r Bon e  Marrow
Acquired aplastic anemia
Constitutional aplastic anemia (Fanconi anemia, dyskeratosis 
congenita)

Some myelodysplasia
Rare aleukemic leukemia
Some acute lymphoid leukemia
Some lymphomas o  bone marrow
Pan cytop en ia  with  Ce llu la r Bon e  Marrow
Primary bone marrow 
diseases

Secondary to systemic 
diseases

Myelodysplasia  Systemic lupus 
erythematosus

Paroxysmal nocturnal 
hemoglobinuria

Hypersplenism
B12,  olate de ciency

Myelo brosis  Overwhelming in ection
Some aleukemic leukemia  Alcohol
Myelophthisis  Brucellosis
Bone marrow lymphoma  Sarcoidosis
Hairy cell leukemia  Tuberculosis

Leishmaniasis
Hyp o ce llu la r Bon e  Marrow ± Cyto p en ia
Q  ever
Legionnaires’ disease
Anorexia nervosa, starvation
Mycobacterium
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132 a er intensive cytotoxic chemotherapy  or cancer. 
Aplastic anemia can also be constitutional: the genetic 
diseases Fanconi anemia and dyskeratosis congenita, 
although  requently associated with typical physical 
anomalies and the development o  pancytopenia early 
in li e, can also present as marrow  ailure in normal-
appearing adults. Acquired aplastic anemia is o en ste-
reotypical in its mani estations, with the abrupt onset 
o  low blood counts in a previously well young adult; 
seronegative hepatitis or a course o  an incriminated 
medical drug may precede the onset. T e diagnosis in 
these instances is uncomplicated. Sometimes blood 
count depression is moderate or incomplete, resulting 
in anemia, leukopenia, and thrombocytopenia in some 
combination. Aplastic anemia is related to both parox-
ysmal nocturnal hemoglobinuria (PNH; Chap. 33) and 
to MDS, and in some cases, a clear distinction among 
these disorders may not be possible.

EPIDEMIOLOGY
T e incidence o  acquired aplastic anemia in 
Europe and Israel is two cases per million per-
sons annually. In T ailand and China, rates o  

 ve to seven per million have been established. In gen-
eral, men and women are a ected with equal  requency, 
but the age distribution is biphasic, with the major peak 
in the teens and twenties and a second rise in older 
adults.

ETIOLOGY
T e origins o  aplastic anemia have been in erred  rom 
several recurring clinical associations (Table 11-2); 
un ortunately, these relationships are not reliable in an 
individual patient and may not be etiologic. In addition, 
although most cases o  aplastic anemia are idiopathic, 
little other than history separates these cases  rom those 
with a presumed etiology such as a drug exposure.

Ra dia tion

Marrow aplasia is a major acute sequela o  radiation. 
Radiation damages DNA; tissues dependent on active 
mitosis are particularly susceptible. Nuclear accidents 
involve not only power plant workers but also employ-
ees o  hospitals, laboratories, and industry ( ood ster-
ilization, metal radiography, etc.), as well as innocents 
exposed to stolen, misplaced, or misused sources. 
Whereas the radiation dose can be approximated  rom 
the rate and degree o  decline in blood counts, dosim-
etry by reconstruction o  the exposure can help to 
estimate the patient’s prognosis and also to protect 
medical personnel  rom contact with radioactive tis-
sue and excreta. MDS and leukemia, but probably not 
aplastic anemia, are late e ects o  radiation.

TABLE 11 -2  
CLASSIFICATION OF APLASTIC ANEMIA AND  
SINGLE CYTOPENIAS

ACQUIRED  INHERITED

Ap last ic An em ia
Secondary  Fanconi anemia

Radiation  Dyskeratosis congenita
Drugs and chemicals  Shwachman-Diamond 

syndrome
Regular e ects  Reticular dysgenesis
Idiosyncratic reactions  Amegakaryocytic 

thrombocytopenia
Viruses  Familial aplastic anemias

Epstein-Barr virus  
(in ectious 
mononucleosis)

Preleukemia (monosomy 
7, etc.)

Hepatitis (non-A, non-B, 
non-C hepatitis)

Nonhematologic syndrome 
(Down, Dubowitz, Seckel)

Parvovirus B19 (transient  
aplastic crisis, PRCA)

HIV-1 (AIDS)
Immune diseases

Eosinophilic  asciitis
Hyperimmunoglobulinemia
Large granular  
lymphocytosis (LGL)

Thymoma/thymic  
carcinoma

Gra t-versus-host disease in  
immunode ciency

Paroxysmal nocturnal  
hemoglobinuria (PNH)

Pregnancy
Idiopathic
Cyto p en ia s
PRCA (see Table 11-4)  Congenital PRCA  

(Diamond-Black an 
anemia)

Neutropenia/agranulocytosis
Idiopathic  Kostmann syndrome
Drugs, toxins  Shwachman-Diamond 

syndrome
LGL
Pure white cell aplasia  
(+/– thymoma)

Reticular dysgenesis

Thrombocytopenia
Drugs, toxins  Amegakaryocytic 

thrombocytopenia
Idiopathic amegakaryocytic  Thrombocytopenia with 

absent radii

Abbrevia t ion: PRCA, pure red cell aplasia.

Chemica ls

Benzene is a notorious cause o  bone marrow  ailure: 
epidemiologic, clinical, and laboratory data link ben-
zene to aplastic anemia, acute leukemia, and blood and 
marrow abnormalities. For leukemia, incidence is cor-
related with cumulative exposure, but susceptibility 
must also be important, because only a minority o  even 
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133heavily exposed workers develop myelotoxicity. T e 
employment history is important, especially in indus-
tries where benzene is used  or a secondary purpose, 
usually as a solvent. Benzene-related blood diseases 
have declined with regulation o  industrial exposure. 
Although benzene is no longer generally available as a 
household solvent, exposure to its metabolites occurs 
in the normal diet and in the environment. T e asso-
ciation between marrow  ailure and other chemicals is 
much less well substantiated.

Drugs

(Table 11-3) Many chemotherapeutic drugs have mar-
row suppression as a major toxicity; e ects are dose 
dependent and will occur in all recipients. In contrast, 
idiosyncratic reactions to a large and diverse group 
o  drugs may lead to aplastic anemia without a clear 
dose-response relationship. T ese associations rest 
largely on accumulated case reports until a large inter-
national study in Europe in the 1980s quantitated drug 
relationships, especially  or nonsteroidal analgesics, 
sul onamides, thyrostatic drugs, some psychotropics, 
penicillamine, allopurinol, and gold. Association does 
not equal causation: a drug may have been used to treat 
the  rst symptoms o  bone marrow  ailure (antibiot-
ics  or  ever or the preceding viral illness) or provoked 
the  rst symptom o  a preexisting disease (petechiae by 
nonsteroidal anti-in ammatory agents administered to 
the thrombocytopenic patient). In the context o  total 
drug use, idiosyncratic reactions, although individually 
devastating, are rare events. Risk estimates are usually 
lower when determined in population-based studies. 
Furthermore, the low absolute risk is also made more 
obvious: even a 10- or 20- old increase in risk trans-
lates, in a rare disease, to just a hand ul o  drug-induced 
aplastic anemia cases among hundreds o  thousands o  
exposed persons.

Infections

Hepatitis is the most common preceding in ection, 
and posthepatitis marrow  ailure accounts  or approxi-
mately 5% o  etiologies in most series. Patients are usu-
ally young men who have recovered  rom a bout o  liver 
in ammation 1 to 2 months earlier; the subsequent 
pancytopenia is very severe. T e hepatitis is seronega-
tive (non-A, non-B, non-C) and possibly due to an as 
yet undiscovered in ectious agent. Fulminant liver  ail-
ure in childhood also  ollows seronegative hepatitis, and 
marrow  ailure occurs at a high rate in these patients. 
Aplastic anemia can rarely  ollow in ectious mononu-
cleosis. Parvovirus B19, the cause o  transient aplastic 
crisis in hemolytic anemias and o  some PRCAs (see 
below), does not usually cause generalized bone mar-
row  ailure. Mild blood count depression is  requent 

TABLE 11 -3  
SOME DRUGS AND CHEMICALS ASSOCIATED WITH 
APLASTIC ANEMIA
Agents that regularly produce marrow depression as major 
toxicity in commonly used doses or normal exposures:
Cytotoxic drugs used in cancer chemotherapy: alkylating 
agents, antimetabolites, antimitotics, some antibiotics

Agents that  requently but not inevitably produce marrow 
aplasia:
Benzene

Agents associated with aplastic anemia but with a relatively 
low probability:
Chloramphenicol
Insecticides
Antiprotozoals: quinacrine and chloroquine, mepacrine
Nonsteroidal anti-in ammatory drugs (including phenylbu-
tazone, indomethacin, ibupro en, sulindac, aspirin)

Anticonvulsants (hydantoins, carbamazepine, phenacemide, 
 elbamate)

Heavy metals (gold, arsenic, bismuth, mercury)
Sul onamides: some antibiotics, antithyroid drugs (methima-
zole, methylthiouracil, propylthiouracil), antidiabetes drugs 
(tolbutamide, chlorpropamide), carbonic anhydrase inhibi-
tors (acetazolamide and methazolamide)

Antihistamines (cimetidine, chlorpheniramine)
d -Penicillamine
Estrogens (in pregnancy and in high doses in animals)

Agents whose association with aplastic anemia is more 
tenuous:
Other antibiotics (streptomycin, tetracycline, methicillin, 
mebendazole, trimethoprim/sul amethoxazole,  ucytosine)

Sedatives and tranquilizers (chlorpromazine, prochlorpera-
zine, piperacetazine, chlordiazepoxide, meprobamate, 
methyprylon)

Allopurinol
Methyldopa
Quinidine
Lithium
Guanidine
Potassium perchlorate
Thiocyanate
Carbimazole

Note: Terms set in italics show the most consistent association with aplas-
tic anemia.

in the course o  many viral and bacterial in ections but 
resolves with the in ection.

Immunologic d isea ses

Aplasia is a major consequence and the inevitable cause 
o  death in trans usion-associated gra -versus-host disease 
(GVHD) that can occur a er in usion o  nonirradiated 
blood products to an immunode cient recipient. Aplastic 
anemia is strongly associated with the rare collagen vas-
cular syndrome eosinophilic  asciitis that is characterized 
by pain ul induration o  subcutaneous tissues. T ymoma 
and hypoimmunoglobulinemia are occasional associa-
tions with aplastic anemia. Pancytopenia with marrow 
hypoplasia can also occur in systemic lupus erythemato-
sus (SLE).
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134 Pregna ncy

Aplastic anemia very rarely may occur and recur during 
pregnancy and resolve with delivery or with spontane-
ous or induced abortion.

Pa roxysma l nocturna l hemoglobinuria

An acquired mutation in the PIG-A gene in a hema-
topoietic stem cell is required  or the development o  
PNH, but PIG-A mutations probably occur commonly 
in normal individuals. I  the PIG-A mutant stem cell 
proli erates, the result is a clone o  progeny de cient in 
glycosylphosphatidylinositol-linked cell sur ace mem-
brane proteins (Chap. 33). Small clones o  de cient 
cells can be detected by sensitive  ow cytometry tests 
in one-hal  or more o  patients with aplastic anemia 
at the time o  presentation. Functional studies o  bone 
marrow  rom PNH patients, even those with mainly 
hemolytic mani estations, show evidence o  de ective 
hematopoiesis. Patients with an initial clinical diag-
nosis o  PNH, especially younger individuals, may 
later develop  rank marrow aplasia and pancytopenia; 
patients with an initial diagnosis o  aplastic anemia 
may su er  rom hemolytic PNH years a er recovery o  
blood counts.

Constitutiona l d isorders

Fanconi anemia, an autosomal recessive disorder, 
mani ests as congenital developmental anomalies, pro-
gressive pancytopenia, and an increased risk o  malig-
nancy. Chromosomes in Fanconi anemia are peculiarly 
susceptible to DNA cross-linking agents, the basis  or 
a diagnostic assay. Patients with Fanconi anemia typi-
cally have short stature, ca é au lait spots, and anomalies 
involving the thumb, radius, and genitourinary tract. 
At least 16 di erent genetic de ects (all but one with an 
identi ed gene) have been de ned; the most common, 
type A Fanconi anemia, is due to a mutation in FANCA. 
Most o  the Fanconi anemia gene products  orm a pro-
tein complex that activates FANCD2 by monoubiqui-
tination to play a role in the cellular response to DNA 
damage and especially interstrand cross-linking.

Dyskeratosis congenita is characterized by the triad 
o  mucous membrane leukoplasia, dystrophic nails, 
reticular hyperpigmentation, and with the develop-
ment o  aplastic anemia in childhood. Dyskeratosis is 
due to mutations in genes o  the telomere repair com-
plex, which acts to maintain telomere length in repli-
cating cells: the X-linked variety is due to mutations in 
the DKC1 (dyskerin) gene; the more unusual autoso-
mal dominant type is due to mutation in TERC, which 
encodes an RNA template, and TERT, which encodes 
the catalytic reverse transcriptase, telomerase. Muta-
tions in TNF2, a component o  the shelterin complex, 
proteins that bind the telomere DNA, also occur.

In Shwachman-Diamond syndrome, presentation 
is early in li e with neutropenia with pancreatic insu -
 ciency and malabsorption; most patients have com-
pound heterozygous mutations in SBDS that may a ect 
both ribosomal biogenesis (as in Diamond-Black an 
anemia; see below) and marrow stroma  unction.

While these constitutional syndromes can on occa-
sion present in adults, genetic mutations are also risk 
 actors  or bone marrow  ailure. In the recently recog-
nized telomeropathies, mutations in TERT and TERC 
have subtle e ects on hematopoietic  unction.  ypical 
presentations include not only severe but also moderate 
aplastic anemia, which can be chronic and not progres-
sive, and isolated macrocytic anemia or thrombocyto-
penia. Physical anomalies are usually not  ound in the 
patient, although early hair graying is a clue to the diag-
nosis. A care ul  amily history may disclose pulmonary 
 brosis and hepatic cirrhosis. Speci c involvement o  
the bone marrow, liver, and lung is highly variable, as 
is penetrance o  clinical phenotype, both within  ami-
lies and among kindreds. Variable penetrance means 
that TERT and TERC mutations represent risk  actors 
 or marrow  ailure, as  amily members with the same 
mutations may have normal or only slight hematologic 
abnormalities but more subtle evidence o  (compen-
sated) hematopoietic insuf ciency.

PATHOPHYSIOLOGY
Bone marrow  ailure results  rom severe damage to the 
hematopoietic cell compartment. In aplastic anemia, 
replacement o  the bone marrow by  at is apparent in 
the morphology o  the biopsy specimen (Fig. 11-1) and 
magnetic resonance imaging (MRI) o  the spine. Cells 
bearing the CD34 antigen, a marker o  early hemato-
poietic cells, are greatly diminished, and in  unctional 
studies, committed and primitive progenitor cells are 
virtually absent; in vitro assays have suggested that the 
stem cell pool is reduced to ≤1% o  normal in severe 
disease at the time o  presentation.

An intrinsic stem cell de ect exists  or the constitu-
tional aplastic anemias: cells  rom patients with Fan-
coni anemia exhibit chromosome damage and death 
on exposure to certain chemical agents.  elomeres are 
short in some patients with aplastic anemia, due to het-
erozygous mutations in genes o  the telomere repair 
complex.  elomeres may also shorten physiologically in 
acquired marrow  ailure due to replicative demands on 
a limited stem cell pool.

Drug in jury

Extrinsic damage to the marrow  ollows massive physi-
cal or chemical insults such as high doses o  radia-
tion and toxic chemicals. For the more common 
idiosyncratic reaction to modest doses o  medical 
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drugs, altered drug metabolism has been invoked as a 
likely mechanism. T e metabolic pathways o  many 
drugs and chemicals, especially i  they are polar and 
have limited water solubility, involve enzymatic degra-
dation to highly reactive electrophilic compounds; these 
intermediates are toxic because o  their propensity to 
bind to cellular macromolecules. For example, deriva-
tive hydroquinones and quinolones are responsible  or 
benzene-induced tissue injury. Excessive generation o  
toxic intermediates or  ailure to detoxi y the intermedi-
ates may be genetically determined and apparent only 
on speci c drug challenge; the complexity and speci-
 city o  the pathways imply multiple susceptibility loci 
and would provide an explanation  or the rarity o  idio-
syncratic drug reactions.

Immune-media ted  in jury

T e recovery o  marrow  unction in some patients pre-
pared  or bone marrow transplantation with antilympho-
cyte globulin  rst suggested that aplastic anemia might 
be immune mediated. Consistent with this hypothesis 
was the  requent  ailure o  simple bone marrow trans-
plantation  rom a syngeneic twin, without conditioning 

cytotoxic chemotherapy, which also argued both against 
simple stem cell absence as the cause and  or the pres-
ence o  a host  actor producing marrow  ailure. Labo-
ratory data support an important role  or the immune 
system in aplastic anemia. Blood and bone marrow 
cells o  patients can suppress normal hematopoietic 
progenitor cell growth, and removal o    cells  rom 
aplastic anemia bone marrow improves colony  orma-
tion in vitro. Increased numbers o  activated cytotoxic 
  cell clones are observed in aplastic anemia patients 
and usually decline with success ul immunosuppressive 
therapy; type 1 cytokines are implicated; and inter eron 
γ (IFN-γ) induces Fas expression on CD34 cells, lead-
ing to apoptotic cell death. T e early immune system 
events in aplastic anemia are not well understood, but 
an oligoclonal,   cell response implies antigenic stimu-
lus. T e rarity o  aplastic anemia despite common expo-
sures (medicines, seronegative hepatitis) suggests that 
genetically determined  eatures o  the immune response 
can convert a normal physiologic response into a sus-
tained abnormal autoimmune process, including poly-
morphisms in histocompatibility antigens, cytokine 
genes, and genes that regulate   cell polarization and 
e ector  unction.

FIGURE 11 -1
No rm al an d  ap last ic b o n e  m arrow. A. Normal bone mar-
row biopsy. B. Normal bone marrow aspirate smear. The marrow 
is normally 30–70% cellular, and there is a heterogeneous mix o  
myeloid, erythroid, and lymphoid cells. C. Aplastic anemia biopsy. 

D. Marrow smear in aplastic anemia. The marrow shows replace-
ment o  hematopoietic tissue by  at and only residual stromal and 
lymphoid cells.

A  C

B  D
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136 CLINICAL FEATURES
History

Aplastic anemia can appear abruptly or insidiously. 
Bleeding is the most common early symptom; a com-
plaint o  days to weeks o  easy bruising, oozing  rom 
the gums, nose bleeds, heavy menstrual  ow, and some-
times petechiae will have been noticed. With thrombo-
cytopenia, massive hemorrhage is unusual, but small 
amounts o  bleeding in the central nervous system can 
result in catastrophic intracranial or retinal hemor-
rhage. Symptoms o  anemia are also  requent, including 
lassitude, weakness, shortness o  breath, and a pound-
ing sensation in the ears. In ection is an unusual  rst 
symptom in aplastic anemia (unlike in agranulocy-
tosis, where pharyngitis, anorectal in ection, or  rank 
sepsis occurs early). A striking  eature o  aplastic ane-
mia is the restriction o  symptoms to the hematologic 
system, and patients o en  eel and look remarkably 
well despite drastically reduced blood counts. Systemic 
complaints and weight loss should point to other eti-
ologies o  pancytopenia. Prior drug use, chemical 
exposure, and preceding viral illnesses must o en be 
elicited with repeated questioning. A  amily history o  
hematologic diseases or blood abnormalities, o  pulmo-
nary or liver  brosis, or o  early hair graying points to a 
telomeropathy.

Physica l exa mina tion

Petechiae and ecchymoses are typical, and retinal hem-
orrhages may be present. Pelvic and rectal examinations 
can o en be de erred but, when per ormed, should be 
undertaken with great gentleness to avoid trauma; these 
will o en show bleeding  rom the cervical os and blood 
in the stool. Pallor o  the skin and mucous membranes is 
common except in the most acute cases or those already 
trans used. In ection on presentation is unusual but 
may occur i  the patient has been symptomatic  or a  ew 
weeks. Lymphadenopathy and splenomegaly are highly 
atypical o  aplastic anemia. Ca é au lait spots and short 
stature suggest Fanconi anemia; peculiar nails and leuko-
plakia suggest dyskeratosis congenita; early graying (and 
use o  hair dyes to mask it!) suggests a telomerase de ect.

LABORATORY STUDIES
Blood

T e smear shows large erythrocytes and a paucity o  
platelets and granulocytes. Mean corpuscular vol-
ume (MCV) is commonly increased. Reticulocytes are 
absent or  ew, and lymphocyte numbers may be nor-
mal or reduced. T e presence o  immature myeloid 
 orms suggests leukemia or MDS; nucleated red blood 
cells (RBCs) suggest marrow  brosis or tumor invasion; 

abnormal platelets suggest either peripheral destruction 
or MDS.

Bone ma rrow

T e bone marrow is usually readily aspirated but dilute 
on smear, and the  atty biopsy specimen may be grossly 
pale on withdrawal; a “dry tap” instead suggests  bro-
sis or myelophthisis. In severe aplasia, the smear o  the 
aspirated specimen shows only red cells, residual lym-
phocytes, and stromal cells; the biopsy (which should 
be >1 cm in length) is superior  or determination o  
cellularity and shows mainly  at under the microscope, 
with hematopoietic cells occupying <25% o  the mar-
row space; in the most serious cases, the biopsy is virtu-
ally all  at. T e correlation between marrow cellularity 
and disease severity is imper ect, in part because mar-
row cellularity declines physiologically with aging. 
Additionally, some patients with moderate disease 
by blood counts will have empty iliac crest biopsies, 
whereas “hot spots” o  hematopoiesis may be seen in 
severe cases. I  an iliac crest specimen is inadequate, 
cells may also be obtained by aspiration  rom the ster-
num. Residual hematopoietic cells should have normal 
morphology, except  or mildly megaloblastic erythro-
poiesis; megakaryocytes are invariably greatly reduced 
and usually absent. Granulomas may indicate an in ec-
tious etiology o  the marrow  ailure.

Ancilla ry studies

Chromosome breakage studies o  peripheral blood 
using diepoxybutane or mitomycin C should be per-
 ormed on children and younger adults to exclude 
Fanconi anemia. Very short telomere length (avail-
able commercially) strongly suggests the presence o  a 
telomerase or shelterin mutation, which can be pursued 
by  amily studies and nucleotide sequencing. Chromo-
some studies o  bone marrow cells are o en revealing 
in MDS and should be negative in typical aplastic ane-
mia. Flow cytometry o ers a sensitive diagnostic test 
 or PNH. Serologic studies may show evidence o  viral 
in ection, such as Epstein-Barr virus and HIV. Posthep-
atitis aplastic anemia is seronegative. T e spleen size 
should be determined by computed tomography (C ) 
scanning or ultrasound i  the physical examination o  
the abdomen is unsatis actory. Occasionally MRI may 
be help ul to assess the  at content o  vertebrae in order 
to distinguish aplasia  rom MDS.

DIAGNOSIS
T e diagnosis o  aplastic anemia is usually straight-
 orward, based on the combination o  pancytopenia 
with a  atty bone marrow. Aplastic anemia is a disease 
o  the young and should be a leading diagnosis in the 
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137pancytopenic adolescent or young adult. When pancy-
topenia is secondary, the primary diagnosis is usually 
obvious  rom either history or physical examination: 
the massive spleen o  alcoholic cirrhosis, the history 
o  metastatic cancer or SLE, or miliary tuberculosis on 
chest radiograph (Table 11-1).

Diagnostic problems can occur with atypical pre-
sentations and among related hematologic diseases. 
Although pancytopenia is most common, some 
patients with bone marrow hypocellularity have depres-
sion o  only one or two o  three blood lines, with later 
progression to pancytopenia. T e bone marrow in 
constitutional aplastic anemia is morphologically indis-
tinguishable  rom the aspirate in acquired disease. T e 
diagnosis can be suggested by  amily history, abnormal 
blood counts since childhood, or the presence o  asso-
ciated physical anomalies. Aplastic anemia may be di -
 cult to distinguish  rom the hypocellular variety o  
MDS: MDS is  avored by  nding morphologic abnor-
malities, particularly o  megakaryocytes and myeloid 
precursor cells, and typical cytogenetic abnormalities 
(see below).

PROGNOSIS
T e natural history o  severe aplastic anemia is rapid 
deterioration and death. Historically, provision  rst 
o  RBC and later o  platelet trans usions and e ective 
antibiotics were o  some bene t, but  ew patients show 
spontaneous recovery. T e major prognostic determi-
nant is the blood count. Severe disease has been de ned 
by the presence o  two o  three parameters: absolute 
neutrophil count <500/µL, platelet count <20,000/µL,  
and corrected reticulocyte count <1% (or absolute 
reticulocyte count <60,000/µL). In the era o  e ective 
immunosuppressive therapies, absolute numbers o  
reticulocytes (>25,000/µL) and lymphocytes (>1000/µL) 
may be better predictors o  response to treatment and 
long-term outcome.

TREATMENT Aplastic Anemia

Severe acquired aplastic anemia can be cured by replace-
ment o  the absent hematopoietic cells (and the immune 
system) by stem cell transplant, or it can be ameliorated by 
suppression o  the immune system to allow recovery o  the 
patient’s residual bone marrow  unction. Glucocorticoids are 
not o  value as primary therapy. Suspect exposures to drugs 
or chemicals should be discontinued; however, spontaneous 
recovery o  severe blood count depression is rare, and a wait-
ing period be ore beginning treatment may not be advisable 
unless the blood counts are only modestly depressed.

HEMATOPOIETIC STEM CELL TRANSPLANTATION T is is the best 
therapy  or the younger patient with a  ully histocompatible 

sibling donor (Chap. 31). Human leukocyte antigen (HLA) 
typing should be ordered as soon as the diagnosis o  aplas-
tic anemia is established in a child or younger adult. In trans-
plant candidates, trans usion o  blood  rom  amily members 
should be avoided so as to prevent sensitization to histocom-
patibility antigens, but limited numbers o  blood products 
probably do not greatly a ect outcome. For allogeneic trans-
plant  rom  ully matched siblings, long-term survival rates  or 
children are approximately 90%.  ransplant morbidity and 
mortality are increased among adults, due to the higher risk 
o  chronic GVHD and serious in ections.

Most patients do not have a suitable sibling donor. Occa-
sionally, a  ull phenotypic match can be  ound within the 
 amily and serve as well. Far more available are other alterna-
tive donors, either unrelated but histocompatible volunteers 
or closely but not per ectly matched  amily members. High-
resolution matching at HLA and more e ective condition-
ing regimens and GVHD prophylaxis have led to improved 
survival rates in patients who proceed to alternative donor 
transplant, in some series approximating results with conven-
tional sibling donors. Patients will be at risk  or late complica-
tions, especially a higher rate o  cancer, i  radiation is used as 
a component o  conditioning.

IMMUNOSUPPRESSION T e standard regimen o  antithymocyte 
globulin (A G) in combination with cyclosporine induces 
hematologic recovery (independence  rom trans usion and 
a leukocyte count adequate to prevent in ection) in 60–70% 
o  patients. Children do especially well, whereas older adult 
patients o en su er complications due to the presence o  
comorbidities. An early robust hematologic response corre-
lates with long-term survival. Improvement in granulocyte 
number is generally apparent within 2 months o  treatment. 
Most recovered patients continue to have some degree o  
blood count depression, the MCV remains elevated, and 
bone marrow cellularity returns toward normal very slowly 
i  at all. Relapse (recurrent pancytopenia) is  requent, o en 
occurring as cyclosporine is discontinued; most, but not all, 
patients respond to reinstitution o  immunosuppression, but 
some responders become dependent on continued cyclo-
sporine administration. Development o  MDS, with typical 
marrow morphologic or cytogenetic abnormalities, occurs in 
approximately 15% o  treated patients, usually but not invari-
ably associated with a return o  pancytopenia, and some 
patients develop leukemia. A laboratory diagnosis o  PNH 
can generally be made at the time o  presentation o  aplastic 
anemia by  ow cytometry; recovered patients may have  rank 
hemolysis i  the PNH clone expands. Bone marrow examina-
tions should be per ormed i  there is an un avorable change 
in blood counts.

Horse A G is administered as intravenous in usions 
over 4 days. A G binds to peripheral blood cells; there ore, 
platelet and granulocyte numbers may decrease  urther dur-
ing active treatment. Serum sickness, a  ulike illness with 
a characteristic cutaneous eruption and arthralgia, o en 
develops approximately 10 days a er initiating treatment. 
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138 Methylprednisolone is administered with A G to ameliorate 
the immune consequences o  heterologous protein in usion. 
Excessive or extended glucocorticoid therapy is associated 
with avascular joint necrosis. Cyclosporine is administered 
orally at an initial high dose, with subsequent adjustment 
according to blood levels obtained every 2 weeks; rough lev-
els should be between 150 and 200 ng/mL. T e most impor-
tant side e ects are nephrotoxicity, hypertension, seizures, 
and opportunistic in ections, especially Pneumocystis jiroveci 
(prophylactic treatment with monthly inhaled pentamidine is 
recommended).

Most patients with aplastic anemia lack a suitable marrow 
donor, and immunosuppression is the treatment o  choice. 
Overall survival is equivalent with transplantation and 
immunosuppression. However, success ul transplant cures 
marrow  ailure, whereas patients who recover adequate blood 
counts a er immunosuppression remain at risk o  relapse 
and malignant evolution. Because o  excellent results in chil-
dren and younger adults, allogeneic transplant should be per-
 ormed i  a suitable sibling donor is available. Increasing age 
and the severity o  neutropenia are the most important  ac-
tors weighing in the decision between transplant and immu-
nosuppression in adults who have a matched  amily donor: 
older patients do better with A G and cyclosporine, whereas 
transplant is pre erred i  granulocytopenia is pro ound.

Outcomes  ollowing both transplant and immunosup-
pression have improved with time. High doses o  cyclophos-
phamide, without stem cell rescue, have been reported to 
produce durable hematologic recovery, without relapse or 
evolution to MDS, but this treatment can produce sustained 
severe  atal neutropenia, and response is o en delayed.

OTHER THERAPIES T e e ectiveness o  androgens has not 
been veri ed in controlled trials, but occasional patients 
will respond or even demonstrate blood count dependence 
on continued therapy. Sex hormones upregulate telomerase 
gene activity in vitro, which is possibly also their mechanism 
o  action in improving marrow  unction. For patients with 
moderate disease, especially i  a telomere de ect is present, or 
those with severe pancytopenia in whom immunosuppres-
sion has  ailed, a 3- to 4-month trial is appropriate.

Hematopoietic growth  actors (HGFs) such as erythropoi-
etin and granulocyte colony-stimulating  actor (G-CSF) are 
not de nitive therapy  or severe aplastic anemia, and even 
their roles as adjuncts to immunosuppression are not clear. 
In research protocols, thrombopoietin mimetics have shown 
surprising activity in patients with re ractory aplastic anemia, 
with patterns o  blood count recovery suggesting that they act 
as stem cell stimulants.

SUPPORTIVE CARE Meticulous medical attention is required 
so that the patient may survive to bene t  rom de nitive 
therapy or, having  ailed treatment, to maintain a reasonable 
existence in the  ace o  pancytopenia. First and most impor-
tant, in ection in the presence o  severe neutropenia must 
be aggressively treated by prompt institution o  parenteral, 

broad-spectrum antibiotics, usually ce azidime or a combi-
nation o  an aminoglycoside, cephalosporin, and semisyn-
thetic penicillin. T erapy is empirical and must not await 
results o  culture, although speci c  oci o  in ection such as 
oropharyngeal or anorectal abscesses, pneumonia, sinus-
itis, and typhlitis (necrotizing colitis) should be sought on 
physical examination and with radiographic studies. When 
indwelling plastic catheters become contaminated, vanco-
mycin should be added. Persistent or recrudescent  ever 
implies  ungal disease: Candida and Aspergillus are com-
mon, especially a er several courses o  antibacterial antibi-
otics. A major reason  or the improved prognosis in aplastic 
anemia has been the development o  better anti ungal drugs 
and the timely institution o  such therapy when in ection is 
suspected. Granulocyte trans usions using G-CSF–mobilized 
peripheral blood may be e ective in the treatment o  over-
whelming or re ractory in ections. Hand washing, the single 
best method o  preventing the spread o  in ection, remains 
a neglected practice. Nonabsorbed antibiotics  or gut decon-
tamination are poorly tolerated and not o  proven value.  otal 
reverse isolation does not reduce mortality  rom in ections.

Both platelet and erythrocyte numbers can be maintained 
by trans usion. Alloimmunization historically limited the 
use ulness o  platelet trans usions and is now minimized by 
several strategies, including use o  single donors to reduce 
exposure and physical or chemical methods to diminish leu-
kocytes in the product; HLA-matched platelets are o en 
e ective in patients re ractory to random donor products. 
Inhibitors o   brinolysis such as aminocaproic acid have not 
been shown to relieve mucosal oozing; the use o  low-dose 
glucocorticoids to induce “vascular stability” is unproven and 
not recommended. Whether platelet trans usions are better 
used prophylactically or only as needed remains unclear. Any 
rational regimen o  prophylaxis requires trans usions once or 
twice weekly to maintain the platelet count >10,000/µL (ooz-
ing  rom the gut increases precipitously at counts <5000/µL). 
Menstruation should be suppressed either by oral estrogens or 
nasal  ollicle-stimulating hormone/luteinizing hormone (FSH/
LH) antagonists. Aspirin and other nonsteroidal anti-in am-
matory agents inhibit platelet  unction and must be avoided.

RBCs should be trans used to maintain a normal level 
o  activity, usually at a hemoglobin value o  70 g/L (90 g/L 
i  there is underlying cardiac or pulmonary disease); a regi-
men o  2 units every 2 weeks will replace normal losses in a 
patient without a  unctioning bone marrow. In chronic ane-
mia, the iron chelators, de eroxamine and de erasirox, should 
be added at approximately the   ieth trans usion to avoid 
secondary hemochromatosis.

PURE RED CELL APLASIA

Other, more restricted  orms o  marrow  ailure occur, in 
which only a single circulating cell type is a ected and 
the marrow shows corresponding absence or decreased 
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139numbers o  speci c precursor cells: are generative ane-
mia as in PRCA (see below), thrombocytopenia with 
amegakaryocytosis (Chap. 20), and neutropenia with-
out marrow myeloid cells in agranulocytosis (Chap. 5). 
In general, and in contrast to aplastic anemia and MDS, 
the una ected lineages appear quantitatively and quali-
tatively normal. Agranulocytosis, the most  requent o  
these syndromes, is usually a complication o  medical 
drug use (with agents similar to those related to aplas-
tic anemia), either by a mechanism o  direct chemical 
toxicity or by immune destruction. Agranulocytosis has 
an incidence similar to aplastic anemia but is especially 
 requent among older adults and in women. T e syn-
drome should resolve with discontinuation o  exposure, 
but signi cant mortality is attached to neutropenia in 
the older and o en previously unwell patient. Both pure 
white cell aplasia (agranulocytosis without incriminat-
ing drug exposure) and amegakaryocytic thrombocyto-
penia are exceedingly rare and, like PRCA, appear to be 
due to destructive antibodies or lymphocytes and can 
respond to immunosuppressive therapies. In all o  the 
single-lineage  ailure syndromes, progression to pancy-
topenia or leukemia is unusual.

DEFINITION AND DIFFERENTIAL 
DIAGNOSIS
PRCA is characterized by anemia, reticulocytopenia, and 
absent or rare erythroid precursor cells in the bone mar-
row. T e classi cation o  PRCA is shown in Table 11-4. 
In adults, PRCA is acquired. An identical syndrome can 
occur constitutionally: Diamond-Black an anemia, or 
congenital PRCA, is diagnosed at birth or in early child-
hood and o en responds to glucocorticoid treatment; 
mutations in ribosome protein genes are etiologic.  em-
porary red cell  ailure occurs in transient aplastic crisis 
o  hemolytic anemias due to acute parvovirus in ection 
and in transient erythroblastopenia o  childhood, which 
occurs in normal children.

CLINICAL ASSOCIATIONS AND ETIOLOGY
PRCA has important associations with immune sys-
tem diseases. A small minority o  cases occur with a 
thymoma. More  requently, red cell aplasia can be the 
major mani estation o  large granular lymphocytosis 
or complicate chronic lymphocytic leukemia. Some 
patients may be hypogammaglobulinemic. In requently 
(compared to agranulocytosis), PRCA can be due to 
an idiosyncratic drug reaction. Subcutaneous admin-
istration o  erythropoietin (EPO) has provoked PRCA 
mediated by neutralizing antibodies.

Like aplastic anemia, PRCA results  rom diverse 
mechanisms. Antibodies to RBC precursors are  re-
quently present in the blood, but   cell inhibition is 

probably the more common immune mechanism. 
Cytotoxic lymphocyte activity restricted by histocom-
patibility locus or speci c  or human   cell leukemia/
lymphoma virus I–in ected cells and natural killer cell 
activity inhibitory o  erythropoiesis have been demon-
strated in particularly well-studied individual cases.

PERSISTENT PARVOVIRUS B19 INFECTION
Chronic parvovirus in ection is an important, treatable 
cause o  PRCA. T is common virus causes a benign 
exanthem o  childhood (  h disease) and a polyar-
thralgia/arthritis syndrome in adults. In patients with 
underlying hemolysis (or any condition that increases 
demand  or RBC production), parvovirus in ection can 
cause a transient aplastic crisis and an abrupt but tem-
porary worsening o  the anemia due to  ailed eryth-
ropoiesis. In normal individuals, acute in ection is 
resolved by production o  neutralizing antibodies to 
the virus, but in the setting o  congenital, acquired, or 
iatrogenic immunode ciency, persistent viral in ection 
may occur. T e bone marrow shows red cell aplasia 
and the presence o  giant pronormoblasts (Fig. 11-2), 
which is the cytopathic sign o  B19 parvovirus in ec-
tion. Viral tropism  or human erythroid progenitor cells 
is due to its use o  erythrocyte P antigen as a cellular 

TABLE 11 -4  
CLASSIFICATION OF PURE RED CELL APLASIA
Sel -limited

Transient erythroblastopenia o  childhood
Transient aplastic crisis o  hemolysis (acute B19 parvovirus 
in ection)

Fetal red blood cell aplasia
Nonimmune hydrops  etalis (in utero B19 parvovirus 
in ection)

Hereditary pure red cell aplasia
Congenital pure red cell aplasia (Diamond-Black an anemia)

Acquired pure red cell aplasia
Cancer

Thymoma
Lymphoid malignancies (and more rarely other hemato-
logic diseases)

Paraneoplastic to solid tumors
Connective tissue disorders with immunologic abnormalities

Systemic lupus erythematosus, juvenile rheumatoid arthritis, 
rheumatoid arthritis

Multiple endocrine gland insuf ciency
Viruses

Persistent B19 parvovirus, hepatitis, adult T cell leukemia 
virus, Epstein-Barr virus

Pregnancy
Drugs

Especially phenytoin, azathioprine, chloramphenicol, pro-
cainamide, isoniazid

Antibodies to erythropoietin
Idiopathic
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receptor  or entry. Direct cytotoxicity o  virus causes 
anemia i  demands on erythrocyte production are 
high; in normal individuals, the temporary cessation o  
red cell production is not clinically apparent, and skin 
and joint symptoms are mediated by immune complex 
deposition.

TREATMENT Pure Red Cell Aplasia

History, physical examination, and routine laboratory stud-
ies may disclose an underlying disease or a drug exposure. 
T ymoma should be sought by radiographic procedures. 
 umor excision is indicated, but anemia does not necessarily 
improve with surgery. T e diagnosis o  parvovirus in ection 
requires detection o  viral DNA sequences in the blood (IgG 
and IgM antibodies are commonly absent). T e presence o  
erythroid colonies has been considered predictive o  response 
to immunosuppressive therapy in idiopathic PRCA.

Red cell aplasia is compatible with long-term survival with 
supportive care alone: a combination o  erythrocyte trans-
 usions and iron chelation. For persistent B19 parvovirus 

in ection, almost all patients respond to intravenous immu-
noglobulin therapy (e.g., 0.4 g/kg daily  or 5 days), although 
relapse and retreatment may be expected, especially in 
patients with AIDS. T e majority o  patients with idiopathic 
PRCA respond  avorably to immunosuppression. Most  rst 
receive a course o  glucocorticoids. Also e ective are cyclo-
sporine, A G, azathioprine, and cyclophosphamide.

MYELODYSPLASIA

DEFINITION
T e myelodysplastic syndromes (MDS) are a hetero-
geneous group o  hematologic disorders broadly char-
acterized by both (1) cytopenias due to bone marrow 
 ailure and (2) a high risk o  development o  acute 
myeloid leukemia (AML). Anemia, o en with throm-
bocytopenia and neutropenia, occurs with dysmorphic 
(abnormal appearing) and usually cellular bone mar-
row, which is evidence o  ine ective blood cell produc-
tion. In patients with “low-risk” MDS, marrow  ailure 

A  B

C  D

FIGURE 11 -2
Path o g n o m on ic ce lls in  m arrow fa ilu re  syn d ro m es. A. 
Giant pronormoblast, the cytopathic e ect o  B19 parvovirus 
in ection o  the erythroid progenitor cell. B. Uninuclear mega-
karyocyte and microblastic erythroid precursors typical o  the 

5q–myelodysplasia syndrome. C. Ringed sideroblast showing 
perinuclear iron granules. D. Tumor cells present on a touch prep-
aration made  rom the marrow biopsy o  a patient with meta-
static carcinoma.

11_Hematology_ch11_p131-145.indd   140  04/08/16   2:53 PM



 

C

H

A

P

T

E

R

 

1

1

B

o

n

e

 

M

a

r

r

o

w

 

F

a

i

l

u

r

e

 

S

y

n

d

r

o

m

e

s

 

I

n

c

l

u

d

i

n

g

 

A

p

l

a

s

t

i

c

 

A

n

e

m

i

a

 

a

n

d

 

M

y

e

l

o

d

y

s

p

l

a

s

i

a

141dominates the clinical course. In other patients, myelo-
blasts are present at diagnosis, chromosomes are abnor-
mal, and the “high risk” is due to leukemic progression. 
MDS may be  atal due to the complications o  pancy-
topenia or the incurability o  leukemia, but a large pro-
portion o  patients will die o  concurrent disease, the 
comorbidities typical in an elderly population. A clini-
cally use ul nosology o  these o en con using entities 
was  rst developed by the French-American-British 
Cooperative Group in 1983. Five entities were de ned: 
re ractory anemia (RA), re ractory anemia with ringed 
sideroblasts (RARS), re ractory anemia with excess 

TABLE 11-5  
WORLD HEALTH ORGANIZATION (WHO) CLASSIFICATION OF MYELODYSPLASTIC SYNDROMES/NEOPLASMS

NAME

WHO ESTIMATED 
PROPORTION OF 
PATIENTS WITH MDS

PERIPHERAL BLOOD: 
KEY FEATURES  BONE MARROW: KEY FEATURES

Refractory cytopenias with  
unilineage dysplasia (RCUD):
Re ractory anemia (RA)  10–20%  Anemia

<1% o  blasts
Unilineage erythroid dysplasia (in ≥10% o  
cells)

<5% blasts
Re ractory neutropenia (RN)  <1%  Neutropenia

<1% blasts
Unilineage granulocytic dysplasia
<5% blasts

Re ractory thrombocytope-
nia (RT)

<1%  Thrombocytopenia
<1% blasts

Unilineage megakaryocytic dysplasia
<5% blasts

Re ractory anemia with ringed 
sideroblasts (RARS)

3–11%  Anemia
No blasts

Unilineage erythroid dysplasia ≥15% o  ery-
throid precursors are ringed sideroblasts

<5% blasts
Re ractory cytopenias with 
multilineage dysplasia (RCMD)

30%  Cytopenia(s)
<1% blasts

Multilineage dysplasia ± ringed sideroblasts
<5% blasts

No Auer rods  No Auer rods
Re ractory anemia with excess 
blasts, type 1 (RAEB-1)

40%  Cytopenia(s)
<5% blasts

Unilineage or multilineage dysplasia

No Auer rods
Re ractory anemia with excess 
blasts, type 2 (RAEB-2)

Cytopenia(s)
5–19% blasts

Unilineage or multilineage dysplasia
10–19% blasts

± Auer rods  ± Auer rods
MDS associated with isolated 
del(5q) [del(5q)]

Uncommon  Anemia
Normal or high platelet 
count

<1% blasts

Isolated 5q31 chromosome deletion
Anemia; hypolobated megakaryocytes
<5% blasts

Childhood MDS, including 
re ractory cytopenia o   
childhood (provisional) (RCC)

<1%  Pancytopenia  <5% marrow blasts  or RCC
Marrow usually hypocellular

MDS, unclassi able (MDS-U)  ?  Cytopenia  Does not  t other categories
≤1% blasts  Dysplasia

<5% blasts
I  no dysplasia, MDS-associated karyotype

Note: I  peripheral blood blasts are 2–4%, the diagnosis is RAEB-1 even i  marrow blasts are <5%. I  Auer rods are present, the WHO considers the diagnosis 
RAEB-2 i  the blast proportion is <20% (even i  <10%), or acute myeloid leukemia (AML) i  at least 20% blasts. For all subtypes, peripheral blood mono-
cytes are <1 × 109/L. Bicytopenia may be observed in RCUD subtypes, but pancytopenia with unilineage marrow dysplasia should be classi ed as MDS-U. 
Therapy-related MDS (t-MDS), whether due to alkylating agents or topoisomerase II inhibitors (t-MDS/t-AML) is now included in the WHO classi cation o  
myeloid neoplasms. The listing in this table excludes MDS/myeloproli erative neoplasm overlap categories, such as chronic myelomonocytic leukemia, juve-
nile myelomonocytic leukemia, and the provisional entity RARS with thrombocytosis.
Abbrevia t ion: MDS, myelodysplastic syndrome.

blasts (RAEB), re ractory anemia with excess blasts in 
trans ormation (RAEB-t), and chronic myelomono-
cytic leukemia (CMML). T e World Health Organi-
zation (WHO) classi cation (2002) recognized that 
the distinction between RAEB-t and AML is arbitrary 
and grouped them together as acute leukemia and that 
CMML behaves as a myeloproli erative disease; the 
WHO classi cation also separated re ractory anemias 
with dysmorphic change restricted to erythroid lineage 
 rom those with multilineage changes. In a 2008 revi-
sion, speci c categories  or unilineage dysplasias were 
added (Table 11-5).
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142 T e diagnosis o  MDS may be a challenge, because 
sometimes subtle clinical and pathologic  eatures must 
be distinguished and precise diagnostic categorization 
requires a hematopathologist knowledgeable in the lat-
est classi cation scheme. Nonetheless, it is important 
that the internist and primary care physician be su -
 ciently  amiliar with MDS to expedite re erral to a 
hematologist, both because many new therapies are 
now available to improve hematopoietic  unction and 
the judicious use o  supportive care can improve the 
patient’s quality o  li e.

EPIDEMIOLOGY
Idiopathic MDS is a disease o  the elderly; the mean 
age at onset is older than 70 years. T ere is a slight male 
preponderance. MDS is a relatively common  orm o  
bone marrow  ailure, with reported incidence rates o  
35 to >100 per million persons in the general popula-
tion and 120 to >500 per million in the older adult. 
MDS is rare in children, but monocytic leukemia can 
be seen. Secondary or therapy-related MDS is not age 
related. Rates o  MDS have increased over time, due to 
better recognition o  the syndrome by physicians and 
an aging population.

ETIOLOGY AND PATHOPHYSIOLOGY
MDS is associated with environmental exposures such 
as radiation and benzene; other risk  actors have been 
reported inconsistently. Secondary MDS occurs as a late 
toxicity o  cancer treatment, usually a combination o  
radiation and the radiomimetic alkylating agents such 
as busul an, nitrosourea, or procarbazine (with a latent 
period o  5–7 years) or the DNA topoisomerase inhibi-
tors (2-year latency). Acquired aplastic anemia, Fanconi 
anemia, and other constitutional marrow  ailure dis-
eases can evolve into MDS. However, the typical MDS 
patient does not have a suggestive environmental expo-
sure history or a preceding hematologic disease. MDS 
is a disease o  aging, suggesting random cumulative 
intrinsic and environmental damage to marrow cells.

MDS is a clonal hematopoietic stem cell disor-
der characterized by disordered cell proli eration and 
impaired di erentiation, resulting in cytopenias and 
risk o  progression to leukemia. Both chromosomal 
and genetic instability have been implicated, and both 
are likely aging-related. Cytogenetic abnormalities are 
 ound in approximately one-hal  o  patients, and some 
o  the same speci c lesions are also seen in  rank leu-
kemia; aneuploidy (chromosome loss or gain) is more 
 requent than translocations. More sensitive assays, 
such as comparative genomic hybridization and single 
nucleotide polymorphism arrays, reveal chromosomal 
abnormalities in a large proportion o  patients with 
normal conventional cytogenetics. Accelerated telomere 

attrition may destabilize the genome in marrow  ailure 
and predispose to acquisition o  chromosomal lesions. 
Cytogenetic abnormalities are not random (loss o  all or 
part o  5, 7, and 20, trisomy o  8) and may be related 
to etiology (11q23  ollowing topoisomerase II inhibi-
tors). T e type and number o  cytogenetic abnormali-
ties strongly correlate with the probability o  leukemic 
trans ormation and survival.

Genomics has illuminated the role o  point muta-
tions in the pathophysiology o  MDS. Recurrent 
somatic mutations, acquired in the abnormal marrow 
cells and absent in the germline, have been identi ed 
in almost 100 genes. Many o  the same genes are also 
mutated in AML without MDS, whereas others are 
distinctive in subtypes o  MDS. A prominent example 
o  the latter is the discovery o  mutations in genes o  
the RNA splicing machinery, especially SF3B1, which 
strongly associate with sideroblastic anemia. Some 
mutations correlate with prognosis: spliceosome de ects 
with  avorable outcome, and mutations in EZH2, TP53, 
RUNX1, and ASXL1 with poor outcome. Mutations and 
cytogenetic abnormalities are not independent: TP53 
mutations associate with complex cytogenetic abnor-
malities and TET2 mutations with normal cytogenetics. 
Correlation and exclusion in the pattern o  mutations 
indicate a  unctional genomic architecture. Analy-
sis o  deep sequencing results in patients whose MDS 
evolved to AML has shown evidence o  clonal succes-
sion, with  ounder clones acquiring  urther mutations 
that allow clonal dominance. Furthermore, the preva-
lence o  abnormal cells by morphology underestimates 
bone marrow involvement by MDS clones, as cells 
normal in appearance are apparently derived  rom the 
abnormal clones. Both presenting and evolving hema-
tologic mani estations result  rom the accumulation 
o  multiple genetic lesions: loss o  tumor-suppressor 
genes, activating oncogene mutations, epigenetic path-
ways that a ect mRNA processing and methylation sta-
tus, or other harm ul alterations. Pathophysiology has 
been linked to mutations and chromosome abnormali-
ties in some speci c MDS syndromes. T e 5q– deletion 
leads to heterozygous loss o  a ribosomal protein gene 
that is also mutant in Diamond-Black an anemia, and 
both are characterized by de cient erythropoiesis. An 
immune pathophysiology may underlie trisomy 8 MDS, 
in which patients o en experience improved blood 
counts a er immunosuppressive therapy; there is   cell 
activity directed to hematopoietic progenitors, which 
the cytogenetically aberrant clone resists. However, in 
general  or MDS, the role o  the immune system and its 
cells and cytokines; the role o  the hematopoietic stem 
cell niche, the microenvironment, and cell-cell interac-
tions; the  ate o  normal cells in the Darwinian com-
petitive environment o  the dysplastic marrow; and how 
mutant cells produce marrow  ailure in MDS are not 
well understood.
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143CLINICAL FEATURES
Anemia dominates the early course. Most symptom-
atic patients complain o  the gradual onset o   atigue 
and weakness, dyspnea, and pallor, but at least one-
hal  the patients are asymptomatic, and their MDS is 
discovered only incidentally on routine blood counts. 
Previous chemotherapy or radiation exposure is an 
important historic  act. Fever and weight loss should 
point to a myeloproli erative rather than myelodysplas-
tic process. MDS in childhood is rare and, when diag-
nosed, increases the likelihood o  an underlying genetic 
disease. Children with Down syndrome are susceptible 
to MDS, and a  amily history may indicate a heredi-
tary  orm o  sideroblastic anemia, Fanconi anemia, or 
a telomeropathy. Inherited GATA2 mutations, as in the 
MonoMAC syndrome (with increased susceptibility 
to viral, mycobacteria, and  ungal in ections, as well as 
de cient numbers o  monocytes, natural killer cells, and 
B lymphocytes), also cause MDS in young patients.

T e physical examination is remarkable  or signs 
o  anemia; approximately 20% o  patients have sple-
nomegaly. Some unusual skin lesions, including Sweet 
syndrome ( ebrile neutrophilic dermatosis), occur with 
MDS. Accompanying autoimmune syndromes are not 
in requent. In the younger patient, stereotypical anoma-
lies point to a constitutional syndrome (short stature, 
abnormal thumbs in Fanconi anemia; early graying in the 
telomeropathies; cutaneous warts in GATA2 de ciency).

LABORATORY STUDIES
Blood

Anemia is present in most cases, either alone or as 
part o  bi- or pancytopenia; isolated neutropenia or 
thrombocytopenia is more unusual. Macrocytosis is 
common, and the smear may be dimorphic with a dis-
tinctive population o  large red blood cells. Platelets 
are also large and lack granules. In  unctional studies, 
they may show marked abnormalities, and patients may 
have bleeding symptoms despite seemingly adequate 
numbers. Neutrophils are hypogranulated; have hypo-
segmented, ringed, or abnormally segmented nuclei; 
contain Döhle bodies; and may be  unctionally de -
cient. Circulating myeloblasts usually correlate with 
marrow blast numbers, and their quantity is important 
 or classi cation and prognosis. T e total white blood 
cell count (WBC) is usually normal or low, except in 
chronic myelomonocytic leukemia. As in aplastic ane-
mia, MDS can be associated with a clonal population o  
PNH cells. Genetic testing is commercially available  or 
constitutional syndromes.

Bone ma rrow

T e bone marrow is usually normal or hypercellular, 
but in about 20% o  cases, it is suf ciently hypocellular 

to be con used with aplasia. No single characteristic  ea-
ture o  marrow morphology distinguishes MDS, but the 
 ollowing are commonly observed: dyserythropoietic 
changes (especially nuclear abnormalities) and ringed 
sideroblasts in the erythroid lineage; hypogranula-
tion and hyposegmentation in granulocytic precursors, 
with an increase in myeloblasts; and megakaryocytes 
showing reduced numbers o  or disorganized nuclei. 
Megaloblastic nuclei associated with de ective hemoglo-
binization in the erythroid lineage are common. Prog-
nosis strongly correlates with the proportion o  marrow 
blasts. Cytogenetic analysis and  uorescent in situ 
hybridization can identi y chromosomal abnormalities.

DIFFERENTIAL DIAGNOSIS
De ciencies o  vitamin B12 or  olate should be excluded 
by appropriate blood tests; vitamin B6 de ciency can be 
assessed by a therapeutic trial o  pyridoxine i  the bone 
marrow shows ringed sideroblasts. Marrow dysplasia 
can be observed in acute viral in ections, drug reac-
tions, or chemical toxicity but should be transient. More 
dif cult are the distinctions between hypocellular MDS 
and aplasia or between re ractory anemia with excess 
blasts and early acute leukemia. T e WHO considers 
the presence o  20% blasts in the marrow as the crite-
rion that separates AML  rom MDS. In young patients, 
underlying, predisposing genetic diseases should be 
considered (see above).

PROGNOSIS
T e median survival varies greatly  rom years  or 
patients with 5q– or sideroblastic anemia to a  ew 
months in re ractory anemia with excess blasts or severe 
pancytopenia associated with monosomy 7; an Inter-
national Prognostic Scoring System (IPSS; Table 11-6) 
assists in making predictions. Even “low-risk” MDS 
has signi cant morbidity and mortality. Most patients 
die as a result o  complications o  pancytopenia and 
not due to leukemic trans ormation; perhaps one-third 
will succumb to other diseases unrelated to their MDS. 
Precipitous worsening o  pancytopenia, acquisition o  
new chromosomal abnormalities on serial cytogenetic 
determination, increase in the number o  blasts, and 
marrow  brosis are all poor prognostic indicators. T e 
outlook in therapy-related MDS, regardless o  type, is 
extremely poor, and most patients will progress within a 
 ew months to re ractory AML.

TREATMENT Myelodysplasia

Historically, the therapy o  MDS has been unsatis actory, 
but new drugs recently have been approved  or this disease. 
Several regimens appear to not only improve blood counts 
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but to delay onset o  leukemia and to improve survival. T e 
choice o  therapy  or an individual patient, administration o  
treatment, and management o  toxicities are complicated and 
require hematologic expertise.

Only hematopoietic stem cell transplantation o ers cure 
o  MDS. T e current survival rate in selected patient cohorts 
is ~50% at 3 years and is improving. Results using unrelated 
matched donors are now similar to those obtained using sib-
lings, and patients in their 50s and 60s have been success ully 
transplanted. Nevertheless, treatment-related mortality and 
morbidity increase with recipient age. Complicating the deci-
sion to undertake transplant is that the high-risk patient,  or 
whom the procedure is most obviously indicated, has a high 
probability o  a poor outcome  rom transplant-related mor-
tality or disease relapse, whereas the low-risk patient, who is 
more likely to tolerate transplant, also may do well  or years 
with less aggressive therapies.

MDS has been regarded as particularly re ractory to cyto-
toxic chemotherapy regimens, and as in AML in the older 
adult, drug toxicity is  requent and o en  atal, and remis-
sions i  achieved are brie . Low doses o  cytotoxic drugs have 
been administered  or their “di erentiation” potential, and 
 rom this experience, drug therapies have emerged based 
on pyrimidine analogues. T ese new drugs are classi ed as 
epigenetic modulators, believed to act through a demethyl-
ating mechanism to alter gene regulation and allow di eren-
tiation to mature blood cells  rom the abnormal MDS stem 
cell (although global methylation status has not correlated 
with clinical ef cacy). Azacitidine and decitabine are two 
epigenetic modi ers  requently used in bone marrow  ailure 
clinics. Azacitidine improves blood counts and survival in 
MDS, compared to best supportive care. Azacitidine is usu-
ally administered subcutaneously, daily  or 7 days, at 4-week 
intervals,  or at least  our cycles be ore assessing  or response. 
Overall, generally improved blood counts with a decrease in 
trans usion requirements occurred in ~50% o  patients in 
published trials. Response is dependent on continued drug 

administration, and most patients eventually will no longer 
respond and experience recurrent cytopenias or progression 
to AML. Decitabine is closely related to azacitidine and more 
potent; 30–50% o  patients show responses in blood counts, 
with a duration o  response o  almost a year. Decitabine is 
usually administered by continuous intravenous in usion 
in regimens o  varying doses and durations o  3 to 10 days 
in repeating cycles. T e major toxicity o  azacitidine and 
decitabine is myelosuppression, leading to worsened blood 
counts. Other symptoms associated with cancer chemother-
apy  requently occur. Demethylating agents are  requently 
used in the high-risk patient who is not a candidate  or stem 
cell transplant. In the lower risk patient, they are also e ec-
tive, but alternative therapies should be considered.

Lenalidomide, a thalidomide derivative with a more  avor-
able toxicity pro le, is particularly e ective in reversing ane-
mia in MDS patients with 5q– syndrome; not only do a high 
proportion o  these patients become trans usion independent 
with normal or near-normal hemoglobin levels, but their 
cytogenetics also become normal. T e drug has many bio-
logic activities, and it is unclear which is critical  or clinical 
ef cacy. Lenalidomide is administered orally. Most patients 
will improve within 3 months o  initiating therapy.  oxici-
ties include myelosuppression (worsening thrombocytopenia 
and neutropenia, necessitating blood count monitoring) and 
an increased risk o  deep vein thrombosis and pulmonary 
embolism.

Immunosuppression, as used in aplastic anemia, also 
may produce sustained independence  rom trans usion and 
improve survival. A G, cyclosporine, and the anti-CD52 
monoclonal antibody alemtuzumab are especially e ective 
in younger MDS patients (<60 years old) with more  avor-
able IPSS scores and who bear the histocompatibility antigen 
HLA-DR15.

HGFs can improve blood counts but, as in most other mar-
row  ailure states, have been most bene cial to patients with 
the least severe pancytopenia. EPO alone or in combination  

TABLE 11 -6  
INTERNATIONAL PROGNOSTIC SCORING SYSTEM (IPSS)

SCORE VALUE

PROGNOSTIC VARIABLE  0  0.5  1  1.5  2

Bone marrow blasts (%)  <5%  5–10%  11–20%  21–30%
Karyotypea Good  Intermediate  Poor
Cytopeniab (lineages a ected)  0 or 1  2 or 3
Risk Group  Sco re s  Sco re
Low  0
Intermediate-1  0.5–1
Intermediate-2  1.5–2
High  ≥2.5

aGood, normal, –Y, del(5q), del (20q); poor, complex (≥3 abnormalities) or chromosome 7 abnormalities; intermediate, all other abnormalities.
bCytopenias de ned as hemoglobin <100 g/L, platelet count <100,000/µL, and absolute neutrophil count <1500/µL.
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145with G-CSF can improve hemoglobin levels, but mainly 
in those with low serum EPO levels who have no or only a 
modest need  or trans usions. Survival does not appear to be 
improved by G-CSF treatment alone but may be enhanced by 
erythropoietin and amelioration o  anemia. G-CSF treatment 
alone  ailed to improve survival in a controlled trial.

T e same principles o  supportive care described  or aplas-
tic anemia apply to MDS. Despite improvements in drug 
therapy, many patients will be anemic  or years. RBC trans u-
sion support should be accompanied by iron chelation to pre-
vent secondary hemochromatosis.

MYELOPHTHISIC ANEMIAS

Fibrosis o  the bone marrow (see Fig. 10-2), usually 
accompanied by a characteristic blood smear picture 
called leukoerythroblastosis, can occur as a primary 
hematologic disease, called myelof brosis or myeloid 
metaplasia (Chap. 13), and as a secondary process, 
called myelophthisis. Myelophthisis, or secondary 
myelo brosis, is reactive. Fibrosis can be a response 
to invading tumor cells, usually an epithelial cancer o  
breast, lung, or prostate origin or neuroblastoma. Mar-
row  brosis may occur with in ection o  mycobacteria 
(both Mycobacterium tuberculosis and Mycobacterium 
avium),  ungi, or HIV and in sarcoidosis. Intracellular 
lipid deposition in Gaucher’s disease and obliteration 
o  the marrow space related to absence o  osteoclast 
remodeling in congenital osteopetrosis also can produce 
 brosis. Secondary myelo brosis is a late consequence 
o  radiation therapy or treatment with radiomimetic 
drugs. Usually the in ectious or malignant underlying 
processes are obvious. Marrow  brosis can also be a  ea-
ture o  a variety o  hematologic syndromes, especially 

chronic myeloid leukemia, multiple myeloma, lympho-
mas, myeloma, and hairy cell leukemia.

T e pathophysiology has three distinct  eatures: pro-
li eration o   broblasts in the marrow space (myelo -
brosis); the extension o  hematopoiesis into the long 
bones and into extramedullary sites, usually the spleen, 
liver, and lymph nodes (myeloid metaplasia); and ine -
 ective erythropoiesis. T e etiology o  the  brosis is 
unknown but most likely involves dysregulated produc-
tion o  growth  actors: platelet-derived growth  actor 
and trans orming growth  actor β have been implicated. 
Abnormal regulation o  other hematopoietins would 
lead to localization o  blood-producing cells in non-
hematopoietic tissues and uncoupling o  the usually 
balanced processes o  stem cell proli eration and di er-
entiation. Myelo brosis is remarkable  or pancytopenia 
despite very large numbers o  circulating hematopoietic 
progenitor cells.

Anemia is dominant in secondary myelo brosis, 
usually normocytic and normochromic. T e diagno-
sis is suggested by the characteristic leukoerythroblas-
tic smear (see Fig. 10-1). Erythrocyte morphology is 
highly abnormal, with circulating nucleated RBCs, tear-
drops, and shape distortions. WBC numbers are o en 
elevated, sometimes mimicking a leukemoid reaction, 
with circulating myelocytes, promyelocytes, and myelo-
blasts. Platelets may be abundant and are o en o  giant 
size. Inability to aspirate the bone marrow, the charac-
teristic “dry tap,” can allow a presumptive diagnosis in 
the appropriate setting be ore the biopsy is decalci ed.

T e course o  secondary myelo brosis is deter-
mined by its etiology, usually a metastatic tumor or an 
advanced hematologic malignancy.  reatable causes 
must be excluded, especially tuberculosis and  ungus. 
 rans usion support can relieve symptoms.
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BLOOD GROUP ANTIGENS AND 
ANTIBODIES

T e study o  red blood cell (RBC) antigens and anti-
bodies  orms the  oundation o  trans usion medicine. 
Serologic studies initially characterized these antigens, 
but now the molecular composition and structure o  
many are known. Antigens, either carbohydrate or pro-
tein, are assigned to a blood group system based on the 
structure and similarity o  the determinant epitopes. 
Other cellular blood elements and plasma proteins are 
also antigenic and can result in alloimmunization, the 
production o  antibodies directed against the blood 
group antigens o  another individual. T ese antibodies 
are called alloantibodies.

Antibodies directed against RBC antigens may result 
 rom “natural” exposure, particularly to carbohydrates 
that mimic some blood group antigens. T ose antibod-
ies that occur via natural stimuli are usually produced 
by a   cell–independent response (thus, generating no 
memory) and are IgM isotype. Autoantibodies (antibod-
ies against autologous blood group antigens) arise spon-
taneously or as the result o  in ectious sequelae (e.g., 
 rom Mycoplasma pneumoniae) and are also o en IgM. 
T ese antibodies are o en clinically insigni cant due 
to their low a nity  or antigen at body temperature. 
However, IgM antibodies can activate the complement 
cascade and result in hemolysis. Antibodies that result 
 rom allogeneic exposure, such as trans usion or preg-
nancy, are usually IgG. IgG antibodies commonly bind 
to antigen at warmer temperatures and may hemolyze 
RBCs. Unlike IgM antibodies, IgG antibodies can cross 
the placenta and bind  etal erythrocytes bearing the 
corresponding antigen, resulting in hemolytic disease o  
the newborn, or hydrops  etalis.

Alloimmunization to leukocytes, platelets, and 
plasma proteins may also result in trans usion com-
plications such as  evers and urticaria but gener-
ally does not cause hemolysis. Assay  or these other 

TRANSFUSION BIOLOGY AND THERAPY

CHAP TER 1 2

alloantibodies is not routinely per ormed; however, 
they may be detected using special assays.

ABO ANTIGENS AND ANTIBODIES
T e  rst blood group antigen system, recognized in 
1900, was ABO, the most important in trans usion 
medicine. T e major blood groups o  this system are 
A, B, AB, and O. O type RBCs lack A or B antigens. 
T ese antigens are carbohydrates attached to a precur-
sor backbone, may be  ound on the cellular membrane 
either as glycosphingolipids or glycoproteins, and are 
secreted into plasma and body  uids as glycoproteins. 
H substance is the immediate precursor on which the A 
and B antigens are added. T is H substance is  ormed 
by the addition o   ucose to the glycolipid or glycopro-
tein backbone. T e subsequent addition o  N-acetyl-
galactosamine creates the A antigen, whereas the 
addition o  galactose produces the B antigen.

T e genes that determine the A and B phenotypes 
are  ound on chromosome 9p and are expressed in a 
Mendelian codominant manner. T e gene products 
are glycosyl trans erases, which con er the enzymatic 
capability o  attaching the speci c antigenic carbohy-
drate. Individuals who lack the “A” and “B” trans erases 
are phenotypically type “O,” whereas those who inherit 
both trans erases are type “AB.” Rare individuals lack 
the H gene, which codes  or  ucose trans erase, and 
cannot  orm H substance. T ese individuals are homo-
zygous  or the silent h allele (hh) and have Bombay 
phenotype (Oh).

T e ABO blood group system is important because 
essentially all individuals produce antibodies to the 
ABH carbohydrate antigen that they lack. T e naturally 
occurring anti-A and anti-B antibodies are termed iso-
agglutinins. T us, type A individuals produce anti-B, 
whereas type B individuals make anti-A. Neither isoag-
glutinin is  ound in type AB individuals, whereas type 
O individuals produce both anti-A and anti-B. T us, 
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147persons with type AB are “universal recipients” because 
they do not have antibodies against any ABO pheno-
type, whereas persons with type O blood can donate 
to essentially all recipients because their cells are not 
recognized by any ABO isoagglutinins. T e rare indi-
viduals with Bombay phenotype produce antibodies 
to H substance (which is present on all red cells except 
those o  hh phenotype) as well as to both A and B anti-
gens and are there ore compatible only with other hh 
donors.

In most people, A and B antigens are secreted by the 
cells and are present in the circulation. Nonsecretors are 
susceptible to a variety o  in ections (e.g., Candida albi-
cans, Neisseria meningitidis, Streptococcus pneumoniae, 
Haemophilus in uenzae) because many organisms may 
bind to polysaccharides on cells. Soluble blood group 
antigens may block this binding.

RH SYSTEM
T e Rh system is the second most important blood 
group system in pretrans usion testing. T e Rh antigens 
are  ound on a 30- to 32-kDa RBC membrane protein 
that has no de ned  unction. Although >40 dif erent 
antigens in the Rh system have been described,  ve 
determinants account  or the vast majority o  pheno-
types. T e presence o  the D antigen con ers Rh “posi-
tivity,” whereas persons who lack the D antigen are Rh 
negative.  wo allelic antigen pairs, E/e and C/c, are also 
 ound on the Rh protein. T e three Rh genes, E/e, D, 
and C/c, are arranged in tandem on chromosome 1 and 
inherited as a haplotype, i.e., cDE or Cde.  wo haplo-
types can result in the phenotypic expression o  two to 
 ve Rh antigens.

T e D antigen is a potent alloantigen. About 15% 
o  individuals lack this antigen. Exposure o  these Rh-
negative people to even small amounts o  Rh-positive 
cells, by either trans usion or pregnancy, can result in 
the production o  anti-D alloantibody.

OTHER BLOOD GROUP SYSTEMS AND 
ALLOANTIBODIES
More than 100 blood group systems are recognized, 
composed o  more than 500 antigens. T e presence or 
absence o  certain antigens has been associated with 
various diseases and anomalies; antigens also act as 
receptors  or in ectious agents. Alloantibodies o  impor-
tance in routine clinical practice are listed in Table 12-1.

Antibodies to Lewis system carbohydrate antigens 
are the most common cause o  incompatibility dur-
ing pretrans usion screening. T e Lewis gene product 
is a  ucosyl trans erase and maps to chromosome 19. 
T e antigen is not an integral membrane structure but 
is adsorbed to the RBC membrane  rom the plasma. 
Antibodies to Lewis antigens are usually IgM and can-
not cross the placenta. Lewis antigens may be adsorbed 
onto tumor cells and may be targets o  therapy.

I system antigens are also oligosaccharides related 
to H, A, B, and Le. I and i are not allelic pairs but are 
carbohydrate antigens that dif er only in the extent o  
branching. T e i antigen is an unbranched chain that is 
converted by the I gene product, a glycosyltrans erase, 
into a branched chain. T e branching process af ects 
all the ABH antigens, which become progressively 
more branched in the  rst 2 years o  li e. Some patients 
with cold agglutinin disease or lymphomas can pro-
duce anti-I autoantibodies that cause RBC destruction. 
Occasional patients with mononucleosis or Mycoplasma 
pneumonia may develop cold agglutinins o  either anti-
I or anti-i speci city. Most adults lack i expression; thus, 
 nding a donor  or patients with anti-i is not di cult. 
Even though most adults express I antigen, binding is 
generally low at body temperature. T us, administra-
tion o  warm blood prevents isoagglutination.

T e P system is another group o  carbohydrate anti-
gens controlled by speci c glycosyltrans erases. Its 
clinical signi cance is in rare cases o  syphilis and viral 
in ection that lead to paroxysmal cold hemoglobin-
uria. In these cases, an unusual autoantibody to P is 

TABLE 12-1  
RBC BLOOD GROUP SYSTEMS AND ALLOANTIGENS

BLOOD GROUP SYSTEM  ANTIGEN  ALLOANTIBODY  CLINICAL SIGNIFICANCE

Rh (D, C/c, E/e)  RBC protein  IgG  HTR, HDN
Lewis (Lea, Leb)  Oligosaccharide  IgM/IgG  Rare HTR
Kell (K/k)  RBC protein  IgG  HTR, HDN
Du y (Fya/Fyb)  RBC protein  IgG  HTR, HDN
Kidd (Jka/Jkb)  RBC protein  IgG  HTR (o ten delayed), HDN (mild)
I/i  Carbohydrate  IgM  None
MNSsU  RBC protein  IgM/IgG  Anti-M rare HDN, anti-S, -s, and -U HDN, HTR

Abbrevia t ions: HDN, hemolytic disease o  the newborn; HTR, hemolytic trans usion reaction; RBC, red blood cell.
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148 produced that binds to RBCs in the cold and  xes com-
plement upon warming. Antibodies with these bipha-
sic properties are called Donath-Landsteiner antibodies. 
T e P antigen is the cellular receptor o  parvovirus B19 
and also may be a receptor  or Escherichia coli binding 
to urothelial cells.

T e MNSsU system is regulated by genes on chro-
mosome 4. M and N are determinants on glycophorin 
A, an RBC membrane protein, and S and s are deter-
minants on glycophorin B. Anti-S and anti-s IgG anti-
bodies may develop a er pregnancy or trans usion and 
lead to hemolysis. Anti-U antibodies are rare but prob-
lematic; virtually every donor is incompatible because 
nearly all persons express U.

T e Kell protein is very large (720 amino acids), and 
its secondary structure contains many dif erent anti-
genic epitopes. T e immunogenicity o  Kell is third 
behind the ABO and Rh systems. T e absence o  the 
Kell precursor protein (controlled by a gene on X) is 
associated with acanthocytosis, shortened RBC survival, 
and a progressive  orm o  muscular dystrophy that 
includes cardiac de ects. T is rare condition is called the 
McLeod phenotype. T e Kx gene is linked to the 91-kDa 
component o  the NADPH-oxidase on the X chromo-
some, deletion or mutation o  which accounts  or about 
60% o  cases o  chronic granulomatous disease.

T e Duf y antigens are codominant alleles, Fya and 
Fyb, that also serve as receptors  or Plasmodium vivax. 
More than 70% o  persons in malaria-endemic areas 
lack these antigens, probably  rom selective in uences 
o  the in ection on the population. For unknown rea-
sons, the lack o  the Duf y antigen receptor  or cyto-
kines (DARC) is associated with mild neutropenia.

T e Kidd antigens, Jka and Jkb, may elicit antibod-
ies transiently. A delayed hemolytic trans usion reac-
tion that occurs with blood tested as compatible is o en 
related to delayed appearance o  anti-Jka.

PRETRANSFUSION TESTING

Pretrans usion testing o  a potential recipient consists 
o  the “type and screen.” T e “ orward type” determines 
the ABO and Rh phenotype o  the recipient’s RBC by 
using antisera directed against the A, B, and D antigens. 
T e “reverse type” detects isoagglutinins in the patient’s 
serum and should correlate with the ABO phenotype, 
or  orward type.

T e alloantibody screen identi es antibodies 
directed against other RBC antigens. T e alloantibody 
screen is per ormed by mixing patient serum with 
type O RBCs that contain the major antigens o  most 
blood group systems and whose extended phenotype is 
known. T e speci city o  the alloantibody is identi ed 
by correlating the presence or absence o  antigen with 
the results o  the agglutination.

Cross-matching is ordered when there is a high 
probability that the patient will require a packed RBC 
(PRBC) trans usion. Blood selected  or cross-matching 
must be ABO compatible and lack antigens  or which 
the patient has alloantibodies. Nonreactive cross-
matching con rms the absence o  any major incompat-
ibility and reserves that unit  or the patient.

In the case o  Rh-negative patients, every attempt 
must be made to provide Rh-negative blood components 
to prevent alloimmunization to the D antigen. In an 
emergency, Rh-positive blood can be sa ely trans used 
to an Rh-negative patient who lacks anti-D; however, the 
recipient is likely to become alloimmunized and produce 
anti-D. Rh-negative women o  childbearing age who are 
trans used with products containing Rh-positive RBCs 
should receive passive immunization with anti-D (Rho-
Gam or WinRho) to reduce or prevent sensitization.

BLOOD COMPONENTS

Blood products intended  or trans usion are routinely 
collected as whole blood (450 mL) in various antico-
agulants. Most donated blood is processed into compo-
nents: PRBCs, platelets, and  resh- rozen plasma (FFP) 
or cryoprecipitate (Table 12-2). Whole blood is  rst 
separated into PRBCs and platelet-rich plasma by slow 
centri ugation. T e platelet-rich plasma is then centri-
 uged at high speed to yield one unit o  random donor 
(RD) platelets and one unit o  FFP. Cryoprecipitate is 
produced by thawing FFP to precipitate the plasma pro-
teins and then separated by centri ugation.

Apheresis technology is used  or the collection o  
multiple units o  platelets  rom a single donor. T ese sin-
gle-donor apheresis platelets (SDAP) contain the equiva-
lent o  at least six units o  RD platelets and have  ewer 
contaminating leukocytes than pooled RD platelets.

Plasma may also be collected by apheresis. Plasma 
derivatives such as albumin, intravenous immunoglob-
ulin, antithrombin, and coagulation  actor concentrates 
are prepared  rom pooled plasma  rom many donors 
and are treated to eliminate in ectious agents.

WHOLE BLOOD
Whole blood provides both oxygen-carrying capacity 
and volume expansion. It is the ideal component  or 
patients who have sustained acute hemorrhage o  ≥25% 
total blood volume loss. Whole blood is stored at 4°C to 
maintain erythrocyte viability, but platelet dys unction 
and degradation o  some coagulation  actors occurs. 
In addition, 2,3-bisphosphoglycerate levels  all over 
time, leading to an increase in the oxygen a nity o  the 
hemoglobin and a decreased capacity to deliver oxygen 
to the tissues, a problem with all red cell storage. Fresh 
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whole blood avoids these problems, but it is typically 
used only in emergency settings (i.e., military). Whole 
blood is not readily available, because it is routinely 
processed into components.

PACKED RED BLOOD CELLS
T is product increases oxygen-carrying capacity in the 
anemic patient. Adequate oxygenation can be main-
tained with a hemoglobin content o  70 g/L in the nor-
movolemic patient without cardiac disease; however, 
comorbid  actors may necessitate trans usion at a higher 
threshold. T e decision to trans use should be guided by 
the clinical situation and not by an arbitrary laboratory 
value. In the critical care setting, liberal use o  trans u-
sions to maintain near-normal levels o  hemoglobin has 
not proven advantageous. In most patients requiring 
trans usion, levels o  hemoglobin o  100 g/L are su -
cient to keep oxygen supply  rom being critically low.

PRBCs may be modi ed to prevent certain adverse 
reactions. T e majority o  cellular blood products are 
now leukocyte reduced, and universal prestorage leuko-
cyte reduction has been recommended. Prestorage  l-
tration appears superior to bedside  ltration as smaller 
amounts o  cytokines are generated in the stored prod-
uct. T ese PRBC units contain <5 × 106 donor white 
blood cells (WBCs), and their use lowers the incidence 
o  posttrans usion  ever, cytomegalovirus (CMV) in ec-
tions, and alloimmunization. Other theoretical bene ts 
include less immunosuppression in the recipient and 
lower risk o  in ections. Plasma, which may cause aller-
gic reactions, can be removed  rom cellular blood com-
ponents by washing.

PLATELETS
T rombocytopenia is a risk  actor  or hemorrhage, and 
platelet trans usion reduces the incidence o  bleed-
ing. T e threshold  or prophylactic platelet trans usion 

TABLE 12-2  
CHARACTERISTICS OF SELECTED BLOOD COMPONENTS

COMPONENT  VOLUME, m L  CONTENT  CLINICAL RESPONSE

PRBC  180–200  RBCs with variable leukocyte content and 
small amount o  plasma

Increase hemoglobin 10 g/L and hematocrit 3%

Platelets  50–70  5.5 × 1010/RD unit  Increase platelet count 5000–10,000/µL
200–400  ≥3 × 1011/SDAP product  CCI ≥10 × 109/L within 1 h and ≥7.5 × 109/L 

within 24 h posttrans usion
FFP  200–250  Plasma proteins—coagulation  actors, pro-

teins C and S, antithrombin
Increases coagulation  actors about 2%

Cryoprecipitate  10–15  Cold-insoluble plasma proteins, f brinogen, 
 actor VIII, VWF

Topical f brin glue, also 80 IU  actor VIII

Abbrevia t ions: CCI, corrected count increment; FFP,  resh- rozen plasma; PRBC, packed red blood cells; RBC, red blood cell; RD, random donor; SDAP, 
single-donor apheresis platelets; VWF, von Willebrand  actor.

is 10,000/µL. In patients without  ever or in ections, a 
threshold o  5000/µL may be su cient to prevent spon-
taneous hemorrhage. For invasive procedures, the usual 
target level is 50,000/µL platelets.

Platelets are given either as pools prepared  rom RDs 
or as SDAPs  rom a single donor. In an unsensitized 
patient without increased platelet consumption (sple-
nomegaly,  ever, disseminated intravascular coagulation 
[DIC]), two units o  trans used RD per square-meter 
body sur ace area (BSA) is anticipated to increase the 
platelet count by approximately 10,000/µL. Patients who 
have received multiple trans usions may be alloimmu-
nized to many HLA- and platelet-speci c antigens and 
have little or no increase in their posttrans usion platelet 
counts. Patients who may require multiple trans usions 
are best served by receiving SDAP and leukocyte-reduced 
components to lower the risk o  alloimmunization.

Re ractoriness to platelet trans usion may be evalu-
ated using the corrected count increment (CCI):

= µ  −  µ
×

×

−CCI posttransfusion count(/ L) pretransfusion count(/ L)
number of platelets transfused 10

BSA(m )

11

2

where BSA is body sur ace area measured in square 
meters. T e platelet count per ormed 1 h a er the 
trans usion is acceptable i  the CCI is 10 × 109/mL, and 
a er 18–24 h an increment o  7.5 × 109/mL is expected. 
Patients who have suboptimal responses are likely to 
have received multiple trans usions and have antibod-
ies directed against class I HLA antigens. Re ractoriness 
can be investigated by detecting anti-HLA antibod-
ies in the recipient’s serum. Patients who are sensitized 
will o en react with 100% o  the lymphocytes used  or 
the HLA-antibody screen, and HLA-matched SDAPs 
should be considered  or patients who require trans u-
sion. Although ABO-identical HLA-matched SDAPs 
provide the best chance  or increasing the platelet 
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150 count, locating these products is di cult. Platelet cross-
matching is available in some centers. Additional clini-
cal causes  or a low platelet CCI include  ever, bleeding, 
splenomegaly, DIC, or medications in the recipient.

FRESH-FROZEN PLASMA
FFP contains stable coagulation  actors and plasma 
proteins:  brinogen, antithrombin, albumin, and pro-
teins C and S. Indications  or FFP include correction o  
coagulopathies, including the rapid reversal o  war arin; 
supplying de cient plasma proteins; and treatment o  
thrombotic thrombocytopenic purpura. FFP should not 
be routinely used to expand blood volume. FFP is an 
acellular component and does not transmit intracellu-
lar in ections, e.g., CMV. Patients who are IgA-de cient 
and require plasma support should receive FFP  rom 
IgA-de cient donors to prevent anaphylaxis (see below).

CRYOPRECIPITATE
Cryoprecipitate is a source o   brinogen,  actor VIII, 
and von Willebrand  actor (VWF). It is ideal  or sup-
plying  brinogen to the volume-sensitive patient. When 
 actor VIII concentrates are not available, cryoprecipi-
tate may be used because each unit contains approxi-
mately 80 units o   actor VIII. Cryoprecipitate may also 
supply VWF to patients with dys unctional (type II) or 
absent (type III) von Willebrand’s disease.

PLASMA DERIVATIVES
Plasma  rom thousands o  donors may be pooled to 
derive speci c protein concentrates, including albumin, 
intravenous immunoglobulin, antithrombin, and coag-
ulation  actors. In addition, donors who have high-titer 
antibodies to speci c agents or antigens provide hyper-
immune globulins, such as anti-D (RhoGam, WinRho), 
and antisera to hepatitis B virus (HBV), varicella-zoster 
virus, CMV, and other in ectious agents.

ADVERSE REACTIONS TO BLOOD 
TRANSFUSION

Adverse reactions to trans used blood components 
occur despite multiple tests, inspections, and checks. 
Fortunately, the most common reactions are not li e 
threatening, although serious reactions can present 
with mild symptoms and signs. Some reactions can be 
reduced or prevented by modi ed ( ltered, washed, or 
irradiated) blood components. When an adverse reac-
tion is suspected, the trans usion should be stopped and 
reported to the blood bank  or investigation.

 rans usion reactions may result  rom immune and 
nonimmune mechanisms. Immune-mediated reactions 
are o en due to pre ormed donor or recipient antibody; 

however, cellular elements may also cause adverse 
ef ects. Nonimmune causes o  reactions are due to the 
chemical and physical properties o  the stored blood 
component and its additives.

 rans usion-transmitted viral in ections are increas-
ingly rare due to improved screening and testing. As 
the risk o  viral in ection is reduced, the relative risk o  
other reactions increases, such as hemolytic trans u-
sion reactions and sepsis  rom bacterially contaminated 
components. Pretrans usion quality assurance improve-
ments  urther increase the sa ety o  trans usion therapy. 
In ections, like any adverse trans usion reaction, must 
be brought to the attention o  the blood bank  or appro-
priate studies (Table 12-3).

IMMUNE-MEDIATED REACTIONS
Acute hemolytic t ra nsfusion rea ct ions

Immune-mediated hemolysis occurs when the recipient 
has pre ormed antibodies that lyse donor erythrocytes. 
T e ABO isoagglutinins are responsible  or the major-
ity o  these reactions. However, alloantibodies directed 
against other RBC antigens, i.e., Rh, Kell, and Duf y, 
are responsible  or more  atal hemolytic trans usion 
reactions.

TABLE 12 -3  
RISKS OF TRANSFUSION COMPLICATIONS

FREQUENCY, EPISODES: UNIT

React ion s
Febrile (FNHTR)
Allergic
Delayed hemolytic
TRALI
Acute hemolytic
Fatal hemolytic
Anaphylactic

• 1–4:100
• 1–4:100
• 1:1000
• 1:5000
• 1:12,000
• 1:100,000
• 1:150,000

In fect ion sa

Hepatitis B
Hepatitis C
HIV-1, -2
HTLV-1 and -2
Malaria

• 1:220,000
• 1:1,800,000
• 1:2,300,000
• 1:2,993,000
• 1:4,000,000

Oth e r Co m p lica t ion s
RBC allosensitization
HLA allosensitization
Gra t-versus-host disease

• 1:100
• 1:10
• Rare

aIn ectious agents rarely associated with trans usion, theoretically pos-
sible, or o  unknown risk include West Nile virus, hepatitis A virus, par-
vovirus B19, Babesia microti and Babesia duncani (babesiosis), Borrelia 
burgdorferi (Lyme disease), Anaplasma phagocytophilum (human granu-
locytic ehrlichiosis), Trypanosoma cruzi (Chagas’ disease), Treponema pal-
lidum, and human herpesvirus-8.
Abbrevia tions: FNHTR,  ebrile nonhemolytic trans usion reaction; HTLV, 
human T lymphotropic virus; RBC, red blood cell; TRALI, trans usion-
related acute lung injury.
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151Acute hemolytic reactions may present with hypo-
tension, tachypnea, tachycardia,  ever, chills, hemoglo-
binemia, hemoglobinuria, chest and/or  ank pain, and 
discom ort at the in usion site. Monitoring the patient’s 
vital signs be ore and during the trans usion is impor-
tant to identi y reactions promptly. When acute hemo-
lysis is suspected, the trans usion must be stopped 
immediately, intravenous access maintained, and the 
reaction reported to the blood bank. A correctly labeled 
posttrans usion blood sample and any untrans used 
blood should be sent to the blood bank  or analysis. T e 
laboratory evaluation  or hemolysis includes the mea-
surement o  serum haptoglobin, lactate dehydrogenase 
(LDH), and indirect bilirubin levels.

T e immune complexes that result in RBC lysis can 
cause renal dys unction and  ailure. Diuresis should 
be induced with intravenous  uids and  urosemide or 

mannitol.  issue  actor released  rom the lysed eryth-
rocytes may initiate DIC. Coagulation studies including 
prothrombin time (P ), activated partial thromboplas-
tin time (aP  ),  brinogen, and platelet count should 
be monitored in patients with hemolytic reactions.

Errors at the patient’s bedside, such as mislabeling 
the sample or trans using the wrong patient, are respon-
sible  or the majority o  these reactions. T e blood bank 
investigation o  these reactions includes examination 
o  the pre- and posttrans usion samples  or hemo-
lysis and repeat typing o  the patient samples; direct 
antiglobulin test (DA ), sometimes called the direct 
Coombs test, o  the posttrans usion sample; repeating 
the cross-matching o  the blood component; and check-
ing all clerical records  or errors. DA  detects the pres-
ence o  antibody or complement bound to RBCs in vivo  
(Fig. 12-1).

Direct Coombs  tes t/ direct antig lobulin te s t
Pos itive

tes t res ult

Pos itive
tes t res ult

Indirect Coombs  tes t/ indirect antig lobulin te s t

Antihuman antibodies
(Coombs reagent)

Antigens  on
the  reb blood
cell surface

Human
anti-RBC
antibodies

Blood sample  from a
patient with immune
media ted haemolytic
anaemia : antibodies
are  shown a ttached
to antigens  on the
RBC surface.

Recipient’s
serum is
obta ined,
conta ining
anitbodies
(Ig’s ).

Donor’s  blood
sample  is  added
to the  tube  with
se rum.

Recipient’s  Ig’s  tha t
ta rge t the  donor’s
red blood ce lls  form
antibody-antigen
complexes.

Anti-human
Ig’s  (Coombs
antibodies)
a re  added to
the  solution.

Agglutina tion of red
blood ce lls  occurs,
because  human Ig’s
are  a ttached to re d
blood ce lls .

The  pa tient’s  washed
RBCs are  incubated with
antihuman antibodies
(Coombs  reagent).

RBCs agglutina te : antihuman
antibodies  form links  be tween
RBCs by binding to the  human
antibodies  on the  RBCs.

FIGURE 12 -1
Direct  and  ind irect  Coom b s test . The direct Coombs (anti-
globulin) test detects the presence o  antibodies (or complement) 
on the sur ace o  erythrocytes. The indirect Coombs (antiglobulin) 

test detects antibodies in the serum that may bind to donor eryth-
rocytes. RBC, red blood cell. (Adapted from http://upload.wikimedia. 
org/wikipedia/commons/1/1c/coombs_test_schematic.png.)
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152 Dela yed hemolytic a nd sero logic tra nsfusion 
rea ctions

Delayed hemolytic trans usion reactions (DH Rs) are 
not completely preventable. T ese reactions occur in 
patients previously sensitized to RBC alloantigens who 
have a negative alloantibody screen due to low anti-
body levels. When the patient is trans used with anti-
gen-positive blood, an anamnestic response results in 
the early production o  alloantibody that binds donor 
RBCs. T e alloantibody is detectable 1–2 weeks  ol-
lowing the trans usion, and the posttrans usion DA  
may become positive due to circulating donor RBCs 
coated with antibody or complement. T e trans used, 
alloantibody-coated erythrocytes are cleared by the 
reticuloendothelial system. T ese reactions are detected 
most commonly in the blood bank when a subsequent 
patient sample reveals a positive alloantibody screen or 
a new alloantibody in a recently trans used recipient.

No speci c therapy is usually required, although 
additional RBC trans usions may be necessary. Delayed 
serologic trans usion reactions are similar to DH R, 
because the DA  is positive and alloantibody is 
detected; however, RBC clearance is not increased.

Febrile  nonhemolytic tra nsfusion rea ction

T e most  requent reaction associated with the trans-
 usion o  cellular blood components is a  ebrile nonhe-
molytic trans usion reaction (FNH R). T ese reactions 
are characterized by chills and rigors and a ≥1°C rise in 
temperature. FNH R is diagnosed when other causes o  
 ever in the trans used patient are ruled out. Antibod-
ies directed against donor leukocyte and HLA antigens 
may mediate these reactions; thus, multiply trans-
 used patients and multiparous women are  elt to be at 
increased risk. Although anti-HLA antibodies may be 
demonstrated in the recipient’s serum, investigation is 
not routinely done because o  the mild nature o  most 
FNH R. T e use o  leukocyte-reduced blood products 
may prevent or delay sensitization to leukocyte anti-
gens and thereby reduce the incidence o  these  ebrile 
episodes. Cytokines released  rom cells within stored 
blood components may mediate FNH R; thus, leukore-
duction be ore storage may prevent these reactions.

Allergic rea ctions

Urticarial reactions are related to plasma proteins 
 ound in trans used components. Mild reactions may 
be treated symptomatically by temporarily stopping 
the trans usion and administering antihistamines 
(diphenhydramine, 50 mg orally or intramuscularly). 
T e trans usion may be completed a er the signs and/
or symptoms resolve. Patients with a history o  aller-
gic trans usion reaction should be premedicated with 

an antihistamine. Cellular components can be washed 
to remove residual plasma  or the extremely sensitized 
patient.

Ana phyla ctic rea ction

T is severe reaction presents a er trans usion o  only 
a  ew milliliters o  the blood component. Symptoms 
and signs include di culty breathing, coughing, nau-
sea and vomiting, hypotension, bronchospasm, loss o  
consciousness, respiratory arrest, and shock.  reatment 
includes stopping the trans usion, maintaining vascu-
lar access, and administering epinephrine (0.5–1 mL o  
1:1000 dilution subcutaneously). Glucocorticoids may 
be required in severe cases.

Patients who are IgA-de cient, <1% o  the popula-
tion, may be sensitized to this Ig class and are at risk  or 
anaphylactic reactions associated with plasma trans-
 usion. Individuals with severe IgA de ciency should 
there ore receive only IgA-de cient plasma and washed 
cellular blood components. Patients who have anaphy-
lactic or repeated allergic reactions to blood compo-
nents should be tested  or IgA de ciency.

Gra ft-versus-host  d isea se

Gra -versus-host disease (GVHD) is a  requent com-
plication o  allogeneic stem cell transplantation, in 
which lymphocytes  rom the donor attack and cannot 
be eliminated by an immunode cient host.  rans u-
sion-related GVHD is mediated by donor   lympho-
cytes that recognize host HLA antigens as  oreign and 
mount an immune response, which is mani ested 
clinically by the development o   ever, a characteristic 
cutaneous eruption, diarrhea, and liver  unction abnor-
malities. GVHD can also occur when blood compo-
nents that contain viable   lymphocytes are trans used 
to immunode cient recipients or to immunocompetent 
recipients who share HLA antigens with the donor (e.g., 
a  amily donor). In addition to the a orementioned clin-
ical  eatures o  GVHD, trans usion-associated GVHD 
( A-GVHD) is characterized by marrow aplasia and 
pancytopenia.  A-GVHD is highly resistant to treat-
ment with immunosuppressive therapies, including glu-
cocorticoids, cyclosporine, antithymocyte globulin, and 
ablative therapy  ollowed by allogeneic bone marrow 
transplantation. Clinical mani estations appear at 8–10 
days, and death occurs at 3–4 weeks a er trans usion.

 A-GVHD can be prevented by irradiation o  cellu-
lar components (minimum o  2500 cGy) be ore trans u-
sion to patients at risk. Patients at risk  or  A-GVHD 
include  etuses receiving intrauterine trans usions, 
selected immunocompetent (e.g., lymphoma patients) 
or immunocompromised recipients, recipients o  donor 
units known to be  rom a blood relative, and recipients 
who have undergone marrow transplantation. Directed 
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153donations by  amily members should be discouraged 
(they are not less likely to transmit in ection); lacking 
other options, the blood products  rom  amily members 
should always be irradiated.

Tra nsfusion-rela ted a cute lung in jury

 rans usion-related acute lung injury ( RALI) is the 
most common cause o  trans usion related  atalities. 
T e recipient develops symptoms o  hypoxia (Pao2/FIo2 
<300 mmHg) and signs o  noncardiogenic pulmonary 
edema, including bilateral interstitial in ltrates on chest 
x-ray, either during or within 6 h o  trans usion.  reat-
ment is supportive, and patients usually recover without 
sequelae.  RALI usually results  rom the trans usion o  
donor plasma that contains high-titer anti-HLA class 
II antibodies that bind recipient leukocytes. T e leu-
kocytes aggregate in the pulmonary vasculature and 
release mediators that increase capillary permeability. 
 esting the donor’s plasma  or anti-HLA antibodies can 
support this diagnosis. T e implicated donors are  re-
quently multiparous women. T e trans usion o  plasma 
 rom male and nulliparous women donors reduces the 
risk o   RALI. Recipient  actors that are associated with 
increased risk o   RALI include smoking, chronic alco-
hol use, shock, liver surgery (transplantation), mechani-
cal ventilation with >30 cmH2O pressure support and 
positive  uid balance.

Posttra nsfusion purpura

T is reaction presents as thrombocytopenia 7–10 days 
a er platelet trans usion and occurs predominantly in 
women. Platelet-speci c antibodies are  ound in the 
recipient’s serum, and the most  requently recognized 
antigen is HPA-1a  ound on the platelet glycoprotein 
IIIa receptor. T e delayed thrombocytopenia is due to 
the production o  antibodies that react to both donor 
and recipient platelets. Additional platelet trans u-
sions can worsen the thrombocytopenia and should be 
avoided.  reatment with intravenous immunoglobulin 
may neutralize the ef ector antibodies, or plasmapher-
esis can be used to remove the antibodies.

Allo immuniza tion

A recipient may become alloimmunized to a num-
ber o  antigens on cellular blood elements and plasma 
proteins. Alloantibodies to RBC antigens are detected 
during pretrans usion testing, and their presence may 
delay  nding antigen-negative cross-match-compatible 
products  or trans usion. Women o  childbearing age 
who are sensitized to certain RBC antigens (i.e., D, c, E, 
Kell, or Duf y) are at risk  or bearing a  etus with hemo-
lytic disease o  the newborn. Matching  or D antigen is 
the only pretrans usion selection test to prevent RBC 
alloimmunization.

Alloimmunization to antigens on leukocytes and 
platelets can result in re ractoriness to platelet trans u-
sions. Once alloimmunization has developed, HLA-
compatible platelets  rom donors who share similar 
antigens with the recipient may be di cult to  nd. 
Hence, prudent trans usion practice is directed at 
preventing sensitization through the use o  leuko-
cyte-reduced cellular components, as well as limiting 
antigenic exposure by the judicious use o  trans usions 
and use o  SDAPs.

NONIMMUNOLOGIC REACTIONS
Fluid Overloa d

Blood components are excellent volume expanders, and 
trans usion may quickly lead to trans usion-associated 
circulatory overload ( ACO). Dyspnea with PaO2 <90% 
on room air, bilateral in ltrates on chest x-ray, and sys-
tolic hypertension are  ound with  ACO. Brain natri-
uretic peptide (BNP) is o en elevated (>1.5) compared 
with pretrans usion levels. Monitoring the rate and vol-
ume o  the trans usion and using a diuretic can mini-
mize this problem.

Hypothermia

Re rigerated (4°C) or  rozen (−18°C or below) blood 
components can result in hypothermia when rapidly 
in used. Cardiac dysrhythmias can result  rom expos-
ing the sinoatrial node to cold  uid. Use o  an in-line 
warmer will prevent this complication.

Electro lyte toxicity

RBC leakage during storage increases the concentra-
tion o  potassium in the unit. Neonates and patients 
in renal  ailure are at risk  or hyperkalemia. Preventive 
measures, such as using  resh or washed RBCs, are war-
ranted  or neonatal trans usions because this complica-
tion can be  atal.

Citrate, commonly used to anticoagulate blood 
components, chelates calcium and thereby inhibits the 
coagulation cascade. Hypocalcemia, mani ested by cir-
cumoral numbness and/or tingling sensation o  the 
 ngers and toes, may result  rom multiple rapid trans-
 usions. Because citrate is quickly metabolized to bicar-
bonate, calcium in usion is seldom required in this 
setting. I  calcium or any other intravenous in usion is 
necessary, it must be given through a separate line.

Iron overloa d

Each unit o  RBCs contains 200–250 mg o  iron. Symp-
toms and signs o  iron overload af ecting endocrine, 
hepatic, and cardiac  unction are common a er 100 
units o  RBCs have been trans used (total-body iron 
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154 load o  20 g). Preventing this complication by using 
alternative therapies (e.g., erythropoietin) and judicious 
trans usion is pre erable and cost ef ective. Chelating 
agents, such as de eroxamine and de erasirox, are avail-
able, but the response is o en suboptimal.

Hypotensive rea ctions

 ransient hypotension may be noted among trans-
 used patients who take angiotensin-converting enzyme 
(ACE) inhibitors. Because blood products contain bra-
dykinin that is normally degraded by ACE, patients on 
ACE inhibitors may have increased bradykinin levels 
that cause hypotension in the recipient. T e blood pres-
sure typically returns to normal without intervention.

Immunomodula tion

 rans usion o  allogeneic blood is immunosuppressive. 
Multiply trans used renal transplant recipients are less 
likely to reject the gra , and trans usion may result in 
poorer outcomes in cancer patients and increase the 
risk o  in ections.  rans usion-related immunomodu-
lation is thought to be mediated by trans used leuko-
cytes. Leukocyte-depleted cellular products may cause 
less immunosuppression, although controlled data are 
unlikely to be obtained as the blood supply becomes 
universally leukocyte depleted.

INFECTIOUS COMPLICATIONS
T e blood supply is initially screened by selecting 
healthy donors without high-risk li estyles, medi-
cal conditions, or exposure to transmissible patho-
gens, such as intravenous drug use or visiting malaria 
endemic areas. Multiple tests per ormed on donated 
blood to detect the presence o  in ectious agents using 
nucleic acid ampli cation testing (NAA ) or evidence 
o  prior in ections by testing  or antibodies to patho-
gens and sterility o  platelet products  urther reduce the 
risk o  trans usion-acquired in ections.

Vira l infect ions
Hep atit is C virus (HCV)

Blood donations are tested  or antibodies to HCV 
and HCV RNA. T e risk o  acquiring HCV through 
trans usion is now calculated to be approximately 1 in 
2,000,000 units. In ection with HCV may be asymp-
tomatic or lead to chronic active hepatitis, cirrhosis, 
and liver  ailure.

Hum an  im m unod ef ciency virus typ e  1 (HIV-1)
Donated blood is tested  or antibodies to HIV-1, HIV-1 
p24 antigen, and HIV RNA using NAA . Approxi-
mately a dozen seronegative donors have been shown 

to harbor HIV RNA. T e risk o  HIV-1 in ection per 
trans usion episode is 1 in 2,000,000. Antibodies to 
HIV-2 are also measured in donated blood. No cases o  
HIV-2 in ection have been reported in the United States 
since 1992.

Hep atit is B virus (HBV)
Donated blood is screened  or HBV using assays  or 
hepatitis B sur ace antigen (HbsAg). NAA  testing is 
not practical because o  slow viral replication and lower 
levels o  viremia. T e risk o  trans usion-associated 
HBV in ection is several times greater than  or HCV. 
Vaccination o  individuals who require long-term trans-
 usion therapy can prevent this complication.

Other hep atit is viruses
Hepatitis A virus is rarely transmitted by trans u-
sion; in ection is typically asymptomatic and does not 
lead to chronic disease. Other trans usion-transmitted 
viruses—   virus, SEN virus, and GB virus C—do not 
cause chronic hepatitis or other disease states. Routine 
testing does not appear to be warranted.

West n ile  virus (WNV)
 rans usion-transmitted WNV in ections were docu-
mented in 2002. T is RNA virus can be detected using 
NAA ; routine screening began in 2003. WNV in ec-
tions range in severity  rom asymptomatic to  atal, with 
the older population at greater risk.

Cytom egalovirus
T is ubiquitous virus in ects ≥50% o  the general pop-
ulation and is transmitted by the in ected “passenger” 
WBCs  ound in trans used PRBCs or platelet compo-
nents. Cellular components that are leukocyte-reduced 
have a decreased risk o  transmitting CMV, regardless 
o  the serologic status o  the donor. Groups at risk  or 
CMV in ections include immunosuppressed patients, 
CMV-seronegative transplant recipients, and neonates; 
these patients should receive leukocyte-depleted com-
ponents or CMV seronegative products.

Hum an  T lym p hotrop ic virus (HTLV) typ e  1
Assays to detect H LV-1 and -2 are used to screen all 
donated blood. H LV-1 is associated with adult   cell 
leukemia/lymphoma and tropical spastic paraparesis 
in a small percentage o  in ected persons. T e risk o  
H LV-1 in ection via trans usion is 1 in 641,000 trans-
 usion episodes. H LV-2 is not clearly associated with 
any disease.

Parvovirus B19
Blood components and pooled plasma products can 
transmit this virus, the etiologic agent o  erythema 
in ectiosum, or   h disease, in children. Parvovi-
rus B19 shows tropism  or erythroid precursors and 
inhibits both erythrocyte production and maturation. 
Pure red cell aplasia, presenting either as acute aplastic 
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155crisis or chronic anemia with shortened RBC survival, 
may occur in individuals with an underlying hemato-
logic disease, such as sickle cell disease or thalassemia 
(Chap. 11). T e  etus o  a seronegative woman is at risk 
 or developing hydrops  rom this virus.

Ba cteria l conta mina tion

T e relative risk o  trans usion-transmitted bacte-
rial in ection has increased as the absolute risk o  viral 
in ections has dramatically decreased.

Most bacteria do not grow well at cold temperatures; 
thus, PRBCs and FFP are not common sources o  bac-
terial contamination. However, some gram-negative 
bacteria can grow at 1–6°C. Yersinia, Pseudomonas, Ser-
ratia, Acinetobacter, and Escherichia species have all been 
implicated in in ections related to PRBC trans usion. 
Platelet concentrates, which are stored at room tempera-
ture, are more likely to contain skin contaminants such as 
gram-positive organisms, including coagulase-negative 
staphylococci. It is estimated that 1 in 1000–2000 plate-
let components is contaminated with bacteria. T e risk 
o  death due to trans usion-associated sepsis has been 
calculated at 1 in 17,000  or single-unit platelets derived 
 rom whole blood donation and 1 in 61,000  or apheresis 
product. Since 2004, blood banks have instituted meth-
ods to detect contaminated platelet components.

Recipients o  trans usion contaminated with bacteria 
may develop  ever and chills, which can progress to sep-
tic shock and DIC. T ese reactions may occur abruptly, 
within minutes o  initiating the trans usion, or a er 
several hours. T e onset o  symptoms and signs is o en 
sudden and  ulminant, which distinguishes bacterial 
contamination  rom an FNH R. T e reactions, particu-
larly those related to gram-negative contaminants, are 
the result o  in used endotoxins  ormed within the con-
taminated stored component.

When these reactions are suspected, the trans u-
sion must be stopped immediately. T erapy is directed 
at reversing any signs o  shock, and broad-spectrum 
antibiotics should be given. T e blood bank should be 
noti ed to identi y any clerical or serologic error. T e 
blood component bag should be sent  or culture and 
Gram stain.

Other Infectious Agents

Various parasites, including those causing malaria, 
babesiosis, and Chagas’ disease, can be transmitted by 
blood trans usion. Geographic migration and travel 
o  donors shi  the incidence o  these rare in ections. 
Other agents implicated in trans usion transmission 
include dengue, chikungunya virus, variant Creutz eldt-
Jakob disease, A. phagocytophilum, and yellow  ever 
vaccine virus, and the list will grow.  ests  or some 
pathogens are available, such as T. cruzi, but not uni-
versally required, whereas others are being developed  
(B. microti). T ese in ections should be considered in 
the trans used patient in the appropriate clinical setting.

ALTERNATIVES TO TRANSFUSION

Alternatives to allogeneic blood trans usions that avoid 
homologous donor exposures with attendant immuno-
logic and in ectious risks remain attractive. Autologous 
blood is the best option when trans usion is anticipated. 
However, the cost-bene t ratio o  autologous trans u-
sion remains high. No trans usion is a zero-risk event; 
clerical errors and bacterial contamination remain 
potential complications even with autologous trans u-
sions. Additional methods o  autologous trans usion in 
the surgical patient include preoperative hemodilution, 
recovery o  shed blood  rom sterile surgical sites, and 
postoperative drainage collection. Directed or desig-
nated donation  rom  riends and  amily o  the potential 
recipient has not been sa er than volunteer donor com-
ponent trans usions. Such directed donations may in 
 act place the recipient at higher risk  or complications 
such as GVHD and alloimmunization.

Granulocyte and granulocyte-macrophage col-
ony-stimulating  actors are clinically use ul to hasten 
leukocyte recovery in patients with leukopenia related 
to high-dose chemotherapy. Erythropoietin stimu-
lates erythrocyte production in patients with anemia o  
chronic renal  ailure and other conditions, thus avoiding 
or reducing the need  or trans usion. T is hormone can 
also stimulate erythropoiesis in the autologous donor to 
enable additional donation.
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SECTION IV

MYELOPROLIFERATIVE 
DISORDERS
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T e World Health Organization (WHO) classi cation 
o  the chronic myeloproli erative neoplasms (MPNs) 
includes eight disorders, some o  which are rare or 
poorly characterized ( able 13-1) but all o  which share 
an origin in a multipotent hematopoietic progenitor 
cell; overproduction o  one or more o  the  ormed ele-
ments o  the blood without signi cant dysplasia; and a 
predilection to extramedullary hematopoiesis, myelo-
 brosis, and trans ormation at varying rates to acute 
leukemia. Within this broad classi cation, however, sig-
ni cant phenotypic heterogeneity exists. Some diseases 
such as chronic myelogenous leukemia (CML), chronic 
neutrophilic leukemia (CNL), and chronic eosinophilic 
leukemia (CEL) express primarily a myeloid pheno-
type, whereas in other diseases, such as polycythemia 
vera (PV), primary myelo brosis (PMF), and essen-
tial thrombocytosis (E ), erythroid or megakaryocytic 
hyperplasia predominates. T e latter three disorders, 
in contrast to the  ormer three, also appear capable o  
trans orming into each other.

Such phenotypic heterogeneity has a genetic basis; 
CML is the consequence o  the balanced transloca-
tion between chromosomes 9 and 22 [t(9;22)(q34;11)]; 
CNL has been associated with a t(15;19) transloca-
tion; and CEL occurs with a deletion or balanced 

POLYCYTHEMIA VERA AND OTHER 
MYELOPROLIFERATIVE NEOPLASMS

CHAP TER 1 3

translocations involving the PDGFRα gene. By con-
trast, to a greater or lesser extent, PV, PMF, and E  are 
characterized by a mutation, V617F, that causes con-
stitutive activation o  JAK2, a tyrosine kinase essential 
 or the  unction o  the erythropoietin and throm-
bopoietin receptors but not the granulocyte colony-
stimulating  actor receptor. T is important distinction 
is also re ected in the natural histories o  CML, CNL, 
and CEL, which are usually measured in years, and 
their high rate o  leukemic trans ormation. By con-
trast, the natural history o  PV, PMF, and E  is usu-
ally measured in decades, and trans ormation to acute 
leukemia is uncommon in PV and E  in the absence 
o  exposure to mutagenic drugs. T is chapter, there-
 ore, will  ocus only on PV, PMF, and E , because their 
clinical and genetic overlap is substantial even though 
their clinical courses are distinctly di erent.

T e other chronic myeloproliferative neoplasms 
will be discussed in Chaps. 15 and 17.

POLYCYTHEMIA VERA

PV is a clonal disorder involving a multipotent hema-
topoietic progenitor cell in which phenotypically nor-
mal red cells, granulocytes, and platelets accumulate 
in the absence o  a recognizable physiologic stimulus. 
T e most common o  the chronic MPNs, PV occurs in 
2.5 per 100,000 persons, sparing no adult age group and 
increasing with age to rates over 10/100,000. Familial 
transmission is in requent, and women predominate 
among sporadic cases.

ETIOLOGY
T e etiology o  PV is unknown. Although nonran-
dom chromosome abnormalities such as deletion 
20q and trisomy 8 and 9 have been documented in 

TABLE 13-1  
WORLD HEALTH ORGANIZATION CLASSIFICATION 
OF CHRONIC MYELOPROLIFERATIVE NEOPLASMS
Chronic myeloid leukemia, bcr-abl–positive
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia, not otherwise speci ed
Polycythemia vera
Primary myelo brosis
Essential thrombocytosis
Mastocytosis
Myeloproli erative neoplasms, unclassi able
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159up to 30% o  untreated PV patients, unlike CML, no 
consistent cytogenetic abnormality has been associated 
with the disorder. However, a mutation in the autoin-
hibitory pseudokinase domain o  the tyrosine kinase 
JAK2—that replaces valine with phenylalanine 
(V617F), causing constitutive kinase activation—
appears to have a central role in the pathogenesis o  PV.

JAK2 is a member o  an evolutionarily well-
conserved, nonreceptor tyrosine kinase  amily and 
serves as the cognate tyrosine kinase  or the erythro-
poietin and thrombopoietin receptors. It also  unc-
tions as an obligate chaperone  or these receptors in the 
Golgi apparatus and is responsible  or their cell-sur ace 
expression. T e con ormational change induced in the 
erythropoietin and thrombopoietin receptors  ollowing 
binding to their respective cognate ligands, erythropoi-
etin or thrombopoietin, leads to JAK2 autophosphory-
lation, receptor phosphorylation, and phosphorylation 
o  proteins involved in cell proli eration, di erentiation, 
and resistance to apoptosis.  ransgenic animals lack-
ing JAK2 die as embryos  rom severe anemia. Consti-
tutive activation o  JAK2, on the other hand, explains 
the erythropoietin hypersensitivity, erythropoietin-
independent erythroid colony  ormation, rapid termi-
nal di erentiation, increase in Bcl-XL expression, and 
apoptosis resistance in the absence o  erythropoietin 
that characterize the in vitro behavior o  PV erythroid 
progenitor cells.

Importantly, the JAK2 gene is located on the short 
arm o  chromosome 9, and loss o  heterozygosity on 
chromosome 9p due to mitotic recombination is the 
most common cytogenetic abnormality in PV. T e 
segment o  9p involved contains the JAK2 locus, and 
loss o  heterozygosity in this region leads to homozy-
gosity  or JAK2 V617F. More than 95% o  PV patients 
express this mutation, as do approximately 50% o  
PMF and E  patients. Homozygosity  or the mutation 
occurs in approximately 30% o  PV patients and 60% 
o  PMF patients but is rare in E . Over time, a por-
tion o  PV JAK2 V617F heterozygotes become homo-
zygotes due to mitotic recombination, but usually not 
a er 10 years o  the disease. Most PV patients who do 
not express JAK2 V617F express a mutation in exon 
12 o  the kinase and are not clinically di erent  rom 
those who do, nor do JAK2 V617F heterozygotes di -
 er clinically  rom homozygotes. Interestingly, the 
predisposition to acquire mutations in JAK2 appears 
to be associated with a speci c JAK2 gene haplotype, 
GGCC. JAK2 V617F is the basis  or many o  the phe-
notypic and biochemical characteristics o  PV such as 
elevation o  the leukocyte alkaline phosphatase (LAP) 
score; however, it cannot solely account  or the entire 
PV phenotype and is probably not the initiating lesion 
in the three MPNs. First, PV patients with the same 
phenotype and documented clonal disease lack any 
mutation o  JAK2. Second, E  and PMF patients have 

the same mutation but di erent clinical phenotypes. 
T ird,  amilial PV can occur without the mutation, 
even when other members o  the same  amily express 
it. Fourth, not all the cells o  the malignant clone 
express JAK2 V617F. Fi h, JAK2 V617F has been 
observed in patients with long-standing idiopathic 
erythrocytosis. Sixth, in some patients, JAK2 V617F 
appears to be acquired a er another mutation. Finally, 
in some JAK2 V617F–positive PV or E  patients, 
acute leukemia can occur in a JAK2 V617F–negative 
progenitor cell. However, although JAK2 V617F alone 
may not be su cient to cause PV, it appears essential 
 or the trans ormation o  E  to PV, although not  or 
its trans ormation to PMF.

CLINICAL FEATURES
Although isolated thrombocytosis, leukocytosis, or 
splenomegaly may be the initial presenting mani esta-
tion o  PV, most o en the disorder is  rst recognized 
by the incidental discovery o  a high hemoglobin or 
hematocrit. With the exception o  aquagenic pruri-
tus, no symptoms distinguish PV  rom other causes o  
erythrocytosis.

Uncontrolled erythrocytosis causes hyperviscos-
ity, leading to neurologic symptoms such as vertigo, 
tinnitus, headache, visual disturbances, and transient 
ischemic attacks ( IAs). Systolic hypertension is also a 
 eature o  the red cell mass elevation. In some patients, 
venous or arterial thrombosis may be the presenting 
mani estation o  PV. Any vessel can be a ected; but 
cerebral, cardiac, or mesenteric vessels are most com-
monly involved. Intraabdominal venous thrombosis is 
particularly common in young women and may be cat-
astrophic i  a sudden and complete obstruction o  the 
hepatic vein occurs. Indeed, PV should be suspected in 
any patient who develops hepatic vein thrombosis. Dig-
ital ischemia, easy bruising, epistaxis, acid-peptic dis-
ease, or gastrointestinal hemorrhage may occur due to 
vascular stasis or thrombocytosis. Erythema, burning, 
and pain in the extremities, a symptom complex known 
as erythromelalgia, are other complications o  the 
thrombocytosis o  PV due to increased platelet sticki-
ness. Given the large turnover o  hematopoietic cells, 
hyperuricemia with secondary gout, uric acid stones, 
and symptoms due to hypermetabolism can also com-
plicate the disorder.

DIAGNOSIS
When PV presents with erythrocytosis in combination 
with leukocytosis, thrombocytosis, or splenomegaly 
or a combination o  these, the diagnosis is appar-
ent. However, when patients present with an elevated 
hemoglobin or hematocrit alone, the diagnostic evalu-
ation is more complex because o  the many diagnostic 
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possibilities ( able 13-2). Furthermore, unless the 
hemoglobin level is ≥20 g/dL (hematocrit ≥60%), it is 
not possible to distinguish true erythrocytosis  rom 
disorders causing plasma volume contraction. T is is 
because uniquely in PV, in contrast to other causes o  
true erythrocytosis, there is expansion o  the plasma 
volume, which can mask the elevated red cell mass; 
thus, red cell mass and plasma volume determinations 
are necessary to establish the presence o  an absolute 
erythrocytosis and to distinguish this  rom relative 
erythrocytosis due to a reduction in plasma volume 
alone (also known as stress or spurious erythrocytosis 
or Gaisböck’s syndrome). Figure 2-18 illustrates a diag-
nostic algorithm  or the evaluation o  suspected eryth-
rocytosis. Assay  or JAK2 mutations in the presence o  
a normal arterial oxygen saturation provides an alter-
native diagnostic approach to erythrocytosis when red 
cell mass and plasma volume determinations are not 
available; a normal serum erythropoietin level does not 
exclude the presence o  PV, but an elevated erythropoi-
etin level is more consistent with a secondary cause  or 
the erythrocytosis.

Other laboratory studies that may aid in diagnosis 
include the red cell count, mean corpuscular volume, 
and red cell distribution width (RDW), particularly 
when the hematocrit or hemoglobin levels are less 
than 60% or 20 g/dL, respectively. Only three situa-
tions cause microcytic erythrocytosis: β thalassemia 

trait, hypoxic erythrocytosis, and PV. With β thalas-
semia trait, the RDW is normal, whereas with hypoxic 
erythrocytosis and PV, the RDW may be elevated due 
to associated iron de ciency.  oday, however, the assay 
 or JAK2 V617F has superseded other tests  or estab-
lishing the diagnosis o  PV. O  course, in patients with 
associated acid-peptic disease, occult gastrointestinal 
bleeding may lead to a presentation with hypochro-
mic, microcytic anemia, masking the presence o  PV.

A bone marrow aspirate and biopsy provide no spe-
ci c diagnostic in ormation because these may be nor-
mal or indistinguishable  rom E  or PMF. Similarly, no 
speci c cytogenetic abnormality is associated with the 
disease, and the absence o  a cytogenetic marker does 
not exclude the diagnosis.

COMPLICATIONS
Many o  the clinical complications o  PV relate directly 
to the increase in blood viscosity associated with red 
cell mass elevation and indirectly to the increased 
turnover o  red cells, leukocytes, and platelets with the 
attendant increase in uric acid and cytokine produc-
tion. T e latter appears to be responsible  or constitu-
tional symptoms. Peptic ulcer disease can also be due to 
Helicobacter pylori in ection, the incidence o  which is 
increased in PV, while the pruritus associated with this 
disorder may be a consequence o  mast cell activation 
by JAK2 V617F. A sudden increase in spleen size can 
be associated with pain ul splenic in arction. Myelo-
 brosis appears to be part o  the natural history o  the 
disease but is a reactive, reversible process that does not 
itsel  impede hematopoiesis and by itsel  has no prog-
nostic signi cance. In approximately 15% o  patients, 
however, myelo brosis is accompanied by signi cant 
extramedullary hematopoiesis, hepatosplenomegaly, 
and trans usion-dependent anemia, which are mani es-
tations o  stem cell  ailure. T e organomegaly can cause 
signi cant mechanical discom ort, portal hypertension, 
and progressive cachexia. Although the incidence o  
acute nonlymphocytic leukemia is increased in PV, the 
incidence o  acute leukemia in patients not exposed to 
chemotherapy or radiation therapy is low. Interestingly, 
chemotherapy, including hydroxyurea, has been associ-
ated with acute leukemia in JAK2 V617F–negative stem 
cells in some PV patients. Erythromelalgia is a curious 
syndrome o  unknown etiology associated with throm-
bocytosis, primarily involving the lower extremities and 
usually mani ested by erythema, warmth, and pain o  
the a ected appendage and occasionally digital in arc-
tion. It occurs with a variable  requency and is usually 
responsive to salicylates. Some o  the central nervous 
system symptoms observed in patients with PV, such 
as ocular migraine, appear to represent a variant o  
erythromelalgia.

TABLE 13-2  
CAUSES OF ERYTHROCYTOSIS
Re la t ive  Eryth ro cyto sis
Hemoconcentration secondary to dehydration, diuretics,  
ethanol abuse, androgens, or tobacco abuse

Ab so lu te  Eryth ro cytosis
Hyp oxia
Carbon monoxide 
intoxication

High-oxygen-a nity 
hemoglobin

High altitude
Pulmonary disease
Right to le t cardiac or  
vascular shunts

Sleep apnea syndrome
Hepatopulmonary syndrome
Ren a l Disease
Renal artery stenosis
Focal sclerosing or  
membranous 
glomerulonephritis

Postrenal transplantation
Renal cysts
Bartter’s syndrome

Tu m ors
Hypernephroma
Hepatoma
Cerebellar hemangioblastoma
Uterine myoma
Adrenal tumors
Meningioma
Pheochromocytoma
Dru g s
Androgens
Recombinant erythropoietin
Fam ilia l  with  n o rm a l  
h em o g lob in  fu n ct io n  

Erythropoietin receptor 
mutation

VHL mutations (Chuvash 
polycythemia)

2,3-BPG mutation
Po lycyth em ia  ve ra

Abbrevia tions: 2,3-BPG, 2,3-bisphosphoglycerate; VHL, von Hippel-Lindau.
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161Le  uncontrolled, erythrocytosis can lead to throm-
bosis involving vital organs such as the liver, heart, 
brain, or lungs. Patients with massive splenomegaly 
are particularly prone to thrombotic events because 
the associated increase in plasma volume masks the 
true extent o  the red cell mass elevation measured 
by the hematocrit or hemoglobin level. A “normal” 
hematocrit or hemoglobin level in a PV patient with 
massive splenomegaly should be considered indicative 
o  an elevated red cell mass until proven otherwise.

TREATMENT Polycythemia Vera

PV is generally an indolent disorder, the clinical course o  
which is measured in decades, and its management should 
re ect its tempo. T rombosis due to erythrocytosis is the 
most signi cant complication and o en the presenting mani-
 estation, and maintenance o  the hemoglobin level at ≤140 
g/L (14 g/dL; hematocrit <45%) in men and ≤120 g/L (12 
g/dL; hematocrit <42%) in women is mandatory to avoid 
thrombotic complications. Phlebotomy serves initially to 
reduce hyperviscosity by bringing the red cell mass into the 
normal range while  urther expanding the plasma volume. 
Periodic phlebotomies therea er serve to maintain the red 
cell mass within the normal range and to induce a state o  
iron de ciency that prevents an accelerated reexpansion o  
the red cell mass. In most PV patients, once an iron-de cient 
state is achieved, phlebotomy is usually only required at 
3-month intervals. Neither phlebotomy nor iron de ciency 
increases the platelet count relative to the e ect o  the disease 
itsel , and thrombocytosis is not correlated with thrombosis 
in PV, in contrast to the strong correlation between eryth-
rocytosis and thrombosis in this disease. T e use o  salicy-
lates as a tonic against thrombosis in PV patients is not only 
potentially harm ul i  the red cell mass is not controlled by 
phlebotomy, but is also an unproven remedy. Anticoagulants 
are only indicated when a thrombosis has occurred and can 
be di cult to monitor i  the red cell mass is substantially 
elevated owing to the arti actual imbalance between the test 
tube anticoagulant and plasma that occurs when blood  rom 
these patients is assayed  or prothrombin or partial throm-
boplastin activity. Asymptomatic hyperuricemia (<10 mg/
dL) requires no therapy, but allopurinol should be admin-
istered to avoid  urther elevation o  the uric acid when che-
motherapy is used to reduce splenomegaly or leukocytosis or 
to treat pruritus. Generalized pruritus intractable to antihis-
tamines or antidepressants such as doxepin can be a major 
problem in PV; inter eron α (IFN-α), psoralens with ultravio-
let light in the A range (PUVA) therapy, and hydroxyurea are 
other methods o  palliation. Asymptomatic thrombocytosis 
requires no therapy unless the platelet count is su ciently 
high to cause bleeding due an acquired  orm o  von Wil-
lebrand’s disease in which there is adsorption and proteoly-
sis o  high-molecular-weight von Willebrand  actor (VWF) 

multimers by the expanded platelet mass. Symptomatic sple-
nomegaly can be treated with pegylated IFN-α. Pegylated 
IFN-α can also produce complete hematologic and molecu-
lar remissions in PV, and its role in this disorder is currently 
under investigation. Anagrelide, a phosphodiesterase inhibi-
tor, can reduce the platelet count and, i  tolerated, is pre er-
able to hydroxyurea because it lacks marrow toxicity and is 
protective against venous thrombosis. A reduction in platelet 
number may be necessary  or the treatment o  erythromelal-
gia or ocular migraine i  salicylates are not e ective or i  the 
platelet count is su ciently high to increase the risk o  hem-
orrhage but only to the degree that symptoms are alleviated. 
Alkylating agents and radioactive sodium phosphate (32P) 
are leukemogenic in PV, and their use should be avoided. I  
a cytotoxic agent must be used, hydroxyurea is pre erred, but 
this drug does not prevent either thrombosis or myelo bro-
sis in PV, is itsel  leukemogenic, and should be used  or as 
short a time as possible. Previously, PV patients with massive 
splenomegaly unresponsive to reduction by chemotherapy or 
inter eron required splenectomy. However, with the introduc-
tion o  the nonspeci c JAK2 inhibitor ruxolitinib, it has been 
possible in the majority o  patients with PV complicated by 
myelo brosis and myeloid metaplasia to reduce spleen size 
while at the same time alleviating constitutional symptoms 
to due to cytokine release. T is drug is currently undergo-
ing clinical trials in PV patients intolerant o  hydroxyurea. In 
some patients with end-stage disease, pulmonary hyperten-
sion may develop due to  brosis or extramedullary hemato-
poiesis. A role  or allogeneic bone marrow transplantation in 
PV has not been de ned.

Most patients with PV can live long lives without 
 unctional impairment when their red cell mass is e ectively 
managed with phlebotomy alone. Chemotherapy is never 
indicated to control the red cell mass unless venous access is 
inadequate.

PRIMARY MYELOFIBROSIS

Chronic PMF (other designations include idiopathic 
myelof brosis, agnogenic myeloid metaplasia, or myelof -
brosis with myeloid metaplasia) is a clonal disorder o  a 
multipotent hematopoietic progenitor cell o  unknown 
etiology characterized by marrow  brosis, extramedul-
lary hematopoiesis, and splenomegaly. PMF is the least 
common chronic MPN, and establishing this diagno-
sis in the absence o  a speci c clonal marker is di cult 
because myelo brosis and splenomegaly are also  ea-
tures o  both PV and CML. Furthermore, myelo brosis 
and splenomegaly also occur in a variety o  benign and 
malignant disorders ( able 13-3), many o  which are 
amenable to speci c therapies not e ective in PMF. In 
contrast to the other chronic MPNs and so-called acute 
or malignant myelo brosis, which can occur at any age, 
PMF primarily af icts men in their sixth decade or later.
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ETIOLOGY
T e etiology o  PMF is unknown. Nonrandom 
chromosome abnormalities such as 9p, 20q−, 
13q−, trisomy 8 or 9, or partial trisomy 1q are 

common, but no cytogenetic abnormality speci c to the 
disease has been identi ed. JAK2 V617F is present in 
approximately 50% o  PMF patients, and mutations in 
the thrombopoietin receptor Mpl occur in about 5%. 
Most o  the rest have mutations in the calreticulin gene 
(CALR) that alter the carboxy-terminal portion o  the 
gene product. T e degree o  myelo brosis and the 
extent o  extramedullary hematopoiesis are also not 
related. Fibrosis in this disorder is associated with over-
production o  trans orming growth  actor β and tissue 
inhibitors o  metalloproteinases, whereas osteosclerosis 
is associated with overproduction o  osteoprotegerin, an 
osteoclast inhibitor. Marrow angiogenesis occurs due to 
increased production o  vascular endothelial growth 
 actor. Importantly,  broblasts in PMF are polyclonal 
and not part o  the neoplastic clone.

CLINICAL FEATURES
No signs or symptoms are speci c  or PMF. Many 
patients are asymptomatic at presentation, and the 
disease is usually detected by the discovery o  splenic 
enlargement and/or abnormal blood counts during a 
routine examination. However, in contrast to its com-
panion MPN, night sweats,  atigue, and weight loss 
are common presenting complaints. A blood smear 
will show the characteristic  eatures o  extramedullary 
hematopoiesis: teardrop-shaped red cells, nucleated 
red cells, myelocytes, and promyelocytes; myeloblasts 
may also be present (Fig. 13-1). Anemia, usually mild 
initially, is the rule, whereas the leukocyte and platelet 
counts are either normal or increased, but either can 
be depressed. Mild hepatomegaly may accompany the 
splenomegaly but is unusual in the absence o  splenic 

enlargement; isolated lymphadenopathy should sug-
gest another diagnosis. Both serum lactate dehydroge-
nase and alkaline phosphatase levels can be elevated. 
T e LAP score can be low, normal, or high. Marrow is 
usually inaspirable due to the myelo brosis (Fig. 13-2), 
and bone x-rays may reveal osteosclerosis. Exuberant 
extramedullary hematopoiesis can cause ascites; por-
tal, pulmonary, or intracranial hypertension; intestinal 
or ureteral obstruction; pericardial tamponade; spinal 
cord compression; or skin nodules. Splenic enlargement 
can be su ciently rapid to cause splenic in arction with 
 ever and pleuritic chest pain. Hyperuricemia and sec-
ondary gout may ensue.

TABLE 13 -3  
DISORDERS CAUSING MYELOFIBROSIS

MALIGNANT  NONMALIGNANT

Acute leukemia  
(lymphocytic, myelogenous, 
megakaryocytic)

Chronic myeloid leukemia
Hairy cell leukemia
Hodgkin’s disease
Primary myelo brosis
Lymphoma
Multiple myeloma
Myelodysplasia
Metastatic carcinoma
Polycythemia vera
Systemic mastocytosis

HIV in ection
Hyperparathyroidism
Renal osteodystrophy
Systemic lupus 
erythematosus

Tuberculosis
Vitamin D de ciency
Thorium dioxide exposure
Gray platelet syndrome

FIGURE 13 -1
Tea rd ro p -sh ap ed  red  b lo o d  ce lls indicative o  membrane 
damage  rom passage through the spleen, a nucleated red blood 
cell, and immature myeloid cells indicative o  extramedullary 
hematopoiesis are noted. This peripheral blood smear is related to 
any cause o  extramedullary hematopoiesis.

FIGURE 13 -2
Th is m arrow sect io n  sh ows th e  m arrow cavity replaced by 
 brous tissue composed o  reticulin  bers and collagen. When 
this  brosis is due to a primary hematologic process, it is called 
myelof brosis. When the  brosis is secondary to a tumor or a gran-
ulomatous process, it is called myelophthisis.
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163TABLE 13 -4  
THREE CURRENT SCORING SYSTEMS FOR 
ESTIMATING PROGNOSIS IN PMF PATIENTS

RISK FACTOR
IPSS 
(2009)a

DIPSS 
(2010)b

DIPSS 
PLUS 
(2011)c

Anemia (<10 g/dL)  X  X  X
Leukocytosis (>25,000/µL)  X  X  X
Peripheral blood blasts (≥1%)  X  X  X
Constitutional symptoms  X  X  X
Age (>65 years)  X  X  X
Un avorable karyotype  X
Platelet count (<100,000/µL)  X
Trans usion dependence  X

aBlood 113:2895, 2009.
bBlood 115:1703, 2010.
cJ Clin Oncol 29:392, 2011.
Note: The Dynamic International Prognostic Scoring System (DIPSS) 
was developed to determine i  the International Prognostic Scoring Sys-
tem (IPSS) risk  actors identi ed as important  or survival at the time o  
primary myelo brosis (PMF) diagnosis could also be used  or risk strati-
 cation  ollowing their acquisition during the course o  the disease. 
One point is assigned to each risk  actor  or IPSS scoring. For DIPSS, the 
same is true, but age >65 years, anemia, blood blasts, and constitutional 
symptoms are assigned 2 points each. The DIPSS Plus scoring system rep-
resents recognition that the addition o  un avorable karyotype, throm-
bocytopenia, and trans usion dependence improved the DIPSS risk 
strati cation system  or which additional points are assigned (Table 13-5). 
More recent studies suggest that mutational analysis o  the ASXL1, EZH2, 
SRSF2, and IDH1/2 genes  urther improves risk strati cation  or survival 
and leukemic trans ormation (Leukemia 27:1861, 2013).

TABLE 13 -5  
IPSS AND DIPSS RISK STRATIFICATION SYSTEMS

RISK CATEGORIESa

NUMBER OF RISK FACTORS

IPSS  DIPSS  DIPSS PLUS

Low  0  0  0
Intermediate-1  1  1–2  1
Intermediate-2  2  3–4  2–3
High  ≥3  >4  4–6

aThe corresponding survival curves  or each risk category can be  ound in 
the re erences cited in the  ootnotes o  Table 13-4.
Abbrevia tions: DIPSS, Dynamic International Prognostic Scoring System; 
IPSS, International Prognostic Scoring System.

DIAGNOSIS
While the clinical picture described above is character-
istic o  PMF, all o  the clinical  eatures described can 
also be observed in PV or CML. Massive splenomegaly 
commonly masks erythrocytosis in PV, and reports o  
intraabdominal thrombosis in PMF most likely rep-
resent instances o  unrecognized PV. In some patients 
with PMF, erythrocytosis has developed during the 
course o  the disease. Furthermore, because many 
other disorders have  eatures that overlap with PMF but 
respond to distinctly di erent therapies, the diagnosis 
o  PMF is one o  exclusion, which requires that the dis-
orders listed in  able 13-3 be ruled out.

T e presence o  teardrop-shaped red cells, nucleated 
red cells, myelocytes, and promyelocytes establishes the 
presence o  extramedullary hematopoiesis, while the 
presence o  leukocytosis, thrombocytosis with large and 
bizarre platelets, and circulating myelocytes suggests the 
presence o  an MPN as opposed to a secondary  orm o  
myelo brosis ( able 13-3). Marrow is usually inaspi-
rable due to increased marrow reticulin, but marrow 
biopsy will reveal a hypercellular marrow with trilin-
eage hyperplasia and, in particular, increased numbers 
o  megakaryocytes in clusters and with large, dysplastic 
nuclei. However, there are no characteristic bone marrow 
morphologic abnormalities that distinguish PMF  rom 
the other chronic MPNs. Splenomegaly due to extra-
medullary hematopoiesis may be su ciently massive 
to cause portal hypertension and variceal  ormation. In 
some patients, exuberant extramedullary hematopoiesis 
can dominate the clinical picture. An intriguing  eature 
o  PMF is the occurrence o  autoimmune abnormalities 
such as immune complexes, antinuclear antibodies, rheu-
matoid  actor, or a positive Coombs’ test. Whether these 
represent a host reaction to the disorder or are involved 
in its pathogenesis is unknown. Cytogenetic analysis o  
blood is use ul both to exclude CML and  or prognostic 
purposes, because complex karyotype abnormalities por-
tend a poor prognosis in PMF. For unknown reasons, the 
number o  circulating CD34+ cells is markedly increased 
in PMF (>15,000/µL) compared to the other chronic 
MPNs, unless they too develop myeloid metaplasia.

Importantly, approximately 50% o  PMF patients, 
like patients with its companion myeloproli erative dis-
orders PV and E , express the JAK2 V617F mutation, 
o en as homozygotes. Such patients are usually older 
and have higher hematocrits than the patients who are 
JAK2 V617F–negative, whereas PMF patients express-
ing an MPL mutation tend to be more anemic and have 
lower leukocyte counts. Somatic mutations in exon 9 
o  the calreticulin gene (CALR) have been  ound in a 
majority o  patients with PMF and E  who lack muta-
tions in either JAK2 or MPL, and their clinical course 
appears to be more indolent than patients expressing 
either a JAK2 or an MPL mutation.

COMPLICATIONS
Survival in PMF varies according to speci c risk  actors 
at diagnosis ( ables 13-4 and 13-5) but is shorter in most 
patients than in PV or E  patients. T e natural history o  
PMF is one o  increasing marrow  ailure with trans usion-
dependent anemia and increasing organomegaly due to 
extramedullary hematopoiesis. As with CML, PMF can 
evolve  rom a chronic phase to an accelerated phase with 
constitutional symptoms and increasing marrow  ailure. 
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164 About 10% o  patients spontaneously trans orm to an 
aggressive  orm o  acute leukemia  or which therapy is 
usually ine ective. Additional important prognostic  ac-
tors  or disease acceleration during the course o  PMF 
include the presence o  complex cytogenetic abnormali-
ties, thrombocytopenia, and trans usion-dependent ane-
mia. Most recently, mutations in the ASXL1, EZH2, SRSF2, 
and IDH1/2 genes have been identi ed as risk  actors  or 
early death or trans ormation to acute leukemia and may 
prove to be more use ul  or PMF risk assessment than any 
clinical scoring system.

TREATMENT  Primary Myelof brosis

No speci c therapy exists  or PMF. T e causes  or anemia 
are multi arious and include ine ective erythropoiesis 
uncompensated by splenic extramedullary hematopoiesis, 
hemodilution due to splenomegaly, splenic sequestration, blood 
loss secondary to thrombocytopenia or portal hypertension, 
 olic acid de ciency, systemic in ammation, and autoimmune 
hemolysis. Neither recombinant erythropoietin nor androgens 
such as danazol have proven to be consistently e ective as 
therapy  or anemia. Erythropoietin may worsen splenomegaly 
and will be ine ective i  the serum erythropoietin level is >125 
mU/L. Given the in ammatory milieu that characterizes PMF, 
corticosteroids can ameliorate anemia as well as constitutional 
symptoms such as  ever, chills, night sweats, anorexia, and 
weight loss, and low-dose thalidomide together with prednisone 
has proved e ective as well. T rombocytopenia can be due 
to impaired marrow  unction, splenic sequestration, or 
autoimmune destruction and may also respond to low-dose 
thalidomide together with prednisone. Splenomegaly is by  ar 
the most distressing and intractable problem  or PMF patients, 
causing abdominal pain, portal hypertension, easy satiety, 
and cachexia, whereas surgical removal o  a massive spleen 
is associated with signi cant postoperative complications 
including mesenteric venous thrombosis, hemorrhage, rebound 
leukocytosis and thrombocytosis, and hepatic extramedullary 
hematopoiesis with no amelioration o  either anemia or 
thrombocytopenia when present. For unexplained reasons, 
splenectomy also increases the risk o  blastic trans ormation. 
Splenic irradiation is, at best, temporarily palliative and 
associated with a signi cant risk o  neutropenia, in ection, and 
subsequent operative hemorrhage i  splenectomy is attempted. 
Allopurinol can control signi cant hyperuricemia, and bone 
pain can be alleviated by local irradiation. T e role o  IFN-α 
is still unde ned; its side e ects are more pronounced in the 
older individuals, and it may exacerbate the bone marrow 
 ailure. T e JAK2 inhibitor, ruxolitinib, has proved e ective in 
reducing splenomegaly and alleviating constitutional symptoms 
in a majority o  advanced PMF patients while also prolonging 
survival, although it does not signi cantly in uence the JAK2 
V617F allele burden. Although anemia and thrombocytopenia 
are its major side e ects, these are dose-dependent, and with 

time, anemia stabilizes and thrombocytopenia may improve. 
Allogeneic bone marrow transplantation is the only curative 
treatment  or PMF and should be considered in younger 
patients; nonmyeloablative conditioning regimens may permit 
hematopoietic cell transplantation to be extended to older 
individuals, but this approach is currently under investigation.

ESSENTIAL THROMBOCYTOSIS

Essential thrombocytosis (other designations include 
essential thrombocythemia, idiopathic thrombocytosis, pri-
mary thrombocytosis, and hemorrhagic thrombocythe-
mia) is a clonal disorder o  unknown etiology involving 
a multipotent hematopoietic progenitor cell mani ested 
clinically by overproduction o  platelets without a de n-
able cause. E  is an uncommon disorder, with an inci-
dence o  1–2/100,000 and a distinct  emale predominance. 
No clonal marker is available to consistently distinguish 
E   rom the more common nonclonal, reactive  orms 
o  thrombocytosis ( able 13-6), making its diagno-
sis di cult. Once considered a disease o  the elderly and 
responsible  or signi cant morbidity due to hemorrhage 
or thrombosis, with the widespread use o  electronic cell 
counters, it is now clear that E  can occur at any age in 
adults and o en without symptoms or disturbances o  
hemostasis. T ere is an unexplained  emale predominance 
in contrast to PMF or the reactive  orms o  thrombocy-
tosis where no sex di erence exists. Because no speci c 
clonal marker is available, clinical criteria have been pro-
posed to distinguish E   rom the other chronic MPNs, 
which may also present with thrombocytosis but have 
di ering prognoses and therapies ( able 13-6). T ese cri-
teria do not establish clonality; there ore, they are truly 

TABLE 13 -6  
CAUSES OF THROMBOCYTOSIS
Tissue inf ammation: collagen 
vascular disease, inf amma-
tory bowel disease

Hemorrhage

Malignancy  Iron-de ciency anemia
In ection  Surgery
Myeloproli erative disorders: 
polycythemia vera, primary 
myelo brosis, essential 
thrombocytosis, chronic 
myelogenous leukemia

Rebound: Correction o   
vitamin B12 or  olate  
de ciency, post-ethanol 
abuse

Myelodysplastic disorders:  
5q– syndrome, idiopathic 
re ractory sideroblastic 
anemia

Hemolysis

Postsplenectomy or 
hyposplenism

Familial: Thrombopoietin 
overproduction, MPL 
mutations
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165use ul only in identi ying disorders such as CML, PV, or 
myelodysplasia, which can masquerade as E , as opposed 
to actually establishing the presence o  E . Furthermore, 
as with “idiopathic” erythrocytosis, nonclonal benign 
 orms o  thrombocytosis exist (such as hereditary over-
production o  thrombopoietin) that are not widely recog-
nized because we currently lack adequate diagnostic tools. 
Approximately 50% o  E  patients carry the JAK2 V617F 
mutation, but its absence does not exclude the disorder.

ETIOLOGY
Megakaryocytopoiesis and platelet production depend 
on thrombopoietin and its receptor Mpl. As in the 
case o  early erythroid and myeloid progenitor cells, 
early megakaryocytic progenitors require the presence 
o  interleukin 3 (IL-3) and stem cell  actor  or optimal 
proli eration in addition to thrombopoietin. T eir sub-
sequent development is also enhanced by the chemo-
kine stromal cell-derived  actor 1 (SDF-1). However, 
megakaryocyte maturation requires thrombopoietin.

Megakaryocytes are unique among hematopoietic 
progenitor cells because reduplication o  their genome is 
endomitotic rather than mitotic. In the absence o  throm-
bopoietin, endomitotic megakaryocytic reduplication and, 
by extension, the cytoplasmic development necessary  or 
platelet production are impaired. Like erythropoietin, 
thrombopoietin is produced in both the liver and the kid-
neys, and an inverse correlation exists between the platelet 
count and plasma thrombopoietic activity. Unlike eryth-
ropoietin, thrombopoietin is only constitutively produced, 
and the plasma thrombopoietin level is controlled by the 
size o  its progenitor cell pool. Also, in contrast to eryth-
ropoietin, but like its myeloid counterparts, granulocyte 
and granulocyte-macrophage colony-stimulating  actors, 
thrombopoietin not only enhances the proli eration o  its 
target cells but also enhances the reactivity o  their end-
stage product, the platelet. In addition to its role in throm-
bopoiesis, thrombopoietin also enhances the survival o  
multipotent hematopoietic stem cells and their bone mar-
row residence.

T e clonal nature o  E  was established by analysis o  
glucose-6-phosphate dehydrogenase isoenzyme expres-
sion in patients hemizygous  or this gene, by analysis o  
X-linked DNA polymorphisms in in ormative  emale 
patients, and by the expression in patients o  nonrandom, 
though variable, cytogenetic abnormalities. Although 
thrombocytosis is its principal mani estation, like the 
other chronic MPNs, a multipotent hematopoietic pro-
genitor cell is involved in E . Furthermore, a number o  
 amilies have been described in which E  was inherited, 
in one instance as an autosomal dominant trait. In addi-
tion to E , PMF and PV have also been observed in some 
kindreds. Like PMF, most patients who do not have JAK2 
mutations have CALR mutations.

CLINICAL FEATURES
Clinically, E  is most o en identi ed incidentally when 
a platelet count is obtained during the course o  a rou-
tine medical evaluation. Occasionally, review o  previ-
ous blood counts will reveal that an elevated platelet 
count was present but overlooked  or many years. No 
symptoms or signs are speci c  or E , but these patients 
can have hemorrhagic and thrombotic tendencies 
expressed as easy bruising  or the  ormer and microvas-
cular occlusive events  or the latter such as erythrome-
lalgia, ocular migraine, or a  IA. Physical examination 
is generally unremarkable except occasionally  or mild 
splenomegaly. Splenomegaly is indicative o  another 
MPN, in particular PV, PMF, or CML.

Anemia is unusual, but a mild neutrophilic leuko-
cytosis is not. T e blood smear is most remarkable  or 
the number o  platelets present, some o  which may be 
very large. T e large mass o  circulating platelets may 
prevent the accurate measurement o  serum potassium 
due to release o  platelet potassium upon blood clot-
ting. T is type o  hyperkalemia is a laboratory arti act 
and not associated with electrocardiographic abnor-
malities. Similarly, arterial oxygen measurements can 
be inaccurate unless thrombocythemic blood is col-
lected on ice. T e prothrombin and partial thrombo-
plastin times are normal, whereas abnormalities o  
platelet  unction such as a prolonged bleeding time 
and impaired platelet aggregation can be present. 
However, despite much study, no platelet  unction 
abnormality is characteristic o  E , and no platelet 
 unction test predicts the risk o  clinically signi cant 
bleeding or thrombosis.

T e elevated platelet count may hinder marrow aspi-
ration, but marrow biopsy usually reveals megakaryo-
cyte hypertrophy and hyperplasia, as well as an overall 
increase in marrow cellularity. I  marrow reticulin is 
increased, another diagnosis should be considered. T e 
absence o  stainable iron demands an explanation 
because iron de ciency alone can cause thrombocyto-
sis, and absent marrow iron in the presence o  marrow 
hypercellularity is a  eature o  PV.

Nonrandom cytogenetic abnormalities occur in E  
but are uncommon, and no speci c or consistent abnor-
mality is notable, even those involving chromosomes 
3 and 1, where the genes  or thrombopoietin and its 
receptor Mpl, respectively, are located.

DIAGNOSIS
T rombocytosis is encountered in a broad variety o  
clinical disorders ( able 13-6), in many o  which pro-
duction o  cytokines is increased. T e absolute level o  
the platelet count is not a use ul diagnostic aid  or dis-
tinguishing between benign and clonal causes o  throm-
bocytosis. About 50% o  E  patients express the JAK2 
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166 V617F mutation. When JAK2 V617F is absent, cyto-
genetic evaluation is mandatory to determine i  the 
thrombocytosis is due to CML or a myelodysplastic dis-
order such as the 5q− syndrome. Because the bcr-abl 
translocation can be present in the absence o  the Ph 
chromosome, and because bcr-abl reverse transcrip-
tase polymerase chain reaction is associated with  alse-
positive results,  uorescence in situ hybridization (FISH) 
analysis  or bcr-abl is the pre erred assay in patients with 
thrombocytosis in whom a cytogenetic study  or the Ph 
chromosome is negative. CALR mutations are present 
in most patients who do not have JAK2 mutations, but 
diagnostic tools to detect these mutations are not yet 
widespread. Anemia and ringed sideroblasts are not  ea-
tures o  E , but they are  eatures o  idiopathic re ractory 
sideroblastic anemia, and in some o  these patients, the 
thrombocytosis occurs in association with JAK2 V617F 
expression. Splenomegaly should suggest the presence o  
another MPN, and in this setting, a red cell mass deter-
mination should be per ormed because splenomegaly 
can mask the presence o  erythrocytosis. Importantly, 
what appears to be E  can evolve into PV or PMF a er 
a period o  many years, revealing the true nature o  the 
underlying MPN. T ere is su cient overlap o  the JAK2 
V617F neutrophil allele burden between E  and PV that 
this cannot be used as a distinguishing diagnostic  ea-
ture; only a red cell mass and plasma volume determina-
tion can distinguish PV  rom E , and importantly in this 
regard, 64% o  JAK2 V617F–positive E  patients actually 
were  ound to have PV when red cell mass and plasma 
volume determinations were per ormed.

COMPLICATIONS
Perhaps no other condition in clinical medicine has 
caused otherwise astute physicians to intervene inappro-
priately more o en than thrombocytosis, particularly i  
the platelet count is >1 × 106/µL. It is commonly believed 
that a high platelet count causes intravascular stasis 
and thrombosis; however, no controlled clinical study 
has ever established this association, and in patients 
younger than age 60 years, the incidence o  thrombosis 
was not greater in patients with thrombocytosis than in 
age-matched controls, and tobacco use appears to be the 
most important risk  actor  or thrombosis in E  patients.

 o the contrary, very high platelet counts are asso-
ciated primarily with hemorrhage due to acquired von 
Willebrand’s disease. T is is not meant to imply that 
an elevated platelet count cannot cause symptoms in 
an E  patient, but rather that the  ocus should be on 
the patient, not the platelet count. For example, some 
o  the most dramatic neurologic problems in E  are 
migraine-related and respond only to lowering o  the 
platelet count, whereas other symptoms such as eryth-
romelalgia respond simply to platelet cyclooxygenase-1 

inhibitors such as aspirin or ibupro en, without a reduc-
tion in platelet number. Still others may represent an 
interaction between an atherosclerotic vascular system 
and a high platelet count, and others may have no rela-
tionship to the platelet count whatsoever. Recognition 
that PV can present with thrombocytosis alone as well 
as the discovery o  previously unrecognized causes o  
hypercoagulability (Chap. 22) make the older literature 
on the complications o  thrombocytosis unreliable.

E  can also evolve into PMF, but whether this is a 
 eature o  E  or represents PMF presenting initially 
with isolated thrombocytosis is unknown.

TREATMENT  Essential Thrombocytosis

Survival o  patients with E  is not di erent than  or the 
general population. An elevated platelet count in an asymp-
tomatic patient without cardiovascular risk  actors requires 
no therapy. Indeed, be ore any therapy is initiated in a 
patient with thrombocytosis, the cause o  symptoms must 
be clearly identi ed as due to the elevated platelet count. 
When the platelet count rises above 1 × 106/µL, a substan-
tial quantity o  high-molecular-weight von Willebrand mul-
timers are removed  rom the circulation and destroyed by 
the enlarged platelet mass, resulting in an acquired  orm o  
von Willebrand’s disease. T is can be identi ed by a reduc-
tion in ristocetin co actor activity. In this situation, aspirin 
could promote hemorrhage. Bleeding in this situation usu-
ally responds to ε-aminocaproic acid, which can be given 
prophylactically be ore and a er elective surgery. Platelet-
pheresis is at best a temporary and ine cient remedy that 
is rarely required. Importantly, E  patients treated with 32P 
or alkylating agents are at risk o  developing acute leuke-
mia without any proo  o  bene t; combining either therapy 
with hydroxyurea increases this risk. I  platelet reduction 
is deemed necessary on the basis o  symptoms re ractory to 
salicylates alone, pegylated IFN-α, the quinazoline derivative, 
anagrelide, or hydroxyurea can be used to reduce the platelet 
count, but none o  these is uni ormly e ective or without sig-
ni cant side e ects. Hydroxyurea and aspirin are more e ec-
tive than anagrelide and aspirin  or prevention o   IAs, but 
not more e ective  or the prevention o  other types o  arterial 
thrombosis and are actually less e ective  or venous throm-
bosis. T e e ectiveness o  hydroxyurea in preventing  IAs 
is because it is an NO donor. Normalizing the platelet count 
also does not prevent either arterial or venous thrombosis. 
T e risk o  gastrointestinal bleeding is also higher when aspi-
rin is combined with anagrelide.

As more clinical experience is acquired, E  appears more 
benign than previously thought. Evolution to acute leukemia 
is more likely to be a consequence o  therapy than o  the 
disease itsel . In managing patients with thrombocytosis, the 
physician’s  rst obligation is to do no harm.
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Guid o  Marcucci  ■    Clara  D. Bloom f e ld  

INCIDENCE

Acute myeloi  leukemia (AML) is a neoplastic  isease 
characterize  by in ltration o  the bloo , bone marrow, 
an  other tissues by proli erative, clonal un i erenti-
ate  cells o  the hematopoietic system. T ese leukemias 
comprise a spectrum o  malignancies that, untreate , 
range  rom rapi ly  atal to slowly growing. In 2013, 
the estimate  number o  new AML cases in the Unite  
States was 14,590. T e inci ence o  AML is ~3.5 per 
100,000 people per year, an  the age-a juste  inci ence 
is higher in men than in women (4.5 vs 3.1). AML inci-
 ence increases with age; it is 1.7 in in ivi uals age <65 
years an  15.9 in those age >65 years. T e me ian age at 
 iagnosis is 67 years.

ETIOLOGY
Here ity, ra iation, chemical an  other occupational 
exposures, an   rugs have been implicate  in the  evel-
opment o  AML. No  irect evi ence suggests a viral 
etiology.

Heredity

Certain syn romes with somatic cell chromosome 
aneuploi y, such as trisomy 21 note  in Down syn-
 rome, are associate  with an increase  inci ence o  
AML. Inherite   iseases with  e ective DNA repair, 
e.g., Fanconi anemia, Bloom syn rome, an  ataxia-
telangiectasia, are also associate  with AML. Con-
genital neutropenia (Kostmann syn rome) is a  isease 
with mutations in the genes enco ing the granulocyte 
colony-stimulating  actor (G-CSF) receptor an , o en, 
neutrophil elastase that may evolve into AML. Germ-
line mutations o  CCAA /enhancer-bin ing protein α 
(CEBPA), runt-relate  transcription  actor 1 (RUNX1), 
an  tumor protein p53 (TP53) have also been associate  
with a higher pre isposition to AML in some series.

ACUTE MYELOID LEUKEMIA

CHAP TER 1 4

Ra dia tion

High- ose ra iation, like that experience  by survi-
vors o  the atomic bombs in Japan or nuclear reactor 
acci ents, increases the risk o  myeloi  leukemias that 
peaks 5–7 years a er exposure. T erapeutic ra iation 
alone seems to a   little risk o  AML but can increase 
the risk in people also expose  to alkylating agents.

Chemica l a nd other exposures

Exposure to benzene, a solvent use  in the chemical, 
plastic, rubber, an  pharmaceutical in ustries, is associ-
ate  with an increase  inci ence o  AML. Smoking an  
exposure to petroleum pro ucts, paint, embalming  u-
i s, ethylene oxi e, herbici es, an  pestici es have also 
been associate  with an increase  risk o  AML.

Drugs

Anticancer  rugs are the lea ing cause o  therapy-
associate  AML. Alkylating agent–associate  leukemias 
occur on average 4–6 years a er exposure, an  a ecte  
in ivi uals have aberrations in chromosomes 5 an  7. 
 opoisomerase II inhibitor–associate  leukemias occur 
1–3 years a er exposure, an  a ecte  in ivi uals o en 
have aberrations involving chromosome 11q23. Newer 
agents  or treatment o  other hematopoietic malig-
nancies an  soli  tumors are also un er scrutiny  or 
increase  risk o  AML. Chloramphenicol, phenylbuta-
zone, an , less commonly, chloroquine an  methoxy-
psoralen can result in bone marrow  ailure that may 
evolve into AML.

CLASSIFICATION
T e current categorization o  AML uses the Worl  
Health Organization (WHO) classi cation (Table 14-1), 
which inclu es  i erent biologically  istinct groups 
base  on clinical  eatures an  cytogenetic an  molecular 
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abnormalities in a  ition to morphology. In contrast 
to the previously use  French-American-British (FAB) 
schema, the WHO classi cation places limite  reli-
ance on cytochemistry. A major  i erence between 
the WHO an  the FAB systems is the blast cuto   or a 
 iagnosis o  AML as oppose  to myelo ysplastic syn-
 rome (MDS); it is 20% in the WHO classi cation an  
30% in the FAB. However, within the WHO classi ca-
tion, speci c chromosomal rearrangements, i.e., t(8;21)
(q22;q22), inv(16)(p13.1q22), t(16;16)(p13.1;q22), an  
t(15;17)(q22;q12),  e ne AML even with <20% blasts.

Immunophenotype a nd releva nce to  the WHO 
cla ssif ca tion

T e immunophenotype o  human leukemia cells can be 
stu ie  by multiparameter  ow cytometry a er the cells 
are labele  with monoclonal antibo ies to cell-sur ace 
antigens. T is can be important  or separating AML 

 rom acute lymphoblastic leukemia (ALL) an  i enti-
 ying some subtypes o  AML. For example, AML with 
minimal  i erentiation that is characterize  by imma-
ture morphology an  no lineage-speci c cytochemi-
cal reactions may be  iagnose  by  ow-cytometric 
 emonstration o  the myeloi -speci c antigens cluster 
 esignation (CD) 13 an /or 117. Similarly, acute mega-
karyoblastic leukemia can o en be  iagnose  only by 
expression o  the platelet-speci c antigens CD41 an /or 
CD61. Although  ow cytometry is use ul, wi ely use , 
an  in some cases essential  or the  iagnosis o  AML, it 
is supportive only in establishing the  i erent subtypes 
o  AML through the WHO classi cation.

Clin ica l  ea tures a nd releva nce to  the WHO 
cla ssif ca tion

T e WHO classi cation also consi ers clinical  eatures 
in sub ivi ing AML. For example, it i enti es therapy-
relate  AML as a separate entity that  evelops  ollow-
ing prior therapy (e.g., alkylating agents, topoisomerase 
II inhibitors, ionizing ra iation). It also i enti es AML 
with myelo ysplasia-relate  changes base  in part on 
me ical history o  an antece ent MDS or myelo ysplas-
tic/myeloproli erative neoplasm. T e clinical  eatures 
likely contribute to the prognosis o  AML an  have 
there ore been inclu e  in the classi cation.

Genetic f ndings a nd releva nce to  the WHO 
cla ssif ca tion

T e WHO classi cation uses clinical, morpho-
logic, an  cytogenetic an /or molecular criteria to 
i enti y subtypes o  AML an   orces the clinician 

to take the appropriate steps to correctly i enti y the 
entity an  thus tailor treatment(s) accor ingly. T e 
WHO classi cation is in ee  the  rst AML classi ca-
tion that incorporates genetic (chromosomal an  
molecular) in ormation. In this classi cation, subtypes 
o  AML are recognize  base  on the presence or 
absence o  speci c recurrent genetic abnormalities. For 
example, the  iagnosis o  acute promyelocytic leukemia 
(APL) is base  on the presence o  either the t(15;17)
(q22;q12) cytogenetic rearrangement or the PML-
RARA  usion pro uct o  the translocation. A similar 
approach is taken with regar  to core bin ing  actor 
(CBF) AML that is now  esignate  base  on the pres-
ence o  t(8;21)(q22;q22), inv(16)(p13.1q22), or t(16;16)
(p13.1;q22) or the respective  usion pro ucts RUNX1-
RUNX1T1 an  CBFB-MYH11.

T e WHO classi cation incorporates cytogenetics 
in the AML classi cation by recognizing a category o  
AML with recurrent genetic abnormalities an  a cat-
egory o  AML with myelo ysplasia-relate  changes 
( able 14-1). T e latter category is  iagnose  not only 
by morphologic changes, but also in part by selecte  

TABLE 14-1  
WORLD HEALTH ORGANIZATION CLASSIFICATION 
OF ACUTE MYELOID LEUKEMIA (AML) AND RELATED 
NEOPLASMSa

AML with  recu rren t  g en e t ic ab n orm a lit ie s
 AML with t(8;21)(q22;q22); RUNX1-RUNX1T1b

  AML with inv(16)(pl3.1q22) or t(16;16)(p13.1;q22);  
 CBFB-MYH11b

  Acute promyelocytic leukemia with t(15;17)(q22;q12);  
 PML-RARAb

 AML with t(9;11)(p22;q23); MLLT3-MLL
 AML with t(6;9)(p23;q34); DEK-NUP214
 AML with inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1
 AML (megakaryoblastic) with t(1;22)(p13;q13); RBM15-MKL1
 Provisional entity: AML with mutated NPM1
 Provisional entity: AML with mutated CEBPA
AML with  mye lo d ysp la sia -re la ted  ch an g es
Th erap y-re la ted  mye lo id  n eo p lasm s
AML, n o t  o th e rwise  sp ecif ed
 AML with minimal di erentiation
 AML without maturation
 AML with maturation
 Acute myelomonocytic leukemia
 Acute monoblastic and monocytic leukemia
 Acute erythroid leukemia
 Acute megakaryoblastic leukemia
 Acute basophilic leukemia
 Acute panmyelosis with myelo brosis
Myelo id  sa rcom a
Myelo id  p ro li e ra t io n s re la ted  to  Down  syn d rom e
 Transient abnormal myelopoiesis
 Myeloid leukemia associated with Down syndrome
Blast ic p lasm acyto id  d en d rit ic ce ll n eo p lasm

aFrom SH Swerdlow et al (eds): World Health Organization Classif cation o  
Tumours o  Haematopoietic and Lymphoid Tissues. Lyon, IARC Press, 2008.
bDiagnosis is AML regardless o  blast count.
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170 mutations is not consi ere  a  istinct entity, although 
 etermining the presence o  such mutations is recom-
men e  by WHO in patients with cytogenetically nor-
mal AML (CN-AML) because the relatively  requent 
FLT3-internal tan em  uplication (I D) carries a 
negative prognostic signi cance an  there ore is clini-
cally relevant. FLT3 enco es a tyrosine kinase receptor 
important in the  evelopment o  myeloi  an  lymphoi  
lineages. Activating mutations o  FLT3 are present in 
~30% o  a ult AML patients  ue to I Ds in the juxta-
membrane  omain or point mutations o  the activating 
loop o  the kinase (calle  tyrosine kinase  omain muta-
tions). Aberrant activation o  the FLT3-enco e  protein 
provi es increase  proli eration an  antiapoptotic sig-
nals to the myeloi  progenitor cell. FLT3-I D, the more 
common o  the FLT3 mutations, occurs pre erentially 
in patients with CN-AML. T e importance o  i enti y-
ing FLT3-I D at  iagnosis relates to the  act that not 
only is it a use ul prognosticator but it also may pre-
 ict response to speci c treatment such as the tyrosine 
kinase inhibitors that are in clinical investigation.

PROGNOSTIC FACTORS
Several  actors have been  emonstrate  to pre ict out-
come o  AML patients treate  with chemotherapy, an  
they can be use   or risk strati cation an  treatment 
gui ance.

Chromosome  n ings at  iagnosis are currently 
the most important in epen ent prognostic  actors. 
Several stu ies have categorize  patients as having 
 avorable, interme iate, or poor cytogenetic risk base  
on the presence o  structural an /or numerical aberra-
tions. Patients with t(15;17) have a very goo  prognosis 
(~85% cure ), an  those with t(8;21) an  inv(16) have 
a goo  prognosis (~55% cure ), whereas those with no 
cytogenetic abnormality have an interme iate outcome 
risk (~40% cure ). Patients with a complex karyo-
type, t(6;9), inv(3), or –7 have a very poor prognosis. 
Another cytogenetic subgroup, the monosomal karyo-
type, has been suggeste  to a versely impact the out-
come o  AML patients other than those with t(15;17), 
t(8;21), or inv(16) or t(16;16). T e monosomal karyo-
type subgroup is  e ne  by the presence o  at least two 
autosomal monosomies (loss o  chromosomes other 
than Y or X) or a single autosomal monosomy with 
a  itional structural abnormalities.

For patients lacking prognostic cytogenetic abnor-
malities, such as those with CN-AML, outcome pre ic-
tion uses mutate  or aberrantly expresse  genes. NPM1 
mutations without concurrent presence o  FLT3-I D, 
an  CEBPA mutations, especially i  concurrently pres-
ent in two  i erent alleles, have been shown to pre-
 ict  avorable outcome, whereas FLT3-I D pre icts 
poor outcome. Given the proven prognostic impor-
tance o  NPM1 an  CEBPA mutations an  FLT3-I D, 

myelo ysplasia-relate  cytogenetic abnormalities (e.g., 
complex karyotypes an  unbalance  an  balance  
changes involving, among others, chromosomes 5, 7, 
an  11). Only one cytogenetic abnormality has been 
invariably associate  with speci c morphologic  ea-
tures: t(15;17)(q22;q12) with APL. Other chromosomal 
abnormalities have been associate  primarily with 
one morphologic/immunophenotypic group, inclu -
ing inv(16)(p13.1q22) with AML with abnormal bone 
marrow eosinophils; t(8;21)(q22;q22) with slen er 
Auer ro s, expression o  CD19, an  increase  normal 
eosinophils; an  t(9;11)(p22;q23), an  other transloca-
tions involving 11q23, with monocytic  eatures. Recur-
ring chromosomal abnormalities in AML may also be 
associate  with speci c clinical characteristics. More 
commonly associate  with younger age are t(8;21) 
an  t(15;17), an  with ol er age,  el(5q) an   el(7q). 
Myeloi  sarcomas (see below) are associate  with 
t(8;21), an   isseminate  intravascular coagulation 
(DIC) is associate  with t(15;17).

T e WHO classi cation also incorporates molecu-
lar abnormalities by recognizing  usion genes that are 
pro ucts o  recurrent cytogenetic aberrations or have 
been  oun  mutate  an  may be involve  in leukemo-
genesis. For instance, t(15;17) results in the  usion gene 
PML-RARA that enco es a chimeric protein, promyelo-
cytic leukemia (Pml)–retinoic aci  receptor α (Rarα), 
which is  orme  by the  usion o  the retinoic aci  recep-
tor α (RARA) gene  rom chromosome 17 an  the pro-
myelocytic leukemia (PML) gene  rom chromosome 
15. T e RARA gene enco es a member o  the nuclear 
hormone receptor  amily o  transcription  actors. A er 
bin ing retinoic aci , RARA can promote expression 
o  a variety o  genes. T e 15;17 translocation juxtaposes 
PML with RARA in a hea -to-tail con guration that is 
un er the transcriptional control o  PML. T ree  i er-
ent breakpoints in the PML gene lea  to various  usion 
protein iso orms. T e Pml-Rarα  usion protein ten s to 
suppress gene transcription an  blocks  i erentiation 
o  the cells. Pharmacologic  oses o  the Rarα ligan , 
all-trans-retinoic aci  (tretinoin), relieve the block an  
promote hematopoietic cell  i erentiation (see below). 
Similar examples o  molecular subtypes o  the  isease 
inclu e  in the category o  AML with recurrent genetic 
abnormalities are those characterize  by the leukemo-
genic  usion genes RUNX1-RUNX1T1, CBFB-MYH11, 
MLLT3-MLL, an  DEK-NUP214, resulting, respectively, 
 rom t(8;21), inv(16) or t(16;16), t(9;11), an  t(6;9)
(p23;q34).

 wo new provisional entities  e ne  by the presence 
o  gene mutations, rather than microscopic chromo-
somal abnormalities, have been a  e  to the category 
o  AML with recurrent genetic abnormalities: AML 
with mutated nucleophosmin (nucleolar phosphopro-
tein B23, numatrin) (NPM1) an  AML with mutated 
CEBPA. AML with  ms-relate  tyrosine kinase 3 (FLT3) 
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TABLE 14 -2
EUROPEAN LEUKEMIANET RECOMMENDED 
STANDARDIZED REPORTING FOR CORRELATION OF 
CYTOGENETIC AND MOLECULAR GENETIC DATA IN 
AML WITH CLINICAL DATAa

GENETIC GROUP  SUBSETS

Favorable  t(8;21)(q22;q22); RUNX1-RUNX1T1
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); 
CBFB-MYH11

Mutated NPM1 without FLT3-ITD (normal 
karyotype)

Mutated CEBPA (normal karyotype)
Intermediate-I  Mutated NPM1 and FLT3-ITD (normal 

karyotype)
Wild-type NPM1 and FLT3-ITD (normal 
karyotype)

Wild-type NPM1 without FLT3-ITD (normal 
karyotype)

Intermediate-II  t(9;11)(p22;q23); MLLT3-MLL
Cytogenetic abnormalities not classi ed 
as  avorable or adverse

Adverse  inv(3)(q21q26.2) or t(3;3)(q21;q26.2); 
RPN1-EVI1

t(6;9)(p23;q34); DEK-NUP214
t(v;11)(v;q23); MLL rearranged
–5 or del(5q); –7; abn(17p); complex 
karyotype (≥3 abnormalities)

aH Döhner et al: Blood 115:453, 2010.
Abbrevia t ion: ITD, internal tandem duplication.

molecular assessment o  these genes at  iagnosis has 
been incorporate  in AML management gui elines by 
the National Comprehensive Cancer Network (NCCN) 
an  the European LeukemiaNet (ELN). T e same 
markers have also been incorporate  in the  e nitions 
o  the genetic groups o  the ELN stan ar ize  report-
ing system, which are base  on both cytogenetic an  
molecular abnormalities an  use   or comparing clini-
cal  eatures an  treatment response among subsets 
o  patients reporte  in  i erent stu ies (Table 14-2). 
More recently, the prognostic impact o  the genetic 
groups recognize  by the ELN reporting system has 
been  emonstrate . T us, these genetic groups may also 
be use   or risk strati cation an  treatment gui ance.

In a  ition to NPM1 an  CEBPA mutations an  FLT3-
I D, other molecular aberrations (Table 14-3) may in 
the  uture be routinely use   or prognostication in AML 
an  incorporate  in the WHO classi cation an  the 
ELN reporting system. Among these prognostic mutate  
genes are those enco ing receptor tyrosine kinases (e.g., 
v-kit Har y-Zuckerman 4  eline sarcoma viral oncogene 
homolog [KIT]), transcription  actors (i.e., RUNX1 an  
Wilms tumor 1 [WT1]), an  epigenetic mo i ers (i.e., 
a  itional sex combs like transcriptional regulator 1 
[ASXL1], DNA (cytosine-5-)-methyltrans erase 3 alpha 

TABLE 14 -3
MOLECULAR PROGNOSTIC MARKERS IN AML

GENE SYMBOL  GENE LOCATION
PROGNOSTIC 
IMPACT

Gen es In clud ed  in  th e  WHO Classif ca t io n  an d  ELN 
Rep o rt in g  System

NPM1 mutations  5q35.1  Favorable
CEBPA mutations  19q13.1  Favorable
FLT3-ITD  13q12  Adverse
Gen es En co d in g  Recep to r Tyro sin e  Kin ases
KIT mutation  4q12  Adverse
FLT3-TKD  13q12  Adverse
Genes Encoding Transcription Factors
RUNX1 mutations  21q22.12  Adverse
WT1 mutations  11p13  Adverse
Gen es En co d in g  Ep ig en e t ic Mo d if e rs
ASXL1 mutations  20q11.21  Adverse
DNMT3A mutations  2p23.3  Adverse
IDH mutations (IDH1  
and IDH2)

2q34 & 15q26.1  Adverse

MLL-PTD  11q23  Adverse
TET2 mutations  4q24  Adverse
Dereg u la ted  Gen es
BAALC overexpression  8q22.3  Adverse
ERG overexpression  21q22.3  Adverse
MN1 overexpression  22q12.1  Adverse
EVI1 overexpression  3q26.2  Adverse
Dereg u la ted  Micro RNAs
miR-155 overexpression  21q21.3  Adverse
miR-3151 overexpression  8q22.3  Adverse
miR-181a overexpression  1q32.1 and 9q33.3  Favorable

Abbrevia t ions: AML, acute myeloid leukemia; ELN, European Leukemi-
aNet; ITD, internal tandem duplication; PTD, partial tandem duplication; 
TKD, tyrosine kinase domain; WHO, World Health Organization.

[DNMT3A], isocitrate  ehy rogenase 1 (NADP+), sol-
uble [IDH1] an  isocitrate  ehy rogenase 2 (NADP+), 
mitochon rial [IDH2], lysine (K)-speci c methyltrans-
 erase 2A [KMT2A, also known as MLL], an  tet methyl-
cytosine  ioxygenase 2 [TET2]). Although KIT mutations 
are almost exclusively present in CBF AML an  impact 
a versely the outcome, the remaining markers have 
been reporte  primarily in CN-AML. T ese gene muta-
tions have been shown to be associate  with outcome in 
multivariable analyses in epen ently  rom other prog-
nostic  actors. However,  or some o  them, the prognos-
tic impact (e.g., TET2 mutations) or the type (a verse vs 
 avorable) o  prognostic impact (e.g., IDH1, IDH2) has 
been  oun  in the majority, but not in all, o  the reporte  
stu ies.

An in epen ent prognostic impact remains to be 
 etermine   or mutate  genes that are either associ-
ate  primarily with un avorable cytogenetic aberra-
tions (e.g., TP53) or are  oun  with a relatively lower 
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172  requency in AML patients like those enco ing epi-
genetic mo i ers (e.g., enhancer o  zeste 2 polycomb 
repressive complex 2 subunit [EZH2]), phosphatases 
(e.g., protein tyrosine phosphatase, non-receptor type 
11 (PTPN11]), putative transcription  actors (e.g., PHD 
 nger protein 6 [PHF6]), splicing  actors (e.g., U2 small 
nuclear RNA auxiliary  actor 1 [U2AF1]), an  proteins 
involve  in chromosome segregation an  genome sta-
bility (e.g., structural maintenance o  chromosomes 1A 
[SMC1A] or structural maintenance o  chromosomes 3 
[SMC3]). Finally, other mutate  genes are recognize  
as pre ictors o  treatment response to  istinct therapies 
rather than prognosticators;  or example, neuroblas-
toma RAS viral (v-ras) oncogene homolog (NRAS) an  
Kirsten rat sarcoma viral oncogene homolog (KRAS) 
pre ict a better response to high- ose cytarabine in 
CBF AML.

In a  ition to gene mutations,  eregulation o  the 
expression levels o  co ing genes an  o  short nonco -
ing RNAs (microRNAs) have been reporte  to provi e 
prognostic in ormation ( able 14-3). Overexpression 
o  genes such as brain an  acute leukemia, cytoplas-
mic (BAALC), v-ets avian erythroblastosis virus E26 
oncogene homologue (avian) (ERG), meningioma ( is-
rupte  in balance  translocation) 1 (MN1), an  MDS1 
an  EVI1 complex locus (MECOM, also known as 
EVI1) have been  oun  to be pre ictive  or poor out-
come, especially in CN-AML. Similarly,  eregulate  
expression levels o  microRNAs, naturally occurring 
nonco ing RNAs that have been shown to regulate the 
expression o  proteins involve  in hematopoietic  i -
 erentiation an  survival pathways by  egra ation or 
translation inhibition o  target co ing RNAs, have been 
associate  with prognosis in AML. Overexpression o  
miR-155 an  miR-3151 has been  oun  to a ect out-
come a versely in CN-AML, whereas overexpression 
o  miR-181a pre icts a  avorable outcome both in CN-
AML an  cytogenetically abnormal AML.

Because prognostic molecular markers in AML are 
not mutually exclusive an  o en occur concurrently 
(>80% patients have at least two or more prognostic 
gene mutations), the likelihoo  that  istinct marker 
combinations may be more in ormative than single 
markers is being recognize .

Epigenetic changes (e.g., DNA methylation) an  
microRNAs are o en involve  in  eregulation o  genes 
involve  in hematopoiesis, contribute to leukemo-
genesis, an  are o en associate  with the previously 
 iscusse  prognostic gene mutations. T ese changes 
not only have been shown to provi e biologic insights 
into leukemogenic mechanisms, but also in epen ent 
prognostic in ormation. In ee , it is anticipate  that 
with the enormous progress ma e in DNA an  RNA 
sequencing technology, a  itional genetic an  epi-
genetic aberrations will soon be  iscovere  an  will 

contribute to classi cation an  reporting systems an  
outcome risk  etermination in AML patients.

In a  ition to cytogenetics an /or molecular aberra-
tions, several other  actors are associate  with outcome 
in AML. Age at  iagnosis is one o  the most important 
risk  actors. A vancing age is associate  with a poorer 
prognosis not only because o  its in uence on the ability 
to survive in uction therapy  ue to coexisting comor-
bi ities, but also because with each successive  eca e 
o  age, a greater proportion o  patients have an intrin-
sically more resistant  isease. A prolonge  symptom-
atic interval with cytopenias prece ing  iagnosis or a 
history o  antece ent hematologic  isor ers inclu ing 
myeloproli erative neoplasms is o en  oun  in ol er 
patients an  is a clinical  eature associate  with a lower 
complete remission (CR) rate an  shorter survival 
time. T e CR rate is lower in patients who have ha  
anemia, leukopenia, an /or thrombocytopenia  or >3 
months be ore the  iagnosis o  AML when compare  
to those without such a history. Responsiveness to che-
motherapy  eclines as the  uration o  the antece ent 
 isor er(s) increases. AML  eveloping a er treatment 
with cytotoxic agents  or other malignancies is usu-
ally  i cult to treat success ully. Finally, it is likely that 
AML in ol er patients is also associate  with poor out-
come because o  the presence o   istinct biologic  ea-
tures that may increase the aggressiveness o  the  isease 
an  re uce the likelihoo  o  treatment response. T e 
leukemic cells in ol er patients more commonly express 
the multi rug resistance 1 (MDR1) ef ux pump that 
conveys resistance to natural pro uct– erive  agents 
such as the anthracyclines that are  requently incor-
porate  into the initial treatment. In a  ition, ol er 
patients less  requently harbor  avorable cytogenetic 
abnormalities [i.e., t(8;21), inv(16), an  t(16;16)] an  
more  requently harbor a verse cytogenetic (e.g., com-
plex an  monosomal karyotypes) an /or molecular 
(e.g., ASXL1, IDH2, RUNX1, TET2) abnormalities.

Other  actors in epen ently associate  with worse 
outcome are a low per ormance status that in uences 
ability to survive in uction therapy an  thus respon  
to treatment an  a high presenting leukocyte count 
that in some series is an a verse prognostic  actor  or 
attaining a CR. Among patients with hyperleukocytosis 
(>100,000/µL), early central nervous system blee ing 
an  pulmonary leukostasis contribute to poor outcome 
with initial therapy.

Achievement o  CR is associate  with better out-
come an  longer survival. CR is  e ne  a er exami-
nation o  both bloo  an  bone marrow. T e bloo  
neutrophil count must be ≥1000/µL an  the plate-
let count ≥100,000/µL. Hemoglobin concentration is 
not consi ere  in  etermining CR. Circulating blasts 
shoul  be absent. Although rare blasts may be  etecte  
in the bloo   uring marrow regeneration, they shoul  
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173 isappear on successive stu ies. T e bone marrow 
shoul  contain <5% blasts, an  Auer ro s shoul  be 
absent. Extrame ullary leukemia shoul  not be pres-
ent. Patients who achieve CR a er one in uction cycle 
have longer CR  urations than those requiring multiple 
cycles.

CLINICAL PRESENTATION
Symptoms

Patients with AML most o en present with nonspeci c 
symptoms that begin gra ually or abruptly an  are the 
consequence o  anemia, leukocytosis, leukopenia or 
leukocyte  ys unction, or thrombocytopenia. Nearly 
hal  have ha  symptoms  or ≤3 months be ore the leu-
kemia was  iagnose .

Hal  o  patients mention  atigue as the  rst symptom, 
but most complain o   atigue or weakness at the time 
o   iagnosis. Anorexia an  weight loss are common. 
Fever with or without an i enti able in ection is the 
initial symptom in approximately 10% o  patients. Signs 
o  abnormal hemostasis (blee ing, easy bruising) are 
note   rst in 5% o  patients. On occasion, bone pain, 
lympha enopathy, nonspeci c cough, hea ache, or  ia-
phoresis is the presenting symptom.

Rarely patients may present with symptoms  rom 
a myeloi  sarcoma that is a tumor mass consisting o  
myeloi  blasts occurring at anatomic sites other than 
bone marrow. Sites involve  are most commonly the 
skin, lymph no e, gastrointestinal tract, so  tissue, an  
testis. T is rare presentation, o en characterize  by 
chromosome aberrations [e.g., monosomy 7, trisomy 8, 
MLL rearrangement, inv(16), trisomy 4, t(8;21)], may 
prece e or coinci e with AML.

Physica l f ndings

Fever, splenomegaly, hepatomegaly, lympha enopa-
thy, sternal ten erness, an  evi ence o  in ection an  
hemorrhage are o en  oun  at  iagnosis. Signi cant 
gastrointestinal blee ing, intrapulmonary hemorrhage, 
or intracranial hemorrhage occurs most o en in APL. 
Blee ing associate  with coagulopathy may also occur 
in monocytic AML an  with extreme  egrees o  leu-
kocytosis or thrombocytopenia in other morphologic 
subtypes. Retinal hemorrhages are  etecte  in 15% o  
patients. In ltration o  the gingivae, skin, so  tissues, 
or meninges with leukemic blasts at  iagnosis is charac-
teristic o  the monocytic subtypes an  those with 11q23 
chromosomal abnormalities.

Hema tologic f ndings

Anemia is usually present at  iagnosis an  can be 
severe. T e  egree varies consi erably, irrespective o  

other hematologic  n ings, splenomegaly, or  uration 
o  symptoms. T e anemia is usually normocytic nor-
mochromic. Decrease  erythropoiesis o en results in 
a re uce  reticulocyte count, an  re  bloo  cell (RBC) 
survival is  ecrease  by accelerate   estruction. Active 
bloo  loss also contributes to the anemia.

T e me ian presenting leukocyte count is about 
15,000/µL. Between 25 an  40% o  patients have counts 
<5000/µL, an  20% have counts >100,000/µL. Fewer 
than 5% have no  etectable leukemic cells in the bloo . 
T e morphology o  the malignant cell varies in  i erent 
subsets. In AML, the cytoplasm o en contains primary 
(nonspeci c) granules, an  the nucleus shows  ne, 
lacy chromatin with one or more nucleoli characteris-
tic o  immature cells. Abnormal ro -shape  granules 
calle  Auer ro s are not uni ormly present, but when 
they are, myeloi  lineage is virtually certain (Fig. 14-1). 
Poor neutrophil  unction may be note   unctionally by 
impaire  phagocytosis an  migration an  morphologi-
cally by abnormal lobulation an   e cient granulation.

Platelet counts <100,000/µL are  oun  at  iagnosis in 
~75% o  patients, an  about 25% have counts <25,000/
µL. Both morphologic an   unctional platelet abnor-
malities can be observe , inclu ing large an  bizarre 
shapes with abnormal granulation an  inability o  plate-
lets to aggregate or a here normally to one another.

Pretrea tment eva lua tion

Once the  iagnosis o  AML is suspecte , a rapi  evalu-
ation an  initiation o  appropriate therapy shoul   ol-
low. In a  ition to clari ying the subtype o  leukemia, 
initial stu ies shoul  evaluate the overall  unctional 
integrity o  the major organ systems, inclu ing the 
car iovascular, pulmonary, hepatic, an  renal systems 
(Table 14-4). Factors that have prognostic signi cance, 
either  or achieving CR or  or pre icting the  uration 
o  CR, shoul  also be assesse  be ore initiating treat-
ment, inclu ing cytogenetics an  molecular markers 
(see above). Leukemic cells shoul  be obtaine   rom all 
patients an  cryopreserve   or  uture use as new tests 
an  therapeutics become available. All patients shoul  
be evaluate   or in ection.

Most patients are anemic an  thrombocytopenic at 
presentation. Replacement o  the appropriate bloo  
components, i  necessary, shoul  begin promptly. 
Because qualitative platelet  ys unction or the presence 
o  an in ection may increase the likelihoo  o  blee ing, 
evi ence o  hemorrhage justi es the imme iate use o  
platelet trans usion, even i  the platelet count is only 
mo erately  ecrease .

About 50% o  patients have a mil  to mo erate ele-
vation o  serum uric aci  at presentation. Only 10% 
have marke  elevations, but renal precipitation o  uric 
aci  an  the nephropathy that may result is a serious 
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A C

B D

FIGURE 14 -1
Morphology o  acute myeloid  leukemia  AML  cells. A. Uni-
 orm population o  primitive myeloblasts with immature chromatin, 
nucleoli in some cells, and primary cytoplasmic granules. B. Leukemic 
myeloblast containing an Auer rod. C. Promyelocytic leukemia cells 

with prominent cytoplasmic primary granules. D. Peroxidase stain 
shows dark blue color characteristic o  peroxidase in granules in AML.

but uncommon complication. T e initiation o  che-
motherapy may aggravate hyperuricemia, an  patients 
are usually starte  imme iately on allopurinol an  
hy ration at  iagnosis. Rasburicase (recombinant uric 
oxi ase) is also use ul  or treating uric aci  nephropa-
thy an  o en can normalize the serum uric aci  level 
within hours with a single  ose o  treatment. T e pres-
ence o  high concentrations o  lysozyme, a marker  or 
monocytic  i erentiation, may be etiologic in renal 
tubular  ys unction, which coul  worsen other renal 
problems that arise  uring the initial phases o  therapy.

TREATMENT Acute Myeloid Leukemia

 reatment o  the newly  iagnose  patient with AML is usu-
ally  ivi e  into two phases, in uction an  postremission 
management (Fig. 14-2). T e initial goal is to in uce CR. 

Once CR is obtaine ,  urther therapy must be use  to pro-
long survival an  achieve cure. T e initial in uction treat-
ment an  subsequent postremission therapy are o en chosen 
base  on the patient’s age. Intensi ying therapy with tra i-
tional chemotherapy agents such as cytarabine an  anthra-
cyclines in younger patients (<60 years) appears to increase 
the cure rate o  AML. In ol er patients, the bene t o  inten-
sive therapy is controversial; novel approaches  or selecting 
patients pre icte  to be responsive to treatment an  new 
therapies are being pursue .

INDUCTION CHEMOTHERAPY T e most commonly use  CR 
in uction regimens ( or patients other than those with APL) 
consist o  combination chemotherapy with cytarabine an  an 
anthracycline (e.g.,  aunorubicin, i arubicin, mitoxantrone). 
Cytarabine is a cell cycle S-phase–speci c antimetabolite that 
becomes phosphorylate  intracellularly to an active triphos-
phate  orm that inter eres with DNA synthesis. Anthracy-
clines are DNA intercalators. T eir primary mo e o  action is 
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175TABLE 14 -4  
INITIAL DIAGNOSTIC EVALUATION AND MANAGEMENT OF ADULT PATIENTS WITH AML

Histo ry

Increasing  atigue or decreased exercise tolerance (anemia)
Excess bleeding or bleeding  rom unusual sites (DIC, thrombocytopenia)
Fevers or recurrent in ections (neutropenia)
Headache, vision changes, non ocal neurologic abnormalities (CNS leukemia or bleed)
Early satiety (splenomegaly)
Family history o  AML (Fanconi, Bloom, or Kostmann syndromes or ataxia-telangiectasia)
History o  cancer (exposure to alkylating agents, radiation, topoisomerase II inhibitors)
Occupational exposures (radiation, benzene, petroleum products, paint, smoking, pesticides)

Physica l Exam in a t ion

Per ormance status (prognostic  actor)
Ecchymosis and oozing  rom IV sites (DIC, possible acute promyelocytic leukemia)
Fever and tachycardia (signs o  in ection)
Papilledema, retinal in ltrates, cranial nerve abnormalities (CNS leukemia)
Poor dentition, dental abscesses
Gum hypertrophy (leukemic in ltration, most common in monocytic leukemia)
Skin in ltration or nodules (leukemia in ltration, most common in monocytic leukemia)
Lymphadenopathy, splenomegaly, hepatomegaly
Back pain, lower extremity weakness [spinal granulocytic sarcoma, most likely in t(8;21) patients]

Lab o ra to ry an d  Ra d io lo g ic Stu d ies

CBC with manual di erential cell count
Chemistry tests (electrolytes, creatinine, BUN, calcium, phosphorus, uric acid, hepatic enzymes, bilirubin, LDH, amylase, lipase)
Clotting studies (prothrombin time, partial thromboplastin time,  brinogen, d -dimer)
Viral serologies (CMV, HSV-1, varicella-zoster)
RBC type and screen
HLA typing  or potential allogeneic HSCT
Bone marrow aspirate and biopsy (morphology, cytogenetics, f ow cytometry, molecular studies  or NPM1 and CEBPA mutations and 
FLT3-ITD)

Cryopreservation o  viable leukemia cells
Myocardial  unction (echocardiogram or MUGA scan)
PA and lateral chest radiograph
Placement o  central venous access device

In te rven t ions  o r Sp ecif c Pa t ien ts

Dental evaluation ( or those with poor dentition)
Lumbar puncture ( or those with symptoms o  CNS involvement)
Screening spine MRI ( or patients with back pain, lower extremity weakness, paresthesias)
Social work re erral  or patient and  amily psychosocial support

Co u n se lin g   o r All Pa t ien ts

Provide patients with in ormation regarding their disease,  nancial counseling, and support group contacts

Abbrevia tions: AML, acute myeloid leukemia; BUN, blood urea nitrogen; CBC, complete blood count; CMV, cytomegalovirus; CNS, central nervous system; 
DIC, disseminated intravascular coagulation; HLA, human leukocyte antigen; HSCT, hematopoietic stem cell transplantation; HSV, herpes simplex virus; IV, 
intravenous; LDH, lactate dehydrogenase; MRI, magnetic resonance imaging; MUGA, multigated acquisition; PA, posteroanterior; RBC, red blood (cell) count.

thought to be inhibition o  topoisomerase II, lea ing to DNA 
breaks.

In younger a ults (age <60 years), cytarabine is use  either 
at stan ar   ose (100–200 mg/m2) a ministere  as a con-
tinuous intravenous in usion  or 7  ays or higher  ose (2 g/
m2) a ministere  intravenously every 12 h  or 6  ays. With 
stan ar - ose cytarabine, anthracycline therapy gener-
ally consists o   aunorubicin (60–90 mg/m2) or i arubicin 
(12 mg/m2) intravenously on  ays 1, 2, an  3 (the 7 an  3 
regimen). Other agents can be a  e  (i.e., cla ribine) when 
60 mg/m2 o   aunorubicin is use .

High- ose cytarabine-base  regimens have also been 
shown to in uce high CR rates. When given in high 
 oses, higher intracellular levels o  cytarabine may be 
achieve , thereby saturating the cytarabine-inactivating 
enzymes an  increasing the intracellular levels o  1-β-d-
arabino uranylcytosine-triphosphate, the active metabolite 
incorporate  into DNA. T us, higher  oses o  cytarabine 
may increase the inhibition o  DNA synthesis an  thereby 
overcome resistance to stan ar - ose cytarabine. With 
high- ose cytarabine,  aunorubicin 60 mg/m2 or i arubicin 
12 mg/m2 is generally use .
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T e hematologic toxicity o  high- ose cytarabine-base  
in uction regimens has typically been greater than that 
associate  with 7 an  3 regimens.  oxicity with high- ose 
cytarabine also inclu es pulmonary toxicity an  signi cant 
an  occasionally irreversible cerebellar toxicity. All patients 
treate  with high- ose cytarabine must be closely monitore  
 or cerebellar toxicity. Full cerebellar testing shoul  be per-
 orme  be ore each  ose, an   urther high- ose cytarabine 
shoul  be withhel  i  evi ence o  cerebellar toxicity  evel-
ops. T is toxicity occurs more commonly in patients with 
renal impairment an  in those ol er than age 60 years. T e 
increase  toxicity observe  with high- ose cytarabine has 
limite  the use o  this therapy in ol er AML patients.

Incorporation o  novel an  molecular targeting agents into 
these regimens is currently un er investigation. For patients 
with FLT3-I D AML, trials with tyrosine kinase inhibi-
tors are ongoing. Patients with CBF AML may bene t  rom 
the combination o  gemtuzumab ozogamicin, a monoclonal 
CD33 antibo y linke  to the cytotoxic agent calicheami-
cin, with in uction an  consoli ation chemotherapies. T is 

agent, initially approve   or ol er patients with relapse   is-
ease, has been with rawn  rom the U.S. market at the request 
o  the U.S. Foo  an  Drug A ministration  ue to concerns 
about the pro uct’s toxicity, inclu ing myelosuppression, 
in usion toxicity, an  venoocclusive  isease an  the clini-
cal bene t o  the initially recommen e  higher  oses. How-
ever, the a orementione  recent results are encouraging an  
support the reintro uction o  this agent into the therapeutic 
armamentarium  or AML.

In ol er patients (age ≥60 years), the outcome is gener-
ally poor likely  ue to a higher in uction treatment–relate  
mortality rate an   requency o  resistant  isease, especially 
in patients with prior hematologic  isor ers (MDS or myelo-
proli erative syn romes) or who have receive  chemotherapy 
treatment  or another malignancy or harbor cytogenetic an  
genetic abnormalities that a versely impact on clinical out-
come. T ese patients shoul  be consi ere   or clinical tri-
als. Alternatively, ol er patients can be also treate  with the  
7 an  3 regimen with stan ar - ose cytarabine an  i arubicin 
(12 mg/m2),  aunorubicin (45–90 mg/m2), or mitoxantrone 

FIGURE 14 -2
Flow chart   o r the  therap y o   newly d iagnosed  acu te  
myelo id  leukem ia   AML . For all  orms o  AML except acute pro-
myelocytic leukemia (APL), standard therapy includes a regimen 
based on a 7-day continuous in usion o  cytarabine (100–200 mg/
m2 per day) and a 3-day course o  daunorubicin (60–90 mg/m2 per 
day) with or without additional drugs. Idarubicin (12–13 mg/m2 per 
day) could be used in place o  daunorubicin (not shown). Patients 
who achieve complete remission (CR) undergo postremission 

consolidation therapy, including sequential courses o  high-dose 
cytarabine, autologous hematopoietic stem cell transplantation 
(HSCT), allogeneic HSCT, or novel therapies, based on their pre-
dicted risk o  relapse (i.e., risk-strati ed therapy). Patients with APL 
(see text  or treatment) usually receive tretinoin and arsenic triox-
ide–based regimens with or without anthracycline-based chemo-
therapy and possibly maintenance with tretinoin. CBF, core binding 
 actor; ITD, internal tandem duplication.
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177TABLE 14 -5  
SELECTED AGENTS UNDER STUDY FOR THE 
TREATMENT OF ACUTE MYELOID LEUKEMIA

CLASS OF DRUGS  EXAMPLES OF AGENTS IN CLASS

In h ib ito rs o   Mutan t  Pro te in s
Tyrosine kinase inhibitors  Dasatinib, midostaurin,  

quizartinib, sora enib
IDH2 mutation inhibitor  AG-221
Ep ig en e t ic Ta rg e t in g  Com p o un d s
Demethylating agents  S110 (decitabine dinucleotide), 

oral azacitidine
Histone deacetylase 
inhibitors

Suberoylanilide hydroxamic acid 
(SAHA), MS275, LBH589

In h ib ito rs o   Ce ll Pro li e ra t ion
Cell cycle inhibitors  Flavopiridol, CYC202  

(R-roscovitine), SNS-032
Farnesyl trans erase 
inhibitors

R115777, SCH66336

Aurora inhibitors  AZD1152, MLN-8237, AT9283
In h ib ito rs o   Pro te in  Syn th esis an d  Deg rad a t io n
Aminopeptide inhibitors  Tosedostat
HSP-90 antagonists  17-Allylaminogeldanamycin  

(17-AAG), DMAG, or derivatives
Nedd8 activating enzyme 
(NAE) inhibitors

MLN4924

Cyto toxic Co m p o u n d s
Nucleoside analogues  Clo arabine, troxacitabine,  

elacytarabine, sapacitabine
Co m p ou n d s with  Im m un o -Med ia ted  Mech an ism s
Antibodies  CSL362 (anti-CD123), anti-CD33 

(SGN33), anti-KIR
Immunomodulatory  Lenalidomide, interleukin 2,  

histamine dihydrochloride

(12 mg/m2). For patients ol er than 65 years, higher  ose 
 aunorubicin (90 mg/m2) has not shown bene t  ue to the 
increase  toxicity an  is not recommen e . T e combination 
o  gemtuzumab ozogamicin with chemotherapy re uces the 
risk o  relapse  or patients age 50–70 years with previously 
untreate  AML. Finally, ol er patients may be consi ere   or 
single-agent therapies with clo arabine or hypomethylating 
agents (i.e., 5-azaciti ine or  ecitabine). T e latter are o en 
use   or patients un t  or more intensive therapies.

A er one cycle o  the 7 an  3 chemotherapy in uc-
tion regimen, i  persistence o  leukemia is  ocumente , the 
patient is usually re-treate  with the same agents (cytarabine 
an  the anthracycline)  or 5 an  2  ays, respectively. Our rec-
ommen ation, however, is to consi er changing therapy in 
this setting.

POSTREMISSION THERAPY In uction o  a  urable  rst CR is 
critical to long-term  isease- ree survival in AML. However, 
without  urther therapy, virtually all patients experience 
relapse. T us, postremission therapy is  esigne  to era i-
cate resi ual leukemic cells to prevent relapse an  prolong 
survival. T e type o  postremission therapy in AML is o en 
base  on age an  cytogenetic an  molecular risk.

For younger patients, most stu ies inclu e intensive che-
motherapy an  allogeneic or autologous hematopoietic stem 
cell transplantation (HSC ). In the postremission setting, 
high- ose cytarabine  or three to  our cycles is more e ec-
tive than stan ar - ose cytarabine. T e Cancer an  Leuke-
mia Group B (CALGB),  or example, compare  the  uration 
o  CR in patients ran omly assigne  a er remission to  our 
cycles o  high (3 g/m2, every 12 h on  ays 1, 3, an  5), inter-
me iate (400 mg/m2  or 5  ays by continuous in usion), or 
stan ar  (100 mg/m2 per  ay  or 5  ays by continuous in u-
sion)  oses o  cytarabine. A  ose-response e ect  or cyta-
rabine in patients with AML who were age ≤60 years was 
 emonstrate . High- ose cytarabine signi cantly prolonge  
CR an  increase  the  raction cure  in patients with  avor-
able [t(8;21) an  inv(16)] an  normal cytogenetics, but it ha  
no signi cant e ect on patients with other abnormal karyo-
types. As  iscusse , high- ose cytarabine has increase  toxic-
ity in ol er patients. T ere ore, in this age group,  or patients 
without CBF AML, exploration o  attenuate  chemotherapy 
regimens has been pursue . However, because the outcome o  
ol er patients is poor, allogeneic HSC , when  easible, shoul  
be strongly consi ere . Postremission therapy is also a setting 
 or intro uction o  new agents (Table 14-5).

Autologous HSC  prece e  by one to two cycles o  high-
 ose cytarabine is also an option  or intensive consoli ation 
therapy. Autologous HSC  has been generally applie  to 
AML patients in the context o  a clinical trial or when the 
risk o  repetitive intensive chemotherapy represents a higher 
risk than the autologous HSC  (e.g., in patients with severe 
platelet alloimmunization) or when other  actors inclu ing 
patient age, comorbi  con itions, an   ertility are consi ere .

Allogeneic HSC  is use  in patients age <70–75 years 
with a human leukocyte antigen (HLA)-compatible  onor 

who have high-risk cytogenetics. Selecte  high-risk patients 
are also consi ere   or alternative  onor transplants (e.g., 
mismatche  unrelate , haploi entical relate , an  unrelate  
umbilical cor   onors). In patients with CN-AML an  high-
risk molecular  eatures such as FLT3-I D, allogeneic HSC  
is best applie  in the context o  clinical trials because the 
impact o  aggressive therapy on outcome is unknown. For 
ol er patients, exploration o  re uce -intensity allogeneic 
HSC  has been pursue .

 rials comparing intensive chemotherapy an  autolo-
gous an  allogeneic HSC  have shown improve   uration 
o  remission with allogeneic HSC  compare  to autologous 
HSC  or chemotherapy alone. However, overall survival is 
generally not  i erent; the improve   isease control with 
allogeneic HSC  is erase  by the increase in  atal toxicity. In 
 act, relapse  ollowing allogeneic HSC  occurs in only a small 
 raction o  patients, but treatment-relate  toxicity is relatively 
high; complications inclu e venoocclusive  isease, gra -
versus-host  isease (GVHD), an  in ections. Autologous 
HSC  can be a ministere  in young an  ol er patients an  
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178 uses the same preparative regimens. Patients subsequently 
receive their own stem cells collecte  while in remission. T e 
toxicity is relatively low with autologous HSC  (5% mortal-
ity rate), but the relapse rate is higher than with allogeneic 
HSC ,  ue to the absence o  the gra -versus-leukemia (GVL) 
e ect seen with allogeneic HSC  an  possible contamination 
o  the autologous stem cells with resi ual tumor cells.

Prognostic  actors may ultimately help to select the appro-
priate postremission therapy in patients in  rst CR. Our 
approach inclu es allogeneic HSC  in  rst CR  or patients 
without  avorable cytogenetics or genotype (e.g., patients who 
 o not have CEBPA biallelic mutations or NPM1 mutations 
without FLT3-I D) an /or with other poor risk  actors (e.g., 
an antece ent hematologic  isor er or  ailure to attain remis-
sion with a single in uction course). I  a suitable HLA  onor 
 oes not exist, investigational therapeutic approaches are 
consi ere . In ee , postremission therapy is also a setting  or 
intro uction o  new agents ( able 14-5). Because FLT3-I D 
can be targete  with emerging novel inhibitors, patients with 
this molecular abnormality shoul  be consi ere   or clinical 
trials with these agents whenever possible.

Patients with the  avorable CBF AML [i.e., t(8;21), inv(16), 
or t(16;16)] are treate  with repetitive  oses o  high- ose 
cytarabine, which o ers a high  requency o  cure without the 
morbi ity o  transplant. Among AML patients with t(8;21) 
an  inv(16), those with KIT mutations, who have a worse 
prognosis, may be consi ere   or novel investigational stu -
ies, inclu ing tyrosine kinase inhibitors. T e inclusion o  
gemtuzumab ozogamicin in in uction an  consoli ation 
chemotherapy-base  treatment has been reporte  to be ben-
e cial in this subset o  patients.

For patients in morphologic CR, immunophenotyping to 
 etect minute populations o  blasts or sensitive molecular 
assays (e.g., reverse transcriptase polymerase chain reaction 
[R -PCR]) to  etect AML-associate  molecular abnormali-
ties (e.g., NPM1 mutation, the CBF AML RUNX1/RUNX1T1 
an  CBFB/MYH11 transcripts, the APL PML/RARA tran-
script), an  the less sensitive metaphase cytogenetics or 
interphase cytogenetics by  uorescence in situ hybri ization 
(FISH) to  etect AML-associate  cytogenetic aberrations, 
can be per orme  to assess whether clinically meaning ul 
minimal resi ual  isease (MRD) is present at sequential time 
points  uring or a er treatment. Detection o  MRD may be a 
reliable  iscriminator between patients who will continue in 
CR an  those who are  estine  to experience  isease recur-
rence an  there ore require early therapeutic intervention 
be ore clinical relapse occurs. Although assessment o  MRD 
in bone marrow an /or bloo   uring CR is routinely use  
in the clinic to anticipate clinical relapse an  initiate timely 
salvage treatment  or APL patients,  or other cytogenetic 
an  molecular subtypes o  AML, this is an area o  current 
investigation.

SUPPORTIVE CARE Measures geare  to supporting patients 
through several weeks o  neutropenia an  thrombocytope-
nia are critical to the success o  AML therapy. Patients with 

AML shoul  be treate  in centers expert in provi ing sup-
portive measures. Multilumen right atrial catheters shoul  be 
inserte  as soon as patients with newly  iagnose  AML have 
been stabilize . T ey shoul  be use  therea er  or a minis-
tration o  intravenous me ications an  trans usions, as well 
as  or bloo   rawing.

A equate an  prompt bloo  bank support is critical to 
therapy o  AML. Platelet trans usions shoul  be given as 
nee e  to maintain a platelet count ≥10,000/µL. T e platelet 
count shoul  be kept at higher levels in  ebrile patients an  
 uring episo es o  active blee ing or DIC. Patients with poor 
posttrans usion platelet count increments may bene t  rom 
a ministration o  platelets  rom HLA-matche   onors. RBC 
trans usions shoul  be a ministere  to keep the hemoglo-
bin level >80 g/L (8 g/ L) in the absence o  active blee ing, 
DIC, or congestive heart  ailure, which require higher hemo-
globin levels. Bloo  pro ucts leuko eplete  by  ltration 
shoul  be use  to avert or  elay alloimmunization as well as 
 ebrile reactions. Bloo  pro ucts shoul  also be irra iate  
to prevent trans usion-associate  GVHD. Cytomegalovirus 
(CMV)-negative bloo  pro ucts shoul  be use   or CMV-
seronegative patients who are potential can i ates  or allo-
geneic HSC . Leuko eplete  pro ucts are also e ective  or 
these patients i  CMV-negative pro ucts are not available.

Neutropenia (neutrophils <500/µL or <1000/µL an  pre-
 icte  to  ecline to <500/µL over the next 48 h) can be part 
o  the initial presentation an /or a si e e ect o  the chemo-
therapy treatment in AML patients. T us, in ectious com-
plications remain the major cause o  morbi ity an   eath 
 uring in uction an  postremission chemotherapy  or AML. 
Antibacterial (i.e., quinolones) an  anti ungal (i.e., posacon-
azole) prophylaxis in the absence o   ever is likely to be 
bene cial. For patients who are herpes simplex virus or vari-
cella-zoster seropositive, antiviral prophylaxis shoul  be initi-
ate  (e.g., acyclovir, valacyclovir).

Fever  evelops in most patients with AML, but in ections 
are  ocumente  in only hal  o   ebrile patients. Early initia-
tion o  empirical broa -spectrum antibacterial an  anti ungal 
antibiotics has signi cantly re uce  the number o  patients 
 ying o  in ectious complications (Chap. 30). An antibiotic 
regimen a equate to treat gram-negative organisms shoul  be 
institute  at the onset o   ever in a neutropenic patient a er 
clinical evaluation, inclu ing a  etaile  physical examina-
tion with inspection o  the in welling catheter exit site an  a 
perirectal examination, as well as procurement o  cultures an  
ra iographs aime  at  ocumenting the source o   ever. Spe-
ci c antibiotic regimens shoul  be base  on antibiotic sensi-
tivity  ata obtaine   rom the institution at which the patient is 
being treate . Acceptable regimens  or empiric antibiotic ther-
apy inclu e monotherapy with imipenem-cilastatin, merope-
nem, piperacillin/tazobactam, or an exten e -spectrum 
antipseu omonal cephalosporin (ce epime or ce azi ime). 
T e combination o  an aminoglycosi e with an antipseu o-
monal penicillin (e.g., piperacillin) or an aminoglycosi e in 
combination with an exten e -spectrum antipseu omonal 
cephalosporin shoul  be consi ere  in complicate  or 
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179resistant cases. Aminoglycosi es shoul  be avoi e  i  possi-
ble in patients with renal insu ciency. Empirical vancomycin 
shoul  be a  e  in neutropenic patients with catheter-relate  
in ections, bloo  cultures positive  or gram-positive bacteria 
be ore  nal i enti cation an  susceptibility testing, hypo-
tension or shock, or known colonization with penicillin/
cephalosporin-resistant pneumococci or methicillin-resistant 
Staphylococcus aureus. In special situations where  ecrease  
susceptibility to vancomycin, vancomycin-resistant organ-
isms, or vancomycin toxicity is  ocumente , other options 
inclu ing linezoli ,  aptomycin, an  quinupristin/ al opris-
tin nee  to be consi ere .

Caspo ungin (or a similar echinocan in), voriconazole, or 
liposomal amphotericin B shoul  be consi ere   or anti un-
gal treatment i   ever persists  or 4–7  ays  ollowing initiation 
o  empiric antibiotic therapy. Amphotericin B has long been 
use   or anti ungal therapy. Although liposomal  ormulations 
have improve  the toxicity pro le o  this agent, its use has 
been limite  to situations with high risk o  or  ocumente  
mol  in ections. Caspo ungin has been approve   or empiric 
anti ungal treatment. Voriconazole has also been shown to 
be equivalent in e cacy an  less toxic than amphotericin B. 
Antibacterial an  anti ungal antibiotics shoul  be contin-
ue  until patients are no longer neutropenic, regar less o  
whether a speci c source has been  oun   or the  ever.

Recombinant hematopoietic growth  actors have been 
incorporate  into clinical trials in AML. T ese trials have 
been  esigne  to lower the in ection rate a er chemotherapy. 
Both G-CSF an  granulocyte-macrophage colony-stimulat-
ing  actor (GM-CSF) have re uce  the me ian time to neu-
trophil recovery. T is accelerate  rate o  neutrophil recovery, 
however, has not generally translate  into signi cant re uc-
tions in in ection rates or shortene  hospitalizations. In most 
ran omize  stu ies, both G-CSF an  GM-CSF have  aile  to 
improve the CR rate,  isease- ree survival, or overall survival. 
Although receptors  or both G-CSF an  GM-CSF are present 
on AML blasts, therapeutic e cacy is neither enhance  nor 
inhibite  by these agents. T e use o  growth  actors as sup-
portive care  or AML patients is controversial. We  avor their 
use in el erly patients with complicate  courses, those receiv-
ing intensive postremission regimens, patients with uncon-
trolle  in ections, or those participating in clinical trials.

TREATMENT FOR REFRACTORY OR RELAPSED AML With the 7 an   
3 regimen, 65–75% o  younger an  50–60% o  ol er patients 
with primary AML achieve CR.  wo-thir s achieve CR 
a er a single course o  therapy, an  one-thir  require two 
courses. O  patients who  o not achieve CR, approximately 
50% have a  rug-resistant leukemia, an  50%  o not achieve 
CR because o   atal complications o  bone marrow aplasia or 
impaire  recovery o  normal stem cells. Patients with re rac-
tory  isease a er in uction shoul  be consi ere   or salvage 
treatments, pre erentially on clinical trials, be ore receiv-
ing allogeneic HSC  usually a ministere  in patients who 
achieve a  isease- ree status. Because these patients are usu-
ally not cure  even i  they achieve secon  CR with salvage 

chemotherapy, allogeneic HSC  is a necessary therapeutic 
step.

In patients who relapse a er achieving CR, the length o  
 rst CR is pre ictive o  response to salvage chemotherapy 
treatment; patients with longer  rst CR (>12 months) gen-
erally relapse with  rug-sensitive  isease an  have a higher 
chance o  attaining a CR, even with the same chemothera-
peutic agents use   or  rst remission in uction. Whether 
initial CR was achieve  with one or two courses o  chemo-
therapy an  the type o  postremission therapy may also 
pre ict achievement o  secon  CR. Similar to patients with 
re ractory  isease, patients with relapse   isease are rarely 
cure  by the salvage chemotherapy treatments. T ere ore, 
patients who eventually achieve a secon  CR an  are eligible 
 or allogeneic HSC  shoul  be transplante .

Because achievement o  a secon  CR with routine salvage 
therapies is relatively uncommon, especially in patients who 
relapse rapi ly a er achievement o   rst CR (<12 months), 
these patients an  those lacking HLA-compatible  onors 
or who are not can i ates  or allogeneic HSC  shoul  
be consi ere   or innovative approaches on clinical trials  
( able 14-5). T e  iscovery o  novel gene mutations an  
mechanisms o  leukemogenesis that might represent action-
able therapeutic targets has prompte  the  evelopment o  
new targeting agents. In a  ition to kinase inhibitors  or 
FLT3- an  KIT-mutate  AML, other compoun s targeting 
the aberrant activity o  mutant proteins (e.g., IDH2 inhibi-
tors) or biologic mechanisms  eregulating epigenetics (e.g., 
histone  eacetylase an  DNA methyltrans erase inhibitors), 
cell proli eration (e.g.,  arnesyl trans erase inhibitors), protein 
synthesis (e.g., aminopepti e inhibitors) an   ol ing (e.g., 
heat shock protein inhibitors), an  ubiquitination, or with 
novel cytotoxic mechanisms (e.g., clo arabine, sapacitabine), 
are being teste  in clinical trials. Furthermore, approaches 
with antibo ies targeting commonly expresse  leukemia 
blasts (e.g., CD33) or leukemia initiating cells (e.g., CD123) 
an  immunomo ulatory agents (e.g., lenali omi e) are also 
un er investigation. Once these compoun s have  emon-
strate  sa ety an  activity as single agents, investigation o  
combinations with other molecular targeting compoun s 
an /or chemotherapy shoul  be pursue .

TREATMENT OF ACUTE PROMYELOCYTIC LEUKEMIA APL is a highly 
curable subtype o  AML, an  approximately 85% o  these 
patients achieve long-term survival with current approaches. 
APL has long been shown to be responsive to cytarabine 
an   aunorubicin, but previously patients treate  with 
these  rugs alone  requently  ie   rom DIC in uce  by the 
release o  granule components by the chemotherapy-treate  
leukemia cells. However, the prognosis o  APL patients has 
change   ramatically  rom a verse to  avorable with the 
intro uction o  tretinoin, an oral  rug that in uces the  i -
 erentiation o  leukemic cells bearing the t(15;17), where  is-
ruption o  the RARA gene enco ing a retinoi  aci  receptor 
occurs.  retinoin  ecreases the  requency o  DIC but pro-
 uces another complication calle  the APL  i erentiation 
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180 syn rome. Occurring within the  rst 3 weeks o  treatment, it 
is characterize  by  ever,  ui  retention,  yspnea, chest pain, 
pulmonary in ltrates, pleural an  pericar ial e usions, an  
hypoxemia. T e syn rome is relate  to a hesion o   i er-
entiate  neoplastic cells to the pulmonary vasculature en o-
thelium. Glucocorticoi s, chemotherapy, an /or supportive 
measures can be e ective  or management o  the APL  i er-
entiation syn rome.  emporary  iscontinuation o  tretinoin 
is necessary in cases o  severe APL  i erentiation syn rome 
(i.e., patients  eveloping renal  ailure or requiring a mission 
to the intensive care unit  ue to respiratory  istress). T e 
mortality rate o  this syn rome is about 10%.

 retinoin (45 mg/m2 per  ay orally until remission is 
 ocumente ) plus concurrent anthracycline-base  (i.e., i a-
rubicin or  aunorubicin) chemotherapy appears to be among 
the most e ective treatment  or APL, lea ing to CR rates o  
90–95%. T e role o  cytarabine in APL in uction an  consol-
i ation is controversial. T e a  ition o  cytarabine, although 
not  emonstrate  to increase the CR rate, seemingly 
 ecreases the risk  or relapse. Following achievement o  CR, 
patients shoul  receive at least two cycles o  anthracycline-
base  chemotherapy.

Arsenic trioxi e has signi cant antileukemic activity an  
is being explore  as part o  initial treatment in clinical tri-
als o  APL. In a ran omize  trial, arsenic trioxi e improve  
outcome i  use  a er achievement o  CR an  be ore con-
soli ation therapy with anthracycline-base  chemotherapy. 
Patients receiving arsenic trioxi e are at risk o  APL  i eren-
tiation syn rome, especially when it is a ministere   uring 
in uction or salvage treatment a er  isease relapse. In a  i-
tion, arsenic trioxi e may prolong the Q  interval, increasing 
the risk o  car iac arrhythmias.

Given the progress ma e in APL resulting in high cure 
rates, in recent years the goal has been to i enti y patients 
with low risk o  relapse (i.e., those presenting with a leukocyte 
count ≤10,000/µL) where attempts are being ma e to  ecrease 

the amount o  therapy a ministere  an  to i enti y patients at 
greatest risk o  relapse (i.e., those presenting with a leukocyte 
count ≥10,000/µL) where new approaches can be  evelope  
to increase cure. A stu y compare  the gol  stan ar  (treti-
noin plus chemotherapy) in newly  iagnose  non-high-risk 
APL with a chemotherapy- ree combination o  tretinoin an  
arsenic trioxi e. An equivalent outcome was  emonstrate  
between the two arms, an  the chemotherapy- ree regimen 
will likely become a new stan ar   or non-high-risk APL 
patients.

Combinations o  tretinoin, arsenic trioxi e, an /or che-
motherapy an /or gemtuzumab ozogamicin have shown 
 avorable responses in high-risk APL patients at  iagnosis.

Assessment o  resi ual  isease by R -PCR ampli ca-
tion o  the t(15;17) chimeric gene pro uct PML-RARA  ol-
lowing the  nal cycle o  chemotherapy is an important step 
in the management o  APL patients. Disappearance o  the 
signal is associate  with long-term  isease- ree survival; its 
persistence  ocumente  by two consecutive tests per orme   
2 weeks apart invariably pre icts relapse. Sequential monitor-
ing o  R -PCR  or PML-RARA is now consi ere  stan ar  
 or postremission monitoring o  APL, especially in high-risk 
patients.

T e bene t  rom maintenance therapy with tretinoin has 
been  ocumente  in some stu ies an  not in others. T us, 
the use o  tretinoin  epen s on which regimen has been use  
 or in uction an  consoli ation treatment an  the risk cat-
egory o  the patients, with those with high-risk  isease seem-
ingly bene ting the most  rom maintenance therapy.

Patients in molecular, cytogenetic, or clinical relapse 
shoul  be salvage  with arsenic trioxi e with or without 
tretinoin; it pro uces meaning ul responses in up to 85% o  
patients an  can be  ollowe  by autologous or, less  requently, 
especially i  R -PCR positive  or PML-RARA, allogeneic 
HSC .
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Chronic myeloid leukemia (CML) is a clonal hema-
topoietic stem cell disorder. T e disease is driven by 
the BCR-ABL1 chimeric gene product, a constitu-
tively active tyrosine kinase, resulting  rom a recipro-
cal balanced translocation between the long arms o  
chromosomes 9 and 22, t(9;22) (q34;q11.2), cytoge-
netically detected as the Philadelphia chromosome (Ph)  
(Fig. 15-1). Untreated, the course o  CML may be 
biphasic or triphasic, with an early indolent or chronic 
phase,  ollowed o en by an accelerated phase and a 
terminal blastic phase. Be ore the era o  selective BCR-
ABL1 tyrosine kinase inhibitors ( KIs), the median 
survival in CML was 3–7 years, and the 10-year survival 
rate was 30% or less. Introduced into CML therapy in 
2000,  KIs have revolutionized the treatment, natural 
history, and prognosis o  CML.  oday, the estimated 
10-year survival rate with imatinib mesylate, the  rst 
BCR-ABL1  KI approved, is 85%. Allogeneic stem cell 
transplantation (SC ), a curative but risky treatment 
approach, is now o ered as second- or third-line ther-
apy a er  ailure o   KIs.

INCIDENCE AND EPIDEMIOLOGY
CML accounts  or 15% o  all cases o  leukemia. T ere 
is a slight male preponderance (male: emale ratio 1.6:1). 
T e median age at diagnosis is 55–65 years. It is uncom-
mon in children; only 3% o  patients with CML are 
younger than 20 years. CML incidence increases slowly 
with age, with a steeper increase a er the age o  40–50 
years. T e annual incidence o  CML is 1.5 cases per 
100,000 individuals. In the United States, this translates 
into 4500–5000 new cases per year. T e incidence o  
CML has not changed over several decades. By extrap-
olation, the worldwide annual incidence o  CML is 
about 100,000 cases. With a median survival o  6 years 
be ore 2000, the disease prevalence in the United States 
was 20,000–30,000 cases. With  KI therapy, the annual 
mortality has been reduced  rom 10–20% to about 2%. 

CHRONIC MYELOID LEUKEMIA

CHAP TER 1 5

T ere ore, the prevalence o  CML in the United States 
is expected to continue to increase (about 80,000 in 
2013) and reach a plateau o  approximately 180,000 
cases around 2030. T e worldwide prevalence will 
depend on the treatment penetration o   KIs and their 
e ect on reduction o  worldwide annual mortality. Ide-
ally, with  ull  KI treatment penetration, the worldwide 
prevalence should plateau at 35 times the incidence, or 
around 3 million patients.

ETIOLOGY
T ere are no  amilial associations in CML. T e risk 
o  developing CML is not increased in monozygotic 
twins or in relatives o  patients. No etiologic agents are 
incriminated, and no associations exist with exposures 
to benzene or other toxins,  ertilizers, insecticides, or 
viruses. CML is not a  requent secondary leukemia  ol-
lowing therapy o  other cancers with alkylating agents 
and/or radiation. Exposure to ionizing radiation (e.g., 
nuclear accidents, radiation treatment  or ankylosing 
spondylitis or cervical cancer) has increased the risk o  
CML, which peaks at 5–10 years a er exposure and is 
dose-related. T e median time to development o  CML 
among atomic bomb survivors was 6.3 years. Follow-
ing the Chernobyl accident, the incidence o  CML did 
not increase, suggesting that only large doses o  radia-
tion can cause CML. Because o  adequate protection, 
the risk o  CML is not increased in individuals working 
in the nuclear industry or among radiologists in recent 
times.

PATHOPHYSIOLOGY
T e t(9;22) (q34;q11.2) is present in more than 90% o  
classical CML cases. It results  rom a balanced recip-
rocal translocation between the long arms o  chro-
mosomes 9 and 22. It is present in hematopoietic cells 
(myeloid, erythroid, megakaryocytes, and monocytes; 
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FIGURE 15 -1
A. The Philadelphia (Ph) chromosome cytogenetic abnormality. 
B. Breakpoints in the long arms o  chromosome 9 (ABL locus) 
and chromosome 22 (BCR regions) result in three di erent BCR-
ABL oncoprotein messages, p210BCR-ABL1 (most common message 
in chronic myeloid leukemia [CML]), p190BCR-ABL1 (present in 

two-thirds o  patients with Ph-positive acute lymphocytic 
leukemia; rare in CML), and p230BCR-ABL1 (rare in CML and associ-
ated with an indolent course). (© 2013 The University of Texas MD 
Anderson Cancer Center.)
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less o en mature B lymphocytes; rarely mature   lym-
phocytes, but not stromal cells), but not in other cells in 
the human body. As a result o  the translocation, DNA 
sequences  rom the cellular oncogene ABL1 are translo-
cated next to the major breakpoint cluster region (BCR) 
gene on chromosome 22, generating a hybrid oncogene, 
BCR-ABL1. T is  usion gene codes  or a novel onco-
protein o  molecular weight 210 kDa, re erred to as 
p210BCR-ABL1 (Fig. 15-1B). T is BCR-ABL1 oncoprotein 
exhibits constitutive kinase activity that leads to exces-
sive proli eration and reduced apoptosis o  CML cells, 
endowing them with a growth advantage over their 
normal counterparts. Over time, normal hematopoi-
esis is suppressed, but normal stem cells can persist and 

may reemerge  ollowing e ective therapy,  or example 
with  KIs. In Ph-positive acute lymphocytic leuke-
mia (ALL) and in rare cases o  CML, the breakpoint in  
BCR is more centromeric, in a region called the minor 
BCR region (mBCR). As a result, a shorter sequence  
o  BCR is  used to ABL1, with a consequent smaller 
BCR-ABL1 oncoprotein, p190BCR-ABL1. When occur-
ring in Ph-positive CML, this translocation may pre-
dict  or a worse outcome. A third rare breakpoint in 
BCR occurs telomeric to the major BCR region and is 
called micro-BCR (µ-BCR). It juxtaposes a larger  rag-
ment o  the BCR gene to ABL1 and produces a larger  
p230BCR-ABL1 oncoprotein, which is associated with a 
more indolent CML course.
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183T e constitutive activation o  BCR-ABL1 results 
in autophosphorylation and activation o  multiple 
downstream pathways that modi y gene transcription, 
apoptosis, skeletal organization, and degradation o  
inhibitory proteins. T ese transduction pathways may 
involve RAS, mitogen-activated protein (MAP) kinases, 
signal transducers and activators o  transcription 
(S A ), phosphatidylinositol-3-kinase (PI3k), MYC, 
and others. T ese interactions are mostly mediated 
through tyrosine phosphorylation and require binding 
o  BCR-ABL1 to adapter proteins such as GRB-2, CRK, 
CRK-like (CRK-L) protein, and Src homology contain-
ing proteins (SHC). BCR-ABL1  KIs bind to the BCR-
ABL1 kinase domain (KD), preventing the activation o  
trans ormation pathways and inhibiting downstream 
signaling. As a result, proli eration o  CML cells is inhib-
ited and apoptosis induced, leading to the reemergence 
o  normal hematopoiesis. A plethora o  signaling path-
ways have been implicated in BCR-ABL1-mediated cel-
lular trans ormation. T e emerging picture is a complex 
and redundant trans ormation network. An additional 
layer o  complexity is related to di erences in signal 
transduction between CML di erentiated cells and early 
progenitors. Beta-catenin, Wnt1, Foxo3a, trans orming 
growth  actor β, interleukin-6, PP2A, SIR 1, and others 
have been implicated in CML stem cell survival.

Experimental models have established the causal 
relationship between the Ph-related BCR-ABL1 molec-
ular events and the development o  CML. In animal 
models, expression o  BCR-ABL1 in normal hemato-
poietic cells produced CML-like disorders or lymphoid 
leukemia, demonstrating the leukemogenic potential o  
BCR-ABL1 as a single oncogenic abnormality.

T e cause o  the BCR-ABL1 molecular rearrange-
ment is unknown. Molecular techniques that detect 
BCR-ABL1 at a level o  1 in 108 identi y this molecular 
abnormality in the blood o  up to 25% o  normal adults 
and 5% o  in ants, but 0% o  cord blood samples. T is 
suggests that BCR-ABL1 is not su cient to cause overt 
CML in the overwhelming majority o  individuals in 
whom it occurs. Because CML develops in only 1.5 o  
100,000 individuals annually, it is evident that addi-
tional molecular events or poor immune recognition o  
the rearranged cells are needed to cause overt CML.

CML is de ned by the presence o  BCR-ABL1 abnor-
mality in a patient with a myeloproli erative neoplasm. 
In some patients with a typical morphologic picture o  
CML, the Ph abnormality is not detectable by standard 
cytogenetic analysis, but f uorescence in situ hybridiza-
tion (FISH) and molecular studies (polymerase chain 
reaction [PCR]) detect BCR-ABL1. T ese patients 
have a course similar to Ph-positive CML and respond 
to  KI therapy. Many o  the remaining patients have 
atypical morphologic or clinical  eatures and belong 
to other diagnostic groups, such as atypical CML or 
chronic myelomonocytic leukemia. T ese individuals 

do not respond to  KI therapy and have a poor progno-
sis with a median survival o  about 2–3 years. Detection 
o  mutations in the granulocyte colony-stimulating  ac-
tor receptor (CSF3R) in chronic neutrophilic leukemia 
and in some cases o  atypical CML and o  mutations in 
SETBP1 in atypical CML con rmed that they are dis-
tinct entities.

T e mechanisms associated with the transition o  
CML  rom a chronic to accelerated-blastic phase are 
poorly understood. T ey are o en associated with char-
acteristic chromosomal abnormalities such as a double 
Ph, trisomy 8, isochromosome 17 or deletion o  17p 
(loss o  TP53), 20q–, and others. Molecular events asso-
ciated with trans ormation include mutations in TP53, 
retinoblastoma 1 (RB1), myeloid transcriptions  actors 
like Runx1, and cell cycle regulators like p16. A pleth-
ora o  other mutations or  unctional abnormalities have 
been implicated in blastic trans ormation, but no uni y-
ing theme has emerged other than that BCR-ABL1 itsel  
induces genetic instability that leads to the acquisition o  
additional mutations and eventually to blastic trans or-
mation. In this  rame o  thinking, one critical e ect o  
 KIs is their ability to stabilize the CML genome, lead-
ing to a much reduced trans ormation rate. In particular, 
the previously observed sudden blastic trans ormations 
(i.e., abrupt trans ormation to blastic phase in a patient 
who had been in cytogenetic response) have become 
uncommon, occurring rarely in younger patients in 
the  rst 1–2 years o   KI therapy (usually sudden lym-
phoid blastic trans ormations). Sudden trans ormations 
beyond the third year o   KI therapy are rare in patients 
who continue on  KI therapy. Moreover, initial experi-
ence suggests that the course o  CML has become sig-
ni cantly more indolent, even without cytogenetic 
responses, in patients on  KI-based therapy compared 
to previous experience with hydroxyurea/busul an.

Among patients developing resistance to  KIs, sev-
eral resistance mechanisms have been observed. T e 
most clinically relevant one is the development o  di -
 erent ABL1 kinase domain mutations that prevent the 
binding o   KIs to the catalytic site (A P binding site) 
o  the kinase. More than 100 BCR-ABL1 mutations have 
now been described, many o  which con er relative or 
absolute resistance to imatinib. T is has resulted in the 
development o  second-generation  KIs (i.e., dasat-
inib, nilotinib, bosutinib) and o  a third-generation 
 KI (ponatinib) with selective e cacy against  315I, 
a mutation o  the gatekeeper residue o  the kinase that 
causes resistance to all other  KIs.

CLINICAL PRESENTATION
T e presenting signs and symptoms in CML depend 
on the availability o  and access to health care proce-
dures, including physical exams and screening tests.  
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184 In the United States, because o  the easy access to health 
care screening and physical exams, 50–60% o  patients 
are diagnosed on routine blood tests and have mini-
mal symptoms at presentation, such as  atigue. In geo-
graphic locations where access to health care is more 
limited, patients o en present with high CML burden 
including splenomegaly, anemia, and related symp-
toms (abdominal pain, weight loss,  atigue), as well as a 
higher  requency o  high-risk CML. Presenting  ndings 
in patients diagnosed in the United States are shown in 
Table 15-1.

Symptoms

Most patients with CML (90%) present in the indolent 
or chronic phase. Depending on the timing o  diag-
nosis, patients are o en asymptomatic (i  the diagno-
sis is discovered during health care screening tests). 

TABLE 15-1  
PRESENTING SIGNS AND SYMPTOMS OF NEWLY 
DIAGNOSED PHILADELPHIA CHROMOSOME–
POSITIVE CHRONIC MYELOID LEUKEMIA IN 
CHRONIC PHASE

PARAMETER  PERCENTAGE

Age ≥60 years (median)  18 (46)
Female gender  35–45
Splenomegaly  30
Hepatomegaly  5
Lymphadenopathy  5
Other extramedullary disease  2
Hemoglobin <10 g/dL  10–15
Platelets
 >450 × 109 cells/L  30–35
 <100 × 109 cells/L  3–5
White blood cells ≥50 × 109 

cells/L
35–40

Marrow

 ≥5% blasts  5
 ≥5% basophils  10–15
Peripheral blood
 ≥3% blasts  8–10
 ≥7% basophils  10
Cytogenetic clonal evolution 
other than the Philadelphia 
chromosome

4–5

Sokal risk

 Low  60–65
 Intermediate  25–30
 High  10

Common symptoms, when present, are mani esta-
tions o  anemia and splenomegaly. T ese may include 
 atigue, malaise, weight loss (i  high leukemia burden), 
or early satiety and le  upper quadrant pain or masses 
( rom splenomegaly). Less common presenting  nd-
ings include thrombotic or vasoocclusive events ( rom 
severe leukocytosis or thrombocytosis). T ese include 
priapism, cardiovascular complications, myocardial 
in arction, venous thrombosis, visual disturbances, 
dyspnea and pulmonary insu ciency, drowsiness, 
loss o  coordination, con usion, or cerebrovascular 
accidents. Bleeding diatheses  ndings include retinal 
hemorrhages, gastrointestinal bleeding, and others. 
Patients who present with, or progress to, the acceler-
ated or blastic phases have additional symptoms includ-
ing unexplained  ever, signi cant weight loss, severe 
 atigue, bone and joint aches, bleeding and thrombotic 
events, and in ections.

Physica l f ndings

Splenomegaly is the most common physical  nding, 
occurring in 20–70% o  patients depending on health 
care screening  requency. Other less common  ndings 
include hepatomegaly (10–20%), lymphadenopathy 
(5–10%), and extramedullary disease (skin or subcu-
taneous lesions). T e latter indicates CML trans orma-
tion i  a biopsy con rms the presence o  sheets o  blasts. 
Other physical  ndings are mani estations o  complica-
tions o  high tumor burden described earlier (e.g., car-
diovascular, cerebrovascular, bleeding). High basophil 
counts may be associated with histamine overproduc-
tion causing pruritus, diarrhea, f ushing, and even gas-
trointestinal ulcers.

Hema tologic a nd ma rrow f ndings

In untreated CML, leukocytosis ranging  rom 10–500 × 
109/L is common. T e peripheral blood di erential 
shows le -shi ed hematopoiesis with predominance 
o  neutrophils and the presence o  bands, myelocytes, 
metamyelocytes, promyelocytes, and blasts (usually 
≤5%). Basophils and/or eosinophils are  requently 
increased. T rombocytosis is common, but thrombo-
cytopenia is rare and, when present, suggests a worse 
prognosis, disease acceleration, or an unrelated etiol-
ogy. Anemia is present in one-third o  patients. Cyclic 
oscillations o  counts are noted in 25% o  patients with-
out treatment. Biochemical abnormalities include a low 
leukocyte alkaline phosphatase score and high levels o  
vitamin B12, uric acid, lactic dehydrogenase, and lyso-
zyme. T e presence o  unexplained and sustained leu-
kocytosis, with or without splenomegaly, should lead to 
a marrow examination and cytogenetic analysis.

T e bone marrow is hypercellular with marked 
myeloid hyperplasia and a high myeloid-to-erythroid 
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185ratio o  15–20:1. Marrow blasts are 5% or less; when 
higher, they carry a worse prognosis or represent accel-
eration (i  they are ≥15%). Increased reticulin  brosis 
(by Snook’s silver stain) is common, with 30–40% o  
patients demonstrating grade 3–4 reticulin  brosis. T is 
was considered adverse in the pre- KI era. With  KI 
therapy, reticulin  brosis resolves in most patients and 
is not an indicator o  poor prognosis. Collagen  brosis 
(Wright-Giemsa stain) is rare at diagnosis. Disease pro-
gression with a “spent phase” o  myelo brosis (myelo-
phthisis, or burnt-out marrow) was common with 
busul an therapy (20–30%) but is rare with  KI therapy.

Cytogenetic a nd molecula r f ndings

T e diagnosis o  CML is straight orward and depends 
on documenting t(9;22)(q34;q11.2), which is  ound 
in 90% o  cases. T is is known as the Philadelphia-
chromosome abnormality (discovered in Philadelphia) 
and was initially identi ed as a shortened chromosome, 
later identi ed to be chromosome 22 (22q–) (Fig. 15-1). 
Some patients may have complex translocations 
(variant Ph) involving three or more translocations 
that include chromosomes 9 and 22 and one or more 
other chromosomes. Others may have a “masked Ph,” 
involving translocations between chromosome 9 and 
a chromosome other than 22. T e prognosis o  these 
patients and their response to  KI therapy are similar 
to those in patients with Ph. About 5–10% o  patients 
may have additional chromosomal abnormalities in 
the Ph-positive cells. T ese usually involve trisomy 8, 
a double Ph, isochromosome 17 or 17p deletion, 20q–, 
or others. T is is re erred to as clonal evolution and was 
historically a sign o  adverse prognosis, particularly 
when trisomy 8, double Ph, or chromosome 17 abnor-
malities were noted.

 echniques such as FISH and PCR are now used to 
aid in the diagnosis o  CML. T ey are more sensitive 
approaches to estimate the CML burden in patients on 
 KI therapy. T ey can be done on peripheral samples, 
and thus are less pain ul and more convenient. Patients 
with CML at diagnosis should have a FISH analysis to 
quanti y the percentage o  Ph-positive cells, i  FISH is 
used to replace marrow cytogenetic analysis in moni-
toring response to therapy. FISH may not detect addi-
tional chromosomal abnormalities (clonal evolution); 
thus, a cytogenetic analysis is usually recommended 
at the time o  diagnosis. T e BCR-ABL1 RNA message 
is usually one o  two variants: e13a2 ( ormerly b2a2) 
and e14a2 ( ormerly b3a2). About 2–5% o  patients 
may have other RNA  usion types (e.g., e1a2, e13a3, 
or e14a3). In these patients, the routine PCR primers 
may not ampli y the BCR-ABL1 transcripts, thus lead-
ing to  alse-negative results. T ere ore, molecular stud-
ies at diagnosis are important to document the type and 
presence o  BCR-ABL1 transcripts to avoid erroneously 

“undetectable” BCR-ABL1 transcripts on  ollow-up 
studies, with the misconception o  a complete molecu-
lar response.

Both FISH and PCR studies can be  alsely posi-
tive at low levels or  alsely negative because o  techni-
cal issues. T ere ore, a diagnosis o  CML must always 
rely on a marrow analysis with routine cytogenetics. 
T e diagnostic bone marrow con rms the presence o  
the Ph chromosome, detects clonal evolution, i.e., chro-
mosomal abnormalities in the Ph-positive cells (which 
may be prognostic), and also quanti es the percentage 
o  marrow blasts and basophils. In 10% o  patients, the 
percentage o  marrow blasts and basophils can be sig-
ni cantly higher than in the peripheral blood, suggest-
ing poorer prognosis or even disease trans ormation.

Monitoring patients on  KI therapy by cytogenetics, 
FISH, and molecular studies has become an important 
standard practice to assess response to therapy, empha-
size compliance, evaluate possible treatment resistance, 
change  KI therapy, and order mutational analysis 
studies. It is thus important to recognize the compara-
bility o  these measures in monitoring response. A par-
tial cytogenetic response is de ned as the presence o  
35% less Ph-positive metaphases by routine cytogenetic 
analysis. T is is roughly equivalent to BCR-ABL1 tran-
scripts by the International Scale (IS) o  10% or less. 
A complete cytogenetic response re ers to the absence 
o  Ph-positive metaphases (0% Ph positivity). T is is 
approximately equivalent to BCR-ABL1 transcripts (IS) 
o  1% or less. A major molecular response re ers to 
BCR-ABL1 transcripts (IS) ≤0.1%, or roughly a 3-log 
or greater reduction o  CML burden  rom baseline. 
A complete molecular response usually re ers to BCR-
ABL1 transcripts (IS) <0.0032% (undetectable by cur-
rent techniques), roughly equivalent to a more than 
4.5-log reduction o  CML burden  rom baseline.

Findings in  CML tra ns orma tion

Progression o  CML is usually associated with leuko-
cytosis resistant to therapy, increasing anemia,  ever 
and constitutional symptoms, and increased blasts and 
basophils in the peripheral blood or marrow. Criteria 
o  accelerated-phase CML, historically associated with 
median survival o  less than 1.5 years, include the pres-
ence o  15% or more peripheral blasts, 30% or more 
peripheral blasts plus promyelocytes, 20% or more 
peripheral basophils, cytogenetic clonal evolution (pres-
ence o  chromosomal abnormalities in addition to Ph), 
and thrombocytopenia <100 × 109/L (unrelated to ther-
apy). About 5–10% o  patients present with de novo 
accelerated phase or blastic phase. T e prognosis o  de 
novo accelerated phase with  KI therapy has improved 
signi cantly, with an estimated 8-year survival rate o  
75%. T e median survival o  accelerated phase evolving 
 rom chronic phase has also improved  rom a historical 
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186 median survival o  18 months to an estimated 4-year 
survival rate o  70% on  KI therapy. T ere ore, the cri-
teria  or accelerated-phase CML should be revisited 
because most have lost much o  their prognostic sig-
ni cance. Blastic-phase CML is de ned by the pres-
ence o  30% or more peripheral or marrow blasts or the 
presence o  sheets o  blasts in extramedullary disease 
(usually skin, so  tissues, or lytic bone lesions). Blastic-
phase CML is commonly myeloid (60%) but can present 
uncommonly as erythroid, promyelocytic, monocytic, 
or megakaryocytic. Lymphoid blastic phase occurs in 
about 25% o  patients. Lymphoblasts are terminal deoxy-
nucleotide trans erase positive and peroxidase negative 
(although occasionally with low positivity up to 3–5%) 
and express lymphoid markers (CD10, CD19, CD20, 
CD22). However, they also o en express myeloid mark-
ers (50–80%), resulting in diagnostic con usion. T is 
is important because, unlike other morphologic blastic 
phases, lymphoid blastic-phase CML is quite respon-
sive to anti-ALL-type chemotherapy (e.g., hyper-CVAD 
[cyclophosphamide, vincristine, doxorubicin, and dexa-
methasone]) in combination with  KIs.

PROGNOSIS AND CML COURSE
Be ore the imatinib era, the annual mortality in CML 
was 10% in the  rst 2 years and 15–20% therea er. 
T e median survival time in CML was 3–7 years (with 
hydroxyurea-busul an and inter eron α). Without a 
curative option o  allogeneic SC , the course o  CML 
was inexorable toward trans ormation to, and death 

 rom, accelerated or blastic phases. T e disease stability 
was unpredictable, with some patients demonstrating 
sudden trans ormation to a blastic phase. With imatinib 
therapy, the annual mortality in CML has decreased 
to 2% in the  rst 12 years o  observation. Hal  o  the 
deaths are  rom  actors other than CML, such as old 
age, accidents, suicides, other cancers, and other medi-
cal conditions (e.g., in ections, surgical procedures). 
T e estimated 8- to 10-year survival rate is now 85%, 
or 93% i  only CML-related deaths are considered  
(Fig. 15-2). T e course o  CML has also become quite 
predictable. In the  rst 2 years o   KI therapy, rare 
sudden trans ormations are still noted (1–2%), usu-
ally lymphoid blastic trans ormations that respond to 
combinations o  chemotherapy and  KIs  ollowed by 
allogeneic SC . T ese may be explained by the intrin-
sic mechanisms o  sudden trans ormation already exist-
ing in the CML clones be ore the start o  therapy that 
were not amenable to  KI inhibition, in particular ima-
tinib. Second-generation  KIs (nilotinib, dasatinib) 
used as  rontline therapy have reduced the incidence o  
trans ormation in the  rst 2–3 years  rom 6–8% with 
imatinib to 2–4% with nilotinib or dasatinib. Disease 
trans ormation to accelerated or blastic phase is rare on 
continued  KI therapy, estimated at <1% annually in 
years 4–8 o   ollow-up on the original imatinib trials. 
Patients usually develop resistance in the  orm o  cyto-
genetic relapse,  ollowed by hematologic relapse and 
subsequent trans ormation, rather than the previously 
 eared sudden trans ormations without the warning sig-
nals o  cytogenetic-hematologic relapse.

FIGURE 15 -2
A. Survival in newly diagnosed chronic-phase chronic myeloid 
leukemia (CML) by era o  therapy (M.D. Anderson Cancer Cen-
ter experience  rom 1965 to present). Causes o  non-CML deaths 
in 22 patients were other cancers (n = 7), postsurgical complica-
tions (n = 3), car accident (n = 2), suicide (n = 1), neurologic events 
(n = 3), cardiac (n = 3), pneumonia (n = 1), and unknown (n = 2). 

B. Survival in patients with accelerated- and blastic-phase CML 
re erred to M.D. Anderson Cancer Center by era o  therapy, dem-
onstrating the signi cant survival bene t in the tyrosine kinase 
inhibitor (TKI) era in accelerated-phase CML but the modest ben-
e t in blastic-phase CML. Re erred cases included de novo and 
post-chronic-phase trans ormations.
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187Be ore the imatinib era, several pretreatment prog-
nostic  actors predicted  or worse outcome in CML and 
have been incorporated into prognostic models and 
staging systems. T ese have included older age, sig-
ni cant splenomegaly, anemia, thrombocytopenia or 
thrombocytosis, high percentages o  blasts and basophils 
(and/or eosinophils), marrow  brosis, deletions in the 
long arm o  chromosome 9, clonal evolution, and oth-
ers. Di erent risk models and staging systems, derived 
 rom multivariate analyses, were proposed to de ne di -
 erent risk groups. As with the introduction o  cisplatin 
into testicular cancer therapy, the introduction o   KIs 
into CML therapy has nulli ed or lessened the prognos-
tic impact o  most o  these prognostic  actors and the 
signi cance o  the CML models (e.g., Sokal, Has ord, 
European  reatment and Outcome Study [EU OS]). 
 reatment-related prognostic  actors have emerged 
as the most important prognostic  actors in the era o  
imatinib therapy. Achievement o  complete cytogenetic 
response has become the major therapeutic endpoint 
and is the only endpoint associated with improvement 
in survival. Achievement o  a major molecular response 
is associated with decreased risk o  events (relapse) and 
CML progression, may predict  or di erences in event-
 ree survival (depending on the de nition o  an event) 
and  or small di erences in trans ormation rates, but has 
not been associated with survival prolongation. Among 
patients in complete cytogenetic response, survival is 
similar independent o  whether they achieve a major 
molecular response or not. T is may be due to the e -
cacy o  salvage  KI therapies, which are and should be 
implemented at the  rst evidence o  cytogenetic relapse. 
Achievement o  complete molecular response (undetect-
able BCR-ABL1 transcripts), particularly when durable 
(>2 years), may o er the possibility o  durable molecular 
response (molecular cure rather than  unctional cure) in 
the context o  investigational trials and may allow tem-
porary therapy interruption in women eager to have 
babies. T e lack o  achievement o  major or complete 
molecular responses should not be considered as “ ail-
ure” o  a particular  KI therapy and/or an indication to 
change the  KI or to consider allogeneic SC .

Pretreatment prognostic  actors and prognostic mod-
els have lost much o  their clinical relevance to de ne 
prognosis and to select di erent therapies. However 
 KI-associated therapeutic responses have gained major 
clinical relevance and dictate appropriate and care ul 
monitoring o  patients to optimize their treatment.

TREATMENT Chronic Myeloid Leukemia

T e introduction o   KI therapy,  rst in the  orm o  ima-
tinib mesylate in 2001, has revolutionized the treatment and 
prognosis in CML. Be ore 2000, allogeneic SC  was  rontline 

therapy, when available, because o  its potentially curative 
capacity. Otherwise, patients were o ered inter eron α ther-
apy (approved  or the treatment o  CML in 1986), which had 
modest bene ts (improving survival  rom a median o  3–4 
years with hydroxyurea-busul an to a median o  6–7 years), 
but also signi cant side e ects. Other alternatives included 
hydroxyurea, busul an, and other nonspeci c chemotherapies. 
With  KI therapy, the estimated 10-year survival in CML is 
85%. Since 2001, six agents have been approved by the U.S. 
Food and Drug Administration (FDA)  or the treatment o  
CML. T ese include  ve oral BCR-ABL1-selective  KIs: ima-
tinib (Gleevec), nilotinib ( asigna), dasatinib (Sprycel), bosu-
tinib (Bosuli ), and ponatinib (Iclusig). Imatinib 400 mg orally 
daily, nilotinib 300 mg orally twice a day (on an empty stom-
ach), and dasatinib 100 mg orally daily are approved  or  ront-
line therapy o  CML. All three are also approved  or salvage 
therapy (nilotinib 400 mg twice daily), in addition to bosu-
tinib (500 mg daily) and ponatinib (45 mg daily). Imatinib, 
dasatinib (140 mg daily), bosutinib, and ponatinib are also 
approved  or the treatment o  CML trans ormation (acceler-
ated and blastic phase), whereas nilotinib is only approved  or 
chronic and accelerated phase. Dasatinib, nilotinib, and bosu-
tinib are re erred to as second-generation  KIs; ponatinib is 
re erred to as a third-generation  KI. T e sixth approved 
agent is omacetaxine (Synribo), a protein synthesis inhibi-
tor with presumed more selective inhibition o  the synthesis 
o  the BCR-ABL1 oncoprotein. It is approved  or the treat-
ment o  chronic- and accelerated-phase CML a er  ailure o  
two or more  KIs, at 1.25 mg/m2 subcutaneously twice a day 
 or 14 days  or induction and  or 7 days  or consolidation-
maintenance. Nilotinib is similar in structure to imatinib 
but 30 times more potent. Dasatinib and bosutinib are dual 
SRC-ABL1  KIs (dasatinib is reported to be 300 times more 
potent and bosutinib 30–50 times more potent than imatinib). 
Ponatinib is e ective against wild-type and mutant BCR-ABL1 
clones. It is unique in being the only currently available BCR-
ABL1  KI that is active against  315I, a gatekeeper mutant 
resistant to the other  our  KIs (Table 15-2).

Imatinib, nilotinib, and dasatinib are all acceptable  ront-
line therapies in CML. T e long-term results o  imatinib are 
very  avorable. T e 8-year  ollow-up results show a cumula-
tive complete cytogenetic response rate (occurring at least 
once) o  83%, with 60–65% o  patients being in complete 
cytogenetic response at 5-year  ollow-up. T e estimated 
8-year event- ree survival rate is 81%, and the overall sur-
vival rate is 85%. Among patients continuing on imatinib, 
the annual rate o  trans ormation to accelerated-blastic phase 
in years 4–8 is <1%. In two randomized studies, one com-
paring nilotinib 300 mg twice daily or 400 mg twice daily 
with imatinib (ENES -nd) and the other comparing dasat-
inib 100 mg daily with imatinib (DASISION), the second-
generation  KIs were associated with better outcomes in 
early surrogate endpoints, including higher rates o  complete 
cytogenetic responses (85–87% vs 77–82%), major molecu-
lar responses (65–76% vs 46–63%), and undetectable BCR-
ABL1 transcripts (IS) (32–37% vs 15–30%), and lower rates 
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o  trans ormation to accelerated-blastic phase (2–4% vs 6%). 
However, neither study showed a survival bene t with sec-
ond-generation  KIs (median  ollow-up times o  4–5 years). 
T is may be because salvage therapy with other  KIs ( ollow-
ing close observation and treatment change at progression) 
provides highly e ective salvage therapy that rebalances the 
negative e ect o  the relapse.

Salvage therapy in chronic phase with dasatinib, nilo-
tinib, bosutinib, or ponatinib is associated with complete 
cytogenetic response rates o  30–60% o  patients, depending 
on the salvage status (cytogenetic vs hematologic relapse), 
prior response to other  KIs, and the mutations at the time 
o  relapse. Complete cytogenetic responses are generally 
durable, particularly in the absence o  clonal evolution and 
mutations. Ponatinib is the only  KI active in the setting o  
 315I mutation, with complete cytogenetic response rates o  
50–70%. T e estimated 3- to 5-year survival rates with new 
 KIs as salvage are 70–80% (compared with <50% be ore 
their availability). For example, with dasatinib salvage a er 
imatinib  ailure in chronic-phase CML, the major molecu-
lar response rates were 40–43%, the estimated 6-year sur-
vival rates were 74–83%, and progression- ree survival rates 
were 40–51%. T us,  KIs in the salvage setting have already 
reduced the annual mortality  rom the historical rate o  
10–15% to ≤5%.

T e goal o  CML therapy is viewed di erently in the con-
text o  research versus standard practice. In current practice, 
 unctional cure, de ned as survival with CML similar to sur-
vival among normal individuals, is the current goal o  ther-
apy. CML is now considered an indolent disease, which, with 
appropriate  KI therapy, treatment compliance, care ul mon-
itoring, and early change to other  KIs as indicated, can be 
associated with close to normal survival. T ere ore, in stan-
dard practice, achievement and maintenance o  a complete 

cytogenetic response are the aims o  therapy, because com-
plete cytogenetic response is the only treatment-related  actor 
associated with survival prolongation. Lack o  achievement 
o  a major molecular response (protects against events; asso-
ciated with longer event- ree survival) or o  negative BCR-
ABL1 transcripts (o ers the potential o   KI interruption on 
investigational studies) should not be considered indications 
to change  KI therapy or to consider allogeneic SC . A gen-
eral practice rule is to continue the particular  KI chosen at 
the most tolerable dose schedule not associated with grade 
3–4 side e ects or with bothersome chronic side e ects,  or 
as long as possible, until either cytogenetic relapse or the per-
sistence o  unacceptable side e ects. T ese two  actors (i.e., 
cytogenetic relapse and intolerable side e ects as judged by 
the patient and treating physician) are the indicators o  “ ail-
ure” o  a particular  KI therapy. Because o  the increasing 
prevalence o  CML (cost o   KI therapy) and the emerging 
long-term low rates o  signi cant organ toxicities, the ulti-
mate goal o  CML therapy in the research setting is to achieve 
eradication o  the disease (molecular cure) that is prolonged 
and durable, with recovery o  nonneoplastic, nonclonal 
hematopoiesis o   KI therapy. T e  rst step toward this aim 
is to obtain the highest rates o  undetectable BCR-ABL1 tran-
scripts lasting  or at least 2 or more years.

Recommendations provided by the National Compre-
hensive Cancer Network (NCCN) and by the European 
LeukemiaNet (ELN) discuss optimal/expected, suboptimal/
warning, and  ailure response scenarios at di erent time 
points o   KI treatment duration. Un ortunately, they may 
have been misinterpreted in current practice, because oncol-
ogists o en report that their aim o  treatment is the achieve-
ment o  major molecular response and disease eradication. 
Signi cantly, a substantial proportion o  oncologists consider 
a change o   KI therapy in a patient in complete cytogenetic 

TABLE 15 -2  
MEDICAL THERAPEUTIC OPTIONS IN CHRONIC MYELOID LEUKEMIA

AGENT (BRAND NAME)  APPROVED INDICATIONS  DOSE SCHEDULE  NOTABLE TOXICITIES

Imatinib mesylate (Gleevec)  All phases  400 mg daily  See text
Dasatinib (Sprycel)  All phases  First-line: 100 mg daily

Salvage: 140 mg daily
Myelosuppression; pleural 
and pericardial e usions; 
pulmonary hypertension

Nilotinib (Tasigna)  All phases except blastic 
phase

First-line: 300 mg twice daily
Salvage: 400 mg twice daily

Diabetes; vasoocclusive 
disease; pancreatitis

Bosutinib (Bosuli )  All phases except  rontline  500 mg daily  Diarrhea
Ponatinib (Iclusig)  All phases except  rontline  45 mg daily (may consider lower 

starting doses in the  uture,  
e.g., 30 mg daily)

Skin rashes, pancreatitis; 
vasoocclusive disease 
(10–20%)

Omacetaxine mepesuccinate 
(Synribo)

Failure ≥2 tyrosine kinase 
inhibitors

1.25 mg/m2 subcutaneously twice 
daily  or 14 days  or induction; 7 
days o  maintenance every month

Myelosuppression
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189response i  they note “loss o  major molecular response” 
(increase o  BCR-ABL1 transcripts ([IS]  rom <0.1% to 
>0.1%). T is perception may be the result o  con usion 
regarding the NCCN and ELN guidelines, which have been 
updated o en as a result o  maturing data and have multiple 
treatment endpoint considerations. Although such endpoints 
have been suggested by these recommendations as possible 
criteria  or  ailure, it is important to emphasize that no ran-
domized study has yet shown that a change o   KI treatment 
in patients with complete cytogenetic response because o  a 
loss o  major molecular response, versus changing at the time 
o  cytogenetic relapse, has been shown to improve survival. 
T is is likely because o  the high e cacy o  salvage  KI ther-
apy at the time o  cytogenetic relapse.

Side e ects o   KIs are generally mild to moderate, 
although with long-term  KI therapy, they could a ect the 
patient’s quality o  li e. Serious side e ects occur in less than 
5–10% o  patients. With imatinib therapy, common mild to 
moderate side e ects include f uid retention, weight gain, 
nausea, diarrhea, skin rashes, periorbital edema, bone or 
muscle aches,  atigue, and others (rates o  10–20%). In gen-
eral, second-generation  KIs are associated with lower rates 
o  these bothersome adverse events. However, dasatinib is 
associated with higher rates o  myelosuppression (20–30%), 
particularly thrombocytopenia, and with pleural (10–25%) 
or pericardial e usions (≤5%). Nilotinib is associated with 
higher rates o  hyperglycemia (10–20%), pruritus and skin 
rashes, and headaches. Nilotinib is also associated with rare 
events o  pancreatitis (<5%). Bosutinib is associated with 
higher rates o  early and sel -limited gastrointestinal compli-
cations like diarrhea (50–70%). Ponatinib is associated with 
higher rates o  skin rashes (10–15%), pancreatitis (5%), eleva-
tions o  amylase/lipase (10%), and vasospastic/vasoocclusive 
events (10–20%). Nilotinib and dasatinib may cause prolon-
gation o  the Q c interval; there ore, they should be evaluated 
cautiously in patients with prolonged Q c interval on electro-
cardiogram (>470–480 ms), and drugs given  or other medi-
cal conditions should have relatively smaller or no e ects on 
Q c. T ese side e ects can o en be dose-dependent and are 
generally reversible with treatment interruptions and dose 
reductions. Dose reductions can be individualized. However, 
the lowest estimated e ective doses o   KIs ( rom di erent 
studies and treatment practices) are imatinib 300 mg daily; 
nilotinib 200 mg twice daily; dasatinib 20 mg daily; bosutinib 
300 mg daily; and ponatinib 15 mg daily.

With long-term  ollow-up, rare but clinically relevant seri-
ous toxicities are emerging. Renal dys unction and renal  ail-
ure (creatinine elevations >2–3 mg/dL) are observed in 2–3% 
o  patients and reverse with  KI discontinuation and empiri-
cal use o  other  KIs. Pulmonary hypertension has been 
reported with dasatinib (<1–2%) and should be considered in 
a patient with shortness o  breath and a normal chest x-ray 
(echocardiogram with emphasis on measurement o  pulmo-
nary artery pressure). T is may be reversible with dasatinib 
discontinuation and occasionally the use o  sildena l citrate. 
Systemic hypertension has been observed more o en with 

ponatinib therapy, as well as other  KIs. Hyperglycemia and 
diabetes have been noted more  requently with nilotinib. 
Finally, mid- and small-vessel vasoocclusive and vasospastic 
events have been reported at low but signi cant rates with 
nilotinib and ponatinib and should be considered possibly 
 KI-related and represent indications to interrupt or reduce 
the dose o  the  KI. T ese events include angina, coronary 
artery disease, myocardial in arction, peripheral arterial 
occlusive disease, transient ischemic attacks, cerebral vascular 
accidents, Raynaud’s phenomenon, and accelerated athero-
sclerosis. Although these events are uncommon (<5%), they 
are clinically signi cant  or the patient’s long-term progno-
sis and occur at signi cantly higher rates than in the general 
population (5–20 times more o en).

ALLOGENEIC STEM CELL TRANSPLANT Allogeneic SC , a cura-
tive modality in CML, is associated with long-term survival 
rates o  40–60% when implemented in the chronic phase. It 
is associated with early (1-year) mortality rates o  5–30%. 
Although the 5- to 10-year survival rates were reported to be 
around 50–60% (and considered as cure rates), about 10–15% 
o  patients die in the subsequent 1–2 decades  rom subtle 
long-term complications o  the transplant (rather than  rom 
CML relapse). T ese are related to chronic gra -versus-host 
disease (GVHD), organ dys unction, development o  sec-
ond cancers, and hazard ratios  or mortality higher than in 
the normal population. Other signi cant morbidities include 
in ertility, chronic immune-mediated complications, cata-
racts, hip necrosis, and other morbidities a ecting quality 
o  li e. T e cure and early mortality rates in chronic-phase 
CML are also associated with several  actors: patient age, 
duration o  chronic phase, whether the donor is related or 
unrelated, degree o  matching, preparative regimen, and oth-
ers. In accelerated-phase CML, the cure rates with allogeneic 
SC  are 20–40%, depending on the de nition o  acceleration. 
Patients with clonal evolution as the only criterion have cure 
rates o  up to 40–50%. Patients undergoing allogeneic SC  
in second chronic phase have cure rates o  40–50%. T e cure 
rates with allogeneic SC  in blastic phase CML are ≤15%. 
Post–allogeneic SC  strategies are now implemented in the 
setting o  molecular or cytogenetic relapse or in hemato-
logic relapse/trans ormation. T ese include the use o   KIs 
 or prevention or treatment o  relapse, donor lymphocyte 
in usions, and second allogeneic SC s, among others.  KIs 
appear to be highly success ul at reinducing cytogenetic/
molecular remissions in the setting o  cytogenetic or molecu-
lar relapse a er allogeneic SC .

Choice and Timing of Allogeneic SCT Allogeneic SC  was con-
sidered  irst-line CML therapy be ore 2000.  he maturing 
positive experience with  KIs has now relegated its use to 
a ter  irst-line  KI  ailures. An important question is the 
optimal timing and sequence o   KIs and allogeneic SC  
(whether allogeneic SC  should be used as second- or third-
line therapy). Among patients who present with or evolve 
to blastic phase, combinations o  chemotherapy and  KIs 
should be used to induce remission,  ollowed by allogeneic 

15_Hematology_ch15_p181-192.indd   189  04/08/16   2:22 PM



S

E

C

T

I

O

N

 

V

H

e

m

a

t

o

l

o

g

i

c

 

M

a

l

i

g

n

a

n

c

i

e

s

190 SC  as soon as possible.  he same applies to patients who 
evolve  rom chronic to accelerated phase. Patients with de 
novo accelerated-phase CML may do well with long-term 
 KI therapy (estimated 8-year survival rate 75%); the tim-
ing o  allogeneic SC  depends on their optimal response to 
 KI (achievement o  complete cytogenetic response). Among 
patients who relapse in chronic phase, the treatment sequence 
depends on several  actors: (1) patient age and availability o  
appropriate donors; (2) risk o  allogeneic SC ; (3) presence 
or absence o  clonal evolution and mutations; (4) patient’s 
prior history and comorbidities; and (5) patient and physician 
pre erences (Table 15-3). Patients with  315I mutations at 
relapse should be o  ered ponatinib and considered  or allo-
geneic SC  (because o  the short  ollow-up with ponatinib). 
Patients with mutations involving Y253H, E255K/V, and 
F359V/C/I respond better to dasatinib or bosutinib. Patients 
with mutations involving V299L,  315A, and F317L/F/I/C 
respond better to nilotinib. Comorbidities such as diabetes, 

TABLE 15-3  
GENERAL SUGGESTIONS REGARDING THE USE 
OF TYROSINE KINASE INHIBITORS (TKIS) AND 
ALLOGENEIC STEM CELL TRANSPLANTATION (SCT) 
IN CHRONIC MYELOID LEUKEMIA (CML)

CML PHASE  USE OF TKI

CONSIDERATION 
OF ALLOGENEIC 
SCT

Accelerated or 
blastic

Interim therapy to 
achieve minimal 
CML burden

As soon as possible 
(exception: de 
novo accelerated 
phase)

Imatinib  ailure in 
chronic phase; 
T315I mutation

Ponatinib to 
achieve minimal 
CML burden

Depends on longer 
term  ollow-up 
results o  pona-
tinib ef cacy

Imatinib  ailure in 
chronic phase; 
no clonal evolu-
tion, no muta-
tions, good initial 
response

Second-line 
kinase inhibitors 
long-term

Third-line a ter 
second-line TKI 
 ailures

Imatinib  ailure in 
chronic phase; 
clonal evolution 
or mutations, or 
no cytogenetic 
response to 
second-line TKI

Interim therapy to 
achieve minimal 
CML burden

Second-line

Older patients 
(≥65–70 years) 
a ter imatinib 
 ailure in chronic 
phase

Salvage TKIs as 
longer-term 
therapy

May  orgo alloge-
neic SCT in  avor 
o  good quality o  
li e and survival in 
chronic phase

Note: Mutations involving Y253H, E255K/V, or F359V/C/I: pre er dasatinib 
or bosutinib. Mutations involving V299L, T315A, or F317L/F/I/C: pre er 
nilotinib.

hypertension, pulmonary hypertension, chronic lung disease, 
cardiac conditions, and pancreatitis may in luence the choice 
 or or against a particular  KI. Patients with clonal evolution, 
un avorable mutations, or lack o  major/complete cytogenetic 
response within 1 year o  salvage  KI therapy have short 
remission durations and should consider allogeneic SC  as 
more urgent in the setting o  salvage. Patients without clonal 
evolution or mutations at relapse and who achieve a complete 
cytogenetic response with  KI salvage, have long-lasting com-
plete remissions and may delay the option o  allogeneic SC  
to third-line therapy. Finally, older patients (age 65–70 years 
or older) and those with high risk o  mortality with allogeneic 
SC  may  orgo this curative option  or several years o  disease 
control in chronic phase with or without cytogenetic response  
( able 15-3). Historically, be ore the availability o   KIs, 
patients without cytogenetic response on inter eron α or 
hydroxyurea had expected short median survival times  
(2–3 years) with expected rapid disease trans ormation.  he 
maturing experience with  KIs suggests a di  erent course, 
whereby patients may remain in chronic phase on  KI-based 
therapies (combinations including hydroxyurea, cytarabine, 
decitabine, and others), with or without cytogenetic response, 
 or many years.  able 15-3 summarizes a general guidance to 
the choice o   KIs versus allogeneic SC .

MONITORING THERAPY IN CML Achievement o  complete cyto-
genetic response by 12 months o  imatinib therapy and its 
persistence later, the only consistent prognostic  actor associ-
ated with survival, is now the main therapeutic endpoint in 
CML. Failure to achieve a complete cytogenetic response by 
12 months or occurrence o  later cytogenetic or hematologic 
relapse is considered as treatment  ailure and an indication 
to change therapy. Because salvage therapy with other  KIs 
reestablishes good outcome, it is important to ensure patient 
compliance to continued  KI therapy and change therapy at 
the  rst sign o  cytogenetic relapse. Patients on  rontline ima-
tinib therapy should be closely monitored until documenta-
tion o  complete cytogenetic response, at which time they can 
be monitored every 6 months with peripheral blood FISH and 
PCR studies (to check  or concordance o  results), or more 
 requently i  there are concerns about changes in BCR-ABL1 
transcripts (e.g., every 3 months). Monitoring by molecular 
studies only is reasonable in patients who are in major molec-
ular response. Cytogenetic relapse on imatinib is an indi-
cation o  treatment  ailure and need to change  KI therapy. 
Mutational analysis in this instance helps in the selection o  
the next  KI and identi es mutations in 30–50% o  patients. 
Mutational studies in patients in complete cytogenetic 
response (in whom there may be concerns o  increasing BCR-
ABL1 transcripts) identi y mutations in ≤5% and are there-
 ore not indicated. Earlier response has been identi ed as a 
prognostic  actor  or long-term outcome, including achieve-
ment o  partial cytogenetic response (BCR-ABL1 transcripts 
≤10%) by 3–6 months o  therapy. Failure to achieve such a 
response on imatinib therapy has been associated with sig-
ni cantly worse survival in some studies (particularly when 
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191second-generation  KIs were not readily available as salvage 
therapy), but not in others (when they were).

T e use o  second-generation  KIs (nilotinib, dasat-
inib) as  rontline therapy changed the monitoring approach 
slightly. Patients are expected to achieve complete cytogenetic 
response by 3–6 months o  therapy. Failure to do so is associ-
ated with worse event- ree survival, trans ormation rates, and 
survival. However, the 3- to 5-year estimated survival among 
such patients is still high, around 80–90%, which is better 
than what would be anticipated i  such patients were o ered 
allogeneic SC  at that time. T us, this adverse response to 
therapy is considered a warning signal, but it is not known 
whether changing therapy to other  KIs at that time would 
improve longer term outcome.

TREATMENT OF ACCELERATED AND BLASTIC PHASES Patients in accel-
erated or blastic phase may receive therapy with  KIs, pre -
erably second- or third-generation  KIs (dasatinib, nilotinib, 
bosutinib, ponatinib), alone or in combination with chemo-
therapy, to reduce the CML burden, be ore undergoing allo-
geneic SC . Response rates with single-agent  KIs range 
 rom 30 to 50% in accelerated phase and  rom 20 to 30% in 
blastic phase. Cytogenetic responses, particularly complete 
cytogenetic responses, are uncommon (10–30%) and tran-
sient in blastic phase. Studies o   KIs in combination with 
chemotherapy are ongoing; the general experience suggests 
that combined  KI-chemotherapy strategies increase the 
response rates and their durability and improve survival. In 
CML lymphoid blastic phase, the combination o  anti-ALL 
chemotherapy with  KIs results in complete response rates 
o  60–70% and median survival times o  2–3 years (com-
pared with historical response rates o  40–50% and median 
survival times o  12–18 months).  his allows many patients 
to undergo allogeneic SC  in a state o  minimal CML bur-
den or secondary chronic phase, which are associated with 
higher cure rates. In CML nonlymphoid blastic phase, anti-
AML chemotherapy combined with  KIs results in CR rates 
o  30–50% and median survival times o  9–12 months (com-
pared with historical response rates o  20–30% and median 
survival times o  3–5 months). In accelerated phase, response 
to single  KIs is signi icant in conditions where “so ter” 
accelerated phase criteria are considered (e.g., clonal evolu-
tion alone, thrombocytosis alone, signi icant splenomegaly or 
resistance to hydroxyurea, but without evidence o  high blast 
and basophil percentages). In accelerated phase, combina-
tions usually include  KIs with low-intensity chemotherapy 
such as low-dose cytarabine, low-dose idarubicin, decitabine, 
inter eron α, hydroxyurea, or others.

OTHER TREATMENTS AND SPECIAL THERAPEUTIC CONSIDERATIONS 
Interferon α Inter eron α was a standard o  care be ore 2000. 
 oday, it is considered in combination with  KIs (an inves-
tigational approach), sometimes a er CML  ailure on  KIs, 
occasionally in patients during pregnancy, or as part o  

investigational strategies with  KIs to eradicate residual 
molecular disease.

Chemotherapeutic Agents Hydroxyurea and busul an were com-
monly used chemotherapeutic agents in the past. Hydroxyurea 
remains a sa e and e  ective agent (at daily doses o  0.5–10 g) 
to reduce initial CML burden, as a temporary measure in 
between de initive therapies, or in combination with  KIs 
to sustain complete hematologic or cytogenetic responses. 
Busul an is o ten used in allogeneic SC  preparative regi-
mens. Because o  its side e  ects (delayed myelosuppression, 
Addison-like disease, pulmonary and cardiac  ibrosis, myelo-
 ibrosis), it is now only rarely used in the chronic management 
o  CML. Low-dose cytarabine, decitabine, anthracyclines, 
6-mercaptopurine, 6-thioguanine, thiotepa, anagrelide, and 
other agents are use ul in di  erent CML settings to control 
the disease burden.

Others Splenectomy is occasionally considered to alleviate 
symptoms o  massive splenomegaly and/or hypersplenism. 
Splenic irradiation is rarely used, i  at all, because o  the 
postirradiation adhesions and complications. Leukapheresis 
is rarely used in patients presenting with extreme leukocyto-
sis and leukostatic complications. Single doses o  high-dose 
cytarabine or high doses o  hydroxyurea, with tumor lysis 
management, may be as e  ective and less cumbersome.

Special Considerations Women with CML who become preg-
nant should discontinue  KI therapy immediately. Among 
125 babies delivered to women with CML who discontinued 
 KI therapy as soon as the pregnancy was known, three 
babies were born with ocular, skeletal, and renal mal orma-
tions, suggesting the uncommon teratogenicity o  imatinib. 
T ere are no or little data with other  KIs. Control o  CML 
during pregnancy can be managed with leukapheresis  or 
severe symptomatic leukocytosis in the  rst trimester and 
with hydroxyurea subsequently until delivery. T ere are 
case reports o  success ul pregnancies and deliveries o  nor-
mal babies with inter eron α therapy and registry studies in 
essential thrombocytosis o  its sa ety, but inter eron α can 
be antiangiogenic and may increase the risk o  spontaneous 
abortions.

Patients on  KI therapy may develop chromosomal 
abnormalities in the Ph-negative cells. T ese may involve 
loss o  chromosome Y, trisomy 8, 20q–, chromosome 5 or 7 
abnormalities, and others. Most chromosomal abnormalities 
disappear spontaneously on  ollow-up and may be indica-
tive o  the genetic instability o  the hematopoietic stem cells 
that predispose the patient to develop CML in the  rst place. 
Rarely, abnormalities involving chromosomes 5 or 7 may 
be truly clonal and evolve into myelodysplastic syndrome 
or acute myeloid leukemia. T is is thought to be part o  the 
natural course o  patients in whom CML was suppressed 
and who live long enough to develop other hematologic 
malignancies.
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FIGURE 15 -3
Su rviva l in  ch ron ic  CP , a cce le ra ted   AP , an d  b la st ic cri-
sis  BC  p h ases o f ch ro n ic mye lo id  leu kem ia   CML  in  th e  
p op u la t io n -b ased  Swed ish  n a t ion a l reg ist ry stu d y. The 
accelerated- and blastic-phase cases are de novo presentations. 
The  avorable outcome with de novo blastic phase may be due to 
use o  20% blasts or more to de ne blastic phase. (With permis-
sion from Dr. Martin Hoglund, Swedish CML Registry, 2013.)
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GLOBAL ASPECTS OF CHRONIC MYELOID 
LEUKEMIA

 Routine physical exams and blood tests in the 
United States and advanced countries result in 
early detection o  CML in most patients. About 

50–70% o  patients with CML are diagnosed acciden-
tally, and high-risk CML as de ned by prognostic mod-
els (e.g., Sokal risk groups) is  ound in only 10–20% o  
patients. T is is not the same situation in emerging 
nations (e.g., India, China, A rican countries, the Mid-
dle East), where most patients are diagnosed  ollowing 
evaluation  or symptoms and many present with high 
tumor burdens, such as massive splenomegaly, and 
advanced phases o  CML (high-risk CML documented 
in 30–50%). T ere ore, the prognosis o  such patients 
on  KI therapy may be worse than the published 
experience.

T e high cost o   KI therapies (annual costs o  
$90,000–$140,000 in the United States; lower but 
variable in the rest o  the world) makes the general 
a ordability o  such treatments di cult. Although 
 KI treatment penetration is high in nations where 
cost o  therapy is not an issue (e.g., Sweden, Euro-
pean Union), it may be less so in other nations, even 
in advanced ones like the United States, where out-
o -pocket expenses may be prohibitive to a subset o  
patients (perhaps 10–20%). Based on the sales o  ima-
tinib worldwide and charity  ree drug supplies, it is 
estimated that less than 30% o  patients are treated 
with imatinib (or other  KIs) consistently. Although 
the estimated 10-year survival in CML is 85% in sin-
gle-institution studies (e.g., M.D. Anderson Cancer 
Center), in national studies in countries with  KI 
a ordability (Sweden) (Figs. 15-2 and 15-3) or in com-
pany-sponsored studies (where all patients have access 
to  KIs throughout their care), the estimated 10-year 
survival worldwide, even 12 years a er the introduction 
o   KI therapies, is likely to be less than 50%. T e Sur-
veillance, Epidemiology, and End Results (SEER) data 
 rom the United States report an estimated 5-year sur-
vival rate o  60% in the era o   KIs.

T e current high cost o   KI therapies poses two 
additional considerations. T e  rst are the treatment 

pathways and guidelines in nations where  KIs may 
not be a ordable by patients or the health care system. 
In these conditions, there are trends o  pathways advo-
cating  rontline allogeneic SC  (a one-time cost o  
$30,000–$50,000) despite the associated mortality and 
morbidities. T e second is the choice o   rontline  KI 
therapy once imatinib becomes available in generic 
 orms (hope ully at much lower annual prices, e.g., 
$2,000–$10,000). T is will depend on the maturing 
data in randomized studies o  second-generation  KIs 
versus imatinib in relation to important long-term out-
come endpoints, particularly survival, but also event-
 ree survival and trans ormation- ree survival.
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Malignancies o  lymphoid cells range  rom the most indo-
lent to the most aggressive human malignancies. T ese 
cancers arise  rom cells o  the immune system at di er-
ent stages o  di erentiation, resulting in a wide range o  
morphologic, immunologic, and clinical  ndings. Insights 
on the normal immune system have allowed a better 
understanding o  these sometimes con using disorders.

Some malignancies o  lymphoid cells almost always 
present as leukemia (i.e., primary involvement o  bone 
marrow and blood), while others almost always present 
as lymphomas (i.e., solid tumors o  the immune system). 
However, other malignancies o  lymphoid cells can pres-
ent as either leukemia or lymphoma. In addition, the 
clinical pattern can change over the course o  the illness. 
T is change is more o en seen in a patient who seems to 
have a lymphoma and then develops the mani estations 
o  leukemia over the course o  the illness.

BIOLOGY OF LYMPHOID MALIGNANCIES: 
CONCEPTS OF THE WORLD HEALTH 
ORGANIZATION CLASSIFICATION OF 
LYMPHOID MALIGNANCIES

T e classi cation o  lymphoid cancers evolved steadily 
throughout the twentieth century. T e distinction 
between leukemia and lymphoma was made early, and 
separate classi cation systems were developed  or each. 
Leukemias were  rst divided into acute and chronic 
subtypes based on average survival. Chronic leuke-
mias were easily subdivided into those o  lymphoid or 
myeloid origin based on morphologic characteristics. 
However, a spectrum o  diseases that were  ormerly all 
called chronic lymphoid leukemia has become appar-
ent (Table 16-1). T e acute leukemias were usually 
malignancies o  blast cells with  ew identi ying charac-
teristics. When cytochemical stains became available, 
it was possible to divide these objectively into myeloid 

MALIGNANCIES OF LYMPHOID CELLS

CHAP TER 1 6

malignancies and acute leukemias o  lymphoid cells. 
Acute leukemias o  lymphoid cells have been subdi-
vided based on morphologic characteristics by the 
French-American-British (FAB) group (Table 16-2). 
Using this system, lymphoid malignancies o  small uni-
 orm blasts (e.g., typical childhood acute lymphoblastic 
leukemia) were called L1, lymphoid malignancies with 
larger and more variable size cells were called L2, and 
lymphoid malignancies o  uni orm cells with basophilic 
and sometimes vacuolated cytoplasm were called L3 
(e.g., typical Burkitt’s lymphoma cells). Acute leuke-
mias o  lymphoid cells have also been subdivided based 
on immunologic (i.e.,   cell vs B cell) and cytogenetic 
abnormalities ( able 16-2). Major cytogenetic 
subgroups include the t(9;22) (e.g., Philadelphia 

TABLE 16-1  
LYMPHOID DISORDERS THAT CAN PRESENT AS 
“CHRONIC LEUKEMIA” AND BE CONFUSED WITH 
TYPICAL B-CELL CHRONIC LYMPHOID LEUKEMIA
Follicular lymphoma
Splenic marginal zone 
lymphoma

Nodal marginal zone 
lymphoma

Mantle cell lymphoma
Hairy cell leukemia

Prolymphocytic leukemia  
(B cell or T cell)

Lymphoplasmacytic 
lymphoma

Sézary’s syndrome
Smoldering adult T-cell 
leukemia/lymphoma

TABLE 16 -2  
CLASSIFICATION OF ACUTE LYMPHOID LEUKEMIA 
(ALL)

IMMUNOLOGIC 
SUBTYPE

% OF 
CASES

FAB 
SUBTYPE

CYTOGENETIC 
ABNORMALITIES

Pre-B ALL  75  L1, L2  t(9;22), t(4;11), t(1;19)
T-cell ALL  20  L1, L2  14q11 or 7q34
B-cell ALL  5  L3  t(8;14), t(8;22), t(2;8)

Abbrevia t ion: FAB, French-American-British classi cation.
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194 chromosome–positive acute lymphoblastic leukemia) 
and the t(8;14)  ound in the L3 or Burkitt’s leukemia.

Non-Hodgkin’s lymphomas were separated  rom 
Hodgkin’s lymphoma by recognition o  the Sternberg-
Reed cells early in the twentieth century. T e histo-
logic classi cation  or non-Hodgkin’s lymphomas has 
been one o  the most contentious issues in oncology. 
Imper ect morphologic systems were supplanted by 
imper ect immunologic systems, and poor reproduc-
ibility o  diagnosis has hampered progress. In 1999, the 
World Health Organization (WHO) classi cation o  
lymphoid malignancies was devised through a process 
o  consensus development among international leaders 

in hematopathology and clinical oncology. T e WHO 
classi cation takes into account morphologic, clinical, 
immunologic, and genetic in ormation and attempts to 
divide non-Hodgkin’s lymphomas and other lymphoid 
malignancies into clinical/pathologic entities that have 
clinical and therapeutic relevance. T is system is pre-
sented in Table 16-3. T is system is clinically relevant 
and has a higher degree o  diagnostic accuracy than 
those used previously. T e possibilities  or subdivid-
ing lymphoid malignancies are extensive. However, 
 able 16-3 presents in bold those malignancies that 
occur in at least 1% o  patients. Speci c lymphoma sub-
types will be dealt with in more detail below.

TABLE 16 -3  
WHO CLASSIFICATION OF LYMPHOID MALIGNANCIES

B CELL  T CELL  HODGKIN’S LYMPHOMA

Precursor B-cell neoplasm
 Precursor B lymphoblastic leukemia/ 
  lymphoma (precursor B-cell acute lym-

phoblastic leukemia) includes subtypes 
with recurrent genetic abnormalities

Mature (peripheral) B-cell neoplasms

Precursor T-cell neoplasm
 Precu rso r T lym p h ob la st ic  
  lymp homa/leukemia  p recursor  

T ce ll acu te  lym p h o b last ic 
leu kem ia  

Mature (peripheral) T-cell neoplasms

Nodular lymphocyte-predominant  
Hodgkin’s lymphoma

Classical Hodgkin’s lymphoma

 B ce ll ch ron ic lym p h o cyt ic  
  leu kem ia /sm a ll lym p h o cyt ic 

lym p h om a
 B-cell prolymphocytic leukemia
 Lym p h op la sm acyt ic lym p h om a 
  Wald en st rö m’s m acro g lob u lin em ia  

 Splenic marginal zone B-cell  
 lymphoma (± villous lymphocytes)

 Hairy cell leukemia

 T-cell prolymphocytic leukemia
 

 T-cell granular lymphocytic leukemia
 Aggressive NK cell leukemia

 Adult T-cell lymphoma/leukemia  
 (HTLV-1+)

 Extranodal NK/T-cell lymphoma,  
 nasal type

Nodular sclerosis classical Hodgkin’s lymphoma
 

Lymphocyte-rich classical Hodgkin’s lymphoma
Mixed-cellularity classical Hodgkin’s 
lymphoma

Lymphocyte-depletion classical Hodgkin’s 
lymphoma

 Pla sm a  ce ll mye lom a/p la sm acytom a
 Ext ran o d a l m arg in a l zon e  B ce ll  
 lym p h om a o   MALT typ e

 Man t le  ce ll lym p h o m a

 Enteropathy-type T-cell lymphoma
 Hepatosplenic γδ T-cell lymphoma

 Subcutaneous panniculitis-like  
 T-cell lymphoma

 Fo llicu la r lym p h o m a

 No d a l m arg in a l zo n e  B ce ll  
 lym p h om a  ± m on o cyto id  B ce lls 

 Di u se  la rg e  B ce ll lym p h o m a   
  in clu d in g  su b typ es 

 Bu rkit t ’s lym p h om a/Bu rkit t ’s  
 ce ll leu kem ia

 Primary mediastinal large  
 B-cell lymphoma

 Plasmablastic lymphoma
 Primary e usion lymphoma
 Large B-cell lymphoma arising in  
 HHV-8+ multicentric Castleman’s disease

 Intravascular large B-cell lymphoma
 ALK+ large B-cell lymphoma
 Primary cutaneous γδ T-cell lymphoma

 Mycosis  ungoides/Sézary’s  
 syndrome

 Anaplastic large cell lymphoma,  
 primary cutaneous type

 Pe rip hera l T ce ll lym p hom a, no t   
 o the rwise  sp ecif ed   NOS 

 Angioimmunoblastic T-cell  
 lymphoma

 Anap last ic la rge  ce ll lym p hom a,  
 ALK+

Note: Malignancies in bold occur in at least 1% o  patients.
Abbrevia tions: HHV, human herpesvirus; HTLV, human T-cell lymphotropic virus; MALT, mucosa-associated lymphoid tissue; NK, natural killer; WHO, World 
Health Organization.
Source: Adapted  rom SH Swerdlow et al: WHO Classif cation o  Tumours o  Haematopoietic and Lymphoid Tissues, 4th ed. World Health Organization, 2008.
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195Lymphomas occurring in fewer than 1% of patients 
with lymphoproliferative diseases are discussed in 
Chap. 17.

GENERAL ASPECTS OF LYMPHOID 
MALIGNANCIES

ETIOLOGY AND EPIDEMIOLOGY
T e relative  requency o  the various lymphoid malig-
nancies is shown in Fig. 16-1. Chronic lymphoid leu-
kemia (CLL) is the most prevalent  orm o  leukemia in 
Western countries. It occurs most  requently in older 
adults and is exceedingly rare in children. In 2014, 
15,720 new cases were diagnosed in the United States, 
but because o  the prolonged survival associated with 
this disorder, the total prevalence is many times higher. 
CLL is more common in men than in women and more 
common in whites than in blacks. T is is an uncommon 
malignancy in Asia. T e etiologic  actors  or typical 
CLL are unknown.

In contrast to CLL, acute lymphoid leukemias 
(ALLs) are predominantly cancers o  children and 
young adults. T e L3 or Burkitt’s leukemia occurring 
in children in developing countries seems to be associ-
ated with in ection by the Epstein-Barr virus (EBV) in 

in ancy. However, the explanation  or the etiology o  
more common subtypes o  ALL is much less certain. 
Childhood ALL occurs more o en in higher socioeco-
nomic subgroups. Children with trisomy 21 (Down’s 
syndrome) have an increased risk  or childhood ALL 
as well as acute myeloid leukemia (AML). Exposure to 
high-energy radiation in early childhood increases the 
risk o  developing  -cell ALL.

T e etiology o  ALL in adults is also uncertain. ALL 
is unusual in middle-aged adults but increases in inci-
dence in the elderly. However, AML is still much more 
common in older patients. Environmental exposures, 
including certain industrial exposures, exposure to 
agricultural chemicals, and smoking, might increase 
the risk o  developing ALL as an adult. ALL was diag-
nosed in 6020 persons and AML in 18,860 persons in 
the United States in 2014.

T e preponderance o  evidence suggests that Hodg-
kin’s lymphoma is o  B-cell origin. T e incidence o  
Hodgkin’s lymphoma appears  airly stable, with 9190 
new cases diagnosed in 2014 in the United States. 
Hodgkin’s lymphoma is more common in whites 
than in blacks and more common in males than in 
 emales. A bimodal distribution o  age at diagnosis has 
been observed, with one peak incidence occurring in 
patients in their twenties and the other in those in their 
eighties. Some o  the late age peak may be attributed 

Pla s ma  ce ll
dis orde rs

16%

Non-Hodgkin’s
lymphoma

62.4%

Non-Hodgkin’s
lymphoma
s ubtype s

31% Diffus e  la rge  B-ce ll lymphoma

22% Follicula r lymphoma

7.6% MALT lymphoma

7.6% Mature  T-ce ll lymphoma

6.7% S ma ll lymphocytic lymphoma

6% Ma ntle  ce ll lymphoma
2.4% Me dia s tina l la rge  B-ce ll lymphoma
2.4% Ana pla s tic la rge  ce ll lymphoma
2.4% Burkitt’s  lymphoma

1.8% Noda l ma rgina l zone  lymphoma
1.7% Pre curs or T lymphobla s tic lymphoma
1.2% Lymphopla s ma cytic lymphoma
7.4% Othe rs

CLL
9%

ALL
3.8%

Hodgkin’s
dise a s e

8.2%

FIGURE 16 -1
Re la t ive   req u en cy o   lym p h o id  m alig n an cie s. ALL, acute lymphoid leukemia; CLL, chronic lymphoid leukemia; MALT, mucosa-
associated lymphoid tissue.
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196 to con usion among entities with similar appearance 
such as anaplastic large cell lymphoma and  -cell–rich 
B-cell lymphoma. Patients in the younger age groups 
diagnosed in the United States largely have the nodu-
lar sclerosing subtype o  Hodgkin’s lymphoma. Elderly 
patients, patients in ected with HIV, and patients in 
T ird World countries more commonly have mixed-
cellularity Hodgkin’s lymphoma or lymphocyte-
depleted Hodgkin’s lymphoma. In ection by HIV is 
a risk  actor  or developing Hodgkin’s lymphoma. In 
addition, an association between in ection by EBV and 
Hodgkin’s lymphoma has been suggested. A monoclo-
nal or oligoclonal proli eration o  EBV-in ected cells in 
20–40% o  the patients with Hodgkin’s lymphoma has 
led to proposals  or this virus having an etiologic role 
in Hodgkin’s lymphoma. However, the matter is not set-
tled de nitively.

For unknown reasons, non-Hodgkin’s lymphomas 
increased in  requency in the United States at the rate 
o  4% per year and increased 2–8% per year globally 
between 1950 and the late 1990s. T e rate o  increase 
in the past  ew years seems to be decreasing. About 
70,800 new cases o  non-Hodgkin’s lymphoma were 
diagnosed in the United States in 2014 and nearly 
360,000 cases worldwide. Non-Hodgkin’s lymphomas 
are more  requent in the elderly and more  requent 
in men. Patients with both primary and secondary 
immunode ciency states are predisposed to develop-
ing non-Hodgkin’s lymphomas. T ese include patients 
with HIV in ection; patients who have undergone 
organ transplantation; and patients with inherited 
immune de ciencies, the sicca syndrome, and rheu-
matoid arthritis.

T e incidence o  non-Hodgkin’s lymphomas and the 
patterns o  expression o  the various subtypes di er 
geographically.  -cell lymphomas are more common 
in Asia than in Western countries, while certain sub-
types o  B-cell lymphomas such as  ollicular lymphoma 
are more common in Western countries. A speci c 
subtype o  non-Hodgkin’s lymphoma known as the 
angiocentric nasal  /natural killer (NK) cell lymphoma 
has a striking geographic occurrence, being most 
 requent in Southern Asia and parts o  Latin America. 
Another subtype o  non-Hodgkin’s lymphoma associ-
ated with in ection by human  -cell lymphotropic virus 
(H LV) 1 is seen particularly in southern Japan and the 
Caribbean.

A number o  environmental  actors have been impli-
cated in the occurrence o  non-Hodgkin’s lymphoma, 
including in ectious agents, chemical exposures, and 
medical treatments. Several studies have demonstrated 
an association between exposure to agricultural chemi-
cals and an increased incidence o  non-Hodgkin’s 
lymphoma. Patients treated  or Hodgkin’s lymphoma 
can develop non-Hodgkin’s lymphoma; it is unclear 

whether this is a consequence o  the Hodgkin’s lym-
phoma or its treatment. However, a number o  non-
Hodgkin’s lymphomas are associated with in ectious 
agents (Table 16-4). H LV-1 in ects   cells and leads 
directly to the development o  adult  -cell lymphoma 
in a small percentage o  in ected patients. T e cumula-
tive li etime risk o  developing lymphoma in an in ected 
patient is 2.5%. T e virus is transmitted by in ected lym-
phocytes ingested by nursing babies o  in ected moth-
ers, bloodborne transmission, or sexually. T e median 
age o  patients with adult  -cell lymphoma is ~56 years, 
emphasizing the long latency. H LV-1 is also the cause 
o  tropical spastic paraparesis—a neurologic disorder 
that occurs somewhat more  requently than lymphoma 
and with shorter latency and usually  rom trans usion-
transmitted virus.

EBV is associated with the development o  Burkitt’s 
lymphoma in Central A rica and the occurrence o  
aggressive non-Hodgkin’s lymphomas in immunosup-
pressed patients in Western countries. T e majority o  
primary central nervous system (CNS) lymphomas are 
associated with EBV. EBV in ection is strongly asso-
ciated with the occurrence o  extranodal nasal  /NK 
cell lymphomas in Asia and South America. In ection 
with HIV predisposes to the development o  aggressive, 
B-cell non-Hodgkin’s lymphoma. T is may be through 
overexpression o  interleukin 6 by in ected macro-
phages. In ection o  the stomach by the bacterium 
Helicobacter pylori induces the development o  gastric 
MAL  (mucosa-associated lymphoid tissue) lympho-
mas. T is association is supported by evidence that 

TABLE 16 -4  
INFECTIOUS AGENTS ASSOCIATED WITH THE 
DEVELOPMENT OF LYMPHOID MALIGNANCIES

INFECTIOUS AGENT  LYMPHOID MALIGNANCY

Epstein-Barr virus  Burkitt’s lymphoma
Post–organ transplant lymphoma
Primary CNS di use large B-cell 
lymphoma

Hodgkin’s lymphoma
Extranodal NK/T-cell lymphoma, 
nasal type

HTLV-1  Adult T-cell leukemia/lymphoma
HIV  Di use large B-cell lymphoma

Burkitt’s lymphoma
Hepatitis C virus  Lymphoplasmacytic lymphoma
Helicobacter pylori Gastric MALT lymphoma
Human herpesvirus 8  Primary e usion lymphoma

Multicentric Castleman’s disease

Abbrevia t ions: CNS, central nervous system; HIV, human immunode -
ciency virus; HTLV, human T-cell lymphotropic virus; MALT, mucosa-
associated lymphoid tissue; NK, natural killer.
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197patients treated with antibiotics to eradicate H. pylori 
have regression o  their MAL  lymphoma. T e bacte-
rium does not trans orm lymphocytes to produce the 
lymphoma; instead, a vigorous immune response is 
made to the bacterium, and the chronic antigenic stim-
ulation leads to the neoplasia. MAL  lymphomas o  
the skin may be related to Borrelia sp. in ections, those 
o  the eyes to Chlamydophila psittaci, and those o  the 
small intestine to Campylobacter jejuni.

Chronic hepatitis C virus in ection has been asso-
ciated with the development o  lymphoplasmacytic 
lymphoma. Human herpesvirus 8 is associated with 
primary e usion lymphoma in HIV-in ected persons 
and multicentric Castleman’s disease, a di use lymph-
adenopathy associated with systemic symptoms o   ever, 
malaise, and weight loss.

In addition to in ectious agents, a number o  other 
diseases or exposures may predispose to developing 
lymphoma (Table 16-5).

IMMUNOLOGY
All lymphoid cells are derived  rom a common hema-
topoietic progenitor that gives rise to lymphoid, 
myeloid, erythroid, monocyte, and megakaryocyte 
lineages. T rough the ordered and sequential activa-
tion o  a series o  transcription  actors, the cell  rst 
becomes committed to the lymphoid lineage and then 
gives rise to B and   cells. About 75% o  all lymphoid 
leukemias and 90% o  all lymphomas are o  B-cell ori-
gin. A cell becomes committed to B-cell development 
when it begins to rearrange its immunoglobulin genes. 
T e sequence o  cellular changes, including changes in 
cell-sur ace phenotype, that characterizes normal B-cell 

development is shown in Fig. 16-2. A cell becomes 
committed to  -cell di erentiation upon migration to 
the thymus and rearrangement o   -cell antigen recep-
tor genes. T e sequence o  the events that characterize 
 -cell development is depicted in Fig. 16-3.

Although lymphoid malignancies o en retain the 
cell-sur ace phenotype o  lymphoid cells at particu-
lar stages o  di erentiation, this in ormation is o  little 
consequence. T e so-called stage o  di erentiation 
o  a malignant lymphoma does not predict its natu-
ral history. For example, the clinically most aggressive 
lymphoid leukemia is Burkitt’s leukemia, which has 
the phenotype o  a mature  ollicle center IgM-bearing 
B cell. Leukemias bearing the immunologic cell-sur ace 
phenotype o  more primitive cells (e.g., pre-B ALL, 
CD10+) are less aggressive and more amenable to cura-
tive therapy than the “more mature” appearing Burkitt’s 
leukemia cells. Furthermore, the apparent stage o  di -
 erentiation o  the malignant cell does not re ect the 
stage at which the genetic lesions that gave rise to the 
malignancy developed. For example,  ollicular lym-
phoma has the cell-sur ace phenotype o  a  ollicle 
center cell, but its characteristic chromosomal translo-
cation, the t(14;18), which involves juxtaposition o  the 
antiapoptotic bcl-2 gene next to the immunoglobulin 
heavy chain gene (see below), had to develop early in 
ontogeny as an error in the process o  immunoglobulin 
gene rearrangement. Why the subsequent steps that led 
to trans ormation became mani est in a cell o   ollicle 
center di erentiation is not clear.

T e major value o  cell-sur ace phenotyping is to aid 
in the di erential diagnosis o  lymphoid tumors that 
appear similar by light microscopy. For example, benign 
 ollicular hyperplasia may resemble  ollicular lymphoma; 
however, the demonstration that all the cells bear the 
same immunoglobulin light chain isotype strongly sug-
gests the mass is a clonal proli eration rather than a poly-
clonal response to an exogenous stimulus.

Malignancies o  lymphoid cells are associated 
with recurring genetic abnormalities. While speci c 
genetic abnormalities have not been identi ed  or all 
subtypes o  lymphoid malignancies, it is presumed 
that they exist. Genetic abnormalities can be identi-
 ed at a variety o  levels including gross chromosomal 
changes (i.e., translocations, additions, or deletions); 
rearrangement o  speci c genes that may or may not 
be apparent  rom cytogenetic studies; and overex-
pression, underexpression, or mutation o  speci c 
oncogenes. Altered expression or mutation o  speci c 
proteins is particularly important. Many lymphomas 
contain balanced chromosomal translocations involv-
ing the antigen receptor genes; immunoglobulin genes 
on chromosomes 2, 14, and 22 in B cells; and  -cell 
antigen receptor genes on chromosomes 7 and 14 in 
  cells. T e rearrangement o  chromosome segments 

TABLE 16-5  
DISEASES OR EXPOSURES ASSOCIATED WITH 
INCREASED RISK OF DEVELOPMENT OF MALIGNANT 
LYMPHOMA
Inherited immunode ciency 
disease

 Kline elter’s syndrome
 Chédiak-Higashi  
 syndrome

 Ataxia-telangiectasia  
 syndrome

 Wiskott-Aldrich syndrome
 Common variable  
  immunode ciency disease

Acquired immunode ciency 
diseases

 Iatrogenic  
 immunosuppression

 HIV-1 in ection
 Acquired  
 hypogammaglobulinemia

Autoimmune disease
 Sjögren’s syndrome
 Celiac sprue
 Rheumatoid arthritis  
  and systemic lupus 

erythematosus
Chemical or drug exposures
 Phenytoin
 Dioxin, phenoxy  
 herbicides

 Radiation
 Prior chemotherapy and  
 radiation therapy
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TdT TdT
HCR

HCR
λR or D

TdT
HCR
κR or D

H

Unclassified
ALL

HLA–DR+

CD19+
HLA–DR+

CD19+

CD10+

HLA–DR+

CD19+

CD10+

CD20+

CD22+

HLA–DR+

CD19+

CD20+

CD22+

CD21+

HLA–DR+

CD19+

CD20+

CD22+

CD21+

HLA–DR+

CD19+

CD20+

CD22+

CD21+

HLA–DR+

CD19+/−

CD20+

CD22+/−

CD21+/−

H

Burkitt’s
Lymphoid follicle

IgM
IgD

HLA–DR+

CD19+

CD10+/−

CD20+

CD22+

CD21+

CD5+

HLA–DR+

CD19+

CD20+

CD22+/−

CD21+

CD5+

Waldenström’s

Follicular center B cells
Multiple

myeloma

Mantle  cell
lymphoma

CLL
SL

Pre–B ALL

Follicular/diffuse
lymphomas

Bone  marrow

IgM

IgG

IgM

IgM

IgM
IgD

IgM±IgG
or
IgG

IgM±IgD

CD19+/−

CD20+

CD38+

CD38+

PCA–1+

Lymphoid
stem cell Early B cells Intermediate  B cells

Mature
B cells

Antigen-independent differentia tion  Antigen-driven differentia tion

Mantle  zone  B cells

Secretory B cells

to generate mature antigen receptors must create a site 
o  vulnerability to aberrant recombination. B cells are 
even more susceptible to acquiring mutations during 
their maturation in germinal centers; the generation 
o  antibody o  higher af nity requires the introduction 
o  mutations into the variable region genes in the ger-
minal centers. Other nonimmunoglobulin genes, e.g., 
bcl-6, may acquire mutations as well.

In the case o  di use large B-cell lymphoma, the 
translocation t(14;18) occurs in ~30% o  patients 
and leads to overexpression o  the bcl-2 gene  ound 
on chromosome 18. Some other patients without the 
translocation also overexpress the BCL-2 protein. T is 
protein is involved in suppressing apoptosis—i.e., the 
mechanism o  cell death most o en induced by cyto-
toxic chemotherapeutic agents. A higher relapse rate 

has been observed in patients whose tumors over-
express the BCL-2 protein, but not in those patients 
whose lymphoma cells show only the translocation. 
T us, particular genetic mechanisms have clinical 
rami cations.

Table 16-6 presents the most common translocations 
and associated oncogenes  or various subtypes o  lym-
phoid malignancies. In some cases, such as the associa-
tion o  the t(14;18) in  ollicular lymphoma, the t(2;5) 
in anaplastic large  /null cell lymphoma, the t(8;14) in 
Burkitt’s lymphoma, and the t(11;14) in mantle cell lym-
phoma, the great majority o  tumors in patients with 
these diagnoses display these abnormalities. In other 
types o  lymphoma where a minority o  the patients 
have tumors expressing speci c genetic abnormali-
ties, the de ects may have prognostic signi cance. No 

FIGURE 16 -2
Pathway o   n o rm a l B ce ll d i e ren t ia t io n  an d  re la t ion  
sh ip  to  B ce ll lym p h om as. HLA-DR, CD10, CD19, CD20, CD21, 
CD22, CD5, and CD38 are cell markers used to distinguish stages 
o  development. Terminal trans erase (TdT) is a cellular enzyme. 
Immunoglobulin heavy chain gene rearrangement (HCR) and  

 
light chain gene rearrangement or deletion (κR or D, λR or D) 
occur early in B-cell development. The approximate normal stage 
o  di erentiation associated with particular lymphomas is shown. 
ALL, acute lymphoid leukemia; CLL, chronic lymphoid leukemia; 
SL, small lymphocytic lymphoma.
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speci c genetic abnormalities have been identi ed in 
Hodgkin’s lymphoma other than aneuploidy.

In typical B-cell CLL, trisomy 12 conveys a poorer 
prognosis. In ALL in both adults and children, genetic 
abnormalities have important prognostic signi cance. 
Patients whose tumor cells display the t(9;22) and 
translocations involving the MLL gene on chromo-
some 11q23 have a much poorer outlook than patients 
who do not have these translocations. Other genetic 
abnormalities that occur  requently in adults with ALL 
include the t(4;11) and the t(8;14). T e t(4;11) is asso-
ciated with younger age,  emale predominance, high 
white cell counts, and L1 morphology. T e t(8;14) is 
associated with older age, male predominance,  re-
quent CNS involvement, and L3 morphology. Both are 
associated with a poor prognosis. In childhood ALL, 
hyperdiploidy has been shown to have a  avorable 
prognosis.

Gene pro ling using array technology allows the 
simultaneous assessment o  the expression o  thou-
sands o  genes. T is technology provides the possibil-
ity to identi y new genes with pathologic importance 

in lymphomas, the identi cation o  patterns o  gene 
expression with diagnostic and/or prognostic signi -
cance, and the identi cation o  new therapeutic tar-
gets. Recognition o  patterns o  gene expression is 
complicated and requires sophisticated mathemati-
cal techniques. Early successes using this technology 
in lymphoma include the identi cation o  previously 
unrecognized subtypes o  di use large B-cell lymphoma 
whose gene expression patterns resemble either those o  
 ollicular center B cells or activated peripheral blood B 
cells. Patients whose lymphomas have a germinal cen-
ter B-cell pattern o  gene expression have a consider-
ably better prognosis than those whose lymphomas 
have a pattern resembling activated peripheral blood B 
cells. T is improved prognosis is independent o  other 
known prognostic  actors. Similar in ormation is being 
generated in  ollicular lymphoma and mantle cell lym-
phoma. T e challenge remains to provide in ormation 
 rom such techniques in a clinically use ul time  rame.

T-CELL
DIFFERENTIATION

T-CELL
MALIGNANCIESTHYMUS

Stage I
Prothymocyte

Stage II
Thymocyte

Stage III
Thymocyte

Majority of 
T cell ALL

Minority of T-ALL
Majority of T-LL

Minority of T-LL
Rare  T-ALL

Majority of
T-CLL, CTCL,
Sezary Cell, NHL

Minority of
T-CLL, NHL

Mature  T Helper
Cell

Mature  T Cytotoxic/
Suppressor Cell

CD:  2, 7, 38, 71

CD:  1, 2, 4, 7, 8, 38

CD:  2, 3, 4/8, 5, 6, 7;  TCR

CD:  2, 3, 4, 5, 6, 7;  TCR

CD:  2, 3, 4, 5, 6, 7;  TCR

PERIPHERAL BLOOD AND NODES

FIGURE 16 -3
Pathway o   n o rm a l T ce ll d i e ren t ia t io n  an d  re la t ion  
sh ip  to  T ce ll lym p h om as. CD1, CD2, CD3, CD4, CD5, CD6, 
CD7, CD8, CD38, and CD71 are cell markers used to distinguish 
stages o  development. T-cell antigen receptors (TCR) rearrange 
in the thymus, and mature T cells emigrate to nodes and periph-
eral blood. ALL, acute lymphoid leukemia; T-ALL, T-cell ALL; T-LL, 
T-cell lymphoblastic lymphoma; T-CLL, T-cell chronic lymphoid 
leukemia; CTCL, cutaneous T-cell lymphoma; NHL, non-Hodgkin’s 
lymphoma.

TABLE 16 -6  
CYTOGENETIC TRANSLOCATION AND ASSOCIATED 
ONCOGENES OFTEN SEEN IN LYMPHOID 
MALIGNANCIES

DISEASE
CYTOGENETIC 
ABNORMALITY  ONCOGENE

CLL/small lympho-
cytic lymphoma

t(14;15)(q32;q13)  —

MALT lymphoma  t(11;18)(q21;q21) API2/MALT, 
BCL-10

Precursor B-cell  
acute lymphoid 
leukemia

t(9;22)(q34;q11) or 
variant

t(4;11)(q21;q23)
t(12;21)

BCR/ABL
AF4, MLLI
TEL, AML1

Precursor acute  
lymphoid leukemia

t(9;22)
t(1;19)
t(17;19)
t(5;14)

BCR, ABL
E2A, PBX
HLF, E2A
HOX11L2, 
CTIP2

Mantle cell 
lymphoma

t(11;14)(q13;q32) BCL-1, IgH

Follicular lymphoma  t(14;18)(q32;q21) BCL-2, IgH
Di use large cell 
lymphoma

t(3;-)(q27;-)a

t(17;-)(p13;-)
BCL-6
p53

Burkitt’s lymphoma, 
Burkitt’s leukemia

t(8;-)(q24;-)a C-MYC

CD30+ anaplastic 
large cell lymphoma

t(2;5)(p23;q35) ALK, NPM

Lymphoplasmacytoid 
lymphoma

t(9;14)(p13;q32) PAX5, IgH

aNumerous sites o  translocation may be involved with these genes.
Abbrevia t ions: CLL, chronic lymphoid leukemia; IgH, immunoglobulin 
heavy chain; MALT, mucosa-associated lymphoid tissue.

16_Hematology_ch16_p193-215.indd   199  04/08/16   5:15 PM



S

E

C

T

I

O

N

 

V

H

e

m

a

t

o

l

o

g

i

c

 

M

a

l

i

g

n

a

n

c

i

e

s

200 TABLE 16 -7  
STAGING OF TYPICAL B-CELL LYMPHOID LEUKEMIA

STAGE  CLINICAL FEATURES

MEDIAN 
SURVIVAL, 
YEARS

Rai System
0: Low risk  Lymphocytosis only in blood 

and marrow
>10

I: Intermediate 
risk

Lymphocytosis + 
lymphadenopathy

7

II: Intermediate 
risk

Lymphocytosis + lymphade-
nopathy + splenomegaly ± 
hepatomegaly

III: High risk  Lymphocytosis + anemia  1.5
IV: High risk  Lymphocytosis + 

thrombocytopenia
Bin e t  System
A  Fewer than three areas o  

clinical lymphadenopathy; no 
anemia or thrombocytopenia

>10

B  Three or more involved 
node areas; no anemia or 
thrombocytopenia

7

C  Hemoglobin ≤10 g/dL and/or 
platelets <100,000/µL

2

APPROACH TO THE PATIENT:
Lymphoid Cell Malignancies
Regardless o  the type o  lymphoid malignancy, the initial 
evaluation o  the patient should include per ormance o  a 
care ul history and physical examination. T ese will help 
con rm the diagnosis, identi y those mani estations o  the 
disease that might require prompt attention, and aid in the 
selection o   urther studies to optimally characterize the 
patient’s status to allow the best choice o  therapy. It is di -
 cult to overemphasize the importance o  a care ully done 
history and physical examination. T ey might provide 
observations that lead to reconsidering the diagnosis, pro-
vide hints at etiology, clari y the stage, and allow the phy-
sician to establish rapport with the patient that will make 
it possible to develop and carry out a therapeutic plan.

For patients with ALL, evaluation is usually completed 
a er a complete blood count, chemistry studies re ecting 
major organ  unction, a bone marrow biopsy with genetic 
and immunologic studies, and a lumbar puncture. T e lat-
ter is necessary to rule out occult CNS involvement. At this 
point, most patients would be ready to begin therapy. In 
ALL, prognosis is dependent on the genetic characteristics 
o  the tumor, the patient’s age, the white cell count, and the 
patient’s overall clinical status and major organ  unction.

In CLL, the patient evaluation should include a com-
plete blood count, chemistry tests to measure major organ 
 unction, serum protein electrophoresis, and a bone mar-
row biopsy. However, some physicians believe that the 
diagnosis would not always require a bone marrow biopsy. 
Patients o en have imaging studies o  the chest and abdo-
men looking  or pathologic lymphadenopathy. Patients 
with typical B-cell CLL can be subdivided into three major 
prognostic groups. T ose patients with only blood and 
bone marrow involvement by leukemia but no lymphade-
nopathy, organomegaly, or signs o  bone marrow  ailure 
have the best prognosis. T ose with lymphadenopathy 
and organomegaly have an intermediate prognosis, and 
patients with bone marrow  ailure, de ned as hemoglobin 
<100 g/L (10 g/dL) or platelet count <100,000/µL, have 
the worst prognosis. T e pathogenesis o  the anemia or 
thrombocytopenia is important to discern. T e prognosis 
is adversely a ected when either or both o  these abnor-
malities are due to progressive marrow in ltration and 
loss o  productive marrow. However, either or both may 
be due to autoimmune phenomena or to hypersplenism 
that can develop during the course o  the disease. T ese 
destructive mechanisms are usually completely reversible 
(glucocorticoids  or autoimmune disease; splenectomy  or 
hypersplenism) and do not in uence disease prognosis.

 wo popular staging systems have been developed to 
re ect these prognostic groupings (Table 16-7). Patients 
with typical B-cell CLL can have their course complicated 
by immunologic abnormalities, including autoimmune 
hemolytic anemia, autoimmune thrombocytopenia, and 

hypogammaglobulinemia. Patients with hypogammaglobu-
linemia bene t  rom regular (monthly) γ globulin admin-
istration. Because o  expense, γ globulin is o en withheld 
until the patient experiences a signi cant in ection. T ese 
abnormalities do not have a clear prognostic signi cance 
and should not be used to assign a higher stage.

 wo other  eatures may be used to assess progno-
sis in B-cell CLL, but neither has yet been incorporated 
into a staging classi cation. At least two subsets o  CLL 
have been identi ed based on the cytoplasmic expres-
sion o  ZAP-70; expression o  this protein, which is usu-
ally expressed in   cells, identi es a subgroup with poorer 
prognosis. A less power ul subsetting tool is CD38 expres-
sion. CD38+ tumors tend to have a poorer prognosis than 
CD38– tumors. A less easily measured  eature, the pres-
ence o  immunoglobulin variable region gene mutations, 
is also able to separate prognostic groups; patients with 
mutated immunoglobulin variable region genes respond 
better to treatment and have better survival than those 
with unmutated immunoglobulin variable region genes.

T e initial evaluation o  a patient with Hodgkin’s lym-
phoma or non-Hodgkin’s lymphoma is similar. In both sit-
uations, the determination o  an accurate anatomic stage 
is an important part o  the evaluation. Staging is done 
using the Ann Arbor staging system originally developed 
 or Hodgkin’s lymphoma (Table 16-8).
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201TABLE 16 -8  
THE ANN ARBOR STAGING SYSTEM FOR HODGKIN’S 
LYMPHOMA

STAGE  DEFINITION

I  Involvement o  a single lymph node region or  
lymphoid structure (e.g., spleen, thymus,  
Waldeyer’s ring)

II  Involvement o  two or more lymph node regions on 
the same side o  the diaphragm (the mediastinum 
is a single site; hilar lymph nodes should be consid-
ered “lateralized” and, when involved on both sides, 
constitute stage II disease)

III  Involvement o  lymph node regions or lymphoid 
structures on both sides o  the diaphragm

 III1  Subdiaphragmatic involvement limited to spleen,  
 splenic hilar nodes, celiac nodes, or portal nodes

 III2  Subdiaphragmatic involvement includes paraaortic,  
 iliac, or mesenteric nodes plus structures in III1

IV  Involvement o  extranodal site(s) beyond that desig-
nated as “E”

 More than one extranodal deposit at any location
 Any involvement o  liver or bone marrow

A  No symptoms
B  Unexplained weight loss o  >10% o  the body weight 

during the 6 months be ore staging investigation
Unexplained, persistent, or recurrent  ever with tem-
peratures >38°C during the previous month

Recurrent drenching night sweats during the previ-
ous month

E  Localized, solitary involvement o  extralymphatic tis-
sue, excluding liver and bone marrow

TABLE 16 -9  
INTERNATIONAL PROGNOSTIC INDEX FOR NON-
HODGKIN’S LYMPHOMA
Five  clin ica l risk  acto rs:
 Age ≥60 years
 Serum lactate dehydrogenase levels elevated
 Per ormance status ≥2 (ECOG) or ≤70 (Karno sky)
 Ann Arbor stage III or IV
 >1 site o  extranodal involvement
 Patients are assigned a number  or each risk  actor they have
 Patients are grouped di erently based on the type o   
 lymphoma

For d i u se  la rg e  B ce ll lym p h o m a:
 0, 1  actor = low risk:  35% o  cases; 5-year  

survival, 73%
 2  actors = low-intermediate  
 risk:

27% o  cases; 5-year  
survival, 51%

 3  actors = high-intermediate  
 risk:

22% o  cases; 5-year  
survival, 43%

 4, 5  actors = high risk:  16% o  cases; 5-year  
survival, 26%

For d i u se  la rg e  B ce ll lym p hom a trea ted  with  R CHOP:
 0  actor = very good:  10% o  cases; 5-year  

survival, 94%
 1, 2  actors = good:  45% o  cases; 5-year  

survival, 79%
 3, 4, 5  actors = poor:  45% o  cases; 5-year  

survival, 55%

Abbrevia t ions: ECOG, Eastern Cooperative Oncology Group; R-CHOP, 
rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone.
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FIGURE 16 -4
Re la t io n sh ip  o   In te rn a t ion a l Pro g n ost ic In d ex  IPI  to  
su rviva l. Kaplan-Meier survival curves  or 1300 patients with var-
ious kinds o  lymphoma strati ed according to the IPI.

Evaluation o  patients with Hodgkin’s lymphoma will 
typically include a complete blood count; erythrocyte sed-
imentation rate; chemistry studies re ecting major organ 
 unction; computed tomography (C ) scans o  the chest, 
abdomen, and pelvis; and a bone marrow biopsy. Neither 
a positron emission tomography (PE ) scan nor a gallium 
scan is absolutely necessary  or primary staging, but one 
per ormed at the completion o  therapy allows evalua-
tion o  persisting radiographic abnormalities, particularly 
the mediastinum. Knowing that the PE  scan or gallium 
scan is abnormal be ore treatment can help in this assess-
ment. In most cases, these studies will allow assignment o  
anatomic stage and the development o  a therapeutic plan.

In patients with non-Hodgkin’s lymphoma, the 
same evaluation described  or patients with Hodgkin’s 
lymphoma is usually carried out. In addition, serum levels 
o  lactate dehydrogenase (LDH) and β2-microglobulin 
and serum protein electrophoresis are o en included in 
the evaluation. Anatomic stage is assigned in the same 
manner as used  or Hodgkin’s lymphoma. However, the 

prognosis o  patients with non-Hodgkin’s lymphoma is 
best assigned using the International Prognostic Index 
(IPI) (Table 16-9). T is is a power ul predictor o  outcome 
in all subtypes o  non-Hodgkin’s lymphoma. Patients are 
assigned an IPI score based on the presence or absence 
o   ve adverse prognostic  actors and may have none or 
all  ve o  these adverse prognostic  actors. Figure 16-4 
shows the prognostic signi cance o  this score in 1300 
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FIGURE 16 -5
Acute  lym p hob last ic leukem ia . The cells are heterogeneous in 
size and have round or convoluted nuclei, high nuclear/cytoplasmic 
ratio, and absence o  cytoplasmic granules.

patients with all types o  non-Hodgkin’s lymphoma. With 
the addition o  rituximab to CHOP (cyclophosphamide, 
doxorubicin, vincristine, and prednisone), treatment out-
comes have improved and the original IPI has lost some 
o  its discrimination power. A revised IPI has been pro-
posed that better predicts outcome o  rituximab plus 
chemotherapy-based programs ( able 16-9). C  scans 
are routinely used in the evaluation o  patients with all 
subtypes o  non-Hodgkin’s lymphoma, but PE  and gal-
lium scans are much more use ul in aggressive subtypes 
such as di use large B-cell lymphoma than in more indo-
lent subtypes such as  ollicular lymphoma or small lym-
phocytic lymphoma. Although the IPI does divide patients 
with  ollicular lymphoma into subsets with distinct prog-
noses, the distribution o  such patients is skewed toward 
lower-risk categories. A  ollicular lymphoma–speci c IPI 
(FLIPI) has been proposed that replaces per ormance sta-
tus with hemoglobin level (<120 g/L [<12 g/dL]) and num-
ber o  extranodal sites with number o  nodal sites (more 
than  our). Low risk (zero or one  actor) was assigned to 
36% o  patients, intermediate risk (two  actors) to 37%, 
and poor risk (more than two  actors) to 27% o  patients.

CLINICAL FEATURES, TREATMENT, AND 
PROGNOSIS OF SPECIFIC LYMPHOID 
MALIGNANCIES

PRECURSOR CELL B-CELL NEOPLASMS
Precursor B-cell lymphobla st ic leukemia /
lymphoma

T e most common cancer in childhood is B-cell ALL. 
Although this disorder can also present as a lymphoma in 
either adults or children, presentation as lymphoma is rare.

T e malignant cells in patients with precursor B-cell 
lymphoblastic leukemia are most commonly o  pre–B 
cell origin. Patients typically present with signs o  bone 
marrow  ailure such as pallor,  atigue, bleeding,  ever, 
and in ection related to peripheral blood cytopenias. 
Peripheral blood counts regularly show anemia and 
thrombocytopenia but might show leukopenia, a nor-
mal leukocyte count, or leukocytosis based largely on 
the number o  circulating malignant cells (Fig. 16-5). 
Extramedullary sites o  disease are  requently involved 
in patients who present with leukemia, including lymph-
adenopathy, hepato- or splenomegaly, CNS disease, tes-
ticular enlargement, and/or cutaneous in ltration.

T e diagnosis is usually made by bone marrow 
biopsy, which shows in ltration by malignant lympho-
blasts. Demonstration o  a pre–B cell immunopheno-
type (Fig. 16-2) and, o en, characteristic cytogenetic 
abnormalities ( able 16-6) con rm the diagnosis. An 
adverse prognosis in patients with precursor B-cell 
ALL is predicted by a very high white cell count, the 

presence o  symptomatic CNS disease, and un avor-
able cytogenetic abnormalities. For example, t(9;22), 
 requently  ound in adults with B-cell ALL, has been 
associated with a very poor outlook. T e bcr/abl kinase 
inhibitors have improved the prognosis.

TREATMENT Precursor B-Cell Lymphoblastic Leukemia

T e treatment o  patients with precursor B-cell ALL involves 
remission induction with combination chemotherapy, a con-
solidation phase that includes administration o  high-dose 
systemic therapy and treatment to eliminate disease in the 
CNS, and a period o  continuing therapy to prevent relapse 
and e ect cure. T e overall cure rate in children is 90%, 
whereas ~50% o  adults are long-term disease- ree survi-
vors. T is re ects the high proportion o  adverse cytogenetic 
abnormalities seen in adults with precursor B-cell ALL.

Precursor B-cell lymphoblastic lymphoma is a rare 
presentation o  precursor B-cell lymphoblastic malignancy. 
T ese patients o en have a rapid trans ormation to leukemia 
and should be treated as though they had presented with 
leukemia. T e  ew patients who present with the disease 
con ned to lymph nodes have a high cure rate.

MATURE (PERIPHERAL) B-CELL NEOPLASMS
B-cell chronic lymphoid leukemia /sma ll 
lymphocytic lymphoma

B-cell CLL/small lymphocytic lymphoma represents 
the most common lymphoid leukemia, and when pre-
senting as a lymphoma, it accounts  or ~7% o  non-
Hodgkin’s lymphomas. Presentation can be as either 
leukemia or lymphoma. T e major clinical character-
istics o  B-cell CLL/small lymphocytic lymphoma are 
presented in Table 16-10.
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FIGURE 16 -6
Chronic lymp hocytic leukemia. The peripheral white blood cell 
count is high due to increased numbers o  small, well-di erentiated, 
normal-appearing lymphocytes. The leukemia lymphocytes are 
 ragile, and substantial numbers o  broken, smudged cells are 
usually also present on the blood smear.

TABLE 16 -10  
CLINICAL CHARACTERISTICS OF PATIENTS WITH COMMON TYPES OF NON-HODGKIN’S LYMPHOMA (NHL)

DISEASE

MEDIAN 
AGE, 
YEARS

FREQUENCY 
IN 
CHILDREN

% 
MALE

STAGE I/II  
VS  
III/IV, %

B  
SYMP TOMS, 
%

BONE 
MARROW 
INVOLVE MENT, 
%

GASTRO INTESTINAL 
TRACT  
INVOLVE MENT,  
%

%  
SURVI VING 
5 YEARS

B-cell chronic 
lymphocytic 
leukemia/small 
lymphocytic 
lymphoma

65  Rare  53  9 vs 91  33  72  3  51

Mantle cell 
lymphoma

63  Rare  74  20 vs 80  28  64  9  27

Extranodal 
marginal zone 
B-cell lym-
phoma o  MALT 
type

60  Rare  48  67 vs 33  19  14  50  74

Follicular 
lymphoma

59  Rare  42  33 vs 67  28  42  4  72

Di use 
large B-cell 
lymphoma

64  ~25% o   
childhood 
NHL

55  54 vs 46  33  16  18  46

Burkitt’s 
lymphoma

31  ~30% o   
childhood 
NHL

89  62 vs 38  22  33  11  45

Precursor T-cell 
lymphoblastic 
lymphoma

28  ~40% o   
childhood 
NHL

64  11 vs 89  21  50  4  26

Anaplastic large 
T/null-cell 
lymphoma

34  Common  69  51 vs 49  53  13  9  77

Peripheral T-cell 
NHL

61  ~5% o   
childhood 
NHL

55  20 vs 80  50  36  15  25

Abbrevia t ion: MALT, mucosa-associated lymphoid tissue.

T e diagnosis o  typical B-cell CLL is made when 
an increased number o  circulating lymphocytes 
(i.e., >4 × 109/L and usually >10 × 109/L) is  ound 
(Fig. 16-6) that are monoclonal B cells expressing the 
CD5 antigen. Finding bone marrow in ltration by 
the same cells con rms the diagnosis. T e peripheral 
blood smear in such patients typically shows many 
“smudge” or “basket” cells, nuclear remnants o  cells 
damaged by the physical shear stress o  making the 
blood smear. I  cytogenetic studies are per ormed, tri-
somy 12 is  ound in 25–30% o  patients. Abnormalities 
in chromosome 13 are also seen.

I  the primary presentation is lymphadenopathy and 
a lymph node biopsy is per ormed, pathologists usually 
have little dif culty in making the diagnosis o  small 
lymphocytic lymphoma based on morphologic  nd-
ings and immunophenotype. However, even in these 
patients, 70–75% will be  ound to have bone marrow 
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204 involvement and circulating monoclonal B lymphocytes 
are o en present.

T e di erential diagnosis o  typical B-cell CLL is 
extensive ( able 16-1). Immunophenotyping will 
eliminate the  -cell disorders and can o en help sort 
out other B-cell malignancies. For example, only 
mantle cell lymphoma and typical B-cell CLL are usu-
ally CD5 positive.  ypical B-cell small lymphocytic 
lymphoma can be con used with other B-cell disor-
ders, including lymphoplasmacytic lymphoma (i.e., 
the tissue mani estation o  Waldenström’s macroglob-
ulinemia), nodal marginal zone B-cell lymphoma, and 
mantle cell lymphoma. In addition, some small lym-
phocytic lymphomas have areas o  large cells that can 
lead to con usion with di use large B-cell lymphoma. 
An expert hematopathologist is vital  or making 
this distinction.

 ypical B-cell CLL is o en  ound incidentally when 
a complete blood count is done  or another reason. 
However, complaints that might lead to the diagnosis 
include  atigue,  requent in ections, and new lymph-
adenopathy. T e diagnosis o  typical B-cell CLL should 
be considered in a patient presenting with an autoim-
mune hemolytic anemia or autoimmune thrombocyto-
penia. B-cell CLL has also been associated with red cell 
aplasia. When this disorder presents as lymphoma, the 
most common abnormality is asymptomatic lymph-
adenopathy, with or without splenomegaly. T e staging 
systems predict prognosis in patients with typical B-cell 
CLL ( able 16-7). T e evaluation o  a new patient with 
typical B-cell CLL/small lymphocytic lymphoma will 
include many o  the studies (Table 16-11) that are 
used in patients with other non-Hodgkin’s lymphomas. 
In addition, particular attention needs to be given to 
detecting immune abnormalities such as autoimmune 

hemolytic anemia, autoimmune thrombocytopenia, 
hypogammaglobulinemia, and red cell aplasia. Molecu-
lar analysis o  immunoglobulin gene sequences in CLL 
has demonstrated that about hal  the patients have 
tumors expressing mutated immunoglobulin genes and 
hal  have tumors expressing unmutated or germline 
immunoglobulin sequences. Patients with unmutated 
immunoglobulins tend to have a more aggressive clini-
cal course and are less responsive to therapy. Un or-
tunately, immunoglobulin gene sequencing is not 
routinely available. CD38 expression is said to be low 
in the better-prognosis patients expressing mutated 
immunoglobulin and high in poorer-prognosis patients 
expressing unmutated immunoglobulin, but this test 
has not been con rmed as a reliable means o  distin-
guishing the two groups. ZAP-70 expression corre-
lates with the presence o  unmutated immunoglobulin 
genes, but the assay is not yet standardized and widely 
available.

TREATMENT  B-Cell Chronic Lymphoid Leukemia/Small 
Lymphocytic Lymphoma

Patients whose presentation is typical B-cell CLL with no 
mani estations o  the disease other than bone marrow 
involvement and lymphocytosis (i.e., Rai stage 0 and Binet 
stage A;  able 16-7) can be  ollowed without speci c 
therapy  or their malignancy. T ese patients have a median 
survival >10 years, and some will never require therapy  or 
this disorder. I  the patient has an adequate number o  cir-
culating normal blood cells and is asymptomatic, many 
physicians would not initiate therapy  or patients in the 
intermediate stage o  the disease mani ested by lymphade-
nopathy and/or hepatosplenomegaly. However, the median 
survival  or these patients is ~7 years, and most will require 
treatment in the  rst  ew years o   ollow-up. Patients who 
present with bone marrow  ailure (i.e., Rai stage III or IV or 
Binet stage C) will require initial therapy in almost all cases. 
T ese patients have a serious disorder with a median sur-
vival o  only 1.5 years. It must be remembered that immune 
mani estations o  typical B-cell CLL should be managed 
independently o  speci c antileukemia therapy. For exam-
ple, glucocorticoid therapy  or autoimmune cytopenias and 
γ globulin replacement  or patients with hypogammaglobu-
linemia should be used whether or not antileukemia ther-
apy is given.

Patients who present primarily with lymphoma and have a 
low IPI score have a 5-year survival o  ~75%, but those with 
a high IPI score have a 5-year survival o  <40% and are more 
likely to require early therapy.

T e most common treatments  or patients with typical 
B-cell CLL/small lymphocytic lymphoma have been chloram-
bucil or  udarabine, alone or in combination. Chlorambucil 
can be administered orally with  ew immediate side e ects, 

TABLE 16-11  
STAGING EVALUATION FOR NON-HODGKIN’S 
LYMPHOMA
Physical examination
Documentation o  B symptoms
Laboratory evaluation
 Complete blood counts
 Liver  unction tests
 Uric acid
 Calcium
 Serum protein electrophoresis
 Serum β2-microglobulin
Chest radiograph
CT scan o  abdomen, pelvis, and usually chest
Bone marrow biopsy
Lumbar puncture in lymphoblastic, Burkitt’s, and di use large 
B-cell lymphoma with positive marrow biopsy

Gallium scan (SPECT) or PET scan in large cell lymphoma

Abbrevia tions: CT, computed tomography; PET, positron emission 
tomography; SPECT, single-photon emission computed tomography.
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205while  udarabine is administered IV and is associated with 
signi cant immune suppression. However,  udarabine is 
by  ar the more active agent and is the only drug associated 
with a signi cant incidence o  complete remission. T e com-
bination o  rituximab (375–500 mg/m2 day 1),  udarabine 
(25 mg/m2 days 2–4 on cycle 1 and days 1–3 in subsequent 
cycles), and cyclophosphamide (250 mg/m2 with  udarabine) 
achieves complete responses in 69% o  patients, and those 
responses are associated with molecular remissions in hal  o  
the cases. Hal  the patients experience grade III or IV neutro-
penia. For young patients presenting with leukemia requiring 
therapy, regimens containing  udarabine are the treatment o  
choice. Because  udarabine is an e ective second-line agent 
in patients with tumors unresponsive to chlorambucil, the 
latter agent is o en chosen in elderly patients who require 
therapy. Bendamustine, an alkylating agent structurally 
related to nitrogen mustard, is highly e ective and is vying 
with  udarabine as the primary treatment o  choice. Patients 
who present with lymphoma (rather than leukemia) are also 
highly responsive to bendamustine, and some patients will 
receive a combination chemotherapy regimen used in other 
lymphomas such as CVP (cyclophosphamide, vincristine, 
and prednisone) or CHOP plus rituximab. Alemtuzumab 
(anti-CD52) is an antibody with activity in the disease, but it 
kills both B and   cells and is associated with more immune 
compromise than rituximab. Young patients with this dis-
ease can be candidates  or bone marrow transplantation. 
Allogeneic bone marrow transplantation can be curative but 
is associated with a signi cant treatment-related mortality 
rate. Mini-transplants using immunosuppressive rather than 
myeloablative doses o  preparative drugs are being studied 
(Chap. 31). T e use o  autologous transplantation in patients 
with this disorder has been discouraging.

At least two newer anti-CD20 monoclonal antibodies have 
become available, o atumumab and obinutuzumab. Both 
have activity in previously treated patients. Agents targeting 
signaling pathways, such as ibrutinib, an irreversible inhibitor 
o  Bruton’s tyrosine kinase, and idelalisib, an inhibitor o  
phosphoinositide-3-kinase delta, also have antitumor e ects. 
T e ideal combination and sequence o  these therapies have 
not been de ned.

Extra noda l ma rgina l zone B-cell lymphoma  o  
MALT type

Extranodal marginal zone B-cell lymphoma o  MAL  
type (MAL  lymphoma) makes up ~8% o  non-Hodgkin’s 
lymphomas. T is small cell lymphoma presents in 
extranodal sites. It was previously considered a small 
lymphocytic lymphoma or sometimes a pseudolym-
phoma. T e recognition that the gastric presentation o  
this lymphoma was associated with H. pylori in ection 
was an important step in recognizing it as a separate 
entity. T e clinical characteristics o  MAL  lymphoma 
are presented in  able 16-10.

T e diagnosis o  MAL  lymphoma can be made 
accurately by an expert hematopathologist based on a 
characteristic pattern o  in ltration o  small lympho-
cytes that are monoclonal B cells and CD5 negative. 
In some cases, trans ormation to di use large B-cell 
lymphoma occurs, and both diagnoses may be made 
in the same biopsy. T e di erential diagnosis includes 
benign lymphocytic in ltration o  extranodal organs 
and other small cell B-cell lymphomas.

MAL  lymphoma may occur in the stomach, orbit, 
intestine, lung, thyroid, salivary gland, skin, so t tis-
sues, bladder, kidney, and CNS. It may present as a 
new mass, be  ound on routine imaging studies, or 
be associated with local symptoms such as upper 
abdominal discom ort in gastric lymphoma. Most 
MAL  lymphomas are gastric in origin. At least two 
genetic  orms o  gastric MAL  exist: one (account-
ing  or ~50% o  cases) characterized by t(11;18)
(q21;q21) that juxtaposes the amino terminal o  the 
API2 gene with the carboxy terminal o  the MALT1 
gene creating an API2/MAL 1  usion product, and 
the other characterized by multiple sites o  genetic 
instability including trisomies o  chromosomes 3, 
7, 12, and 18. About 95% o  gastric MAL  lympho-
mas are associated with H. pylori in ection, and those 
that are do not usually express t(11;18).  he t(11;18) 
usually results in activation o  nuclear  actor-κB 
(NF-κB), which acts as a survival  actor  or the cells. 
Lymphomas with t(11;18) translocations are geneti-
cally stable and do not evolve to di  use large B-cell 
lymphoma. By contrast, t(11;18)-negative MAL  
lymphomas o ten acquire BCL6 mutations and 
progress to aggressive histology lymphoma. MAL  
lymphomas are localized to the organ o  origin in 
~40% o  cases and to the organ and regional lymph 
nodes in ~30% o  patients. However, distant metas-
tasis can occur—particularly with trans ormation to 
di  use large B-cell lymphoma. Many patients who 
develop this lymphoma will have an autoimmune or 
in lammatory process such as Sjögren’s syndrome 
(salivary gland MAL ), Hashimoto’s thyroiditis (thy-
roid MAL ), Helicobacter gastritis (gastric MAL ), 
C. psittaci conjunctivitis (ocular MAL ), or Borrelia 
skin in ections (cutaneous MAL ).

Evaluation o  patients with MAL  lymphoma  ol-
lows the pattern ( able 16-11)  or staging a patient with 
non-Hodgkin’s lymphoma. In particular, patients with 
gastric lymphoma need to have studies per ormed to 
document the presence or absence o  H. pylori in ec-
tion. Endoscopic studies including ultrasound can help 
de ne the extent o  gastric involvement. Most patients 
with MAL  lymphoma have a good prognosis, with 
a 5-year survival o  ~75%. In patients with a low IPI 
score, the 5-year survival is ~90%, whereas it drops to 
~40% in patients with a high IPI score.
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TREATMENT Mucosa-Associated Lymphoid Tissue Lymphoma

MAL  lymphoma is o en localized. Patients with gastric 
MAL  lymphomas who are in ected with H. pylori can achieve 
remission in the 80% o  cases with eradication o  the in ection. 
T ese remissions can be durable, but molecular evidence o  
persisting neoplasia is not in requent. A er H. pylori eradication, 
symptoms generally improve quickly, but molecular evidence 
o  persistent disease may be present  or 12–18 months. 
Additional therapy is not indicated unless progressive disease is 
documented. Patients with more extensive disease or progressive 
disease are most o en treated with single-agent chemotherapy 
such as chlorambucil. Combination regimens that include 
rituximab are also highly e ective. Coexistent di use large B-cell 
lymphoma must be treated with combination chemotherapy 
(see below). T e additional acquired mutations that mediate the 
histologic progression also convey Helicobacter independence to 
the growth.

Ma ntle  cell lymphoma

Mantle cell lymphoma makes up ~6% o  all non-Hodg-
kin’s lymphomas. T is lymphoma was previously placed 
in a number o  other subtypes. Its existence was con-
 rmed by the recognition that these lymphomas have 
a characteristic chromosomal translocation, t(11;14), 
between the immunoglobulin heavy chain gene on 
chromosome 14 and the bcl-1 gene on chromosome 
11, and regularly overexpress the BCL-1 protein, also 
known as cyclin D1.  able 16-10 shows the clinical 
characteristics o  mantle cell lymphoma.

T e diagnosis o  mantle cell lymphoma can be made 
accurately by an expert hematopathologist. As with all 
subtypes o  lymphoma, an adequate biopsy is impor-
tant. T e di erential diagnosis o  mantle cell lymphoma 
includes other small cell B-cell lymphomas. In particu-
lar, mantle cell lymphoma and small lymphocytic lym-
phoma share a characteristic expression o  CD5. Mantle 
cell lymphoma usually has a slightly indented nucleus.

T e most common presentation o  mantle cell lym-
phoma is with palpable lymphadenopathy,  requently 
accompanied by systemic symptoms. T e median age 
is 63 years, and men are a ected  our times as com-
monly as women. Approximately 70% o  patients will 
be stage IV at the time o  diagnosis, with  requent bone 
marrow and peripheral blood involvement. O  the 
extranodal organs that can be involved, gastrointesti-
nal involvement is particularly important to recognize. 
Patients who present with lymphomatosis polyposis in 
the large intestine usually have mantle cell lymphoma. 
 able 16-11 outlines the evaluation o  patients with 
mantle cell lymphoma. Patients who present with gas-
trointestinal tract involvement o en have Waldeyer’s 
ring involvement, and vice versa. T e 5-year survival  or 
all patients with mantle cell lymphoma is ~25%, with 

only occasional patients who present with a high IPI 
score surviving 5 years and ~50% o  patients with a low 
IPI score surviving 5 years.

TREATMENT Mantle Cell Lymphoma

Current therapies  or mantle cell lymphoma are evolving. 
Patients with localized disease might be treated with 
combination chemotherapy  ollowed by radiotherapy; however, 
these patients are exceedingly rare. For the usual presentation 
with disseminated disease, standard lymphoma treatments have 
been unsatis actory, with the minority o  patients achieving 
complete remission. Aggressive combination chemotherapy 
regimens  ollowed by autologous or allogeneic bone marrow 
transplantation are  requently o ered to younger patients. 
For the occasional elderly, asymptomatic patient, observation 
 ollowed by single-agent chemotherapy might be the most 
practical approach. An intensive combination chemotherapy 
regimen originally used in the treatment o  acute leukemia, 
HyperC-VAD (cyclophosphamide, vincristine, doxorubicin, 
dexamethasone, cytarabine, and methotrexate), in combination 
with rituximab, seems to be associated with better response 
rates, particularly in younger patients. Alternating two regimens, 
HyperC-VAD with rituximab added (R-HyperC-VAD) and 
rituximab plus high-dose methotrexate and cytarabine, can 
achieve complete responses in >80% o  patients and an 8-year 
survival o  56%, comparable to regimens using high-dose 
therapy and autologous hematopoietic stem cell transplantation. 
Bendamustine plus rituximab has been  ound to induce 
complete responses in about 31% o  patients, but the responses 
are generally not long lasting. Bortezomib and temsirolimus 
are single agents that induce transient partial responses 
in a minority o  patients and are being added to primary 
combinations.

Follicula r lymphoma

Follicular lymphomas make up 22% o  non-Hodg-
kin’s lymphomas worldwide and at least 30% o  non-
Hodgkin’s lymphomas diagnosed in the United States. 
T is type o  lymphoma can be diagnosed accurately 
on morphologic  ndings alone and has been the diag-
nosis in the majority o  patients in therapeutic tri-
als  or “low-grade” lymphoma in the past. T e clinical 
characteristics o   ollicular lymphoma are presented in 
 able 16-10.

Evaluation o  an adequate biopsy by an expert hema-
topathologist is suf cient to make a diagnosis o   ol-
licular lymphoma. T e tumor is composed o  small 
cleaved and large cells in varying proportions organized 
in a  ollicular pattern o  growth (Fig. 16-7). Con rma-
tion o  B-cell immunophenotype and the existence o  
the t(14;18) and abnormal expression o  BCL-2 protein 
are con rmatory. T e major di erential diagnosis is 
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between lymphoma and reactive  ollicular hyperplasia. 
T e coexistence o  di use large B-cell lymphoma must 
be considered. Patients with  ollicular lymphoma are 
o en subclassi ed into those with predominantly small 
cells, those with a mixture o  small and large cells, and 
those with predominantly large cells. Although this 
distinction cannot be made simply or very accurately, 
these subdivisions do have prognostic signi cance. 
Patients with  ollicular lymphoma with predominantly 
large cells have a higher proli erative  raction, progress 
more rapidly, and have a shorter overall survival with 
simple chemotherapy regimens.

T e most common presentation  or  ollicular lym-
phoma is with new, painless lymphadenopathy. Multiple 
sites o  lymphoid involvement are typical, and unusual 
sites such as epitrochlear nodes are sometimes seen. 
However, essentially any organ can be involved, and 
extranodal presentations do occur. Most patients do not 
have  evers, sweats, or weight loss, and an IPI score o  
0 or 1 is  ound in ~50% o  patients. Fewer than 10% o  
patients have a high (i.e., 4 or 5) IPI score. T e staging 
evaluation  or patients with  ollicular lymphoma should 
include the studies shown in  able 16-11.

TREATMENT Follicular Lymphoma

Follicular lymphoma is one o  the malignancies most respon-
sive to chemotherapy and radiotherapy. In addition, tumors 
in as many as 25% o  the patients undergo spontaneous 
regression—usually transient—without therapy. In an asymp-
tomatic patient, no initial treatment and watch ul waiting can 
be an appropriate management strategy and is particularly 
likely to be adopted  or older patients with advanced-stage 

disease. For patients who do require treatment, single-agent 
chlorambucil or cyclophosphamide or combination chemo-
therapy with CVP or CHOP is most  requently used. With 
adequate treatment, 50–75% o  patients will achieve a com-
plete remission. Although most patients relapse (median 
response duration is ~2 years), at least 20% o  complete 
responders will remain in remission  or >10 years. For the 
rare patients (15%) with localized  ollicular lymphoma, 
involved- eld radiotherapy produces long-term disease- ree 
survival in the majority.

A number o  therapies have been shown to be active in 
the treatment o  patients with  ollicular lymphoma. T ese 
include cytotoxic agents such as  udarabine, biologic agents 
such as inter eron α, monoclonal antibodies with or without 
radionuclides, and lymphoma vaccines. In patients treated 
with a doxorubicin-containing combination chemotherapy 
regimen, inter eron α given to patients in complete remis-
sion seems to prolong survival, but inter eron toxicities can 
a ect quality o  li e. T e monoclonal antibody rituximab can 
cause objective responses in 35–50% o  patients with relapsed 
 ollicular lymphoma, and radiolabeled antibodies appear to 
have response rates well in excess o  50%. T e addition o  
rituximab to CHOP and other e ective combination chemo-
therapy programs achieves prolonged overall survival and a 
decreased risk o  histologic progression. Complete remis-
sions can be noted in 85% or more o  patients treated with 
R-CHOP, and median remission durations can exceed 6 or 7 
years. Maintenance intermittent rituximab therapy can pro-
long remissions even  urther, although it is not completely 
clear that overall survival is prolonged. Some trials with 
tumor vaccines have been encouraging. Both autologous and 
allogeneic hematopoietic stem cell transplantations yield high 
complete response rates in patients with relapsed  ollicular 
lymphoma, and long-term remissions can occur in 40% or 
more o  patients.

Patients with  ollicular lymphoma with a predominance o  
large cells have a shorter survival when treated with single-
agent chemotherapy but seem to bene t  rom receiving an 
anthracycline-containing combination chemotherapy regi-
men plus rituximab. When their disease is treated aggres-
sively, the overall survival  or such patients is no lower than 
 or patients with other  ollicular lymphomas, and the  ailure-
 ree survival is superior.

Patients with  ollicular lymphoma have a high rate o  
histologic trans ormation to di use large B-cell lymphoma 
(5–7% per year). T is is recognized ~40% o  the time during 
the course o  the illness by repeat biopsy and is present in 
almost all patients at autopsy. T is trans ormation is usually 
heralded by rapid growth o  lymph nodes—o en localized—
and the development o  systemic symptoms such as  evers, 
sweats, and weight loss. Although these patients have a 
poor prognosis, aggressive combination chemotherapy 
regimens can sometimes cause a complete remission in the 
di use large B-cell lymphoma, at times leaving the patient 
with persisting  ollicular lymphoma. With more  requent 
use o  R-CHOP to treat  ollicular lymphoma at diagnosis, it 

FIGURE 16 -7
Fo llicu la r lym p h om a. The normal nodal architecture is e aced 
by nodular expansions o  tumor cells. Nodules vary in size and 
contain predominantly small lymphocytes with cleaved nuclei 
along with variable numbers o  larger cells with vesicular chroma-
tin and prominent nucleoli.
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appears that the rate o  histologic progression is decreasing. 
R-CHOP or bendamustine plus rituximab with intermittent 
rituximab maintenance  or 2 years are the most commonly 
used treatment approaches.

Dif use la rge B-cell lymphoma

Di use large B-cell lymphoma is the most com-
mon type o  non-Hodgkin’s lymphoma, representing 
approximately one-third o  all cases. T is lymphoma 
makes up the majority o  cases in previous clinical tri-
als o  “aggressive” or “intermediate-grade” lymphoma. 
 able 16-10 shows the clinical characteristics o  di use 
large B-cell lymphoma.

T e diagnosis o  di use large B-cell lymphoma 
can be made accurately by an expert hematopatholo-
gist (Fig. 16-8). Cytogenetic and molecular genetic 
studies are not necessary  or diagnosis, but some evi-
dence has accumulated that patients whose tumors 
overexpress the BCL-2 protein might be more likely to 
relapse than others. A subset o  patients have tumors 
with mutations in BCL6 and translocations involv-
ing MYC; these are called “double-hit” lymphomas 
and typically have more aggressive growth and are 
more poorly responsive to treatment than other di -
 use large B-cell lymphomas. Patients with prominent 
mediastinal involvement are sometimes diagnosed as a 
separate subgroup having primary mediastinal di use 
large B-cell lymphoma. T is latter group o  patients 
has a younger median age (i.e., 37 years) and a  emale 
predominance (66%). Subtypes o  di use large B-cell 
lymphoma, including those with an immunoblastic 
subtype and tumors with extensive  brosis, are rec-
ognized by pathologists but do not appear to have 
important independent prognostic signi cance.

Di use large B-cell lymphoma can present as either 
primary lymph node disease or at extranodal sites. 
More than 50% o  patients will have some site o  extra-
nodal involvement at diagnosis, with the most common 
sites being the gastrointestinal tract and bone marrow, 
each being involved in 15–20% o  patients. Essentially 
any organ can be involved, making a diagnostic biopsy 
imperative. For example, di use large B-cell lymphoma 
o  the pancreas has a much better prognosis than pan-
creatic carcinoma but would be missed without biopsy. 
Primary di use large B-cell lymphoma o  the brain 
is being diagnosed with increasing  requency. Other 
unusual subtypes o  di use large B-cell lymphoma such 
as pleural e usion lymphoma and intravascular lym-
phoma have been dif cult to diagnose and associated 
with a very poor prognosis.

 able 16-11 shows the initial evaluation o  patients 
with di use large B-cell lymphoma. A er a care ul 
staging evaluation, ~50% o  patients will be  ound to 
have stage I or II disease, and ~50% will have widely 
disseminated lymphoma. Bone marrow biopsy shows 
involvement by lymphoma in ~15% o  cases, with 
marrow involvement by small cells more  requent than 
by large cells.

TREATMENT Dif use Large B-Cell Lymphoma

T e initial treatment o  all patients with di use large B-cell 
lymphoma should be with a combination chemotherapy 
regimen. T e most popular regimen in the United States is 
CHOP plus rituximab, although a variety o  other anthra-
cycline-containing combination chemotherapy regimens 
appear to be equally ef cacious. Patients with stage I or non-
bulky stage II disease can be e ectively treated with three to 
 our cycles o  combination chemotherapy with or without 
subsequent involved- eld radiotherapy. T e need  or radia-
tion therapy is unclear. Cure rates o  70–80% in stage II dis-
ease and 85–90% in stage I disease can be expected.

For patients with bulky stage II, stage III, or stage IV dis-
ease, six to eight cycles o  CHOP plus rituximab are usually 
administered. A large randomized trial showed the superior-
ity o  CHOP combined with rituximab over CHOP alone in 
elderly patients. A  requent approach would be to administer 
 our cycles o  therapy and then reevaluate. I  the patient has 
achieved a complete remission a er  our cycles, two more 
cycles o  treatment might be given and then therapy dis-
continued. Using this approach, 70–80% o  patients can be 
expected to achieve a complete remission, and 50–70% o  
complete responders will be cured. T e chances  or a  avor-
able response to treatment are predicted by the IPI. In  act, 
the IPI was developed based on the outcome o  patients with 
di use large B-cell lymphoma treated with CHOP-like regi-
mens. For the 35% o  patients with a low IPI score o  0–1, 
the 5-year survival is >70%, whereas  or the 20% o  patients 

FIGURE 16 -8
Di u se  la rg e  B ce ll lym p h o m a . The neoplastic cells are het-
erogeneous but predominantly large cells with vesicular chroma-
tin and prominent nucleoli.
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209with a high IPI score o  4–5, the 5-year survival is ~20%. T e 
addition o  rituximab to CHOP has improved each o  those 
numbers by ~15%. A number o  other  actors, including 
molecular  eatures o  the tumor, levels o  circulating cyto-
kines and soluble receptors, and other surrogate markers, 
have been shown to in uence prognosis. However, they have 
not been validated as rigorously as the IPI and have not been 
uni ormly applied clinically.

Because a number o  patients with di use large B-cell 
lymphoma are either initially re ractory to therapy or relapse 
a er apparently e ective chemotherapy, 30–40% o  patients 
will be candidates  or salvage treatment at some point. 
Alternative combination chemotherapy regimens can induce 
complete remission in as many as 50% o  these patients, but 
long-term disease- ree survival is seen in ≤10%. Autologous 
bone marrow transplantation is superior to salvage 
chemotherapy at usual doses and leads to long-term disease-
 ree survival in ~40% o  patients whose lymphomas remain 
chemotherapy-sensitive a er relapse.

Burkit t ’s lymphoma /leukemia

Burkitt’s lymphoma/leukemia is a rare disease in adults 
in the United States, making up <1% o  non-Hodgkin’s 
lymphomas, but it makes up ~30% o  childhood non-
Hodgkin’s lymphoma. Burkitt’s leukemia, or L3 ALL, 
makes up a small proportion o  childhood and adult 
acute leukemias.  able 16-10 shows the clinical  eatures 
o  Burkitt’s lymphoma.

Burkitt’s lymphoma can be diagnosed morpho-
logically by an expert hematopathologist with a high 
degree o  accuracy. T e cells are homogeneous in size 
and shape (Fig. 16-9). Demonstration o  a very high 

proli erative  raction and the presence o  the t(8;14) or 
one o  its variants, t(2;8) (c-myc and the λ light chain 
gene) or t(8;22) (c-myc and the κ light chain gene), can 
be con rmatory. Burkitt’s cell leukemia is recognized 
by the typical monotonous mass o  medium-sized cells 
with round nuclei, multiple nucleoli, and basophilic 
cytoplasm with cytoplasmic vacuoles. Demonstration 
o  sur ace expression o  immunoglobulin and one o  the 
above-noted cytogenetic abnormalities is con rmatory.

T ree distinct clinical  orms o  Burkitt’s lymphoma 
are recognized: endemic, sporadic, and immunode-
 ciency-associated. Endemic and sporadic Burkitt’s 
lymphomas occur  requently in children in A rica, and 
the sporadic  orm occurs in Western countries. Immu-
node ciency-associated Burkitt’s lymphoma is seen in 
patients with HIV in ection.

Pathologists sometimes have dif culty distinguish-
ing between Burkitt’s lymphoma and di use large B-cell 
lymphoma. In the past, a separate subgroup o  non-
Hodgkin’s lymphoma intermediate between the two 
was recognized. When tested, this subgroup could not 
be diagnosed accurately. Distinction between the two 
major types o  B-cell aggressive non-Hodgkin’s lym-
phoma can sometimes be made based on the extremely 
high proli erative  raction seen in patients with Burkitt’s 
lymphoma (i.e., essentially 100% o  tumor cells are in 
cycle) caused by c-myc deregulation.

Most patients in the United States with Burkitt’s lym-
phoma present with peripheral lymphadenopathy or an 
intraabdominal mass. T e disease is rapidly progressive 
and has a propensity to metastasize to the CNS. Initial 
evaluation should always include an examination o  cere-
brospinal  uid to rule out metastasis in addition to the 
other staging evaluations noted in  able 16-11. Once the 
diagnosis o  Burkitt’s lymphoma is suspected, a diagnosis 
must be made promptly, and staging evaluation must be 
accomplished expeditiously. T is is the most rapidly pro-
gressive human tumor, and any delay in initiating ther-
apy can adversely a ect the patient’s prognosis.

TREATMENT Burkitt’s Lymphoma

 reatment o  Burkitt’s lymphoma in both children and 
adults should begin within 48 h o  diagnosis and involves 
the use o  intensive combination chemotherapy regimens 
incorporating high doses o  cyclophosphamide. Prophylactic 
therapy to the CNS is mandatory. Burkitt’s lymphoma was 
one o  the  rst cancers shown to be curable by chemotherapy. 
 oday, cure can be expected in 70–80% o  both children and 
young adults when e ective therapy is administered precisely. 
Salvage therapy has been generally ine ective in patients in 
whom the initial treatment  ails, emphasizing the importance 
o  the initial treatment approach.

FIGURE 16 -9
Bu rkit t ’s lym p h om a. The neoplastic cells are homogeneous, 
medium-sized B cells with  requent mitotic  gures, a morpho-
logic correlate o  high growth  raction. Reactive macrophages are 
scattered through the tumor, and their pale cytoplasm in a back-
ground o  blue-staining tumor cells gives the tumor a so-called 
starry sky appearance.
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210 Other B-cell lymphoid  ma ligna ncies

B-cell prolymphocytic leukemia involves blood and mar-
row in ltration by large lymphocytes with prominent 
nucleoli. Patients typically have a high white cell count, 
splenomegaly, and minimal lymphadenopathy. T e 
chances  or a complete response to therapy are poor.

Hairy cell leukemia is a rare disease that presents 
predominantly in older males.  ypical presentation 
involves pancytopenia, although occasional patients 
will have a leukemic presentation. Splenomegaly is 
usual. T e malignant cells appear to have “hairy” pro-
jections on light and electron microscopy and show a 
characteristic staining pattern with tartrate-resistant 
acid phosphatase. Bone marrow is typically not able 
to be aspirated, and biopsy shows a pattern o   brosis 
with di use in ltration by the malignant cells. Patients 
with this disorder have monocytopenia and are prone 
to unusual in ections, including in ection by Mycobacte-
rium avium intracellulare, and to vasculitic syndromes. 
Hairy cell leukemia is responsive to chemotherapy with 
inter eron α, pentostatin, or cladribine, with the latter 
being the usually pre erred treatment. Clinical com-
plete remissions with cladribine occur in the major-
ity o  patients, and long-term disease- ree survival is 
 requent. Many o  these tumors have the V600E BRAF 
mutation and accordingly are responsive to BRAF 
inhibitors like vemura enib.

Splenic marginal zone lymphoma involves in ltration o  
the splenic white pulp by small, monoclonal B cells. T is is 
a rare disorder that can present as leukemia as well as lym-
phoma. De nitive diagnosis is o en made at splenectomy, 
which is also an e ective therapy. T is is an extremely 
indolent disorder, but when chemotherapy is required, the 
most usual treatment has been chlorambucil.

Lymphoplasmacytic lymphoma is the tissue mani es-
tation o  Waldenström’s macroglobulinemia (Chap. 18). 
Many o  these tumors harbor a speci c mutation, 
L265P, in MYD88, a change that leads to NF-κB activa-
tion. T is type o  lymphoma has been associated with 
chronic hepatitis C virus in ection, and an etiologic 
association has been proposed. Patients typically pres-
ent with lymphadenopathy, splenomegaly, bone mar-
row involvement, and occasionally peripheral blood 
involvement. T e tumor cells do not express CD5. 
Patients o en have a monoclonal IgM protein, high lev-
els o  which can dominate the clinical picture with the 
symptoms o  hyperviscosity.  reatment o  lymphoplas-
macytic lymphoma can be aimed primarily at reducing 
the abnormal protein, i  present, but will usually also 
involve chemotherapy. Chlorambucil,  udarabine, and 
cladribine have been used. T e median 5-year survival 
 or patients with this disorder is ~60%.

Nodal marginal zone lymphoma, also known as mono-
cytoid cell lymphoma, represents ~1% o  non-Hodg-
kin’s lymphomas. T is lymphoma has a slight  emale 

predominance and presents with disseminated disease 
(i.e., stage III or IV) in 75% o  patients. Approximately 
one-third o  patients have bone marrow involvement, 
and a leukemic presentation occasionally occurs. T e 
staging evaluation and therapy should use the same 
approach as used  or patients with  ollicular lymphoma. 
Approximately 60% o  the patients with nodal marginal 
zone lymphoma will survive 5 years a er diagnosis.

Other more uncommon B-cell malignancies are 
discussed in Chap. 17.

PRECURSOR T-CELL MALIGNANCIES
Precursor T-cell lymphobla st ic leukemia /
lymphoma

Precursor  -cell malignancies can present either as 
ALL or as an aggressive lymphoma. T ese malignancies 
are more common in children and young adults, with 
males more  requently a ected than  emales.

Precursor  -cell ALL can present with bone marrow 
 ailure, although the severity o  anemia, neutropenia, 
and thrombocytopenia is o en less than in precursor 
B-cell ALL. T ese patients sometimes have very high 
white cell counts, a mediastinal mass, lymphadenopathy, 
and hepatosplenomegaly. Precursor  -cell lymphoblastic 
lymphoma is most o en  ound in young men presenting 
with a large mediastinal mass and pleural e usions. Both 
presentations have a propensity to metastasize to the 
CNS, and CNS involvement is o en present at diagnosis.

TREATMENT  Precursor T-Cell Lymphoblastic Leukemia/
Lymphoma

Children with precursor  -cell ALL seem to bene t  rom very 
intensive remission induction and consolidation regimens. T e 
majority o  patients treated in this manner can be cured. Older 
children and young adults with precursor  -cell lymphoblastic 
lymphoma are also o en treated with “leukemia-like” 
regimens. Patients who present with localized disease have 
an excellent prognosis. However, advanced age is an adverse 
prognostic  actor. Adults with precursor  -cell lymphoblastic 
lymphoma who present with high LDH levels or bone 
marrow or CNS involvement are o en o ered bone marrow 
transplantation as part o  their primary therapy.

MATURE (PERIPHERAL) T-CELL DISORDERS
Mycosis  ungoides

Mycosis  ungoides is also known as cutaneous T-cell 
lymphoma.  his lymphoma is more o ten seen by 
dermatologists than internists. T e median age o  onset 
is in the mid-  ies, and the disease is more common in 
males and in blacks.
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211Mycosis  ungoides is an indolent lymphoma with 
patients o en having several years o  eczematous or 
dermatitic skin lesions be ore the diagnosis is  nally 
established. T e skin lesions progress  rom patch stage 
to plaque stage to cutaneous tumors. Early in the dis-
ease, biopsies are o en dif cult to interpret, and the 
diagnosis may only become apparent by observing the 
patient over time. In advanced stages, the lymphoma 
can spread to lymph nodes and visceral organs. Patients 
with this lymphoma may develop generalized eryth-
roderma and circulating tumor cells, called Sézary’s 
syndrome.

Rare patients with localized early-stage mycosis  un-
goides can be cured with radiotherapy, o en total-skin 
electron beam irradiation. More advanced disease has 
been treated with topical glucocorticoids, topical nitro-
gen mustard, phototherapy, psoralen with ultraviolet A 
(PUVA), extracorporeal photopheresis, retinoids (bex-
arotene), electron beam radiation, inter eron, antibod-
ies,  usion toxins, histone deacetylase inhibitors, and 
systemic cytotoxic therapy. Un ortunately, these treat-
ments are palliative.

Adult  T-cell lymphoma /leukemia

Adult  -cell lymphoma/leukemia is one mani estation 
o  in ection by the H LV-1 retrovirus. Patients can be 
in ected through transplacental transmission, mother’s 
milk, blood trans usion, and by sexual transmission o  the 
virus. Patients who acquire the virus  rom their mother 
through breast milk are most likely to develop lymphoma, 
but the risk is still only 2.5% and the latency averages 55 
years. Nationwide testing  or H LV-1 antibodies and 
the aggressive implementation o  public health measures 
could theoretically lead to the disappearance o  adult 
 -cell lymphoma/leukemia.  ropical spastic paraparesis, 
another mani estation o  H LV-1 in ection, occurs a er a 
shorter latency (1–3 years) and is most common in indi-
viduals who acquire the virus during adulthood  rom 
trans usion or sex.

T e diagnosis o  adult  -cell lymphoma/leukemia 
is made when an expert hematopathologist recognizes 
the typical morphologic picture, a  -cell immunophe-
notype (i.e., CD4 positive), and the presence in serum 
o  antibodies to H LV-1. Examination o  the periph-
eral blood will usually reveal characteristic, pleomor-
phic abnormal CD4-positive cells with indented nuclei, 
which have been called “ ower” cells (Fig. 16-10).

A subset o  patients have a smoldering clinical 
course and long survival, but most patients present 
with an aggressive disease mani ested by lymphade-
nopathy, hepatosplenomegaly, skin in ltration, pulmo-
nary in ltrates, hypercalcemia, lytic bone lesions, and 
elevated LDH levels. T e skin lesions can be papules, 
plaques, tumors, and ulcerations. Lung lesions can be 
either tumor or opportunistic in ection in light o  the 

underlying immunode ciency in the disease. Bone 
marrow involvement is not usually extensive, and ane-
mia and thrombocytopenia are not usually prominent. 
Although treatment with combination chemother-
apy regimens can result in objective responses, true 
complete remissions are unusual, and the median sur-
vival o  patients is ~7 months. A small phase II study 
reported a high response rate with inter eron plus 
zidovudine and arsenic trioxide.

Ana pla st ic la rge T/null-cell lymphoma

Anaplastic large  /null-cell lymphoma was previously 
usually diagnosed as undi erentiated carcinoma or 
malignant histiocytosis. Discovery o  the CD30 (Ki-1) 
antigen and the recognition that some patients with 
previously unclassi ed malignancies displayed this anti-
gen led to the identi cation o  a new type o  lymphoma. 
Subsequently, discovery o  the t(2;5) and the resultant 
 requent overexpression o  the anaplastic lymphoma 
kinase (ALK) protein con rmed the existence o  this 
entity. T is lymphoma accounts  or ~2% o  all non-
Hodgkin’s lymphomas.  able 16-10 shows the clinical 
characteristics o  patients with anaplastic large  /null 
cell lymphoma.

T e diagnosis o  anaplastic large  /null-cell lym-
phoma is made when an expert hematopathologist rec-
ognizes the typical morphologic picture and a  -cell or 
null-cell immunophenotype with CD30 positivity. Doc-
umentation o  the t(2;5) and/or overexpression o  ALK 
protein con rm the diagnosis. Some di use large B-cell 
lymphomas can also have an anaplastic appearance but 
have the same clinical course or response to therapy as 
other di use large B-cell lymphomas. A small percent-
age o  anaplastic lymphomas are ALK negative.

Patients with anaplastic large  /null-cell lymphoma 
are typically young (median age, 33 years) and male 
(~70%). Some 50% o  patients present in stage I/II, and 

FIGURE 16 -10
Ad u lt  T ce ll leu kem ia /lym p h o m a. Peripheral blood smear 
showing leukemia cells with typical “f ower-shaped” nucleus.
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212 the remainder present with more extensive disease. Sys-
temic symptoms and elevated LDH levels are seen in 
about one-hal  o  patients. Bone marrow and the gas-
trointestinal tract are rarely involved, but skin involve-
ment is  requent. Some patients with disease con ned 
to the skin have a di erent and more indolent disorder 
that has been termed cutaneous anaplastic large T/null-
cell lymphoma and might be related to lymphomatoid 
papulosis.

TREATMENT Anaplastic Large T/Null-Cell Lymphoma

 reatment regimens appropriate  or other aggressive 
lymphomas, such as di use large B-cell lymphoma, should be 
used in patients with anaplastic large  /null-cell lymphoma, 
with the exception that the B-cell–speci c antibody, 
rituximab, is omitted. Surprisingly, given the anaplastic 
appearance, this disorder has the best survival rate o  any 
aggressive lymphoma. T e 5-year survival is >75%. While 
traditional prognostic  actors such as the IPI predict treatment 
outcome, overexpression o  the ALK protein is an important 
prognostic  actor, with patients overexpressing this protein 
having a superior treatment outcome. T e ALK inhibitor 
crizotinib appears highly active as well. In addition, the CD30 
immunotoxin, brentuximab vedotin, is active in the disease.

Periphera l T-cell lymphoma

T e peripheral  -cell lymphomas make up a heteroge-
neous morphologic group o  aggressive neoplasms that 
share a mature  -cell immunophenotype. T ey repre-
sent ~7% o  all cases o  non-Hodgkin’s lymphoma. A 
number o  distinct clinical syndromes are included in 
this group o  disorders.  able 16-10 shows the clini-
cal characteristics o  patients with peripheral  -cell 
lymphoma.

T e diagnosis o  peripheral  -cell lymphoma, or 
any o  its speci c subtypes, requires an expert hemato-
pathologist, an adequate biopsy, and immunophenotyp-
ing. Most peripheral  -cell lymphomas are CD4+, but 
a  ew will be CD8+, both CD4+ and CD8+, or have an 
NK cell immunophenotype. No characteristic genetic 
abnormalities have yet been identi ed, but transloca-
tions involving the  -cell antigen receptor genes on 
chromosomes 7 or 14 may be detected. T e di erential 
diagnosis o  patients suspected o  having peripheral 
 -cell lymphoma includes reactive  -cell in ltrative 
processes. In some cases, demonstration o  a monoclo-
nal  -cell population using  -cell receptor gene rear-
rangement studies will be required to make a diagnosis.

T e initial evaluation o  a patient with a periph-
eral  -cell lymphoma should include the studies in 
 able 16-11  or staging patients with non-Hodgkin’s 

lymphoma. Un ortunately, patients with peripheral 
 -cell lymphoma usually present with adverse prognos-
tic  actors, with >80% o  patients having an IPI score ≥2 
and >30% having an IPI score ≥4. As this would pre-
dict, peripheral  -cell lymphomas are associated with a 
poor outcome, and only 25% o  the patients survive 5 
years a er diagnosis.  reatment regimens are the same 
as those used  or di use large B-cell lymphoma (omit-
ting rituximab), but patients with peripheral  -cell lym-
phoma have a poorer response to treatment. Because o  
this poor treatment outcome, hematopoietic stem cell 
transplantation is o en considered early in the care o  
young patients.

A number o  speci c clinical syndromes are seen in 
the peripheral  -cell lymphomas. Angioimmunoblastic 
T-cell lymphoma is one o  the more common subtypes, 
making up ~20% o   -cell lymphomas. T ese patients 
typically present with generalized lymphadenopathy, 
 ever, weight loss, skin rash, and polyclonal hypergam-
maglobulinemia. In some cases, it is dif cult to sepa-
rate patients with a reactive disorder  rom those with 
true lymphoma.

Extranodal T/NK-cell lymphoma of nasal type has 
also been called angiocentric lymphoma and was pre-
viously termed lethal midline granuloma. T is disorder 
is more  requent in Asia and South America than in 
the United States and Europe. EBV is thought to play 
an etiologic role. Although most  requent in the upper 
airway, it can involve other organs. T e course is aggres-
sive, and patients  requently have the hemophagocytic 
syndrome. When marrow and blood involvement 
occur, distinction between this disease and leukemia 
might be dif cult. Some patients will respond to aggres-
sive combination chemotherapy regimens, but the over-
all outlook is poor.

Enteropathy-type intestinal T-cell lymphoma is a rare 
disorder that occurs in patients with untreated gluten-
sensitive enteropathy. Patients are  requently wasted 
and sometimes present with intestinal per oration. T e 
prognosis is poor. Hepatosplenic γδ T-cell lymphoma is 
a systemic illness that presents with sinusoidal in ltra-
tion o  the liver, spleen, and bone marrow by malig-
nant   cells.  umor masses generally do not occur. 
T e disease is associated with systemic symptoms and 
is o en di  icult to diagnose.  reatment outcome is 
poor. Subcutaneous panniculitis-like T-cell lymphoma 
is a rare disorder that is o en con used with pannicu-
litis. Patients present with multiple subcutaneous nod-
ules, which progress and can ulcerate. Hemophagocytic 
syndrome is common. Response to therapy is poor. T e 
development o  the hemophagocytic syndrome (pro-
 ound anemia, ingestion o  erythrocytes by monocytes 
and macrophages, elevated  erritin levels) in the course 
o  any peripheral  -cell lymphoma is generally associ-
ated with a  atal outcome.
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213HODGKIN’S LYMPHOMA
Cla ssica l hodgkin’s lymphoma

Hodgkin’s lymphoma occurs in 9000 patients in the 
United States each year, and the disease does not 
appear to be increasing in  requency. Most patients 
present with palpable lymphadenopathy that is non-
tender; in most patients, these lymph nodes are in the 
neck, supraclavicular area, and axilla. More than hal  
the patients will have mediastinal adenopathy at diag-
nosis, and this is sometimes the initial mani estation. 
Subdiaphragmatic presentation o  Hodgkin’s lymphoma 
is unusual and more common in older males. One-
third o  patients present with  evers, night sweats, and/
or weight loss—B symptoms in the Ann Arbor staging 
classi cation ( able 16-8). Occasionally, Hodgkin’s lym-
phoma can present as a  ever o  unknown origin. T is is 
more common in older patients who are  ound to have 
mixed-cellularity Hodgkin’s lymphoma in an abdomi-
nal site. Rarely, the  evers persist  or days to weeks, 
 ollowed by a ebrile intervals and then recurrence o  
the  ever. T is pattern is known as Pel-Ebstein fever. 
Hodgkin’s lymphoma can occasionally present with 
unusual mani estations. T ese include severe and unex-
plained itching, cutaneous disorders such as erythema 
nodosum and ichthyosi orm atrophy, paraneoplastic 
cerebellar degeneration and other distant e ects on the 
CNS, nephrotic syndrome, immune hemolytic anemia 
and thrombocytopenia, hypercalcemia, and pain in 
lymph nodes on alcohol ingestion.

T e diagnosis o  Hodgkin’s lymphoma is established 
by review o  an adequate biopsy specimen by an expert 
hematopathologist. In the United States, most patients 
have nodular sclerosing Hodgkin’s lymphoma, with a 
minority o  patients having mixed-cellularity Hodgkin’s 
lymphoma. Lymphocyte-predominant and lymphocyte-
depleted Hodgkin’s lymphoma are rare. Mixed-cellularity 
Hodgkin’s lymphoma or lymphocyte-depletion Hodg-
kin’s lymphoma are seen more  requently in patients 
in ected by HIV (Fig. 16-11). Hodgkin’s lymphoma is 
a tumor characterized by rare neoplastic cells o  B-cell 
origin (immunoglobulin genes are rearranged but not 
expressed) in a tumor mass that is largely polyclonal 
in ammatory in ltrate, probably a reaction to cytokines 
produced by the tumor cells. T e di erential diagnosis 
o  a lymph node biopsy suspicious  or Hodgkin’s lym-
phoma includes in ammatory processes, mononucleosis, 
non-Hodgkin’s lymphoma, phenytoin-induced adenopa-
thy, and nonlymphomatous malignancies.

T e staging evaluation  or a patient with Hodgkin’s 
lymphoma would typically include a care ul history 
and physical examination; complete blood count; 
erythrocyte sedimentation rate; serum chemistry 
studies including LDH; chest radiograph; C  scan 
o  the chest, abdomen, and pelvis; and bone marrow 

biopsy. Many patients would also have a PE  scan or 
a gallium scan. Although rarely used, a bipedal lym-
phangiogram can be help ul. PE  and gallium scans 
are most use ul to document remission. Staging lapa-
rotomies were once popular  or most patients with 
Hodgkin’s lymphoma but are now done rarely because 
o  an increased reliance on systemic rather than local 
therapy.

TREATMENT Classical Hodgkin’s Lymphoma

Patients with localized Hodgkin’s lymphoma are cured 
>90% o  the time. In patients with good prognostic  actors, 
extended- eld radiotherapy has a high cure rate. Increas-
ingly, patients with all stages o  Hodgkin’s lymphoma are 
treated initially with chemotherapy. Patients with localized 
or good-prognosis disease receive a brie  course o  chemo-
therapy  ollowed by radiotherapy to sites o  node involve-
ment. Patients with more extensive disease or those with B 
symptoms receive a complete course o  chemotherapy. T e 
most popular chemotherapy regimen used in Hodgkin’s lym-
phoma is a combination o  doxorubicin, bleomycin, vinblas-
tine, and dacarbazine (ABVD).  oday, most patients in the 
United States receive ABVD, but a weekly chemotherapy regi-
men administered  or 12 weeks called Stanford V is becom-
ing increasingly popular, but it includes radiation therapy, 
which has been associated with li e-threatening late toxici-
ties such as premature coronary artery disease and second 
solid tumors. In Europe, a high-dose regimen called BEA-
COPP incorporating alkylating agents has become popu-
lar and might have a better response rate in very-high-risk 
patients. Long-term disease- ree survival in patients with 
advanced disease can be achieved in >75% o  patients who 

FIGURE 16 -11
Mixed  ce llu la rity Hod gkin’s lym p hom a. A Reed-Sternberg 
cell is present near the center o  the  eld; a large cell with a bilobed 
nucleus and prominent nucleoli giving an “owl’s eyes” appearance. 
The majority o  the cells are normal lymphocytes, neutrophils, and 
eosinophils that  orm a pleomorphic cellular in ltrate.
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214 lack systemic symptoms and in 60–70% o  patients with sys-
temic symptoms.

Patients who relapse a er primary therapy o  Hodgkin’s 
lymphoma can  requently still be cured. Patients who relapse 
a er initial treatment with only radiotherapy have an excel-
lent outcome when treated with chemotherapy. Patients 
who relapse a er an e ective chemotherapy regimen are 
usually not curable with subsequent chemotherapy admin-
istered at standard doses. However, patients with a long ini-
tial remission can be an exception to this rule. Autologous 
bone marrow transplantation can cure hal  o  patients in 
whom e ective chemotherapy regimens  ail to induce dura-
ble remissions. T e immunotoxin, brentuximab vedotin, a 
CD30-directed chemotherapy that selectively targets cells 
expressing CD30, is active in the salvage setting and is being 
integrated into ABVD  or initial treatment.

Because o  the very high cure rate in patients with 
Hodgkin’s lymphoma, long-term complications have become 
a major  ocus  or clinical research. In  act, in some series o  
patients with early-stage disease, more patients died  rom 
late complications o  therapy than  rom Hodgkin’s lym-
phoma itsel . T is is particularly true in patients with local-
ized disease. T e most serious late side e ects include second 
malignancies and cardiac injury. Patients are at risk  or the 
development o  acute leukemia in the  rst 10 years a er 
treatment with combination chemotherapy regimens that 
contain alkylating agents plus radiation therapy. T e risk  or 
development o  acute leukemia appears to be greater a er 
MOPP-like (mechlorethamine, vincristine, procarbazine, 
prednisone) regimens than with ABVD. T e risk o  devel-
opment o  acute leukemia a er treatment  or Hodgkin’s 
lymphoma is also related to the number o  exposures to 
potentially leukemogenic agents (i.e., multiple treatments 
a er relapse) and the age o  the patient being treated, with 
those age >60 years at particularly high risk. T e devel-
opment o  carcinomas as a complication o  treatment  or 
Hodgkin’s lymphoma has become a major problem. T ese 
tumors usually occur ≥10 years a er treatment and are 
associated with use o  radiotherapy. For this reason, young 
women treated with thoracic radiotherapy  or Hodgkin’s lym-
phoma should institute screening mammograms 5–10 years 
a er treatment, and all patients who receive thoracic radio-
therapy  or Hodgkin’s lymphoma should be discouraged  rom 
smoking. T oracic radiation also accelerates coronary artery 
disease, and patients should be encouraged to minimize risk 
 actors  or coronary artery disease such as smoking and ele-
vated cholesterol levels. Cervical radiation therapy increases 
the risk o  carotid atherosclerosis and stroke.

A number o  other late side e ects  rom the treatment o  
Hodgkin’s lymphoma are well known. Patients who receive 
thoracic radiotherapy are at very high risk  or the eventual 
development o  hypothyroidism and should be observed  or 
this complication; intermittent measurement o  thyrotropin 
should be made to identi y the condition be ore it becomes 
symptomatic. Lhermitte’s syndrome occurs in ~15% o  

patients who receive thoracic radiotherapy. T is syndrome 
is mani ested by an “electric shock” sensation into the lower 
extremities on  exion o  the neck. In ertility is a concern  or 
all patients undergoing treatment  or Hodgkin’s lymphoma. 
In both women and men, the risk o  permanent in ertility 
is age-related, with younger patients more likely to recover 
 ertility. In addition, treatment with ABVD increases the 
chances to retain  ertility.

Nodula r lymphocyte-predomina nt  
Hodgkin’s lymphoma

Nodular lymphocyte-predominant Hodgkin’s lymphoma 
is now recognized as an entity distinct  rom classical 
Hodgkin’s lymphoma. Previous classi cation systems rec-
ognized that biopsies  rom a subset o  patients diagnosed 
as having Hodgkin’s lymphoma contained a predomi-
nance o  small lymphocytes and rare Reed-Sternberg 
cells (Fig. 16-11). A subset o  these patients have tumors 
with nodular growth pattern and a clinical course that 
varied  rom that o  patients with classical Hodgkin’s lym-
phoma. T is is an unusual clinical entity and represents 
<5% o  cases o  Hodgkin’s lymphoma.

Nodular lymphocyte-predominant Hodgkin’s lym-
phoma has a number o  characteristics that suggest 
its relationship to non-Hodgkin’s lymphoma. T ese 
include a clonal proli eration o  B cells and a distinc-
tive immunophenotype; tumor cells express J chain and 
display CD45 and epithelial membrane antigen (EMA) 
and do not express two markers normally  ound on 
Reed-Sternberg cells, CD30 and CD15. T is lymphoma 
tends to have a chronic, relapsing course and some-
times trans orms to di use large B-cell lymphoma.

T e treatment o  patients with nodular lymphocyte-
predominant Hodgkin’s lymphoma is controversial. 
Some clinicians  avor no treatment and merely close 
 ollow-up. In the United States, most physicians will 
treat localized disease with radiotherapy and dissemi-
nated disease with regimens used  or patients with clas-
sical Hodgkin’s lymphoma. Regardless o  the therapy 
used, most series report a long-term survival o  >80%.

LYMPHOMA-LIKE DISORDERS

T e most common condition that pathologists and cli-
nicians might con use with lymphoma is reactive, atypi-
cal lymphoid hyperplasia. Patients might have localized 
or disseminated lymphadenopathy and might have the 
systemic symptoms characteristic o  lymphoma. Under-
lying causes include a drug reaction to phenytoin or 
carbamazepine. Immune disorders such as rheumatoid 
arthritis and lupus erythematosus, viral in ections such 
as cytomegalovirus and EBV, and bacterial in ections 
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215such as cat-scratch disease may cause adenopathy 
(Chap. 4). In the absence o  a de nitive diagnosis a er 
initial biopsy, continued  ollow-up,  urther testing, and 
repeated biopsies, i  necessary, constitute the appropri-
ate approach, rather than instituting therapy.

Speci c conditions that can be con used with lym-
phoma include Castleman’s disease, which can present 
with localized or disseminated lymphadenopathy; some 
patients have systemic symptoms. T e disseminated 
 orm is o en accompanied by anemia and polyclonal 
hypergammaglobulinemia, and the condition has been 
associated with overproduction o  interleukin 6 (IL-6), 
in some cases produced by human herpesvirus 8 in ec-
tion. Patients with localized disease can be treated e ec-
tively with local therapy, whereas the initial treatment 
 or patients with disseminated disease is usually with 
systemic glucocorticoids. IL-6-directed therapy (tocili-
zumab) has produced short-term responses. Rituximab 
appears to produce longer remissions than tocilizumab.

Sinus histiocytosis with massive lymphadenopathy 
(Rosai-Dorfman disease) usually presents with bulky 

lymphadenopathy in children or young adults. T e 
disease is usually nonprogressive and sel -limited, but 
patients can mani est autoimmune hemolytic anemia.

Lymphomatoid papulosis is a cutaneous lymphopro-
li erative disorder that is o en con used with anaplas-
tic large cell lymphoma involving the skin. T e cells 
o  lymphomatoid papulosis are similar to those seen 
in lymphoma and stain  or CD30, and  -cell receptor 
gene rearrangements are sometimes seen. However, 
the condition is characterized by waxing and waning 
skin lesions that usually heal, leaving small scars. In the 
absence o  e ective communication between the clini-
cian and the pathologist regarding the clinical course in 
the patient, this disease will be misdiagnosed. Since the 
clinical picture is usually benign, misdiagnosis is a seri-
ous mistake.

Ac kn o wl ed g men t

James Armitage was a coauthor of this chapter in prior 
editions, and substantial material from those editions has 
been included here.
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Ayalew Tef eri  ■    Dan  L. Longo  

T e most common lymphoid malignancies are dis-
cussed in Chap. 16, myeloid leukemias in Chaps. 14 
and 15, myelodysplastic syndromes in Chap. 11, and 
myeloproli erative syndromes in Chap. 13. T is chapter 
will  ocus on the more unusual  orms o  hematologic 
malignancy. T e diseases discussed here are listed in 
Table 17-1. Each o  these entities accounts  or less than 
1% o  hematologic neoplasms.

LYMPHOID MALIGNANCIES

Precursor B-cell and precursor  -cell neoplasms are 
discussed in Chap. 16. All the lymphoid tumors dis-
cussed here are mature B cell or   cell, natural killer 
(NK) cell neoplasms.

MATURE B-CELL NEOPLASMS
B-cell prolymphocytic leukemia  (B-PLL)

T is is a malignancy o  medium-sized (about twice the 
size o  a normal small lymphocyte), round lymphocytes 
with a prominent nucleolus and light blue cytoplasm 
on Wright’s stain. It dominantly a ects the blood, bone 
marrow, and spleen and usually does not cause adenop-
athy. T e median age o  a ected patients is 70 years, 
and men are more o en a ected than women (male-to-
 emale ratio is 1.6). T is entity is distinct  rom chronic 
lymphoid leukemia (CLL) and does not develop as a 
consequence o  that disease.

Clinical presentation is generally  rom symptoms 
o  splenomegaly or incidental detection o  an elevated 
white blood cell (WBC) count. T e clinical course can 
be rapid. T e cells express sur ace IgM (with or with-
out IgD) and typical B-cell markers (CD19, CD20, 
CD22). CD23 is absent, and about one-third o  cases 
express CD5. T e CD5 expression along with the pres-
ence o  the t(11;14) translocation in 20% o  cases leads 

LESS COMMON HEMATOLOGIC MALIGNANCIES

CHAP TER 1 7

to con usion in distinguishing B-PLL  rom the leuke-
mic  orm o  mantle cell lymphoma. No reliable criteria 
 or the distinction have emerged. About hal  o  patients 
have mutation or loss o  p53, and deletions have been 
noted in 11q23 and 13q14. Nucleoside analogues like 
 udarabine and cladribine and combination chemo-
therapy (cyclophosphamide, doxorubicin, vincristine, 
and prednisone [CHOP]) have produced responses. 
CHOP plus rituximab may be more e ective than 
CHOP alone, but the disease is su ciently rare that 
large series have not been reported. Splenectomy can 
produce palliation o  symptoms but appears to have lit-
tle or no impact on the course o  the disease.

Splenic ma rgina l zone lymphoma  (SMZL)

T is tumor o  mainly small lymphocytes originates in 
the marginal zone o  the spleen white pulp, grows to 
e ace the germinal centers and mantle, and invades the 
red pulp. Splenic hilar nodes, bone marrow, and periph-
eral blood may be involved. T e circulating tumor cells 
have short sur ace villi and are called villous lympho-
cytes. Table 17-2 shows di erences in tumor cells o  a 
number o  neoplasms o  small lymphocytes that aid in 
the di erential diagnosis. SMZL cells express sur ace 
immunoglobulin and CD20, but are negative  or CD5, 
CD10, CD43, and CD103. Lack o  CD5 distinguishes 
SMZL  rom CLL, and lack o  CD103 separates SMZL 
 rom hairy cell leukemia.

T e median age o  patients with SMZL is mid-
f  ies, and men and women are equally represented. 
Patients present with incidental or symptomatic sple-
nomegaly or incidental detection o  lymphocytosis in 
the peripheral blood with villous lymphocytes. Auto-
immune anemia or thrombocytopenia may be pres-
ent. T e immunoglobulin produced by these cells 
contains somatic mutations that re ect transit through 
a germinal center, and ongoing mutations suggest that 
the mutation machinery has remained active. About 
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217TABLE 17 -1  
UNUSUAL LYMPHOID AND MYELOID MALIGNANCIES
Lym p h o id
Mature B-cell neoplasms
 B-cell prolymphocytic leukemia
 Splenic marginal zone lymphoma
 Hairy cell leukemia
 Nodal marginal zone B-cell lymphoma
 Mediastinal large B-cell lymphoma
 Intravascular large B-cell lymphoma
 Primary e usion lymphoma
 Lymphomatoid granulomatosis
Mature T-cell and natural killer (NK) cell neoplasms
 T-cell prolymphocytic leukemia
 T-cell large granular lymphocytic leukemia
 Aggressive NK cell leukemia
 Extranodal NK/T-cell lymphoma, nasal type
 Enteropathy-type T-cell lymphoma
 Hepatosplenic T-cell lymphoma
 Subcutaneous panniculitis-like T-cell lymphoma
 Blastic NK cell lymphoma
 Primary cutaneous CD30+ T-cell lymphoma
 Angioimmunoblastic T-cell lymphoma
Myelo id
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia/hypereosinophilic syndrome
Hist io cyt ic an d  Den d rit ic Ce ll Neop la sm s
Histiocytic sarcoma
Langerhans cell histiocytosis
Langerhans cell sarcoma
Interdigitating dendritic cell sarcoma
Follicular dendritic cell sarcoma
Mast  Ce lls
Mastocytosis
Cutaneous mastocytosis
Systemic mastocytosis
Mast cell sarcoma
Extracutaneous mastocytoma

TABLE 17 -2  
IMMUNOPHENOTYPE OF TUMORS OF SMALL LYMPHOCYTES

CD5  CD20  CD43  CD10  CD103  SIG  CYCLIND1

Follicular lymphoma  neg  pos  pos  pos  neg  pos  neg
Chronic lymphoid leukemia  pos  pos  pos  neg  neg  pos  neg
B-cell prolymphocytic leukemia  pos  pos  pos  neg  neg  pos  pos
Mantle cell lymphoma  pos  pos  pos  neg  neg  pos  pos
Splenic marginal zone lymphoma  neg  pos  neg  neg  neg  pos  neg
Hairy cell leukemia  neg  pos  ?  neg  pos  pos  neg

Abbrevia t ions: neg, negative; pos, positive.

40% o  patients have either deletions or transloca-
tions involving 7q21, the site o  the FLNC gene (f la-
min Cγ, involved in cross-linking actin f laments in 
the cytoplasm). NOTCH2 mutations are seen in 25% o  
patients. Chromosome 8p deletions may also be noted. 
T e genetic lesions typically  ound in extranodal mar-
ginal zone lymphomas [e.g., trisomy 3 and t(11;18)] are 
uncommon in SMZL.

T e clinical course o  disease is generally indolent 
with median survivals exceeding 10 years. Patients 
with elevated lactate dehydrogenase (LDH) levels, ane-
mia, and hypoalbuminemia generally have a poorer 
prognosis. Long remissions can be seen a er sple-
nectomy. Rituximab is also active. A small  raction o  
patients undergo histologic progression to di use large 
B-cell lymphoma with a concomitant change to a more 
aggressive natural history. Experience with combination 
chemotherapy in SMZL is limited.

Ha iry cell leukemia

Hairy cell leukemia is a tumor o  small lymphocytes 
with oval nuclei, abundant cytoplasm, and distinc-
tive membrane projections (hairy cells). Patients have 
splenomegaly and di use bone marrow involvement. 
While some circulating cells are noted, the clinical 
picture is dominated by symptoms  rom the enlarged 
spleen and pancytopenia. T e mechanism o  the pan-
cytopenia is not completely clear and may be mediated 
by both inhibitory cytokines and marrow replacement. 
T e marrow has an increased level o  reticulin f bers; 
indeed, hairy cell leukemia is a common cause o  
inability to aspirate bone marrow or so-called “dry tap” 
(Table 17-3). Monocytopenia is pro ound and may 
explain a predisposition to atypical mycobacterial in ec-
tion that is observed clinically. T e tumor cells have 
strong expression o  CD22, CD25, and CD103; soluble 
CD25 level in serum is an excellent tumor marker  or 
disease activity. T e cells also express tartrate-resistant 
acid phosphatase. T e immunoglobulin genes are rear-
ranged and mutated, indicating the in uence o  a 
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218 TABLE 17-3  
DIFFERENTIAL DIAGNOSIS OF “DRY TAP”—
INABILITY TO ASPIRATE BONE MARROW
Dry taps occur in about 4% o  attempts and are associated with:
 Metastatic carcinoma in ltration  17%
 Chronic myeloid leukemia  15%
 Myelo brosis  14%
 Hairy cell leukemia  10%
 Acute leukemia  10%
 Lymphomas, Hodgkin’s disease  9%
 Normal marrow  Rare

germinal center. No specif c cytogenetic abnormality 
has been  ound, but most cases contain the activating 
BRAF mutation V600E.

T e median age o  a ected patients is mid-f  ies, and 
the male-to- emale ratio is 5:1.  reatment options are 
numerous. Splenectomy is o en associated with pro-
longed remission. Nucleosides including cladribine and 
deoxyco ormycin are highly active but are also associ-
ated with  urther immunosuppression and can increase 
the risk o  certain opportunistic in ections. However, 
a er brie  courses o  these agents, patients usually 
obtain very durable remissions during which immune 
 unction spontaneously recovers. Inter eron α is also an 
e ective therapy but is not as e ective as nucleosides. 
Chemotherapy-re ractory patients have responded to 
vemura enib, a BRAF inhibitor.

Noda l ma rgina l zone B-cell lymphoma

T is rare node-based disease bears an uncertain rela-
tionship with extranodal marginal zone lymphomas, 
which are o en mucosa-associated and are called 
mucosa-associated lymphoid tissue (MAL ) lympho-
mas, and SMZLs. Patients may have localized or gen-
eralized adenopathy. T e neoplastic cell is a marginal 
zone B cell with monocytoid  eatures and has been 
called monocytoid B-cell lymphoma in the past. Up to 
one-third o  the patients may have extranodal involve-
ment, and involvement o  the lymph nodes can be sec-
ondary to the spread o  a mucosal primary lesion. In 
authentic nodal primaries, the cytogenetic abnormali-
ties associated with MAL  lymphomas [trisomy 3 and 
t(11;18)] are very rare. T e clinical course is indolent. 
Patients o en respond to combination chemother-
apy, although remissions have not been durable. Few 
patients have received CHOP plus rituximab, which is 
likely to be an e ective approach to management.

Media st ina l (thymic) la rge B-cell lymphoma

T is entity was originally considered a subset o  di use 
large B-cell lymphoma; however, additional study has 

identif ed it as a distinct entity with its own character-
istic clinical, genetic, and immunophenotypic  eatures. 
T is is a disease that can be bulky in size but usually 
remains conf ned to the mediastinum. It can be locally 
aggressive, including progressing to produce a superior 
vena cava obstruction syndrome or pericardial e usion. 
About one-third o  patients develop pleural e usions, 
and 5–10% can disseminate widely to kidney, adrenal, 
liver, skin, and even brain. T e disease a ects women 
more o en than men (male-to- emale ratio is 1:2–3), 
and the median age is 35–40 years.

T e tumor is composed o  sheets o  large cells with 
abundant cytoplasm accompanied by variable, but o en 
abundant, f brosis. It is distinguished  rom nodular 
sclerosing Hodgkin’s disease by the paucity o  normal 
lymphoid cells and the absence o  lacunar variants o  
Reed-Sternberg cells. However, more than one-third o  
the genes that are expressed to a greater extent in pri-
mary mediastinal large B-cell lymphoma than in usual 
di use large B-cell lymphoma are also overexpressed 
in Hodgkin’s disease, suggesting a possible pathoge-
netic relationship between the two entities that a ect 
the same anatomic site.  umor cells may overexpress 
MAL. T e genome o  tumor cells is characterized by 
 requent chromosomal gains and losses. T e tumor cells 
in mediastinal large B-cell lymphoma express CD20, 
but sur ace immunoglobulin and HLA class I and class 
II molecules may be absent or incompletely expressed. 
Expression o  lower levels o  class II HLA identif es a 
subset with poorer prognosis. T e cells are CD5 and 
CD10 negative but may show light staining with anti-
CD30. T e cells are CD45 positive, unlike cells o  classi-
cal Hodgkin’s disease.

Methotrexate, leucovorin, doxorubicin, cyclophos-
phamide, vincristine, prednisone, and bleomycin 
(MACOP-B) and rituximab plus CHOP are e ective 
treatments, achieving 5-year survival o  75–87%. Dose-
adjusted therapy with prednisone, etoposide, vincris-
tine, cyclophosphamide, and doxorubicin (EPOCH) 
plus rituximab has produced 5-year survival o  97%. 
A role  or mediastinal radiation therapy has not been 
def nitively demonstrated, but it is  requently used, 
especially in patients whose mediastinal area remains 
positron emission tomography–avid a er  our to six 
cycles o  chemotherapy.

Intra va scula r la rge B-cell lymphoma

T is is an extremely rare  orm o  di use large B-cell 
lymphoma characterized by the presence o  lymphoma 
in the lumen o  small vessels, particularly capillaries. 
It is also known as malignant angioendotheliomato-
sis or angiotropic large cell lymphoma. It is su ciently 
rare that no consistent picture has emerged to def ne a 
clinical syndrome or its epidemiologic and genetic  ea-
tures. It is thought to remain inside vessels because o  a 
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219de ect in adhesion molecules and homing mechanisms, 
an idea supported by scant data suggesting absence o  
expression o  β-1 integrin and ICAM-1. Patients com-
monly present with symptoms o  small-vessel occlu-
sion, skin lesions, or neurologic symptoms. T e tumor 
cell clusters can promote thrombus  ormation. In gen-
eral, the clinical course is aggressive and the disease is 
poorly responsive to therapy. O en a diagnosis is not 
made until very late in the course o  the disease.

Prima ry e usion lymphoma

T is entity is another variant o  di use large B-cell 
lymphoma that presents with pleural e usions, usu-
ally without apparent tumor mass lesions. It is most 
common in the setting o  immune def ciency disease, 
especially AIDS, and is caused by human herpes virus 
8 (HHV-8)/Kaposi’s sarcoma herpes virus (KSHV). It 
is also known as body cavity–based lymphoma. Some 
patients have been previously diagnosed with Kaposi’s 
sarcoma. It can also occur in the absence o  immunode-
f ciency in elderly men o  Mediterranean heritage, simi-
lar to Kaposi’s sarcoma but even less common.

T e malignant e usions contain cells positive  or 
HHV-8/KSHV, and many are also co-in ected with 
Epstein-Barr virus. T e cells are large with large 
nuclei and prominent nucleoli that can be con used 
with Reed-Sternberg cells. T e cells express CD20 
and CD79a (immunoglobulin-signaling molecule), 
although they o en do not express immunoglobulin. 
Some cases aberrantly express  -cell markers such as 
CD3 or rearranged  -cell receptor genes. No charac-
teristic genetic lesions have been reported, but gains in 
chromosome 12 and X material has been seen, similar 
to other HIV-associated lymphomas. T e clinical course 
is generally characterized by rapid progression and 
death within 6 months.

Lymphoma toid  gra nuloma tosis

T is is an angiocentric, angiodestructive lymphop-
roli erative disease comprised by neoplastic Epstein-
Barr virus–in ected monoclonal B cells accompanied 
and outnumbered by a polyclonal reactive  -cell inf l-
trate. T e disease is graded based on histologic  eatures 
such as cell number and atypia in the B cells. It is most 
o en con used with extranodal NK–  cell lymphoma, 
nasal type, which can also be angiodestructive and is 
Epstein-Barr virus–related. T e disease usually pres-
ents in adults (males >  emales) as a pulmonary inf l-
trate. Involvement is o en entirely extranodal and can 
include kidney (32%), liver (29%), skin (25%), and 
brain (25%). T e disease o en but not always occurs in 
the setting o  immune def ciency.

T e disease can be remitting and relapsing in nature 
or can be rapidly progressive. T e course is usually 

predicted by the histologic grade. T e disease is highly 
responsive to combination chemotherapy and is cur-
able in most cases. Some investigators have claimed that 
low-grade disease (grade I and II) can be treated with 
inter eron α.

MATURE T-CELL AND NK CELL NEOPLASMS
T-cell pro lymphocytic leukemia

T is is an aggressive leukemia o  medium-sized pro-
lymphocytes involving the blood, marrow, nodes, liver, 
spleen, and skin. It accounts  or 1–2% o  all small lym-
phocytic leukemias. Most patients present with elevated 
WBC count (o en >100,000/µL), hepatosplenomegaly, 
and adenopathy. Skin involvement occurs in 20%. T e 
diagnosis is made  rom peripheral blood smear, which 
shows cells about 25% larger than those in small lym-
phocytes, with cytoplasmic blebs and nuclei that may 
be indented. T e cells express  -cell markers like CD2, 
CD3, and CD7; two-thirds o  patients have cells that 
are CD4+ and CD8–, and 25% have cells that are CD4+ 
and CD8+.  -cell receptor β chains are clonally rear-
ranged. In 80% o  patients, inversion o  chromosome 14 
occurs between q11 and q32.  en percent have t(14;14) 
translocations that bring the  -cell receptor alpha/beta 
gene locus into juxtaposition with oncogenes TCL1 and 
TCL1b at 14q32.1. Chromosome 8 abnormalities are 
also common. Deletions in the ATM gene are also noted. 
Activating JAK3 mutations have also been reported.

T e course o  the disease is generally rapid, with 
median survival o  about 12 months. Responses have 
been seen with the anti-CD52 antibody, nucleoside 
analogs, and CHOP chemotherapy. Small numbers o  
patients with  -cell prolymphocytic leukemia have also 
been treated with high-dose therapy and allogeneic 
bone marrow transplantation a er remission has been 
achieved with conventional-dose therapy.

T-cell la rge gra nula r lymphocytic leukemia

 -cell large granular lympho cytic leukemia (LGL leu-
kemia) is characterized by increases in the number o  
LGLs in the peripheral blood (2000–20,000/µL) o en 
accompanied by severe neutropenia, with or without 
concomitant anemia. Patients may have splenomegaly 
and  requently have evidence o  systemic autoimmune 
disease, including rheumatoid arthritis, hypergamma-
globulinemia, autoantibodies, and circulating immune 
complexes. Bone marrow involvement is mainly inter-
stitial in pattern, with  ewer than 50% lymphocytes on 
di erential count. Usually the cells express CD3,  -cell 
receptors, and CD8; NK-like variants may be CD3–. 
T e leukemic cells o en express Fas and Fas ligand.

T e course o  the disease is generally indolent 
and dominated by the neutropenia. Paradoxically, 
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220 immunosuppressive therapy with cyclosporine, metho-
trexate, or cyclophosphamide plus glucocorticoids can 
produce an increase in granulocyte counts. Nucleosides 
have been used anecdotally. Occasionally the disease 
can accelerate to a more aggressive clinical course.

Aggressive NK cell leukemia

NK neoplasms are very rare, and they may  ollow a range 
o  clinical courses  rom very indolent to highly aggres-
sive. T ey are more common in Asians than whites, and 
the cells  requently harbor a clonal Epstein-Barr virus 
episome. T e peripheral blood white count is usually 
not greatly elevated, but abnormal large lymphoid cells 
with granular cytoplasm are noted. T e aggressive  orm 
is characterized by symptoms o   ever and laboratory 
abnormalities o  pancytopenia. Hepatosplenomegaly is 
common; node involvement is less common. Patients 
may have hemophagocytosis, coagulopathy, or multior-
gan  ailure. Serum levels o  Fas ligand are elevated.

T e cells express CD2 and CD56 and do not have 
rearranged  -cell receptor genes. Deletions involving 
chromosome 6 are common. T e disease can be rap-
idly progressive. Some  orms o  NK neoplasms are more 
indolent. T ey tend to be discovered incidentally with 
LGL lymphocytosis and do not mani est the  ever and 
hepatosplenomegaly characteristic o  the aggressive leu-
kemia. T e cells are also CD2 and CD56 positive, but 
they do not contain clonal  orms o  Epstein-Barr virus 
and are not accompanied by pancytopenia or autoim-
mune disease.

Extra noda l NK/T-cell lymphoma , na sa l type

Like lymphomatoid granulomatosis, extranodal NK/ -
cell lymphoma tends to be an angiocentric and angiode-
structive lesion, but the malignant cells are not B cells. 
In most cases, they are CD56+ Epstein-Barr virus–
in ected cells; occasionally they are CD56– Epstein-
Barr virus–in ected cytotoxic   cells. T ey are most 
commonly  ound in the nasal cavity. Historically, this 
illness was called lethal midline granuloma, polymor-
phic reticulosis, and angiocentric immunoproli era-
tive lesion. T is  orm o  lymphoma is prevalent in Asia, 
Mexico, and Central and South America; it a ects 
males more commonly than  emales. When it spreads 
beyond the nasal cavity, it may a ect so  tissue, the gas-
trointestinal tract, or the testis. In some cases, hemo-
phagocytic syndrome may in uence the clinical picture. 
Patients may have B symptoms. Many o  the systemic 
mani estations o  disease are related to the production 
o  cytokines by the tumor cells and the cells responding 
to their signals. Deletions and inversions o  chromo-
some 6 are common.

Many patients with extranodal NK/ -cell lymphoma, 
nasal type have excellent antitumor responses with 

combination chemotherapy regimens, particularly those 
with localized disease. Radiation therapy is o en used 
a er completion o  chemotherapy. Four risk  actors 
have been def ned, including B symptoms, advanced 
stage, elevated LDH, and regional lymph node involve-
ment. Patient survival is linked to the number o  risk 
 actors: 5-year survival is 81%  or zero risk  actors, 64% 
 or one risk  actor, 32%  or two risk  actors, and 7% 
 or three or  our risk  actors. Combination regimens 
without anthracyclines have been touted as superior to 
CHOP, but data are sparse. High-dose therapy with stem 
cell transplantation has been used, but its role is unclear.

Enteropa thy-type T-cell lymphoma

Enteropathy-type  -cell lymphoma is a rare complication 
o  longstanding celiac disease. It most commonly occurs 
in the jejunum or the ileum. In adults, the lymphoma 
may be diagnosed at the same time as celiac disease, but 
the suspicion is that the celiac disease was a longstanding 
precursor to the development o  lymphoma. T e tumor 
usually presents as multiple ulcerating mucosal masses, 
but may also produce a dominant exophytic mass or 
multiple ulcerations. T e tumor expresses CD3 and CD7 
nearly always and may or may not express CD8. T e nor-
mal-appearing lymphocytes in the adjacent mucosa o en 
have a similar phenotype to the tumor. Most patients 
have the HLA genotype associated with celiac disease, 
HLA DQA1*0501 or DQB1*0201.

T e prognosis o  this  orm o  lymphoma is typically 
(median survival is 7 months) poor, but some patients 
have a good response to CHOP chemotherapy. Patients 
who respond can develop bowel per oration  rom 
responding tumor. I  the tumor responds to treatment, 
recurrence may develop elsewhere in the celiac disease–
a ected small bowel.

Hepa tosplenic T-cell lymphoma

Hepatosplenic  -cell lymphoma is a malignancy 
derived  rom   cells expressing the gamma/delta  -cell 
antigen receptor that a ects mainly the liver and f lls 
the sinusoids with medium-size lymphoid cells. When 
the spleen is involved, dominantly the red pulp is inf l-
trated. It is a disease o  young people, especially young 
people with an underlying immunodef ciency or with 
an autoimmune disease that demands immunosup-
pressive therapy. T e use o  thiopurine and in iximab 
is particularly common in the history o  patients with 
this disease. T e cells are CD3+ and usually CD4– and 
CD8–. T e cells may contain isochromosome 7q, o en 
together with trisomy 8. T e lymphoma has an aggres-
sive natural history. Combination chemotherapy may 
induce remissions, but most patients relapse. Median 
survival is about 2 years. T e tumor does not appear to 
respond to reversal o  immunosuppressive therapy.
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221Subcuta neous pa nniculit is-like T-cell lymphoma

Subcutaneous panniculitis-like  -cell lymphoma 
involves multiple subcutaneous collections o  neoplastic 
  cells that are usually cytotoxic cells in phenotype (i.e., 
contain per orin and granzyme B and express CD3 and 
CD8). T e rearranged  -cell receptor is usually alpha/
beta-derived, but occasionally the gamma/delta recep-
tors are involved, particularly in the setting o  immu-
nosuppression. T e cells are negative  or Epstein-Barr 
virus. Patients may have a hemophagocytic syndrome 
in addition to the skin inf ltration;  ever and hepato-
splenomegaly may also be present. Nodes are generally 
not involved. Patients  requently respond to combina-
tion chemotherapy, including CHOP. When the disease 
is progressive, the hemophagocytic syndrome can be a 
component o  a  ulminant downhill course. E ective 
therapy can reverse the hemophagocytic syndrome.

Bla stic NK cell lymphoma

T e neoplastic cells express NK cell markers, espe-
cially CD56, and are CD3 negative. T ey are large 
blastic-appearing cells and may produce a leukemia 
picture, but the dominant site o  involvement is the 
skin. Morphologically, the cells are similar to the neo-
plastic cells in acute lymphoid and myeloid leukemia. 
No characteristic chromosomal abnormalities have 
been described. T e clinical course is rapid, and the 
disease is largely unresponsive to typical lymphoma 
treatments.

Prima ry cuta neous CD30+ T-cell lymphoma

T is tumor involves the skin and is composed o  cells 
that appear similar to the cells o  anaplastic  -cell lym-
phoma. Among cutaneous  -cell tumors, about 25% 
are CD30+ anaplastic lymphomas. I  dissemination 
to lymph nodes occurs, it is di cult to distinguish 
between the cutaneous and systemic  orms o  the dis-
ease. T e tumor cells are o en CD4+, and the cells 
contain granules that are positive  or granzyme B and 
per orin in 70% o  cases. T e typical t(2;5) o  anaplastic 
 -cell lymphoma is absent; indeed, its presence should 
prompt a closer look  or systemic involvement and a 
switch to a diagnosis o  anaplastic  -cell lymphoma. 
T is  orm o  lymphoma has sporadically been noted as 
a rare complication o  silicone on saline breast implants. 
Cutaneous CD30+  -cell lymphoma o en responds to 
therapy. Radiation therapy can be e ective, and surgery 
can also produce long-term disease control. Five-year 
survival exceeds 90%.

Angio immunobla stic T-cell lymphoma

Angioimmunoblastic  -cell lymphoma is a sys-
temic disease that accounts  or about 15% o  all  -cell 

lymphomas. Patients  requently have  ever, advanced 
stage, di use adenopathy, hepatosplenomegaly, skin 
rash, polyclonal hypergammaglobulinemia, and a wide 
range o  autoantibodies including cold agglutinins, 
rheumatoid  actor, and circulating immune complexes. 
Patients may have edema, arthritis, pleural e usions, 
and ascites. T e nodes contain a polymorphous inf l-
trate o  neoplastic   cells and nonneoplastic in amma-
tory cells together with proli eration o  high endothelial 
venules and  ollicular dendritic cells. T e most common 
chromosomal abnormalities are trisomy 3, trisomy 5, 
and an extra X chromosome. Aggressive combination 
chemotherapy can induce regressions. T e underlying 
immune de ects make conventional lymphoma treat-
ments more likely to produce in ectious complications.

MYELOID MALIGNANCIES

T e World Health Organization (WHO) system uses 
peripheral blood counts and smear analysis, bone 
marrow morphology, and cytogenetic and molecular 
genetic tests in order to classi y myeloid malignancies 
into f ve major categories (Table 17-4). In this chap-
ter, we  ocus on chronic neutrophilic leukemia; atypical 
chronic myeloid leukemia, BCR-ABL1 negative; chronic 
myelomonocytic leukemia; juvenile myelomonocytic 
leukemia; chronic eosinophilic leukemia, not otherwise 
specif ed; mastocytosis; myeloproli erative neoplasm 
(MPN), unclassif able (MPN-U); myelodysplastic syn-
drome (MDS)/MPN, unclassif able (MDS/MPN-U); 
re ractory anemia with ring sideroblasts associated with 
marked thrombocytosis (RARS- ); and myeloid and 
lymphoid neoplasms with eosinophilia and abnormali-
ties o  PDGFRA, PDGFRB, or FGFR1. T is chapter also 
includes histiocytic and dendritic cell neoplasms, tran-
sient myeloproli erative disorders, and a broader dis-
cussion on primary eosinophilic disorders including 
hypereosinophilic syndrome (HES).

CHRONIC NEUTROPHILIC LEUKEMIA
Chronic neutrophilic leukemia (CNL) is characterized 
by mature neutrophilic leukocytosis with  ew or no 
circulating immature granulocytes. CNL is associated 
with activating mutations o  the gene (CSF3R) encod-
ing  or the receptor  or granulocyte colony-stimulating 
 actor (G-CSF), also known as colony-stimulating  ac-
tor 3 (CSF3). Patients with CNL might be asymptomatic 
at presentation but also display constitutional symp-
toms, splenomegaly, anemia, and thrombocytopenia. 
Median survival is approximately 2 years, and causes 
o  death include leukemic trans ormation, progressive 
disease associated with severe cytopenias, and marked 
treatment-re ractory leukocytosis. CNL is rare, with 
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222 TABLE 17-4  
WORLD HEALTH ORGANIZATION CLASSIFICATION 
OF MYELOID MALIGNANCIES
1.  Acu te  mye lo id  leu kem ia   AML  an d  re la ted  p recu r 

so r n eop la sm sa

2. Mye lop ro life ra t ive  n eop la sm s  MPN 
2.1.  Chronic myelogenous leukemia, BCR ABL1 positive 

(CML)
2.2. BCR ABL1-negative MPN

2.2.1. Polycythemia vera
2.2.2. Primary myelo brosis
2.2.3. Essential thrombocythemia

2.3. Chronic neutrophilic leukemia
2.4.  Chronic eosinophilic leukemia, not otherwise speci ed 

(CEL-NOS)
2.5.  Mastocytosis
2.6. Myeloproli erative neoplasm, unclassi able (MPN-U)

3. Mye lo d ysp la st ic syn d rom es  MDS 
3.1.  Re ractory cytopeniab with unilineage dysplasia 

(RCUD)
3.1.1.  Re ractory anemia (ring sideroblasts <15% o  

erythroid precursors)
3.1.2. Re ractory neutropenia
3.1.3. Re ractory thrombocytopenia

3.2.  Re ractory anemia with ring sideroblasts (RARS;  
dysplasia limited to erythroid lineage and ring sidero-
blasts ≥15% o  bone marrow erythroid precursors)

3.3.  Re ractory cytopenia with multilineage dysplasia 
(RCMD; ring sideroblast count does not matter)

3.4. Re ractory anemia with excess blasts (RAEB)
3.4.1.  RAEB-1 (2–4% circulating or 5–9% marrow 

blasts)
3.4.2.  RAEB-2 (5–19% circulating or 10–19% marrow 

blasts or Auer rods present)
3.5. MDS associated with isolated del(5q)
3.6. MDS, unclassi able (MDS-U)

4. MDS/MPN ove rlap
4.1. Chronic myelomonocytic leukemia (CMML)
4.2.  Atypical chronic myeloid leukemia, BCR ABL1 negative 

(aCML)
4.3. Juvenile myelomonocytic leukemia (JMML)
4.4. MDS/MPN, unclassi able (MDS/MPN-U)

4.4.1.  Provisional entity: Refractory anemia with ring 
sideroblasts associated with marked thrombocy 
tosis (RARS T)

5.  Mye lo id  an d  lym p h o id  neo p lasm s with  eosin op h ilia  
an d  ab n o rm alit ie s  of PDGFRA, PDGFRB, or  FGFR1c

5.1.  Myeloid and lymphoid neoplasms with PDGFRA 
rearrangement

5.2. Myeloid neoplasms with PDGFRB rearrangement
5.3.  Myeloid and lymphoid neoplasms with FGFR1 

abnormalities
aAML-related precursor neoplasms include therapy-related MDS and 
myeloid sarcoma.
bEither monocytopenia or bicytopenia: hemoglobin level <10 g/dL, abso-
lute neutrophil count <1.8 × 109/L, or platelet count <100 × 109/L. How-
ever, higher blood counts do not exclude the diagnosis in the presence o  
unequivocal histologic/cytogenetic evidence  or MDS.
cGenetic rearrangements involving platelet-derived growth  actor recep-
tor α/β (PDGFRA/PDGFRB) or  broblast growth  actor receptor 1 (FGFR1).

less than 200 reported cases. Median age at diagnosis is 
approximately 67 years, and the disease is equally prev-
alent in both genders.

Pa thogenesis

CSF3 is the main growth  actor  or granulocyte proli -
eration and di erentiation. Accordingly, recombinant 
CSF3 is used  or the treatment o  severe neutropenia, 
including severe congenital neutropenia (SCN). Some 
patients with SCN acquire CSF3R mutations, and the 
 requency o  such mutations is signif cantly higher 
(~80%) in patients who experience leukemic trans or-
mation. SCN-associated CSF3R mutations occur in the 
region o  the gene coding  or the cytoplasmic domain 
o  CSF3R and result in truncation o  the C-terminal-
negative regulatory domain. A di erent class o  CSF3R 
mutations is noted in ~90% o  patients with CNL; these 
are mostly membrane proximal, with the most  requent 
being a C-to-  substitution at nucleotide 1853 ( 618I). 
About 40% o  the  618I-mutated cases also harbored 
SETBP1 mutations. CSF3R  618I induces a lethal 
myeloproli erative disorder in a mouse model and is 
associated with in vitro sensitivity to JAK inhibition.

Dia gnosis

Diagnosis o  CNL requires exclusion o  the more com-
mon causes o  neutrophilia including in ections and 
in ammatory processes. In addition, one should be 
mind ul o  the association between some  orms o  met-
astatic cancer or plasma cell neoplasms with second-
ary neutrophilia. Neoplastic neutrophilia also occurs in 
other myeloid malignancies including atypical chronic 
myeloid leukemia and chronic myelomonocytic leu-
kemia. Accordingly, the WHO diagnostic criteria  or 
CNL are designed to exclude the possibilities o  both 
secondary/reactive neutrophilia and leukocytosis asso-
ciated with myeloid malignancies other than CNL  
(Table 17-5): leukocytosis (≥25 × 109/L), >80% seg-
mented/band neutrophils, <10% immature myeloid 
cells, <1% circulating blasts, and absence o  dysgranulo-
poiesis or monocytosis. Bone marrow in CNL is hyper-
cellular and displays increased number and percentage 
o  neutrophils with a very high myeloid-to-erythroid 
ratio and minimal le  shi , myeloid dysplasia, or retic-
ulin f brosis.

Trea tment

Current treatment in CNL is largely palliative and 
suboptimal in its e cacy. Several drugs alone or in 
combination have been tried, and none have shown 
remarkable e cacy. As such, allogeneic stem cell trans-
plantation (ASC ) is reasonable to consider in the 
presence o  symptomatic disease, especially in younger 
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223TABLE 17 -5  
WORLD HEALTH ORGANIZATION DIAGNOSTIC CRITERIA FOR CHRONIC NEUTROPHILIC LEUKEMIA (CNL); 
ATYPICAL CHRONIC MYELOID LEUKEMIA, BCR-ABL1 NEGATIVE (ACML); AND CHRONIC MYELOMONOCYTIC 
LEUKEMIA (CMML)

VARIABLES  CNL  ACML  CMML

PB leukocyte count  ≥25 × 109/L  ≥13 × 109/L
PB segmented neutrophils/bands  >80%
PB immature granulocytesa  <10%  ≥10%
PB blast count  <1%
PB monocyte count  <1 × 109/L  <1 × 109/L  >1 × 109/L
PB increased neutrophils or 
precursors with dysgranulopoiesis

No  Yes

PB basophil percentage  <2%
PB monocyte percentage  <10%
Bone marrow ↑Neutrophils, number and %

<5% blasts
Normal neutrophilic 
maturation

Megakaryocytes normal or le t 
shi ted

↑Granulocyte proli eration
Granulocytic dysplasia ± 
erythroid/megakaryocyte 
dysplasia

Dysplasia in ≥1 myeloid 
lineages

or
Clonal cytogenetic/
molecular abnormality

BCR ABL1 No  No  No
PDGFRA, PDGFRB, or FGFR1 mutation  No  No  No
PB and BM blasts/promonocytes  <20%  <20%  <20%
Hepatosplenomegaly  ±  ±  ±
Evidence  or other MDS/MPN  No  No  No
Evidence  or other MPN  No  No  No
Evidence  or reactive leukocytosisb 
or monocytosis

No  No  No

aImmature granulocytes include myeloblasts, promyelocytes, myelocytes, and metamyelocytes.
bCauses o  reactive neutrophilia include plasma cell neoplasms, solid tumor, in ections, and in ammatory processes.
Abbrevia t ions: BM, bone marrow; MDS, myelodysplastic syndromes; MPN, myeloproli erative neoplasms; PB, peripheral blood.

patients. Otherwise, cytoreductive therapy with 
hydroxyurea is probably as good as any treatment, and 
a more intensive combination chemotherapy may not 
have additional value. However, response to hydroxy-
urea therapy is o en transient, and some have success-
 ully used inter eron α as an alternative drug. Response 
to treatment with ruxolitinib (a JAK1 and JAK2 inhibi-
tor) has been reported but has not been conf rmed.

ATYPICAL CHRONIC MYELOID LEUKEMIA
Atypical chronic myeloid leukemia, BCR-ABL1 nega-
tive (aCML) is  ormally classif ed under the MDS/
MPN category o  myeloid malignancies and is charac-
terized by le  shi ed granulocytosis and dysgranulo-
poiesis. T e di erential diagnosis o  aCML includes 
chronic myeloid leukemia (CML), which is distin-
guished by the presence o  BCR-ABL1; CNL, which is 
distinguished by the absence o  dysgranulopoiesis and 

presence o  CSF3R mutations; and chronic myelomono-
cytic leukemia, which is distinguished by the presence 
o  monocytosis (absolute monocyte count >1 × 109/L). 
T e WHO diagnostic criteria  or aCML are listed in 
 able 17-5 and include granulocytosis (WBC ≥13 × 
109/L), neutrophilia with dysgranulopoiesis, ≥10% 
immature granulocytes, <20% peripheral blood myelo-
blasts, <10% peripheral blood monocytes, <2% baso-
phils, and absence o  otherwise specif c mutations such 
as BCR-ABL1. T e bone marrow is hypercellular with 
granulocyte proli eration and dysplasia with or without 
erythroid or megakaryocytic dysplasia.

T e molecular pathogenesis o  aCML is incompletely 
understood; about one- ourth o  the patients express 
SETBP1 mutations, which are, however, also  ound in 
several other myeloid malignancies, including CNL and 
chronic myelomonocytic leukemia. SETBP1 mutations 
in aCML were prognostically detrimental and mostly 
located between codons 858 and 871; similar mutations 
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224 are seen with Schinzel-Giedion syndrome (a congeni-
tal disease with severe developmental delay and various 
physical stigmata including mid ace retraction, large 
 orehead, and macroglossia).

In a series o  55 patients with WHO-def ned aCML, 
median age at diagnosis was 62 years with  emale pre-
ponderance (57%); splenomegaly was reported in 54% 
o  the patients, red cell trans usion requirement in 
65%, abnormal karyotype in 20% (20q– and trisomy 8 
being the most  requent), and leukemic trans orma-
tion in 40%. Median survival was 25 months. Outcome 
was worse in patients with marked leukocytosis, trans-
 usion requirement, and increased immature cells in 
the peripheral blood. Conventional chemotherapy is 
largely ine ective in the treatment o  aCML. However, 
a  avorable experience with ASC  was reported in nine 
patients; a er a median  ollow-up o  55 months, the 
majority o  the patients remained in complete remission.

CHRONIC MYELOMONOCYTIC LEUKEMIA
Chronic myelomonocytic leukemia (CMML) is clas-
sif ed under the WHO category o  MDS/MPN and is 
def ned by an absolute monocyte count (AMC) o  >1 × 
109/L in the peripheral blood. Median age at diagnosis 
ranges between 65 and 75 years, and there is a 2:1 male 
predominance. Clinical presentation is variable and 
depends on whether the disease presents with MDS-like 
or MPN-like phenotype; the  ormer is associated with 
cytopenias and the latter with splenomegaly and  ea-
tures o  myeloproli eration such as  atigue, night sweats, 
weight loss, and cachexia. About 20% o  patients with 
CMML experience serositis involving the joints (arthri-
tis), pericardium (pericarditis and pericardial e usion), 
pleura (pleural e usion), or peritoneum (ascites).

Pa thogenesis

Clonal cytogenetic abnormalities are seen in about 
one-third o  patients with CMML and include tri-
somy 8 and abnormalities o  chromosome 7. Almost all 
patients with CMML harbor somatic mutations involv-
ing epigenetic regulator genes (e.g., ASXL1, TET2), 
spliceosome pathway genes (e.g., SRSF2), DNA dam-
age response genes (e.g., TP53), and tyrosine kinases/
transcription  actors (e.g., KRAS, NRAS, CBL, and 
RUNX1). However, none o  these mutations are specif c 
to CMML, and their precise pathogenetic contribution 
is unclear.

Dia gnosis

Reactive monocytosis is uncommon but has been 
reported in association with certain in ections and 
in ammatory conditions. Clonal (i.e., neoplastic) 
monocytosis def nes CMML but is also seen with 

juvenile myelomonocytic leukemia and acute myeloid 
leukemia with monocytic di erentiation. T e WHO 
diagnostic criteria  or CMML are listed in  able 17-5 
and include persistent AMC >1 × 109/L, absence o  
BCR-ABL1, absence o  the PDGFRA or PDGFRB muta-
tions, <20% blasts and promonocytes in the peripheral 
blood and bone marrow, and dysplasia involving one or 
more myeloid lineages.

T e bone marrow in CMML is hypercellular with 
granulocytic and monocytic proli eration. Dyspla-
sia is o en present and may involve one, two, or all 
myeloid lineages. On immunophenotyping, the abnor-
mal cells o en express myelomonocytic antigens such 
as CD13 and CD33, with variable expression o  CD14, 
CD68, CD64, and CD163. Monocytic-derived cells are 
almost always positive  or the cytochemical nonspe-
cif c esterases (e.g., butyrate esterase), whereas nor-
mal granulocytic precursors are positive  or lysozyme 
and chloroacetate esterase. In CMML, it is common to 
have a hybrid cytochemical staining pattern with cells 
expressing both chloroacetate and butyrate esterases 
simultaneously (dual esterase staining).

Prognosis

A meta-analysis showed median survival o  1.5 years in 
CMML. Numerous prognostic systems have attempted 
to better def ne and strati y the natural history o  
CMML. One o  these, the Mayo prognostic model, 
assigns one point each to the  ollowing  our indepen-
dent prognostic variables: AMC >10 × 109/L, pres-
ence o  circulating immature cells, hemoglobin <10 g/
dL, and platelet count <100,000/mL. T is model strati-
f ed patients into three risk groups: low (0 points), 
intermediate (1 point), and high (≥2 points), translat-
ing to median survival times o  32, 18, and 10 months, 
respectively.

A French study incorporated ASXL1 mutational sta-
tus in 312 CMML patients. In a multivariable model, 
independent predictors o  poor survival were WBC 
>15 × 109/L (3 points), ASXL1 mutations (2 points), 
age >65 years (2 points), platelet count <100,000/mL  
(2 points), and hemoglobin <10 g/dL in  emales and 
<11 g/dL in males (2 points). T is model stratif ed 
patients into three groups: low (0–4 points), interme-
diate (5–7 points), and high risk (8–12 points), with 
median survival times o  not reached, 38.5 months, and 
14.4 months, respectively.

Trea tment

Current treatment consists o  hydroxyurea and sup-
portive care, including red cell trans usions and use o  
erythropoiesis-stimulating agents (ESAs). T e value 
o  hydroxyurea was rein orced by a randomized trial 
against oral etoposide. No other single or combination 
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225chemotherapy has been shown to be superior to 
hydroxyurea. ASC  is a viable treatment option  or 
transplant-eligible patients with poor prognostic  ea-
tures. Given the MDS/MPN overlap phenotype and 
the presence o  MDS-like genetic/methylation abnor-
malities in CMML, hypomethylating agents such as 
5-azacitidine and decitabine have been used with lim-
ited e cacy.

JUVENILE MYELOMONOCYTIC LEUKEMIA
Juvenile myelomonocytic leukemia (JMML) is primarily 
a disease o  early childhood and is included, along 
with CMML, in the MDS/MPN WHO category. Both 
CMML and JMML  eature leukocytosis, monocyto-
sis, and hepatosplenomegaly. Additional characteristic 
 eatures in JMML include thrombocytopenia and ele-
vated  etal hemoglobin. Myeloid progenitors in JMML 
display granulocyte-macrophage colony-stimulating 
 actor (GM-CSF) hypersensitivity that has been attrib-
uted to dysregulated RAS/MAPK signaling. T e latter 
is believed to result  rom mutually exclusive mutations 
involving RAS, PTPN11, and NF1. A third o  patients 
with JMML that is not associated with Noonan’s syn-
drome carry PTPN11 mutations, whereas the incidence 
o  NF1 in patients without neurof bromatosis type 1 
and RAS mutations is approximately 15% each. Drug 
therapy is relatively ine ective in JMML, and the treat-
ment o  choice is ASC , which results in a 5-year sur-
vival o  approximately 50%.

MDS/MPN-U
T e WHO classif es patients with morphologic and 
laboratory  eatures that resemble both MDS and MPN 
as MDS/MPN overlap. T is category includes CMML, 
aCML, and JMML, which have been described above. 
In addition, MDS/MPN includes a  ourth category 
re erred to as MDS/MPN, unclassif able (MDS/MPN-
U). Diagnosis o  MDS/MPN-U requires the presence 
o  both MDS and MPN  eatures that are not adequate 
to classi y patients as CMML, aCML, or JMML. MDS/
MPN includes the provisional category o  RARS- .

RARS-  is classif ed in the MDS/MPN category 
because it shares dysplastic  eatures with RARS and 
myeloproli erative  eatures with essential thrombocy-
themia (E ). In one study, 111 patients with RARS-  
were compared with 33 patients with RARS. T e  re-
quency o  SF3B1 mutations in RARS-  (87%) was simi-
lar to that in RARS (85%). JAK2 V617F mutation was 
detected in 49% o  RARS-  patients (including 48% o  
those mutated  or SF3B1) but none o  those with RARS. 
In RARS- , SF3B1 mutations were more  requent in 
 emales (95%) than in males (77%), and mean ring sid-
eroblast counts were higher in SF3B1-mutated patients. 

Median overall survival was 6.9 years in SF3B1-mutated 
patients versus 3.3 years in unmutated patients. Six-year 
survival was 67% in JAK2-mutated patients versus 32% 
in unmutated patients. Multivariable analysis identif ed 
younger age and JAK2 and SF3B1 mutations as  avor-
able  actors.

In one series, 85 patients with non-RARS-  MDS/
MPN, median age was 70 years, and 72% were males. 
Splenomegaly at presentation was present in 33%, 
thrombocytosis in 13%, leukocytosis in 18%, JAK2 
mutations in 30%, and abnormal karyotype in 51%; the 
most  requent cytogenetic abnormality was trisomy 8. 
Median survival was 12.4 months and  avorably a ected 
by thrombocytosis.  reatment with hypomethylating 
agents, immunomodulators, or ASC  did not appear to 
 avorably a ect survival.

MYELOPROLIFERATIVE NEOPLASM, 
UNCLASSIFIABLE (MPN-U)
T e category o  MPN-U includes MPN-like neoplasms 
that cannot be clearly classif ed as one o  the other 
seven subcategories o  MPN ( able 17-4). Examples 
include patients presenting with unusual thrombo-
sis or unexplained organomegaly with normal blood 
counts but  ound to carry MPN-characteristic muta-
tions such as JAK2 and CALR or display bone marrow 
morphology that is consistent with MPN. It is pos-
sible that some cases o  MPN-U represent earlier dis-
ease stages in polycythemia vera (PV) or E  that  ail 
to meet the threshold hemoglobin levels (18.5 g/dL in 
men or 16.5 g/dL in women) or platelet counts (450 × 
109/L) that are required by the WHO diagnostic cri-
teria. Specif c treatment interventions might not be 
necessary in asymptomatic patients with MPN-U, 
whereas patients with arterial thrombotic complica-
tions might require cytoreductive and aspirin therapy 
and those with venous thrombosis might require sys-
temic anticoagulation.

TRANSIENT MYELOPROLIFERATIVE 
DISORDER (TMD)
 MD constitutes an o en but not always transient phe-
nomenon o  abnormal megakaryoblast proli eration, 
which occurs in approximately 10% o  in ants with 
Down’s syndrome.  MD is usually recognized at birth 
and either undergoes spontaneous regression (75% o  
cases) or progresses into acute megakaryoblastic leu-
kemia (AMKL) (25% o  cases). Almost all patients with 
 MD and  MD-derived AMKL display somatic GATA1 
mutations.  MD-associated GATA1 mutations con-
stitute exon 2 insertions, deletions, or missense muta-
tions, a ecting the N-terminal transactivation domain 
o  GA A-1, and result in loss o   ull-length (50-kDa) 
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TABLE 17-6  
DIAGNOSIS OF CHRONIC EOSINOPHILIC LEUKEMIA 
AND HYPEREOSINOPHILIC SYNDROME
Required: Persistent eosinophilia ≥1500/µL in blood, increased 
marrow eosinophils, and myeloblasts <20% in blood or 
marrow.

1. Exclude all causes o  reactive eosinophilia: allergy, parasites, 
in ection, pulmonary disease (e.g., hypersensitivity pneu-
monitis, Loef er’s), and collagen vascular diseases

2. Exclude primary neoplasms associated with secondary 
eosinophilia: T-cell lymphomas, Hodgkin’s disease, acute 
lymphoid leukemia, mastocytosis

3. Exclude other primary myeloid neoplasms that may involve 
eosinophils: chronic myeloid leukemia, acute myeloid leu-
kemia with inv(16) or t(16;16)(p13;q22), other myeloproli -
erative syndromes, and myelodysplasia

4. Exclude T-cell reaction with increased interleukin 5 or other 
cytokine production

I  these entities have been excluded and no evidence docu-
ments a clonal myeloid disorder, the diagnosis is hypereo-
sinophilic syndrome.

I  these entities have been excluded and the myeloid cells 
show a clonal chromosome abnormality or some other evi-
dence o  clonality and blast cells are present in the peripheral 
blood (>2%) or are increased in the marrow (but <20%), the 
diagnosis is chronic eosinophilic leukemia.

GA A-1 and its replacement with a shorter iso orm 
(40-kDa) that retains  riend o  GA A-1 (FOG-1) bind-
ing. In contrast, inherited  orms o  exon 2 GATA1 
mutations produce a phenotype with anemia, whereas 
exon 4 mutations that a ect the N-terminal, FOG-
1-interactive domain produce  amilial dyserythro-
poietic anemia with thrombocytopenia or X-linked 
macrothrombocytopenia.

EOSINOPHILIC DISORDERS
Eosinophilia re ers to a peripheral blood absolute eosin-
ophil count (AEC) that is above the upper normal limit 
o  the re erence range. T e term hypereosinophilia is 
used when the AEC is >1500 × 109/L. Eosinophilia is 
operationally classif ed as secondary (nonneoplastic 
proli eration o  eosinophils) and primary (proli era-
tion o  eosinophils that is either neoplastic or otherwise 
unexplained) (Table 17-6). Secondary eosinophilia is 
by  ar the most  requent cause o  eosinophilia and is 
o en associated with in ections, especially those related 
to tissue-invasive helminths; allergic/vasculitic diseases; 
drugs; and metastatic cancer. Primary eosinophilia is 
the  ocus o  this chapter and is considered when a cause 
 or secondary eosinophilia is not readily apparent.

Prima ry eosinophilia

Primary eosinophilia is classif ed as clonal or idio-
pathic. Diagnosis o  clonal eosinophilia requires mor-
phologic, cytogenetic, or molecular evidence o  a 
myeloid neoplasm. Idiopathic eosinophilia is consid-
ered when both secondary and clonal eosinophilias 
have been ruled out as a possibility. HES is a subcate-
gory o  idiopathic eosinophilia with persistent AEC o  
≥1.5 × 109/L and associated with eosinophil-mediated 
organ damage (Table 17-7). An HES-like disorder that 
is associated with clonal or phenotypically abnormal   
cells is re erred to as lymphocytic variant hypereosino-
philia ( able 17-7).

Clona l eosinophilia

Examples o  clonal eosinophilia include eosinophilia 
associated with acute myeloid leukemia (AML), MDS, 
CML, mastocytosis, and MDS/MPN overlap. Myeloid 
neoplasm-associated eosinophilia also includes the 
WHO MPN subcategory o  chronic eosinophilic leu-
kemia, not otherwise specif ed (CEL-NOS) and the 
WHO myeloid malignancy subcategory re erred to as 
myeloid/lymphoid neoplasms with eosinophilia and 
mutations involving platelet-derived growth  actor 
receptor (PDGFR) α/β or f broblast growth  actor recep-
tor 1 (FGFR1).

T e diagnostic workup  or clonal eosinophilia that 
is not associated with morphologically overt myeloid 
malignancy should start with peripheral blood muta-
tion screening  or FIP1L1-PDGFRA and PDGFRB 
mutations using  uorescence in situ hybridization 
(FISH) or reverse transcription polymerase chain reac-
tion. T is is crucial because such eosinophilia is easily 
treated with imatinib. I  mutation screening is negative, 
a bone marrow examination with cytogenetic studies is 
indicated. In this regard, one must f rst pay attention to 
the presence or absence o  5q33, 4q12, or 8p11.2 trans-
locations, which, i  present, would suggest PDGFRB-, 
PDGFRA-, or FGFR1-rearranged clonal eosinophilia, 
respectively. T e presence o  5q33 or 4q12 transloca-
tions predicts  avorable response to treatment with 
imatinib mesylate, whereas 8p11.2 translocations are 
associated with aggressive myeloid malignancies that 
are re ractory to current drug therapy.

CEL-NOS is considered in the presence o  cyto-
genetic/morphologic evidence o  a myeloid malig-
nancy that is otherwise not classif able. Specif cally, 
CEL-NOS is distinguished  rom HES by the presence 
o  either a cytogenetic abnormality or greater than 2% 
peripheral blood blasts or greater than 5% bone mar-
row blasts ( able 17-7). HES or idiopathic eosinophilia 
is considered in the absence o  both morphologic and 
molecular evidence o  clonal eosinophilia. However, 
be ore making a working diagnosis o  HES, one has 
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227TABLE 17-7 PRIMARY EOSINOPHILIA CLASSIFICATION

VARIABLES

PDGFRA-,PDGFRB-, 
OR FGFR1-MUTATED 
EOSINOPHILIA

CHRONIC EOSINOPHILIA, 
NOT OTHERWISE 
SPECIFIED

LYMPHOCYTIC VARIANT 
HYPEREOSINOPHILIA

HYPEREOSINOPHILIC 
SYNDROME

Absolute eosinophil count  >600 ×109/L  >1500 × 109/L  >1500 × 109/L  >1500 × 109/L
Peripheral blood blast >2%  Yes or no  Yes or no  No  No
Bone marrow blast >5%  Yes or no  Yes or No  No  No
Abnormal karyotype  Yes or no  Yes or no  No  No
PDGFRA, PDGFRB, or FGFR1 
mutation

Yes  No  No  No

BCR ABL1 No  No  No  No
Abnormal T lymphocyte 
phenotype or clonal T-cell 
clones

No  No  Yes  No

Eosinophil-mediated tissue 
damage

Yes or no  Yes or no  Yes or no  Yes

to exclude lymphocytic variant hypereosinophilia by 
excluding the presence o  phenotypically abnormal   
lymphocytes (by  ow cytometry) and clonal  -cell gene 
rearrangements.

Chronic eosinophilic leukemia , not o therwise 
specif ed  (CEL-NOS)

CEL-NOS is a subset o  clonal eosinophilia that is nei-
ther molecularly def ned nor classif ed as an alternative 
clinicopathologically assigned myeloid malignancy. We 
pre er to use the term strictly in patients with an HES 
phenotype who also display either a clonal cytogenetic/
molecular abnormality or excess blasts in the bone mar-
row or peripheral blood. T e WHO def nes CEL-NOS 
in the presence o  an AEC ≥1.5 × 109/L that is accom-
panied by either the presence o  myeloblast excess 
(either >2% in the peripheral blood or 5–19% in the 
bone marrow) or evidence o  myeloid clonality. Cyto-
genetic abnormalities in CEL, other than those that are 
associated with molecularly def ned eosinophilic dis-
orders, include trisomy 8 (the most  requent), t(10;11)
(p14;q21), and t(7;12)(q11;p11). CEL-NOS does not 
respond to imatinib, and treatment strategies are o en 
not di erent  rom those used in other similar MPNs 
and include ASC   or transplant-eligible patients with 
poor risk  actors and participation in experimental 
treatment protocols otherwise.

PDGFR-muta ted eosinophilia

Both platelet-derived growth  actor receptors α (PDG-
FRA located on chromosome 4q12) and β (PDGFRB 
located on chromosome 5q31-q32) are involved in 
MPN-relevant activating mutations. Clinical phenotype 

in both instances includes prominent blood eosino-
philia and excellent response to imatinib therapy. In 
regard to PDGFRA mutations, the most popular is 
FIP1L1-PDGFRA, a karyotypically occult del(4)(q12) 
that was described in 2003 as an imatinib-sensitive acti-
vating mutation. Functional studies have demonstrated 
trans orming properties in cell lines and the induc-
tion o  MPN in mice. Cloning o  the FIP1L1-PDGFRA 
 usion gene identif ed a novel molecular mechanism 
 or generating this constitutively active  usion tyrosine 
kinase, wherein a ~800-kb interstitial deletion within 
4q12  uses the 5′ portion o  FIP1L1 to the 3′ portion o  
PDGFRA. FIP1L1-PDGFRA occurs in a very small sub-
set o  patients who present with the phenotypic  eatures 
o  either systemic mastocytosis or HES, but the pres-
ence o  the mutation reliably predicts complete hemato-
logic and molecular response to imatinib therapy.

T e association between eosinophilic myeloid malig-
nancies and PDGFRB rearrangement was f rst char-
acterized and published in 1994 when  usion o  the 
tyrosine kinase–encoding region o  PDGFRB to the 
ets-like gene, ETV6 [ETV6-PDGFRB, t(5;12)(q33;p13)] 
was demonstrated. T e  usion protein was trans orm-
ing to cell lines and resulted in constitutive activation o  
PDGFRB signaling. Since then, several other PDGFRB 
 usion transcripts with similar disease phenotypes have 
been described, cell line trans ormation and myelopro-
li erative disease (MPD) induction in mice has been 
demonstrated, and imatinib therapy was proven e ec-
tive when used.

FGFR1-muta ted eosinophilia

T e 8p11 myeloproli erative syndrome (EMS) (also 
known as human stem cell leukemic/lymphoma 
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228 syndrome) constitutes a clinical phenotype with  ea-
tures o  both lymphoma and eosinophilic MPN and 
characterized by a  usion mutation that involves the 
gene  or f broblast growth  actor receptor 1 (FGFR1), 
which is located on chromosome 8p11. In EMS, both 
myeloid and lymphoid lineage cells exhibit the 8p11 
translocation, thus demonstrating the stem cell origin 
o  the disease. T e disease  eatures several 8p11-linked 
chromosome translocations, and some o  the corre-
sponding  usion FGFR1 mutants have been shown to 
trans orm cell lines and induce EMS- or CML-like dis-
ease in mice depending on the specif c FGFR1 partner 
gene (ZNF198 or BCR, respectively). Consistent with 
this laboratory observation, some patients with BCR-
FGFR1 mutation mani est a more indolent CML-like 
disease. T e mechanism o  FGFR1 activation in EMS 
is similar to that seen with PDGFRB-associated MPD; 
the tyrosine kinase domain o  FGFR1 is juxtaposed to 
a dimerization domain  rom the partner gene. EMS is 
aggressive and requires combination chemotherapy  ol-
lowed by ASC .

Hypereosinophilic syndrome (HES)

Blood eosinophilia that is neither secondary nor clonal 
is operationally labeled as being idiopathic. HES is a 
subcategory o  idiopathic eosinophilia with persistent 
increase o  the AEC to ≥1.5 × 109/L and presence o  
eosinophil-mediated organ damage, including cardio-
myopathy, gastroenteritis, cutaneous lesions, sinusitis, 
pneumonitis, neuritis, and vasculitis. In addition, some 
patients mani est thromboembolic complications, hepa-
tosplenomegaly, and either cytopenia or cytosis.

Bone marrow histologic and cytogenetic/molecular 
studies should be examined be ore a working diagno-
sis o  HES is made. Additional blood studies that are 
currently recommended during the evaluation o  HES 
include serum tryptase (an increased level suggests sys-
temic mastocytosis and warrants molecular studies to 
detect FIP1L1-PDGFRA),  -cell immunophenotyping, 
and  -cell receptor antigen gene rearrangement analysis 
(a positive test suggests an underlying clonal or pheno-
typically abnormal  -cell disorder). In addition, initial 
evaluation in HES should include echocardiogram and 
measurement o  serum troponin levels to screen  or 
myocardial involvement by the disease.

Initial evaluation o  the patient with eosinophilia 
should include tests that  acilitate assessment o  target 
organ damage, including complete blood count, chest 
x-ray, echocardiogram, and serum troponin level. An 
increased level o  serum cardiac troponin has been 
shown to correlate with the presence o  cardiomyopa-
thy in HES.  ypical echocardiographic f ndings in HES 
include ventricular apical thrombus, posterior mitral 
lea et or tricuspid valve abnormality, endocardial thick-
ening, dilated le  ventricle, and pericardial e usion.

Glucocorticoids are the cornerstone o  therapy in 
HES.  reatment with oral prednisone is usually started 
at 1 mg/kg per day and continued  or 1–2 weeks 
be ore the dose is tapered slowly over the ensuing 2–3 
months. I  symptoms recur at a prednisone dose level o  
>10 mg/d, either hydroxyurea or inter eron α is used as 
steroid-sparing agent. In patients who do not respond 
to usual therapy as outlined above, mepolizumab or 
alemtuzumab might be considered. Mepolizumab tar-
gets interleukin 5 (IL-5), a well-recognized survival 
 actor  or eosinophils. Alemtuzumab targets the CD52 
antigen, which has been shown to be expressed by 
eosinophils but not by neutrophils.

MASTOCYTOSIS
Mast cell disease (MCD) is def ned as tissue inf ltra-
tion by morphologically and immunophenotypically 
abnormal mast cells. MCD is classif ed into two broad 
categories: cutaneous mastocytosis and systemic mas-
tocytosis (SM). MCD in adults is usually systemic, and 
the clinical course can be either indolent or aggressive, 
depending on the respective absence or presence o  
impaired organ  unction. Symptoms and signs o  MCD 
include urticaria pigmentosa, mast cell mediator release 
symptoms (e.g., headache,  ushing, lightheadedness, 
syncope, anaphylaxis, pruritus, urticaria, angioedema, 
nausea, diarrhea, abdominal cramps), and organ dam-
age (lytic bone lesions, osteoporosis, hepatosplenomeg-
aly, cytopenia). Aggressive SM can be associated with 
another myeloid malignancy, including MPN, MDS, or 
MDS/MPN overlap (e.g., CMML), or present as overt 
mast cell leukemia. In general, li e expectancy is near 
normal in indolent SM but signif cantly shortened in 
aggressive SM.

Diagnosis o  SM is based on bone marrow examina-
tion that shows clusters o  morphologically abnormal, 
spindle-shaped mast cells that are best evaluated by the 
use o  immunohistochemical stains that are specif c 
to mast cells (tryptase, CD117). In addition, mast cell 
immunophenotyping reveals aberrant CD25 expres-
sion by neoplastic mast cells. Other laboratory f ndings 
in SM include increased levels o  serum tryptase, hista-
mine and urine histamine metabolites, and prostaglan-
dins. SM is associated with KIT mutations, usually KIT 
D816V, in the majority o  patients. Accordingly, muta-
tion screening  or KIT D816V is diagnostically use ul. 
However, the ability to detect KIT D816V depends on 
assay sensitivity and mast cell content o  the test sample.

Both indolent and aggressive SM patients might 
experience mast cell mediator release symptoms, 
which are usually managed by both H1 and H2 hista-
mine receptor blockers as well as cromolyn sodium. 
In addition, patients with propensity to vasodilatory 
shock should wear a medical alert bracelet and carry an 
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229Epi-Pen sel -injector  or sel -administration o  subcuta-
neous epinephrine. Urticaria pigmentosa shows variable 
response to both topical and systemic glucocorticoid 
therapy. Cytoreductive therapy is not recommended  or 
indolent SM. In aggressive SM, either inter eron α or 
cladribine is considered f rst-line therapy and benef ts 
the majority o  patients. In contrast, imatinib is ine ec-
tive in the treatment o  PDGFR-unmutated SM.

DENDRITIC AND HISTIOCYTIC NEOPLASMS
Dendritic cell (DC) and histiocyte/macrophage neo-
plasms are extremely rare. DCs are antigen-presenting 
cells, whereas histiocyte/macrophages are antigen-pro-
cessing cells. Bone marrow myeloid stem cells (CD34+) 
give rise to monocyte (CD14+, CD68+, CD11c+, 
CD1a–) and DC (CD14–, CD11c+/–, CD1a+/c) pre-
cursors. Monocyte precursors, in turn, give rise to 
macrophages (CD14+, CD68+, CD11c+, CD163+, 
lysozyme+) and interstitial DCs (CD68+, CD1a–). DC 
precursors give rise to Langerhans cell DCs (Birbeck 
granules, CD1a+, S100+, langerin+) and plasmacy-
toid DCs (CD68+, CD123+). Follicular DCs (CD21+, 
CD23+, CD35+) originate  rom mesenchymal stem 
cells. Dendritic and histiocytic neoplasms are opera-
tionally classif ed into macrophage/histiocyte-related 
and DC-related neoplasms. T e  ormer includes his-
tiocytic sarcoma/malignant histiocytosis and the latter 
Langerhans cell histiocytosis, Langerhans cell sarcoma, 
interdigitating DC sarcoma, and  ollicular DC sarcoma.

Histiocytic sa rcoma /ma ligna nt hist iocytosis

Histiocytic sarcoma represents malignant proli era-
tion o  mature tissue histiocytes and is o en localized. 
Median age at diagnosis is estimated at 46 years with 
slight male predilection. Some patients might have his-
tory o  lymphoma, MDS, or germ cell tumors at time 
o  disease presentation. T e three typical disease sites 
are lymph nodes, skin, and the gastrointestinal sys-
tem. Patients may or may not have systemic symptoms 
including  ever and weight loss, and other symptoms 
include hepatosplenomegaly, lytic bone lesions, and 
pancytopenia. Immunophenotype includes presence o  
histiocytic markers (CD68, lysozyme, CD11c, CD14) 
and absence o  myeloid or lymphoid markers. Progno-
sis is poor, and treatment is o en ine ective. T e term 
malignant histiocytosis re ers to a disseminated disease 
and systemic symptoms. Lymphoma-like treatment 
induces complete remissions in some patients, and 
median survival is estimated at 2 years.

La ngerha ns cell h ist iocytosis

Langerhans cells (LCs) are specialized DCs that reside 
in mucocutaneous tissue and upon activation become 

specialized  or antigen presentation to   cells. LC his-
tiocytosis (LCH; also known as histiocytosis X) repre-
sents neoplastic proli eration o  LCs (S-100+, CD1a+, 
and Birbeck granules on electron microscopy). LCH 
incidence is estimated at 5 per million, and the disease 
typically a ects children with a male predilection. 
Presentation can be either uni ocal (eosinophilic 
granuloma) or multi ocal. T e  ormer usually a ects 
bones and less  requently lymph nodes, skin, and lung, 
whereas the latter is more disseminated. Uni ocal dis-
ease o en a ects older children and adults, whereas 
multisystem disease a ects in ants. LCH o  the lung in 
adults is characterized by bilateral nodules. Progno-
sis depends on organs involved. Only 10% o  patients 
progress  rom uni ocal to multiorgan disease. LCH o  
the lung might improve upon cessation o  smoking.

La ngerha ns cell sa rcoma

Langerhans cell sarcoma (LCS) also represents neoplas-
tic proli eration o  LCs with overtly malignant mor-
phology. T e disease can present de novo or progress 
 rom antecedent LCH. T ere is a  emale predilection, 
and median age at diagnosis is estimated at 41 years. 
Immunophenotype is similar to that seen in LCH, and 
liver, spleen, lung, and bone are the usual sites o  dis-
ease. Prognosis is poor, and treatment is generally 
ine ective.

In terdigita ting dendrit ic cell sa rcoma

Interdigitating DC sarcoma (IDCS), also known as 
reticulum cell sarcoma, represents neoplastic proli -
eration o  interdigitating DCs. T e disease is extremely 
rare and a ects elderly adults with no sex predilection. 
 ypical presentation is asymptomatic solitary lymph-
adenopathy. Immunophenotype includes S-100+ and 
negative  or vimentin and CD1a. Prognosis ranges  rom 
benign local disease to widespread lethal disease.

Follicula r dendrit ic cell neopla sm

Follicular DCs (FDCs) reside in B-cell  ollicles and 
present antigen to B cells. FDC neoplasms (FDCNs) are 
usually localized and o en a ect adults. FDCN might 
be associated with Castleman’s disease in 10–20% o  
cases, and increased incidence in schizophrenia has 
been reported. Cervical lymph nodes are the most  re-
quent site o  involvement in FDCN, and other sites 
include maxillary, mediastinal, and retroperitoneal 
lymph nodes; oral cavity; gastrointestinal system; skin; 
and breast. Sites o  metastasis include lung and liver. 
Immunophenotype includes CD21, CD35, and CD23. 
Clinical course is typically indolent, and treatment 
includes surgical excision  ollowed by regional radio-
therapy and sometimes systemic chemotherapy.
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230 Hemopha gocytic syndromes

Hemophagocytic syndrome (HPS) represents non-
neoplastic proli eration and activation o  macrophages 
that induce cytokine-mediated bone marrow suppres-
sion and  eatures o  intense phagocytosis in bone mar-
row and liver. HPS may result  rom genetic or acquired 
disorders o  macrophages. T e  ormer entail genetically 

determined inability to regulate macrophage proli era-
tion and activation. Acquired HPS is o en precipitated 
by viral in ections, most notably Epstein-Barr virus. 
HPS might also accompany certain malignancies such 
as  -cell lymphoma. Clinical course is o en  ulminant 
and  atal.
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T e plasma cell disorders are monoclonal neoplasms 
related to each other by virtue o  their development 
 rom common progenitors in the B-lymphocyte lin-
eage. Multiple myeloma, Waldenström’s macroglobu-
linemia, primary amyloidosis (Chap. 19), and the heavy 
chain diseases comprise this group and may be des-
ignated by a variety o  synonyms such as monoclonal 
gammopathies, paraproteinemias, plasma cell dyscrasias, 
and dysproteinemias. Mature B lymphocytes destined to 
produce IgG bear sur ace immunoglobulin molecules o  
both M and G heavy chain isotypes with both isotypes 
having identical idiotypes (variable regions). Under nor-
mal circumstances, maturation to antibody-secreting 
plasma cells and their proli eration is stimulated by 
exposure to the antigen  or which the sur ace immu-
noglobulin is speci c; however, in the plasma cell dis-
orders, the control over this process is lost. T e clinical 
mani estations o  all the plasma cell disorders relate to 
the expansion o  the neoplastic cells, to the secretion o  
cell products (immunoglobulin molecules or subunits, 
lymphokines), and to some extent to the host’s response 
to the tumor. Normal development of B lymphocytes 
is depicted in Fig. 16-2.

T ere are three categories o  structural variation 
among immunoglobulin molecules that  orm antigenic 
determinants, and these are used to classi y immuno-
globulins. Isotypes are those determinants that distin-
guish among the main classes o  antibodies o  a given 
species and are the same in all normal individuals o  
that species. T ere ore, isotypic determinants are, by 
de nition, recognized by antibodies  rom a distinct spe-
cies (heterologous sera) but not by antibodies  rom the 
same species (homologous sera). T ere are  ve heavy 
chain isotypes (M, G, A, D, E) and two light chain iso-
types (κ, λ). Allotypes are distinct determinants that 
re ect regular small di erences between individuals o  
the same species in the amino acid sequences o  oth-
erwise similar immunoglobulins. T ese di erences 
are determined by allelic genes; by de nition, they are 

PLASMA CELL DISORDERS

CHAP TER 1 8

detected by antibodies made in the same species. Idio-
types are the third category o  antigenic determinants. 
T ey are unique to the molecules produced by a given 
clone o  antibody-producing cells. Idiotypes are  ormed 
by the unique structure o  the antigen-binding portion 
o  the molecule.

Antibody molecules (Fig. 18-1) are composed o  two 
heavy chains (~50,000 mol wt) and two light chains 
(~25,000 mol wt). Each chain has a constant portion 
(limited amino acid sequence variability) and a vari-
able region (extensive sequence variability). T e light 
and heavy chains are linked by disul de bonds and are 
aligned so that their variable regions are adjacent to one 
another. T is variable region  orms the antigen recog-
nition site o  the antibody molecule; its unique struc-
tural  eatures  orm idiotypes that are reliable markers 
 or a particular clone o  cells because each antibody is 
 ormed and secreted by a single clone. Because o  the 
mechanics o  the gene rearrangements necessary to 
speci y the immunoglobulin variable regions (VDJ join-
ing  or the heavy chain, VJ joining  or the light chain), 
a particular clone rearranges only one o  the two chro-
mosomes to produce an immunoglobulin molecule 
o  only one light chain isotype and only one allotype 
(allelic exclusion) (Fig. 18-1). A er exposure to anti-
gen, the variable region may become associated with 
a new heavy chain isotype (class switch). Each clone 
o  cells per orms these sequential gene arrangements 
in a unique way. T is results in each clone producing 
a unique immunoglobulin molecule. In most plasma 
cells, light chains are synthesized in slight excess, 
secreted as  ree light chains, and cleared by the kidney, 
but <10 mg o  such light chains is excreted per day.

Electrophoretic analysis permits separation o  com-
ponents o  the serum proteins (Fig. 18-2). T e immu-
noglobulins move heterogeneously in an electric  eld 
and  orm a broad peak in the gamma region, which is 
usually increased in the sera o  patients with plasma 
cell tumors. T ere is a sharp spike in this region called 
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FIGURE 18 -1
Im m u n o g lob u lin  g en e t ics an d  th e  re la t io n sh ip  o   g en e  
seg m en ts to  th e  an t ib o d y p ro te in . The top portion o  the 
 gure is a schematic o  the organization o  the immunoglobulin 
genes, λ on chromosome 22, κ on chromosome 2, and the heavy 
chain locus on chromosome 14. The heavy chain locus is longer 
than 2 megabases, and some o  the D region gene segments 
are only a  ew bases long, so the  gure depicts the schematic 
relationship among the segments, not their actual size. The bot-
tom portion o  the  gure outlines the steps in going  rom the 

noncontiguous germline gene segments to an intact antibody 
molecule. Two recombination events juxtapose the V-D-J (or V-J 
 or light chains) segments. The rearranged gene is transcribed, 
and RNA splicing cuts out intervening sequences to produce an 
mRNA, which is then translated into an antibody light or heavy 
chain. The sites on the antibody that bind to antigen (the so 
called CDR3 regions) are encoded by D and J segments  or heavy 
chains and the J segments  or light chains. (From K Murphy: Jane-
way’s Immunobiology, 8th ed. Garland Science, 2011.)
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an M component (M  or monoclonal). Less commonly, 
the M component may appear in the β2 or α2 globulin 
region. T e monoclonal antibody must be present at 
a concentration o  at least 5 g/L (0.5 g/dL) to be accu-
rately quantitated by this method. T is corresponds to 
~109 cells producing the antibody. Con rmation o  the 
type o  immunoglobulin and that it is truly monoclonal 
is determined by immunoelectrophoresis that reveals 
a single heavy and/or light chain type. Hence immu-
noelectrophoresis and electrophoresis provide qualita-
tive and quantitative assessment o  the M component, 
respectively. Once the presence o  an M component 
has been con rmed, the amount o  M component in 
the serum is a reliable measure o  the tumor burden, 
making M component an excellent tumor marker to 
manage therapy, yet it is not speci c enough to be used 
to screen asymptomatic patients. In addition to the 
plasma cell disorders, M components may be detected 
in other lymphoid neoplasms such as chronic lympho-
cytic leukemia and lymphomas o  B- or  -cell origin; 
nonlymphoid neoplasms such as chronic myeloid leu-
kemia, breast cancer, and colon cancer; a variety o  
nonneoplastic conditions such as cirrhosis, sarcoidosis, 

parasitic diseases, Gaucher’s disease, and pyoderma 
gangrenosum; and a number o  autoimmune condi-
tions, including rheumatoid arthritis, myasthenia gra-
vis, and cold agglutinin disease. Monoclonal proteins 
are also observed in immunosuppressed patients a er 
organ transplant and, rarely, allogeneic transplant. At 
least two very rare skin diseases—lichen myxedemato-
sus (also known as papular mucinosis) and necrobiotic 
xanthogranuloma—are associated with a monoclonal 
gammopathy. In papular mucinosis, highly cationic 
IgG is deposited in the dermis o  patients. T is organ 
speci city may re ect the speci city o  the antibody 
 or some antigenic component o  the dermis. Necro-
biotic xanthogranuloma is a histiocytic in ltration o  
the skin, usually o  the  ace, that produces red or yel-
low nodules that can enlarge to plaques. Approximately 
10% progress to myeloma. Five percent o  patients with 
sensory motor neuropathy also have a monoclonal 
paraprotein.

T e nature o  the M component is variable in plasma 
cell disorders. It may be an intact antibody molecule o  
any heavy chain subclass, or it may be an altered anti-
body or  ragment. Isolated light or heavy chains may 

FIGURE 18 -2
Rep resen ta t ive  p a t te rn s o   se ru m  e lect rop h ore sis an d  
im m u n of xa t io n . The upper panels represent agarose gel, mid-
dle panels are the densitometric tracing o  the gel, and lower 
panels are immuno xation patterns. Panel on the left illustrates 
the normal pattern o  serum protein on electrophoresis. Because 
there are many di erent immunoglobulins in the serum, their di -
 ering mobilities in an electric  eld produce a broad peak. In con-
ditions associated with increases in polyclonal immunoglobulin, 
the broad peak is more prominent (middle panel). In monoclonal 

gammopathies, the predominance o  a product o  a single cell 
produces a “church spire” sharp peak, usually in the γ globulin 
region (right panel). The immuno xation (lower panel) identi-
 es the type o  immunoglobulin. For example, normal and poly-
clonal increase in immunoglobulins produce no distinct bands; 
however, the right panel shows distinct bands in IgG and lambda 
protein lanes, con rming the presence o  IgG lambda monoclonal 
protein. (Courtesy of Dr. Neal I. Lindeman; with permission.)

SP  G  A  M Κ  λ SP  G  A  M Κ  λ SP  G  A  M Κ  λ

Normal  Polyclonal increas e  Monoclonal IgG lambda
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234 be produced. In some plasma cell tumors such as extra-
medullary or solitary bone plasmacytomas, less than 
one-third o  patients will have an M component. In 
~20% o  myelomas, only light chains are produced and, 
in most cases, are secreted in the urine as Bence Jones 
proteins. T e  requency o  myelomas o  a particular 
heavy chain class is roughly proportional to the serum 
concentration, and there ore, IgG myelomas are more 
common than IgA and IgD myelomas. In approximately 
1% o  patients with myeloma, biclonal or triclonal gam-
mopathy is observed.

MULTIPLE MYELOMA

DEFINITION
Multiple myeloma represents a malignant proli era-
tion o  plasma cells derived  rom a single clone. T e 
tumor, its products, and the host response to it result in 
a number o  organ dys unctions and symptoms, includ-
ing bone pain or  racture, renal  ailure, susceptibility to 
in ection, anemia, hypercalcemia, and occasionally clot-
ting abnormalities, neurologic symptoms, and mani es-
tations o  hyperviscosity.

ETIOLOGY
T e cause o  myeloma is not known. Myeloma occurred 
with increased  requency in those exposed to the radia-
tion o  nuclear warheads in World War II a er a 20-year 
latency. Myeloma has been seen more commonly than 
expected among  armers, wood workers, leather work-
ers, and those exposed to petroleum products. A vari-
ety o  chromosomal alterations have been  ound in 
patients with myeloma: hyperdiploidy, 13q14 deletions, 
translocations t(11;14)(q13;q32), t(4;14)(p16;q32), 
and t(14;16), and 17p13 deletions. Evidence is strong 
that errors in switch recombination—the genetic 
mechanism to change antibody heavy chain isotype—
participate in the trans ormation process. However, 
no common molecular pathogenetic pathway has yet 
emerged. Genome sequencing studies have  ailed to 
identi y any recurrent mutation with  requency >20%; 
N-ras, K-ras, and B-raf mutations are most common 
and combined occur in over 40% o  patients. T ere is 
also evidence o  complex clusters o  subclonal vari-
ants at diagnosis that acquire additional mutations over 
time, indicative o  genomic evolution that may drive 
disease progression. T e neoplastic event in myeloma 
may involve cells earlier in B-cell di erentiation than 
the plasma cell. Interleukin (IL) 6 may play a role in 
driving myeloma cell proli eration. It remains dif -
cult to distinguish benign  rom malignant plasma cells 
based on morphologic criteria in all but a  ew cases 
(Fig. 18-3).

FIGURE 18 -3
Mu lt ip le  mye lom a   m arrow . The cells bear characteristic 
morphologic  eatures o  plasma cells, round or oval cells with an 
eccentric nucleus composed o  coarsely clumped chromatin, a 
densely basophilic cytoplasm, and a perinuclear clear zone con-
taining the Golgi apparatus. Binucleate and multinucleate malig-
nant plasma cells can be seen.

INCIDENCE AND PREVALENCE
An estimated 24,050 new cases o  myeloma were 
diagnosed in 2014, and 11,090 people died  rom 
the disease in the United States. Myeloma increases 
in incidence with age. T e median age at diagnosis 
is 70 years; it is uncommon under age 40. Males are 
more commonly a ected than  emales, and blacks 
have nearly twice the incidence o  whites. Myeloma 
accounts  or 1.3% o  all malignancies in whites and 2% 
in blacks, and 13% o  all hematologic cancers in whites 
and 33% in blacks.

GLOBAL CONSIDERATIONS
T e incidence o  myeloma is highest in A rican 
Americans and Paci c Islanders; intermediate 
in Europeans and North American whites; and 

lowest in people  rom developing countries including 
Asia. T e higher incidence in more developed coun-
tries may result  rom the combination o  a longer li e 
expectancy and more  requent medical surveillance. 
Incidence o  multiple myeloma in other ethnic groups 
including native Hawaiians,  emale Hispanics, Ameri-
can Indians  rom New Mexico, and Alaskan natives is 
higher relative to U.S. whites in the same geographic 
area. Chinese and Japanese populations have a lower 
incidence than whites. Immunoproli erative small-
intestinal disease with alpha heavy chain disease is 
most prevalent in the Mediterranean area. Despite 
these di erences in prevalence, the characteristics, 
response to therapy, and prognosis o  myeloma are 
similar worldwide.

18_Hematology_ch18_p231-244.indd   234  04/08/16   3:03 PM



 

C

H

A

P

T

E

R

 

1

8

P

l

a

s

m

a

 

C

e

l

l

 

D

i

s

o

r

d

e

r

s

235PATHOGENESIS AND CLINICAL 
MANIFESTATIONS
Multiple myeloma (MM) cells bind via cell-sur ace 
adhesion molecules to bone marrow stromal cells 
(BMSCs) and extracellular matrix (ECM), which trig-
gers MM cell growth, survival, drug resistance, and 
migration in the bone marrow milieu (Fig. 18-4). T ese 
e ects are due both to direct MM cell–BMSC binding 
and to induction o  various cytokines, including IL-6, 
insulin-like growth  actor type I (IGF-I), vascular endo-
thelial growth  actor (VEGF), and stromal cell–derived 
growth  actor (SDF)-1α. Growth, drug resistance, and 
migration are mediated via Ras/Ra /mitogen-activated 
protein kinase, PI3K/Akt, and protein kinase C signal-
ing cascades, respectively.

Bone pain is the most common symptom in 
myeloma, a ecting nearly 70% o  patients. Unlike the 
pain o  metastatic carcinoma, which o en is worse at 
night, the pain o  myeloma is precipitated by move-
ment. Persistent localized pain in a patient with 
myeloma usually signi es a pathologic  racture. T e 
bone lesions o  myeloma are caused by the proli era-
tion o  tumor cells, activation o  osteoclasts that destroy 
bone, and suppression o  osteoblasts that  orm new 
bone. T e increased osteoclast activity is mediated 

by osteoclast activating  actors (OAFs) made by the 
myeloma cells (OAF activity can be mediated by sev-
eral cytokines, including IL-1, lymphotoxin, VEGF, 
receptor activator o  NF-κB [RANK] ligand, macro-
phage inhibitory  actor [MIP]-1α, and tumor necrosis 
 actor [ NF]). T e bone lesions are lytic in nature and 
are rarely associated with osteoblastic new bone  orma-
tion due to their suppression by dickho -1 (DKK-1) 
produced by myeloma cells. T ere ore, radioisotopic 
bone scanning is less use ul in diagnosis than is plain 
radiography. T e bony lysis results in substantial mobi-
lization o  calcium  rom bone, and serious acute and 
chronic complications o  hypercalcemia may dominate 
the clinical picture (see below). Localized bone lesions 
may expand to the point that mass lesions may be pal-
pated, especially on the skull (Fig. 18-5), clavicles, and 
sternum; and the collapse o  vertebrae may lead to spi-
nal cord compression. T e next most common clinical 
problem in patients with myeloma is susceptibility to 
bacterial in ections. T e most common in ections are 
pneumonias and pyelonephritis, and the most  requent 
pathogens are Streptococcus pneumoniae, Staphylococ-
cus aureus, and Klebsiella pneumoniae in the lungs and 
Escherichia coli and other gram-negative organisms 
in the urinary tract. In ~25% o  patients, recurrent 

FIGURE 18 -4
Path o g en esis o   m u lt ip le  mye lom a . Multiple myeloma 
(MM) cells interact with bone marrow stromal cells (BMSCs) and 
extracellular matrix proteins via adhesion molecules, triggering 
adhesion-mediated signaling as well as cytokine production. This 

triggers cytokine-mediated signaling that provides growth, sur-
vival, and antiapoptotic e ects as well as development o  drug 
resistance.
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in ections are the presenting  eatures, and >75% o  
patients will have a serious in ection at some time in 
their course. T e susceptibility to in ection has several 
contributing causes. First, patients with myeloma have 
di use hypogammaglobulinemia i  the M component 
is excluded. T e hypogammaglobulinemia is related 
to both decreased production and increased destruc-
tion o  normal antibodies. Moreover, some patients 
generate a population o  circulating regulatory cells in 
response to their myeloma that can suppress normal 
antibody synthesis. In the case o  IgG myeloma, nor-
mal IgG antibodies are broken down more rapidly than 
normal because the catabolic rate  or IgG antibodies 
varies directly with the serum concentration. T e large 
M component results in  ractional catabolic rates o  
8–16% instead o  the normal 2%. T ese patients have 
very poor antibody responses, especially to polysaccha-
ride antigens such as those on bacterial cell walls. Most 
measures o   -cell  unction in myeloma are normal, 
but a subset o  CD4+ cells may be decreased. Granu-
locyte lysozyme content is low, and granulocyte migra-
tion is not as rapid as normal in patients with myeloma, 
probably the result o  a tumor product. T ere are also 
a variety o  abnormalities in complement  unctions in 
myeloma patients. All these  actors contribute to the 
immune de ciency o  these patients. Some commonly 
used therapeutic agents, e.g., dexamethasone, suppress 
immune responses and increase susceptibility to bacte-
rial and  ungal in ection, and bortezomib predisposes 
to herpesvirus reactivation.

Renal  ailure occurs in nearly 25% o  myeloma 
patients, and some renal pathology is noted in more 

FIGURE 18 -5
Bony le sio n s in  m u lt ip le  mye lom a . The skull demonstrates 
the typical “punched out” lesions characteristic o  multiple 
myeloma. The lesion represents a purely osteolytic lesion with lit-
tle or no osteoblastic activity. (Courtesy of Dr. Geraldine Schechter; 
with permission.)

than 50%. Many  actors contribute to this. Hyper-
calcemia is the most common cause o  renal  ailure. 
Glomerular deposits o  amyloid, hyperuricemia, recur-
rent in ections,  requent use o  nonsteroidal anti-
in ammatory agents  or pain control, use o  iodinated 
contrast dye  or imaging, bisphosphonate use, and occa-
sional in ltration o  the kidney by myeloma cells all 
may contribute to renal dys unction. However, tubular 
damage associated with the excretion o  light chains is 
almost always present. Normally, light chains are  l-
tered, reabsorbed in the tubules, and catabolized. With 
the increase in the amount o  light chains presented 
to the tubule, the tubular cells become overloaded 
with these proteins, and tubular damage results either 
directly  rom light chain toxic e ects or indirectly  rom 
the release o  intracellular lysosomal enzymes. T e ear-
liest mani estation o  this tubular damage is the adult 
Fanconi’s syndrome (a type 2 proximal renal tubular 
acidosis), with loss o  glucose and amino acids, as well 
as de ects in the ability o  the kidney to acidi y and 
concentrate the urine. T e proteinuria is not accompa-
nied by hypertension, and the protein is nearly all light 
chains. Generally, very little albumin is in the urine 
because glomerular  unction is usually normal. When 
the glomeruli are involved, nonselective proteinuria 
is also observed. Patients with myeloma also have a 
decreased anion gap [i.e., Na+ – (Cl− + HCO3

−)] because 
the M component is cationic, resulting in retention 
o  chloride. T is is o en accompanied by hyponatre-
mia that is  elt to be arti cial (pseudohyponatremia) 
because each volume o  serum has less water as a result 
o  the increased protein. Renal dys unction due to light 
chain deposition disease, light chain cast nephropathy, 
and amyloidosis is partially reversible with e ective 
therapy. Myeloma patients are susceptible to developing 
acute renal  ailure i  they become dehydrated.

Normocytic and normochromic anemia occurs in 
~80% o  myeloma patients. It is usually related to the 
replacement o  normal marrow by expanding tumor 
cells, to the inhibition o  hematopoiesis by  actors 
made by the tumor, to reduced production o  erythro-
poietin by the kidney, and to the e ects o  long-term 
therapy. In addition, mild hemolysis may contribute to 
the anemia. A larger than expected  raction o  patients 
may have megaloblastic anemia due to either  olate or 
vitamin B12 de ciency. Granulocytopenia and throm-
bocytopenia are rare except when therapy-induced. 
Clotting abnormalities may be seen due to the  ailure 
o  antibody-coated platelets to  unction properly; the 
interaction o  the M component with clotting  actors I, 
II, V, VII, or VIII; antibody to clotting  actors; or amy-
loid damage o  endothelium. Deep venous thrombosis 
is also observed with use o  thalidomide, lenalidomide, 
or pomalidomide in combination with dexamethasone. 
Raynaud’s phenomenon and impaired circulation may 
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237result i  the M component  orms cryoglobulins, and 
hyperviscosity syndromes may develop depending on 
the physical properties o  the M component (most com-
mon with IgM, IgG3, and IgA paraproteins). Hypervis-
cosity is de ned based on the relative viscosity o  serum 
as compared with water. Normal relative serum viscos-
ity is 1.8 (i.e., serum is normally almost twice as viscous 
as water). Symptoms o  hyperviscosity occur at a level 
greater than 4 centipoise (cP), which is usually reached 
at paraprotein concentrations o  ~40 g/L (4 g/dL)  or 
IgM, 50 g/L (5 g/dL)  or IgG3, and 70 g/L (7 g/dL)  or 
IgA; however, depending on chemical and physical 
properties o  the paraprotein molecule, it can occasion-
ally be observed at lower levels.

Although neurologic symptoms occur in a minority 
o  patients, they may have many causes. Hypercalcemia 
may produce lethargy, weakness, depression, and con-
 usion. Hyperviscosity may lead to headache,  atigue, 
shortness o  breath, exacerbation or precipitation o  
heart  ailure, visual disturbances, ataxia, vertigo, reti-
nopathy, somnolence, and coma. Bony damage and col-
lapse may lead to cord compression, radicular pain, and 
loss o  bowel and bladder control. In ltration o  periph-
eral nerves by amyloid can be a cause o  carpal tunnel 
syndrome and other sensorimotor mono- and poly-
neuropathies. Neuropathy associated with monoclonal 
gammopathy o  undetermined signi cance (MGUS) 
and myeloma is more  requently sensory than motor 
neuropathy and is associated with IgM more than 
other isotypes. In >50% o  patients with neuropathy, 
the IgM monoclonal protein is directed against myelin-
associated globulin (MAG). Sensory neuropathy is also 
a side e ect o  thalidomide and bortezomib therapy.

Many o  the clinical  eatures o  myeloma, e.g., cord 
compression, pathologic  ractures, hyperviscosity, sep-
sis, and hypercalcemia, can present as medical emer-
gencies. Despite the widespread distribution o  plasma 
cells in the body, tumor expansion is dominantly within 
bone and bone marrow and,  or reasons unknown, 
rarely causes enlargement o  spleen, lymph nodes, or 
gut-associated lymphatic tissue.

DIAGNOSIS AND STAGING
T e diagnosis o  myeloma requires marrow plasmacy-
tosis (>10%), a serum and/or urine M component, and 
end organ damage detailed in  able 18-1. Bone marrow 
plasma cells are CD138 and either monoclonal kappa 
or lambda light chain positive. T e most important di -
 erential diagnosis in patients with myeloma involves 
their separation  rom individuals with MGUS or smol-
dering multiple myeloma (SMM). MGUS is vastly more 
common than myeloma, occurring in 1% o  the popu-
lation older than age 50 years and in up to 10% o  indi-
viduals older than age 75 years. T e diagnostic criteria 

 or MGUS, SMM, and myeloma are described in  
 able 18-1. Although ~1% o  patients per year with 
MGUS go on to develop myeloma, all myeloma is pre-
ceded by MGUS. Non-IgG subtype, abnormal kappa/
lambda  ree light chain ratio, and serum M protein >15 
g/L (1.5 g/dL) are associated with higher incidence o  
progression o  MGUS to myeloma. Absence o  all three 
 eatures predicts a 5% chance o  progression, whereas 
higher risk MGUS with the presence o  all three  ea-
tures predicts a 60% chance o  progression over 20 
years. T e  eatures responsible  or higher risk o  pro-
gression  rom SMM to MM are bone marrow plasma-
cytosis >10%, abnormal kappa/lambda  ree light chain 
ratio, and serum M protein >30 g/L (3 g/dL). Patients 
with only one o  these three  eatures have a 25% chance 
o  progression to MM in 5 years, whereas patients 
with high-risk SMM with all three  eatures have a 76% 
chance o  progression. T ere are two important vari-
ants o  myeloma—solitary bone plasmacytoma and 
solitary extramedullary plasmacytoma. T ese lesions 
are associated with an M component in <30% o  the 
cases, they may a ect younger individuals, and both are 
associated with median survivals o  ≥10 years. Solitary 
bone plasmacytoma is a single lytic bone lesion without 
marrow plasmacytosis. Extramedullary plasmacyto-
mas usually involve the submucosal lymphoid tissue o  
the nasopharynx or paranasal sinuses without marrow 
plasmacytosis. Both tumors are highly responsive to 
local radiation therapy. I  an M component is present, 
it should disappear a er treatment. Solitary bone plas-
macytomas may recur in other bony sites or evolve into 
myeloma. Extramedullary plasmacytomas rarely recur 
or progress.

T e clinical evaluation o  patients with myeloma 
includes a care ul physical examination searching  or 
tender bones and masses. Chest and bone radiographs 
may reveal lytic lesions or di use osteopenia. Magnetic 
resonance imaging (MRI) o ers a sensitive means to 
document extent o  bone marrow in ltration and cord 
or root compression in patients with pain syndromes. A 
complete blood count with di erential may reveal ane-
mia. Erythrocyte sedimentation rate is elevated. Rare 
patients (~1%) may have plasma cell leukemia with 
>2000 plasma cells/µL. T is may be seen in dispropor-
tionate  requency in IgD (12%) and IgE (25%) myelo-
mas. Serum calcium, urea nitrogen, creatinine, and 
uric acid levels may be elevated. Protein electrophoresis 
and measurement o  serum immunoglobulins and  ree 
light chains are use ul  or detecting and characterizing 
M spikes, supplemented by immunoelectrophoresis, 
which is especially sensitive  or identi ying low con-
centrations o  M components not detectable by protein 
electrophoresis. A 24-h urine specimen is necessary to 
quantitate Bence Jones protein excretion. Serum alka-
line phosphatase is usually normal even with extensive 
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238 TABLE 18-1  
DIAGNOSTIC CRITERIA FOR MULTIPLE MYELOMA, MYELOMA VARIANTS, AND MONOCLONAL GAMMOPATHY OF 
UNDETERMINED SIGNIFICANCE

MONOCLONAL GAMMOPATHY OF UNDETERMINED SIGNIFICANCE (MGUS)

M protein in serum <30 g/L
Bone marrow clonal plasma cells <10%
No evidence o  other B cell proli erative disorders
No myeloma-related organ or tissue impairment (no end organ damage, including bone lesions)a

Sm o ld e rin g  Mu lt ip le  Mye lo m a   Asym p tom at ic Mye lom a  
M protein in serum ≥30 g/L and/or
Bone marrow clonal plasma cells ≥10%
No myeloma-related organ or tissue impairment (no end organ damage, including bone lesions)a or symptoms
Sym p to m at ic Mu lt ip le  Mye lo m a
M protein in serum and/or urine
Bone marrow (clonal) plasma cellsb or plasmacytoma
Myeloma-related organ or tissue impairment (end organ damage, including bone lesions)
No n secre to ry Mye lom a
No M protein in serum and/or urine with immuno xation
Bone marrow clonal plasmacytosis ≥10% or plasmacytoma
Myeloma-related organ or tissue impairment (end organ damage, including bone lesions)a
So lita ry Plasm acyto m a  o   Bo n e
No M protein in serum and/or urinec

Single area o  bone destruction due to clonal plasma cells
Bone marrow not consistent with multiple myeloma
Normal skeletal survey (and magnetic resonance imaging o  spine and pelvis i  done)
No related organ or tissue impairment (no end organ damage other than solitary bone lesion)a
POEMS Syn d rom e
All o  the  ollowing  our criteria must be met:
1. Polyneuropathy
2. Monoclonal plasma cell proli erative disorder
3. Any one o  the  ollowing: (a) sclerotic bone lesions; (b) Castleman’s disease; (c) elevated levels o  vascular endothelial growth  actor 

(VEGF)
4. Any one o  the  ollowing: (a) organomegaly (splenomegaly, hepatomegaly, or lymphadenopathy); (b) extravascular volume overload 

(edema, pleural e usion, or ascites); (c) endocrinopathy (adrenal, thyroid, pituitary, gonadal, parathyroid, and pancreatic); (d) skin 
changes (hyperpigmentation, hypertrichosis, glomeruloid hemangiomata, plethora, acrocyanosis,  ushing, and white nails); (e) pap-
illedema; ( ) thrombocytosis/polycythemiad

aMyeloma-related organ or tissue impairment (end organ damage): calcium levels increased: serum calcium >0.25 mmol/L above the upper limit o  normal 
or >2.75 mmol/L; renal insuf ciency: creatinine >173 mmol/L; anemia: hemoglobin 2 g/dL below the lower limit o  normal or hemoglobin <10 g/dL; bone 
lesions: lytic lesions or osteoporosis with compression  ractures (magnetic resonance imaging or computed tomography may clari y); other: symptomatic 
hyperviscosity, amyloidosis, recurrent bacterial in ections (>2 episodes in 12 months).
bI   ow cytometry is per ormed, most plasma cells (>90%) will show a “neoplastic” phenotype.
cA small M component may sometimes be present.
d These  eatures should have no attributable other causes and have temporal relation with each other.
Abbrevia t ion: POEMS, polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes.

bone involvement because o  the absence o  osteoblas-
tic activity. It is also important to quantitate serum  
β2-microglobulin and albumin (see below).

T e serum M component will be IgG in 53% o  
patients, IgA in 25%, and IgD in 1%; 20% o  patients 
will have only light chains in serum and urine. 
Dipsticks  or detecting proteinuria are not reliable at 
identi ying light chains, and the heat test  or detect-
ing Bence Jones protein is  alsely negative in ~50% 
o  patients with light chain myeloma. Fewer than 1% 

o  patients have no identi able M component; these 
patients usually have light chain myeloma in which 
renal catabolism has made the light chains undetect-
able in the urine. In most o  these patients, light chains 
can now be detected by serum  ree light chain assay. 
IgD myeloma may also present with light chain dis-
ease. About two-thirds o  patients with serum M com-
ponents also have urinary light chains. T e light chain 
isotype may have an impact on survival. Patients secret-
ing lambda light chains have a signi cantly shorter 
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239TABLE 18 -2  
RISK STRATIFICATION IN MYELOMA

Ch ro m o so m a l Ab n o rm alit ie s

Metho d

Stan d ard  Risk  80%  
 Exp ected  Su rviva l 
6–7+ Years 

Hig h  Risk  20%  
 Exp ected  Su rviva l 
2–3 Years 

Karyotype  No chromosomal 
aberration

Any abnormality 
on conventional 
karyotype

FISH  t(11;14)  Del(17p)
t(6:14)  t(4:14)
Del(13)  t(14:16)

t(14;20)
In te rn a t ion a l Stag in g  System

Stag e  Med ian  Su r-
viva l, Mon th s

β2M <3.5, alb ≥3.5  I (28%)a 62
β2M <3.5, alb <3.5 
or β2M = 3.5–5.5

II (39%)  44

β2M >5.5  III (33%)  29
Other  eatures suggesting high-risk disease:
 De novo plasma cell leukemia
 Extramedullary disease
 Elevated lactate dehydrogenate (LDH)
 High-risk gene expression pro le

aPercentage o  patients presenting at each stage.
Abbrevia tions: β2M, serum β2-microglobulin in mg/L; alb, serum albumin 
in g/dL; FISH,  uorescent in situ hybridization.

overall survival than those secreting kappa light chains. 
Whether this is due to some genetically important 
determinant o  cell proli eration or because lambda 
light chains are more likely to cause renal damage and 
 orm amyloid than are kappa light chains is unclear. 
T e heavy chain isotype may have an impact on patient 
management as well. About hal  o  patients with IgM 
paraproteins develop hyperviscosity compared with 
only 2–4% o  patients with IgA and IgG M compo-
nents. Among IgG myelomas, it is the IgG3 subclass 
that has the highest tendency to  orm both concentra-
tion- and temperature-dependent aggregates, leading 
to hyperviscosity and cold agglutination at lower serum 
concentrations.

PROGNOSIS
Serum β2-microglobulin is the single most power-
 ul predictor o  survival and can substitute  or staging. 
β2-Microglobulin is a protein o  11,000 mol wt with 
homologies to the constant region o  immunoglobulins 
that is the light chain o  the class I major histocompat-
ibility antigens (HLA-A, -B, -C) on the sur ace o  every 
cell. Patients with β2-microglobulin levels <0.004 g/L 
have a median survival o  43 months, and those with 
levels >0.004 g/L have a survival o  only 12 months. 
Combination o  serum β2-microglobulin and albumin 
levels  orms the basis  or a three-stage International 
Staging System (ISS) (Table 18-2) that predicts sur-
vival. With the use o  high-dose therapy and the newer 
agents, the Durie-Salmon staging system is unable to 
predict outcome and thus is no longer used. High label-
ing index, circulating plasma cells, per ormance status, 
and high levels o  lactate dehydrogenase are also associ-
ated with poor prognosis.

Other  actors that may in uence prognosis are the 
presence o  cytogenetic abnormalities and hypodiploidy 
by karyotype,  uorescent in situ hybridization (FISH)–
identi ed chromosome 17p deletion, and translocations 
t(4;14), (14;16), and t(14;20). Chromosome 13q dele-
tion, previously thought to predict poor outcome, is not 
a predictor  ollowing the use o  newer agents. Microar-
ray pro ling and comparative genomic hybridization 
have  ormed the basis  or RNA- and DNA-based prog-
nostic staging systems, respectively. T e ISS system, 
along with cytogenetic changes, is the most widely used 
method  or assessing prognosis ( able 18-2).

TREATMENT Multiple Myeloma

No speci c intervention is indicated  or patients with MGUS. 
Follow-up once a year or less  requently is adequate except 
in higher risk MGUS, where serum protein electrophore-
sis, complete blood count, creatinine, and calcium should 

be repeated every 6 months. A patient with MGUS and 
severe polyneuropathy is considered  or therapeutic inter-
vention i  a causal relationship can be assumed, especially 
in absence o  any other potential causes  or neuropathy. 
T erapy can include plasmapheresis and occasionally ritux-
imab in patients with IgM MGUS or myeloma-like therapy 
in those with IgG or IgA disease. About 10% o  patients with 
myeloma are asymptomatic (SMM) and will have an indolent 
course demonstrating only very slow progression o  disease 
over many years. For these patients, no speci c therapeutic 
intervention is indicated, although early intervention with 
lenalidomide and dexamethasone may prevent progres-
sion  rom high-risk SMM to active MM. At present, patients 
with SMM only require antitumor therapy when the disease 
becomes symptomatic with development o  anemia, hyper-
calcemia, progressive lytic bone lesions, renal dys unction, 
or recurrent in ections. Patients with solitary bone plasmacy-
tomas and extramedullary plasmacytomas may be expected 
to enjoy prolonged disease- ree survival a er local radiation 
therapy at a dose o  around 40 Gy. T ere is a low incidence 
o  occult marrow involvement in patients with solitary bone 
plasmacytoma. Such patients are usually identi ed because 
their serum M component  alls slowly or disappears initially, 
only to return a er a  ew months. T ese patients respond well 
to systemic therapy.
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240 Patients with symptomatic and/or progressive myeloma 
require therapeutic intervention. In general, such therapy is 
o  two sorts: (1) systemic therapy to control the progression 
o  myeloma and (2) symptomatic supportive care to prevent 
serious morbidity  rom the complications o  the disease. 
T erapy can signi cantly prolong survival and improve the 
quality o  li e  or myeloma patients.

T e therapy o  myeloma includes an initial induction regi-
men  ollowed by consolidation and/or maintenance therapy 
and, on subsequent progression, management o  relapsed 
disease. T e therapy is partly dictated by the patient’s age and 
comorbidities, which may a ect a patient’s ability to undergo 
high-dose therapy and transplantation.

T alidomide (200 mg daily), when combined with dexa-
methasone, achieved responses in two-thirds o  newly diag-
nosed MM patients. Subsequently, lenalidomide (25 mg/d 
on days 1–21 every 4 weeks), an immunomodulatory deriva-
tive o  thalidomide, and bortezomib (1.3 mg/m2 on days 
1, 4, 8, and 11 every 3 weeks), a proteasome inhibitor, have 
each been combined with dexamethasone (40 mg once every 
week) and obtained high response rates (>80%) in newly 
diagnosed patients with MM. Importantly, their superior tox-
icity pro le with improved ef cacy has made them the pre-
 erred agents  or induction therapy. E orts to improve the 
 raction o  patients responding and the degree o  response 
have involved adding agents to the treatment regimen. 
T e combination o  lenalidomide, bortezomib, and dexa-
methasone achieves close to a 100% response rate and 30% 
complete response rate, making it one o  the pre erred induc-
tion regimens in transplant-eligible patients. Other similar 
three-drug combinations (bortezomib, thalidomide, and 
dexamethasone or bortezomib, cyclophosphamide, and dexa-
methasone) also achieve >90% response rate. Herpes zoster 
prophylaxis is indicated i  bortezomib is used, and neuropa-
thy attendant to bortezomib can be decreased both by its sub-
cutaneous administration and administration on a weekly 
schedule. Lenalidomide use requires prophylaxis  or deep 
vein thrombosis (DV ) with either aspirin or war arin or 
low-molecular-weight heparin i  patients are at a greater risk 
o  DV . In patients receiving lenalidomide, stem cells should 
be collected within 6 months, because the continued use o  
lenalidomide may compromise the ability to collect adequate 
numbers o  stem cells. Initial therapy is continued until maxi-
mal cytoreduction. In patients who are transplant candi-
dates, alkylating agents such as melphalan should be avoided 
because they damage stem cells, leading to decreased ability 
to collect stem cells  or autologous transplant.

In patients who are not transplant candidates due to phys-
iologic age >70 years, signi cant cardiopulmonary problems, 
or other comorbid illnesses, the same two- or three-drug 
combinations described above are considered standard o  
care as induction therapy. Previously, therapy consisting o  
intermittent pulses o  melphalan, an alkylating agent, with 
prednisone (MP; melphalan, 0.25 mg/kg per day, and pred-
nisone, 1 mg/kg per day  or 4 days) every 4–6 weeks was 
used. However, a number o  studies have combined novel 

agents with MP and reported superior response and survival 
outcomes. In patients >65 years old, combining thalidomide 
with MP (MP ) obtains higher response rates and overall 
survival compared with MP alone. Similarly, signi cantly 
improved response (71 vs 35%) and overall survival (3-year 
survival 72 vs 59%) were observed with the combination o  
bortezomib and MP compared with MP alone. Lenalido-
mide added to MP  ollowed by lenalidomide maintenance 
also prolonged progression- ree survival compared with 
MP alone. T ese combinations o  novel agents with MP also 
achieve high complete response rates (MP , ~15%; MP plus 
bortezomib, ~30%; MP plus lenalidomide, ~20%; and MP, 
~2–4%). Although combinations o  MP with newer agents 
are an alternative in these patients, most studies  avor con-
tinuous therapy with non-MP-containing regimens (e.g., 
lenalidomide plus dexamethasone) due to longer term sa ety 
pro le and ef cacy.

Improvement in the serum M component may lag behind 
the symptomatic improvement. T e  all in M component 
depends on the rate o  tumor kill and the  ractional cata-
bolic rate o  immunoglobulin, which in turn depends on the 
serum concentration ( or IgG). Light chain excretion, with 
a  unctional hal -li e o  ~6 h, may  all within the  rst week o  
treatment. Because urine light chain levels may relate to renal 
tubular  unction, they are not a reliable measure o  tumor cell 
kill, especially in patients with renal dys unction; however, 
improvements in serum  ree light chain measurement are 
o en seen sooner. Although patients may not achieve complete 
remission, clinical responses may last  or long periods o  time.

High-dose therapy and consolidation/maintenance are 
standard practice in the majority o  eligible patients. Ran-
domized studies comparing standard-dose therapy to high-
dose melphalan therapy (HD ) with hematopoietic stem 
cell support have shown that HD  can achieve high over-
all response rates, with up to 25–40% additional complete 
responses and prolonged progression- ree and overall sur-
vival; however,  ew, i  any, patients are cured. Although two 
successive HD s (tandem transplantations) are more e ective 
than single HD , the bene t is only observed in the subset o  
patients who do not achieve a complete or very good partial 
response to the  rst transplantation, which is rare. Moreover, 
a randomized study  ailed to show any signi cant di erence 
in overall survival between early transplantation a er induc-
tion therapy versus delayed transplantation at relapse. T ese 
data allow an option to delay transplantation, especially with 
the availability o  more agents and combinations. Allogeneic 
transplantations may also produce high response rates, but 
treatment-related mortality may be as high as 40%. Nonmy-
eloablative allogeneic transplantation can reduce toxicity but 
is recommended only under the auspices o  a clinical trial to 
exploit an immune gra -versus-myeloma e ect while avoid-
ing attendant toxicity.

Maintenance therapy prolongs remissions  ollowing 
standard-dose regimens as well as HD .  wo phase 3 stud-
ies have demonstrated improved progression- ree survival, 
and one study showed prolonged overall survival in patients 
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241receiving lenalidomide compared to placebo as maintenance 
therapy a er HD . In nontransplant candidates, another 
phase 3 study showed prolonged progression- ree survival 
with lenalidomide maintenance a er MP plus lenalidomide 
induction therapy. Although there is concern regarding 
an increased incidence o  second primary malignancies in 
patients receiving lenalidomide maintenance, its bene ts 
 ar outweigh the risk o  progressive disease and death  rom 
myeloma. In patients with high-risk cytogenetics, lenalido-
mide and bortezomib have been combined and show promise 
as maintenance therapy a er transplantation.

Relapsed myeloma can be treated with a number o  agents 
including lenalidomide and/or bortezomib. T ese agents 
in combination with dexamethasone can achieve a partial 
response rate o  up to 60% and a 10–15% complete response 
rate in patients with relapsed disease. T e combination o  
bortezomib and liposomal doxorubicin is active in relapsed 
myeloma. T alidomide, i  not used as initial therapy, can 
achieve responses in re ractory cases. T e second-generation 
proteasome inhibitor car lzomib and immunomodulatory 
agent pomalidomide have shown ef cacy in relapsed and 
re ractory MM, even MM re ractory to lenalidomide and 
bortezomib. High-dose melphalan and stem cell transplanta-
tion, i  not used earlier, also have activity as salvage therapy 
in patients with re ractory disease.

T e median overall survival o  patients with myeloma 
is 7–8+ years, with subsets o  younger patients surviving 
more than 10 years. T e major causes o  death are progres-
sive myeloma, renal  ailure, sepsis, or therapy-related myelo-
dysplasia. Nearly a quarter o  patients die o  myocardial 
in arction, chronic lung disease, diabetes, or stroke—all inter-
current illnesses related more to the age o  the patient group 
than to the tumor.

Supportive care directed at the anticipated complica-
tions o  the disease may be as important as primary anti-
tumor therapy. Hypercalcemia generally responds well to 
bisphosphonates, glucocorticoid therapy, hydration, and 
natriuresis, and rarely requires calcitonin as well. Bisphos-
phonates (e.g., pamidronate 90 mg or zoledronate 4 mg once 
a month) reduce osteoclastic bone resorption and preserve 
per ormance status and quality o  li e, decrease bone-related 
complications, and may also have antitumor e ects. Osteo-
necrosis o  the jaw and renal dys unction can occur in a 
minority o  patients receiving aminobisphosphonate therapy. 
 reatments aimed at strengthening the skeleton such as  u-
orides, calcium, and vitamin D, with or without androgens, 
have been suggested, but are not o  proven ef cacy. Kypho-
plasty or vertebroplasty should be considered in patients with 
pain ul collapsed vertebra. Iatrogenic worsening o  renal 
 unction may be prevented by maintaining a high  uid intake 
to prevent dehydration and enhance excretion o  light chains 
and calcium. In the event o  acute renal  ailure, plasmapher-
esis is ~10 times more e ective at clearing light chains than 
peritoneal dialysis; however, its role in reversing renal  ail-
ure remains controversial. Importantly, reducing the protein 

load by e ective antitumor therapy with agents such as bort-
ezomib may result in improvement in renal  unction in over 
hal  o  the patients. Use o  lenalidomide in renal  ailure is 
possible but requires dose modi cation, because it is renally 
excreted. Urinary tract in ections should be watched  or and 
treated early. Plasmapheresis may be the treatment o  choice 
 or hyperviscosity syndromes. Although the pneumococcus 
is a dreaded pathogen in myeloma patients, pneumococcal 
polysaccharide vaccines may not elicit an antibody response. 
Prophylactic administration o  intravenous γ globulin prepa-
rations is used in the setting o  recurrent serious in ections. 
Chronic oral antibiotic prophylaxis is not warranted. Patients 
developing neurologic symptoms in the lower extremities, 
severe localized back pain, or problems with bowel and blad-
der control may need emergency MRI and local radiation 
therapy and glucocorticoids i  cord compression is identi ed. 
In patients in whom neurologic de cit is increasing or sub-
stantial, emergent surgical decompression may be necessary. 
Most bone lesions respond to analgesics and systemic ther-
apy, but certain pain ul lesions may respond most promptly 
to localized radiation. T e anemia associated with myeloma 
may respond to erythropoietin along with hematinics (iron, 
 olate, cobalamin). T e pathogenesis o  the anemia should be 
established and speci c therapy instituted, whenever possible.

WALDENSTRÖM’S 
MACROGLOBULINEMIA

In 1948, Waldenström described a malignancy o  lym-
phoplasmacytoid cells that secreted IgM. In contrast to 
myeloma, the disease was associated with lymphade-
nopathy and hepatosplenomegaly, but the major clini-
cal mani estation was hyperviscosity syndrome. T e 
disease resembles the related diseases chronic lympho-
cytic leukemia, myeloma, and lymphocytic lymphoma. 
It originates  rom a post–germinal center B cell that 
has undergone somatic mutations and antigenic selec-
tion in the lymphoid  ollicle and has the characteristics 
o  an IgM-bearing memory B cell. Waldenström’s mac-
roglobulinemia (WM) and IgM myeloma  ollow a simi-
lar clinical course, but therapeutic options are di erent. 
T e diagnosis o  IgM myeloma is usually reserved  or 
patients with lytic bone lesions and predominant in l-
tration with CD138+ plasma cells in the bone marrow. 
Such patients are at greater risk o  pathologic  ractures 
than patients with WM.

A  amilial occurrence is common in WM, but its 
molecular bases are yet unclear. A distinct MYD88 
L265P somatic mutation has been reported in over 
90% o  patients with WM and the majority o  IgM 
MGUS. Presence o  this mutation is now used as a diag-
nostic test to discriminate WM  rom marginal zone 
lymphomas (MZLs), IgM-secreting myeloma, and 
chronic lymphocytic leukemia (CLL) with plasmacytic 
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242 di erentiation. T is mutation also explains the molec-
ular pathogenesis o  the disease, with involvement 
o   oll-like receptor ( LR) and interleukin 1 recep-
tor (IL-1R) signaling leading to activation o  IL-1R–
associated kinase (IRAK) 4 and IRAK1  ollowed by 
nuclear  actor-κB (NF-κB) activation. T e disease is 
similar to myeloma in being slightly more common 
in men and occurring with increased incidence with 
increasing age (median 64 years). T ere have been 
reports that the IgM in some patients with macroglobu-
linemia may have speci city  or myelin-associated gly-
coprotein (MAG), a protein that has been associated 
with demyelinating disease o  the peripheral nervous 
system and may be lost earlier and to a greater extent 
than the better known myelin basic protein in patients 
with multiple sclerosis. Sometimes patients with mac-
roglobulinemia develop a peripheral neuropathy, and 
hal  o  these patients are positive  or anti-MAG anti-
body. T e neuropathy may precede the appearance o  
the neoplasm. T ere is speculation that the whole pro-
cess begins with a viral in ection that may elicit an anti-
body response that cross-reacts with a normal tissue 
component.

Like myeloma, the disease involves the bone marrow, 
but unlike myeloma, it does not cause bone lesions or 
hypercalcemia. Bone marrow shows >10% in ltration 
with lymphoplasmacytic cells (sur ace IgM+, CD19+, 
CD20+, and CD22+, rarely CD5+, but CD10− and 
CD23−) with an increase in number o  mast cells. Like 
myeloma, an M component is present in the serum in 
excess o  30 g/L (3 g/dL), but unlike myeloma, the size 
o  the IgM paraprotein results in little renal excretion, 
and only ~20% o  patients excrete light chains. T ere-
 ore, renal disease is not common. T e light chain iso-
type is kappa in 80% o  the cases. Patients present with 
weakness,  atigue, and recurrent in ections similar to 
myeloma patients, but epistaxis, visual disturbances, 
and neurologic symptoms such as peripheral neuropa-
thy, dizziness, headache, and transient paresis are much 
more common in macroglobulinemia. Physical exami-
nation reveals adenopathy and hepatosplenomegaly, 
and ophthalmoscopic examination may reveal vascu-
lar segmentation and dilation o  the retinal veins char-
acteristic o  hyperviscosity states. Patients may have 
a normocytic, normochromic anemia, but rouleaux 
 ormation and a positive Coombs’ test are much more 
common than in myeloma. Malignant lymphocytes are 
usually present in the peripheral blood. About 10% o  
macroglobulins are cryoglobulins. T ese are pure M 
components and are not the mixed cryoglobulins seen 
in rheumatoid arthritis and other autoimmune dis-
eases. Mixed cryoglobulins are composed o  IgM or 
IgA complexed with IgG,  or which they are speci c. In 
both cases, Raynaud’s phenomenon and serious vascu-
lar symptoms precipitated by the cold may occur, but 

mixed cryoglobulins are not commonly associated with 
malignancy. Patients suspected o  having a cryoglobulin 
based on history and physical examination should have 
their blood drawn into a warm syringe and delivered 
to the laboratory in a container o  warm water to avoid 
errors in quantitating the cryoglobulin.

TREATMENT Waldenström’s Macroglobulinemia

Control o  serious hyperviscosity symptoms such as an 
altered state o  consciousness or paresis can be achieved 
acutely by plasmapheresis because 80% o  the IgM parapro-
tein is intravascular. T e median survival o  a ected indi-
viduals is ~50 months, similar to that o  MM. However, 
many patients with WM have indolent disease that does not 
require therapy. Pretreatment parameters including older age, 
male sex, general symptoms, and cytopenias de ne a high-
risk population.  reatment is usually not initiated unless the 
disease is symptomatic or increasing anemia, hyperviscos-
ity, lymphadenopathy, or hepatosplenomegaly is present. 
Bortezomib and bendamustine are two agents with signi -
cant ef cacy in WM. Rituximab (anti-CD20) can produce 
responses, alone or combined with either o  these two agents. 
Rituximab can produce IgM  are, so its use is initially with-
held in patients with high IgM levels. Fludarabine (25 mg/m2 
per day  or 5 days every 4 weeks) and cladribine (0.1 mg/kg 
per day  or 7 days every 4 weeks) are also highly e ective sin-
gle agents. With identi cation o  the MYD88 mutation, B K 
and IRAK1/4 inhibitors are being evaluated and show signi -
cant responses. Although high-dose therapy plus autologous 
transplantation is an option, its use has declined due to the 
availability o  other e ective agents.

POEMS SYNDROME

T e  eatures o  this syndrome are polyneuropathy, 
organomegaly, endocrinopathy, M-protein, and skin 
changes (POEMS). Diagnostic criteria are described in 
 able 18-1. Patients usually have a severe, progressive 
sensorimotor polyneuropathy associated with sclerotic 
bone lesions  rom myeloma. Polyneuropathy occurs in 
~1.4% o  myelomas, but the POEMS syndrome is only 
a rare subset o  that group. Unlike typical myeloma, 
hepatomegaly and lymphadenopathy occur in about 
two-thirds o  patients, and splenomegaly is seen in 
one-third. T e lymphadenopathy  requently resem-
bles Castleman’s disease histologically, a condition that 
has been linked to IL-6 overproduction. T e endo-
crine mani estations include amenorrhea in women 
and impotence and gynecomastia in men. Hyperpro-
lactinemia due to loss o  normal inhibitory control by 
the hypothalamus may be associated with other central 
nervous system mani estations such as papilledema 
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243and elevated cerebrospinal  uid pressure and protein. 
 ype 2 diabetes mellitus occurs in about one-third o  
patients. Hypothyroidism and adrenal insuf ciency are 
occasionally noted. Skin changes are diverse: hyperpig-
mentation, hypertrichosis, skin thickening, and digi-
tal clubbing. Other mani estations include peripheral 
edema, ascites, pleural e usions,  ever, and thrombocy-
tosis. Not all the components o  POEMS syndrome may 
be present initially.

T e pathogenesis o  the disease is unclear, but high 
circulating levels o  the proin ammatory cytokines 
IL-1, IL-6, VEGF, and  NF have been documented, 
and levels o  the inhibitory cytokine trans orming 
growth  actor β are lower than expected.  reatment o  
the myeloma may result in an improvement in the other 
disease mani estations.

Patients are o en treated similarly to those with 
myeloma. Plasmapheresis does not appear to be o  
bene t in POEMS syndrome. Patients presenting with 
isolated sclerotic lesions may have resolution o  neuro-
pathic symptoms a er local therapy  or plasmacytoma 
with radiotherapy. Similar to multiple myeloma, novel 
agents and high-dose therapy with autologous stem cell 
transplantation have been pursued in selected patients 
and have been associated with prolonged progression-
 ree survival.

HEAVY CHAIN DISEASES

T e heavy chain diseases are rare lymphoplasmacytic 
malignancies. T eir clinical mani estations vary with 
the heavy chain isotype. Patients have absence o  light 
chain and secrete a de ective heavy chain that usu-
ally has an intact Fc  ragment and a deletion in the Fd 
region. Gamma, alpha, and mu heavy chain diseases 
have been described, but no reports o  delta or epsilon 
heavy chain diseases have appeared. Molecular bio-
logic analysis o  these tumors has revealed structural 
genetic de ects that may account  or the aberrant chain 
secreted.

GAMMA HEAVY CHAIN DISEASE 
(FRANKLIN’S DISEASE)
T is disease a ects individuals o  widely di erent age 
groups and countries o  origin. It is characterized by 
lymphadenopathy,  ever, anemia, malaise, hepatospleno-
megaly, and weakness. It is  requently associated with 
autoimmune diseases, especially rheumatoid arthritis. 
Its most distinctive symptom is palatal edema, resulting 
 rom involvement o  nodes in Waldeyer’s ring, and this 
may progress to produce respiratory compromise. T e 
diagnosis depends on the demonstration o  an anoma-
lous serum M component (o en <20 g/L [<2 g/dL]) that 

reacts with anti-IgG but not anti–light chain reagents. 
T e M component is typically present in both serum and 
urine. Most o  the paraproteins have been o  the γ1 sub-
class, but other subclasses have been seen. T e patients 
may have thrombocytopenia, eosinophilia, and nondiag-
nostic bone marrow that may show increased numbers 
o  lymphocytes or plasma cells that do not stain  or light 
chain. Patients usually have a rapid downhill course and 
die o  in ection; however, some patients have survived 
5 years with chemotherapy. T erapy is indicated when 
symptomatic and involves chemotherapeutic combina-
tions used in low-grade lymphoma. Rituximab has also 
been reported to show ef cacy.

ALPHA HEAVY CHAIN DISEASE 
(SELIGMANN’S DISEASE)
T is is the most common o  the heavy chain diseases. 
It is closely related to a malignancy known as Medi-
terranean lymphoma, a disease that a ects young per-
sons in parts o  the world where intestinal parasites are 
common, such as the Mediterranean, Asia, and South 
America. T e disease is characterized by an in ltra-
tion o  the lamina propria o  the small intestine with 
lymphoplasmacytoid cells that secrete truncated alpha 
chains. Demonstrating alpha heavy chains is dif cult 
because the alpha chains tend to polymerize and appear 
as a smear instead o  a sharp peak on electrophoretic 
pro les. Despite the polymerization, hyperviscosity is 
not a common problem in alpha heavy chain disease. 
Without J chain– acilitated dimerization, viscosity does 
not increase dramatically. Light chains are absent  rom 
serum and urine. T e patients present with chronic 
diarrhea, weight loss, and malabsorption and have 
extensive mesenteric and paraaortic adenopathy. Respi-
ratory tract involvement occurs rarely. Patients may 
vary widely in their clinical course. Some may develop 
di use aggressive histologies o  malignant lymphoma. 
Chemotherapy may produce long-term remissions. 
Rare patients appear to have responded to antibiotic 
therapy, raising the question o  the etiologic role o  anti-
genic stimulation, perhaps by some chronic intestinal 
in ection. Chemotherapy plus antibiotics may be more 
e ective than chemotherapy alone. Immunoproli era-
tive small-intestinal disease (IPSID) is recognized as an 
in ectious pathogen–associated human lymphoma that 
has association with Campylobacter jejuni. It involves 
mainly the proximal small intestine resulting in malab-
sorption, diarrhea, and abdominal pain. IPSID is asso-
ciated with excessive plasma cell di erentiation and 
produces truncated alpha heavy chain proteins lack-
ing the light chains as well as the  rst constant domain. 
Early-stage IPSID responds to antibiotics (30–70% 
complete remission). Most untreated IPSID patients 
progress to lymphoplasmacytic and immunoblastic 
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244 lymphoma. Patients not responding to antibiotic ther-
apy are considered  or treatment with combination che-
motherapy used to treat low-grade lymphoma.

MU HEAVY CHAIN DISEASE
T e secretion o  isolated mu heavy chains into the 
serum appears to occur in a very rare subset o  patients 
with CLL. T e only  eatures that may distinguish 
patients with mu heavy chain disease are the presence 

o  vacuoles in the malignant lymphocytes and the 
excretion o  kappa light chains in the urine. T e diag-
nosis requires ultracentri ugation or gel  ltration to 
con rm the nonreactivity o  the paraprotein with the 
light chain reagents, because some intact macroglobu-
lins  ail to interact with these serums. T e tumor cells 
seem to have a de ect in the assembly o  light and heavy 
chains, because they appear to contain both in their 
cytoplasm. T ere is no evidence that such patients 
should be treated di erently  rom other patients with 
CLL (Chap. 16).
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GENERAL PRINCIPLES
Amyloidosis is the term  or a group o  protein  olding 
disorders characterized by the extracellular deposi-
tion o  insoluble polymeric protein  brils in tissues and 
organs. A robust cellular machinery exists to chaperone 
proteins during the process o  synthesis and secretion, 
to ensure that they achieve correct tertiary con orma-
tion and  unction, and to eliminate proteins that mis-
 old. However, genetic mutation, incorrect processing, 
and other  actors may  avor mis olding, with conse-
quent loss o  normal protein  unction and intracellular 
or extracellular aggregation. Many diseases, ranging 
 rom cystic  brosis to Alzheimer’s disease, are now 
known to involve protein mis olding. In the amyloido-
ses, the aggregates are typically extracellular, and the 
mis olded protein subunits assume a common anti-
parallel, β-pleated sheet–rich structural con ormation 
that leads to the  ormation o  higher-order oligomers 
and then o   brils with unique staining properties. T e 
term amyloid was coined around 1854 by the patholo-
gist Rudol  Virchow, who thought that these deposits 
resembled starch (Latin amylum) under the microscope.

Amyloid diseases, de ned by the biochemical nature 
o  the protein composing the  bril deposits, are classi-
 ed according to whether they are systemic or localized, 
whether they are acquired or inherited, and their clini-
cal patterns (Table 19-1). T e standard nomenclature 
is AX, where A indicates amyloidosis and X represents 
the protein present in the  bril. T is chapter  ocuses 
primarily on the systemic  orms. AL re ers to amyloid 
composed o  immunoglobulin light chains (LCs); this 
disorder,  ormerly termed primary systemic amyloido-
sis, arises  rom a clonal B cell or plasma cell disorder 
and can be associated with myeloma or lymphoma. 
AF re ers to the familial amyloidoses, which are most 
commonly due to mutations in transthyretin (  R), 
the transport protein  or thyroid hormone and retinol-
binding protein. AA amyloid is composed o  the acute-
phase reactant protein serum amyloid A (SAA) and 

AMYLOIDOSIS

CHAP TER 1 9

occurs in the setting o  chronic in ammatory or in ec-
tious diseases;  or this reason, this type was  ormerly 
known as secondary amyloidosis. Aβ2M amyloid results 
 rom mis olded β2-microglobulin, occurring in individ-
uals with long-standing renal disease who have under-
gone dialysis, typically  or years. Aβ, the most common 
 orm o  localized amyloidosis, is  ound in the brain o  
patients with Alzheimer’s disease a er abnormal pro-
teolytic processing and aggregation o  polypeptides 
derived  rom the amyloid precursor protein.

Diagnosis and treatment o  the amyloidoses rest 
upon the histopathologic identi cation o  amyloid 
deposits and immunohistochemical, biochemical, or 
genetic determination o  amyloid type (Fig. 19-1). In 
the systemic amyloidoses, the clinically involved organs 
can be biopsied, but amyloid deposits may be  ound in 
any tissue o  the body. Historically, blood vessels o  the 
gingiva or rectal mucosa were o en examined, but the 
most easily accessible tissue—positive in more than 
80% o  patients with systemic amyloidosis—is  at. A er 
local anesthesia,  at is aspirated  rom the abdominal 
pannus with a 16-gauge needle. Fat globules expelled 
onto a glass slide can be stained, thus avoiding a surgi-
cal procedure. I  this material is negative, more invasive 
biopsies o  the kidney, heart, liver, or gastrointestinal 
tract can be considered in patients in whom amyloi-
dosis is suspected. T e regular β-sheet structure o  
amyloid deposits exhibits a unique “apple green” bire-
 ringence by polarized light microscopy when stained 
with Congo red dye; other regular protein structures 
(e.g., collagen) appear white under these conditions. T e 
10-nm-diameter  brils can also be visualized by elec-
tron microscopy o  para ormaldehyde- xed tissue. Once 
amyloid is  ound, the protein type must be determined 
by immunohistochemistry, immunoelectron micros-
copy, or extraction and biochemical analysis employing 
mass spectrometry; gene sequencing is used to iden-
ti y mutants causing AF amyloid. T e patient’s history, 
physical  ndings, and clinical presentation, including 
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246 TABLE 19-1  
AMYLOID PRECURSOR PROTEINS AND THEIR CLINICAL SYNDROMES

DESIGNATION  PRECURSOR  CLINICAL SYNDROME  CLINICAL INVOLVEMENT

System ic Amylo id oses
AL  Immunoglobulin light chain  Primary or myeloma-associateda Any
AH  Immunoglobulin heavy chain  Rare variant o  primary or 

myeloma-associated
Any

AA  Serum amyloid A protein  Secondary; reactiveb Renal, other
Aβ2M  β2-Microglobulin  Hemodialysis-associated  Synovial tissue, bone
ATTR  Transthyretin  Familial (mutant)

Age-related (wild type)
Cardiac, peripheral and 
autonomic nerves

AApoAI  Apolipoprotein AI  Familial  Hepatic, renal
AApoAII  Apolipoprotein AII  Familial  Renal
AGel  Gelsolin  Familial  Cornea, cranial nerves, skin, 

renal
AFib  Fibrinogen Aα  Familial  Renal
ALys  Lysozyme  Familial  Renal, hepatic
ALECT2  Leukocyte chemotactic  actor 2  Unde ned  Renal
Lo ca lized  Amylo id o ses
Aβ  Amyloid β protein  Alzheimer’s disease; Down syndrome  Central nervous system
ACys  Cystatin C  Cerebral amyloid angiopathy  Central nervous system, 

vascular
APrP  Prion protein  Spongi orm encephalopathies  Central nervous system
AIAPP  Islet amyloid polypeptide 

(amylin)
Diabetes-associated  Pancreas

ACal  Calcitonin  Medullary carcinoma o  the thyroid  Thyroid
AANF  Atrial natriuretic  actor  Atrial  brillation  Cardiac atria
APro  Prolactin  Endocrinopathy  Pituitary
ASgl  Semenogelin I  Age-related; incidental autopsy or 

biopsy  nding
Seminal vesicles

aLocalized AL deposits can occur in skin, conjunctiva, urinary bladder, and the tracheobronchial tree.
bSecondary to chronic inf ammation or in ection or to a hereditary periodic  ever syndrome such as  amilial Mediterranean  ever.

age and ethnic origin, organ system involvement, under-
lying diseases, and  amily history, may provide help ul 
clues as to the type o  amyloid. However, there can be 
considerable overlap in clinical presentations, and accu-
rate typing is essential to guide appropriate therapy.

T e mechanisms o   bril  ormation and tissue toxic-
ity remain controversial. T e “amyloid hypothesis,” as it 
is currently understood, proposes that precursor pro-
teins undergo a process o  reversible un olding or mis-
 olding; mis olded proteins  orm oligomeric aggregates, 
higher-order polymers, and then  brils that deposit in 
tissues. Accumulating evidence suggests that the oligo-
meric intermediates may constitute the most toxic spe-
cies. Oligomers are more capable than large  brils o  
interacting with cells and inducing  ormation o  reac-
tive oxygen species and stress signaling. Ultimately, the 
 brillar tissue deposits are likely to inter ere with nor-
mal organ  unction. A more sophisticated understand-
ing o  the mechanisms leading to amyloid  ormation 
and cell and tissue dys unction will continue to provide 
new targets  or therapies.

T e clinical syndromes o  the amyloidoses are asso-
ciated with relatively nonspeci c alterations in routine 

laboratory tests. Blood counts are usually normal, 
although the erythrocyte sedimentation rate is  re-
quently elevated. Patients with glomerular kidney 
involvement generally have proteinuria, o en in the 
nephrotic range, leading to hypoalbuminemia that 
may be severe; patients with serum albumin levels 
below 2 g/dL generally have pedal edema or anasarca. 
Amyloid cardiomyopathy is characterized by concen-
tric ventricular hypertrophy and diastolic dys unction 
associated with elevation o  brain natriuretic peptide 
or N-terminal pro–brain natriuretic peptide as well 
as troponin. T ese cardiac biomarkers can be used  or 
disease staging, prognostication, and disease activity 
monitoring in patients with AL amyloidosis. Notably, 
renal insu ciency can  alsely elevate levels o  these bio-
markers. Recently, biomarkers o  cardiac remodeling—
i.e., matrix metalloproteinases and tissue inhibitors 
o  metalloproteinases—have been  ound to be altered 
in the serum o  patients with amyloid cardiomyopa-
thy. Electrocardiographic and echocardiographic  ea-
tures o  amyloid cardiomyopathy are described below. 
Patients with liver involvement, even when advanced, 
usually develop cholestasis with an elevated alkaline 
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FIGURE 19 -1
Alg o rith m  fo r th e  d iag n osis o f amylo id o sis an d  d e te r-
m in a t ion  o f typ e. Clinical suspicion: unexplained nephropa-
thy, cardiomyopathy, neuropathy, enteropathy, arthropathy, and 

macroglossia. ApoAI, apolipoprotein AI; ApoAII, apolipoprotein 
AII; GI, gastrointestinal.

CLINICAL SUSPICION OF AMYLOIDOSIS

Tis s ue  Biops y
(Congo red s ta ining of abdominal fa t or other tis sue)

More  invas ive  biopsy of 
other a ffected organ

No further work-up

Immunohis tochemical 
s taining  of biops y

Identify Diagnos is

Kappa  or 
lambda  light 
cha in

Monoclona l prote in in 
se rum or urine  
Plasma ce ll dyscras ia  
in bone  marrow 

AL amyloidos is  
(Screen for card iac , rena l, 
hepa tic , autonomic  involve-
ment, and  fac tor X defic iency)

Amyloid A 
prote in

Underlying chronic 
inflammatory disease

AA amyloidos is
(Screen for rena l, 
hepa tic  involvement)

Trans thyre tin Mutant trans thyre tin 
+/- family his tory 

ATTRm familia l amyloidos is
(Screen for neuropa thy, 
card iomyopathy; sc reen re la tives )

Wild-type  trans thyre tin 
(usua lly males  >65, cardiac)

ATTRwt or age -re la ted 
amyloidos is

Negative Mutant ApoAI, ApoAII, 
fibrinogen, lysozyme, 
ge lsolin

Familia l amyloidos is  of ra re  type
(Screen for rena l, hepa tic , GI 
involvement)

+  –

+  –

phosphatase concentration but minimal alteration o  
the aminotrans erases and preservation o  synthetic 
 unction. In AL amyloidosis, endocrine organs may be 
in ltrated with  brils, and hypothyroidism, hypoadre-
nalism, or even hypopituitarism can occur. Although 
none o  these  ndings is speci c  or amyloidosis, the 
presence o  abnormalities in multiple organ systems 
should raise suspicion regarding this diagnosis.

AL AMYLOIDOSIS
Etio logy a nd incidence

AL amyloidosis is most  requently caused by a clonal 
expansion o  bone-marrow plasma cells that secrete a 
monoclonal immunoglobulin LC depositing as amy-
loid  brils in tissues. Whether the clonal plasma cells 
produce an LC that mis olds and leads to AL amyloi-
dosis or an LC that  olds properly, allowing the cells 
to inexorably expand over time and develop into mul-
tiple myeloma (Chap. 18), may depend upon pri-
mary sequence or other genetic or epigenetic  actors. 

AL amyloidosis can occur with multiple myeloma or 
other B lymphoproli erative diseases, including non-
Hodgkin’s lymphoma (Chap. 16) and Waldenström’s 
macroglobulinemia (Chap. 18). AL amyloidosis is the 
most common type o  systemic amyloidosis diagnosed 
in North America. Its incidence has been estimated at 
4.5 cases/100,000 population; however, ascertainment 
continues to be inadequate, and the true incidence may 
be much higher. AL amyloidosis, like other plasma cell 
diseases, usually occurs a er age 40 and is o en rapidly 
progressive and  atal i  untreated.

Pa thology a nd clinica l fea tures

Amyloid deposits are usually widespread in AL amy-
loidosis and can be present in the interstitium o  
any organ outside the central nervous system. T e 
amyloid  bril deposits are composed o   ull-length 
23-kDa monoclonal immunoglobulin LCs as well as 
 ragments. Accessory molecules co-deposited with 
LC  brils (as well as with other amyloid  brils) 
include serum amyloid P component, other proteins, 
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248 glycosaminoglycans, and metal ions. Although all 
kappa and lambda LC subtypes have been identi ed in 
AL amyloid  brils, lambda subtypes predominate. T e 
lambda 6 subtype appears to have unique structural 
properties that predispose it to  bril  ormation, o en in 
the kidney.

AL amyloidosis is o en a rapidly progressive dis-
ease that presents as a pleiotropic set o  clinical syn-
dromes, recognition o  which is key  or initiation o  the 
appropriate workup. Nonspeci c symptoms o   atigue 
and weight loss are common; however, the diagnosis 
is rarely considered until symptoms re erable to a spe-
ci c organ develop. T e kidneys are the most  requently 
involved organ and are af ected in 70–80% o  patients. 
Renal amyloidosis usually mani ests as proteinuria, 
o en in the nephrotic range and associated with hypo-
albuminemia, secondary hypercholesterolemia and 
hypertriglyceridemia, and edema or anasarca. In some 
patients, interstitial rather than glomerular amyloid 
deposition can produce azotemia without protein-
uria. T e heart is the second most commonly af ected 
organ (50–60% o  patients), and cardiac involvement is 
the leading cause o  death  rom AL amyloidosis. Early 
on, the electrocardiogram may show low voltage in 
the limb leads with a pseudo-in arct pattern. Echocar-
diographic  eatures o  disease include concentrically 
thickened ventricles and diastolic dys unction with 
an abnormal strain pattern a “sparkly” appearance has 
been described but is o en not seen with modern high-
resolution echocardiographic techniques. Poor atrial 
contractility occurs even in sinus rhythm, and patients 
with cardiac amyloidosis are at risk  or development 
o  atrial thrombi and stroke. Cardiac MRI can show 
increased wall thickness, and characteristic enhance-
ment o  the subendocardium has been described  ol-
lowing injection o  gadolinium contrast. Nervous 
system symptoms include peripheral sensorimotor 
neuropathy and/or autonomic dys unction mani esting 
as gastrointestinal motility disturbances (early satiety, 
diarrhea, constipation), impotence, orthostatic hypo-
tension, and/or neurogenic bladder. Macroglossia  
(Fig. 19-2A), a pathognomonic sign o  AL amyloi-
dosis, is seen in only ~10% o  patients. Liver involve-
ment causes cholestasis and hepatomegaly. T e spleen 
is  requently involved, and there may be  unctional 
hyposplenism in the absence o  signi cant splenomeg-
aly. Many patients experience “easy bruising” due to 
amyloid deposits in capillaries or de ciency o  clotting 
 actor X, which can bind to amyloid  brils; cutaneous 
ecchymoses appear, particularly around the eyes, pro-
ducing the “raccoon-eye” sign (Fig. 19-2B), another 
uncommon but pathognomonic  nding. Other  nd-
ings include nail dystrophy (Fig. 19-2C), alopecia, and 
amyloid arthropathy with thickening o  synovial mem-
branes in the wrists and shoulders. T e presence o  a 

FIGURE 19 -2
Clin ica l sig n s o f AL amylo id o sis. A. Macroglossia. B. Perior-
bital ecchymoses. C. Fingernail dystrophy.

multisystemic illness or general  atigue along with any 
o  these clinical syndromes should prompt a workup  or 
amyloidosis.

Dia gnosis

Identi cation o  an underlying clonal plasma cell or B 
lymphoproli erative process and a clonal LC are key to 
the diagnosis o  AL amyloidosis. Serum protein elec-
trophoresis and urine protein electrophoresis, although 
o  value in multiple myeloma, are not use ul screening 
tests i  AL amyloidosis is suspected because the clonal 
LC or whole immunoglobulin o en is not present in 
su cient amounts to produce a monoclonal “M-spike” 
in the serum or LC (Bence Jones) protein in the urine. 
However, more than 90% o  patients with AL amyloi-
dosis have serum or urine monoclonal LC or whole 
immunoglobulin detectable by immuno xation electro-
phoresis o  serum (SIFE) or urine (UIFE) (Fig. 19-3A) 
or by nephelometric measurement o  “ ree” LCs (i.e., 
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249LCs circulating in monomeric  orm rather than in an 
immunoglobulin tetramer with heavy chain). Examin-
ing the ratio as well as the absolute amount o   ree LCs 
is essential, as renal insu ciency reduces LC clearance, 
elevating both isotypes. In addition, an increased per-
centage o  plasma cells in the bone marrow—typically 
5–30% o  nucleated cells—is  ound in ~90% o  patients. 
Kappa or lambda clonality should be demonstrated 
by  ow cytometry, immunohistochemistry, or in situ 
hybridization  or LC mRNA (Fig. 19-3B).

A monoclonal serum protein by itsel  is not diag-
nostic o  amyloidosis, since monoclonal gammopathy 
o  uncertain signi cance is common in older patients 

(Chap. 18). However, when monoclonal gammopa-
thy o  uncertain signi cance is  ound in patients with 
biopsy-proven amyloidosis, the AL type should be 
strongly suspected. Similarly, patients thought to have 
“smoldering myeloma” because o  a modest elevation 
o  bone-marrow plasma cells should be screened  or 
AL amyloidosis i  they have signs or symptoms o  renal, 
cardiac, or neurologic disease. Accurate tissue amyloid 
typing is essential  or appropriate treatment. Immuno-
histochemical staining o  the amyloid deposits is use ul 
i  they bind one LC antibody in pre erence to the other; 
some AL deposits bind antibodies nonspeci cally. 
Immunoelectron microscopy is more reliable, and mass 

FIGURE 19 -3
Lab ora to ry fea tu re s o f AL amylo id o sis. A. Serum immuno-
 xation electrophoresis reveals an IgGκ monoclonal protein in 
this example; serum protein electrophoresis is o ten normal. B. 
Bone-marrow biopsy sections stained by immunohistochemistry 
with antibody to CD138 (syndecan, highly expressed on plasma 

cells) (left) or by in situ hybridization with f uorescein-tagged 
probes (Ventana Medical Systems) binding to κ mRNA (center) 
and λ mRNA (right) in plasma cells. (Photomicrograph courtesy of 
C. O’Hara; with permission.)

A

B
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250 spectrometry–based microsequencing o  small amounts 
o  protein extracted  rom  bril deposits can also be 
undertaken. In ambiguous cases, other  orms o  amyloi-
dosis should be thoroughly excluded with appropriate 
genetic and other testing.

TREATMENT AL Amyloidosis

Extensive multisystemic involvement typi es AL amyloidosis, 
and the median survival period without treatment is usually 
only ~1–2 years  rom the time o  diagnosis. Current therapies 
target the clonal bone-marrow plasma cells, using approaches 
employed  or multiple myeloma.  reatment with oral melpha-
lan and prednisone can decrease the plasma cell burden but 
rarely leads to complete hematologic remission, meaning-
 ul organ responses, or improved survival and is no longer 
widely used. T e substitution o  dexamethasone  or predni-
sone produces a higher response rate and more durable remis-
sions, although dexamethasone is not always well tolerated by 
patients with signi cant edema or cardiac disease. High-dose 
IV melphalan  ollowed by autologous stem cell transplanta-
tion (HDM/SC ) produces complete hematologic responses 
in ~40% o  treated patients, as determined by loss o  clonal 
plasma cells in the bone marrow and disappearance o  the 
monoclonal LC, as determined by SIFE/UIFE and  ree LC 
quantitation. Hematologic responses can be  ollowed in the 
subsequent 6–12 months as improvements in organ  unction 
and quality o  li e. Hematologic responses appear to be more 
durable a er HDM/SC  than in multiple myeloma, with 
remissions continuing in some patients beyond 15 years with-
out additional treatment. Un ortunately, only about hal  o  AL 
amyloidosis patients are suitable  or aggressive treatment, and, 
even at specialized treatment centers, transplantation-related 
mortality rates are higher than those  or other hematologic 
diseases because o  impaired organ  unction. Amyloid cardio-
myopathy, poor nutritional and per ormance status, and mul-
tiorgan disease contribute to excess morbidity and mortality. 
A bleeding diathesis resulting  rom adsorption o  clotting  ac-
tor X to amyloid  brils also increases mortality rates; however, 
this syndrome occurs in only 5–10% o  patients. A random-
ized multicenter trial conducted in France compared oral 
melphalan and dexamethasone with HDM/SC  and  ailed 
to show a bene t o  dose-intensive treatment, although the 
transplantation-related mortality rate in this study was very 
high. It has become clear that care ul selection o  patients and 
expert peritransplantation management are essential in reduc-
ing transplantation-related mortality.

For patients with impaired cardiac  unction or arrhythmias 
due to amyloid involvement o  the myocardium, the median 
survival period is only ~6 months without treatment. In these 
patients, cardiac transplantation can be per ormed and  ollowed 
by HDM/SC  to eliminate the noxious clone and prevent amy-
loid deposition in the transplanted heart or other organs.

Novel anti–plasma cell agents have been investigated  or 
treatment o  plasma cell diseases. T e immunomodulators 

thalidomide, lenalidomide, and pomalidomide display activ-
ity; dosing may need to be adjusted compared to their usage 
 or myeloma. T e proteasome inhibitor bortezomib has also 
been  ound to be ef ective in single-center and multicenter 
trials. Anti- bril small molecules and humanized monoclo-
nal antibodies are also being tested. Clinical trials are essen-
tial in improving therapy  or this rare disease.

Supportive care is important  or patients with any type o  
amyloidosis. For nephrotic syndrome, diuretics and support-
ive stockings can ameliorate edema; angiotensin-converting 
enzyme inhibitors should be used with caution and have 
not been shown to slow renal disease progression. Ef ective 
diuresis can be  acilitated with albumin in usions to raise 
intravascular oncotic pressure. Congestive heart  ailure due 
to amyloid cardiomyopathy is best treated with diuretics; 
it is important to note that digitalis, calcium channel block-
ers, and beta blockers are relatively contraindicated as they 
can interact with amyloid  brils and produce heart block 
and worsening heart  ailure. Amiodarone has been used  or 
atrial and ventricular arrhythmias. Automatic implantable 
de brillators have reduced ef ectiveness due to the thickened 
myocardium, but they may bene t some patients. Atrial abla-
tion is an ef ective approach  or atrial  brillation. For con-
duction abnormalities, ventricular pacing may be indicated. 
Atrial contractile dys unction is common in amyloid cardio-
myopathy and is an indication  or anticoagulation even in 
the absence o  atrial  brillation. Autonomic neuropathy can 
be treated with α agonists such as midodrine to support the 
blood pressure; gastrointestinal dys unction may respond to 
motility or bulk agents. Nutritional supplementation, either 
oral or parenteral, is also important.

In localized AL disease, amyloid deposits can be produced 
by clonal plasma cells in ltrating local sites in the airways, 
bladder, skin, or lymph nodes ( able 19-1). T ese deposits 
may respond to surgical intervention or low-dose radiation 
therapy (typically only 20 Gy); systemic treatment gener-
ally is not appropriate. Patients should be re erred to a cen-
ter  amiliar with management o  these rare mani estations o  
amyloidosis.

AA AMYLOIDOSIS
Etio logy a nd incidence

AA amyloidosis can occur in association with almost 
any chronic in ammatory state (e.g., rheumatoid 
arthritis, in ammatory bowel disease,  amilial Medi-
terranean  ever, or other periodic  ever syndromes) or 
chronic in ections such as tuberculosis or subacute bac-
terial endocarditis. In the United States and Europe, 
AA amyloidosis has become less common, occurring 
in  ewer than 2% o  patients with these diseases, pre-
sumably because o  advances in anti-in ammatory and 
antimicrobial therapies. It has also been described in 
association with Castleman’s disease, and patients with 
AA amyloidosis should undergo C  scanning to look 
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251 or such tumors as well as serologic and microbiologic 
studies. AA amyloidosis can also be seen without any 
identi able underlying disease. AA is the only type o  
systemic amyloidosis that occurs in children.

Pa thology a nd clinica l fea tures

Organ involvement in AA amyloidosis usually begins 
in the kidneys. Hepatomegaly, splenomegaly, and auto-
nomic neuropathy can also occur as the disease pro-
gresses; cardiomyopathy occurs, albeit rarely. T e 
symptoms and signs o  AA disease cannot be reli-
ably distinguished  rom those o  AL amyloidosis. AA 
amyloid  brils are usually composed o  an 8-kDa, 
76-amino-acid N-terminal portion o  the 12-kDa pre-
cursor protein SAA. T is acute-phase apoprotein is syn-
thesized in the liver and transported by high-density 
lipoprotein (HDL3) in the plasma. Several years o  an 
underlying in ammatory disease causing chronic ele-
vation o  SAA levels usually precede  bril  ormation, 
although in ections can lead to AA deposition more 
rapidly.

TREATMENT  AA Amyloidosis

Primary therapy  or AA amyloidosis consists o  treatment o  
the underlying in ammatory or in ectious disease.  reatment 
that suppresses or eliminates the in ammation or in ection 
also decreases the SAA concentration. For  amilial Mediter-
ranean  ever, colchicine at a dose o  1.2–1.8 mg/d is the stan-
dard treatment. However, colchicine has not been help ul  or 
AA amyloidosis o  other causes or  or other amyloidoses. 
 umor necrosis  actor and interleukin 1 antagonists can be 
ef ective in syndromes related to cytokine elevation. For this 
disease, there is also a  bril-speci c agent: eprodisate was 
designed to inter ere with the interaction o  AA amyloid pro-
tein with glycosaminoglycans and to prevent or disrupt  bril 
 ormation. T e drug is well tolerated and delays progression 
o  AA renal disease. Randomized phase III clinical trials with 
eprodisate are ongoing; the drug is not otherwise available.

ATTR AND AF AMYLOIDOSIS
T e  amilial amyloidoses are autosomal dominant 
diseases in which, beginning in midli e, a variant 
(FINE) plasma protein  orms amyloid deposits. 

T ese diseases are rare, with an estimated incidence o  
<1 case/100,000 population in the United States, 
although  ounder ef ects in isolated areas o  Portugal, 
Sweden, and Japan have led to a much higher incidence. 
T e most common  orm o  AF amyloidosis is A  Rm 
in the updated nomenclature, caused by mutation o  the 
abundant plasma protein transthyretin (  R, also 
known as prealbumin). More than 100   R mutations 

are known, and most are associated with A  R amyloi-
dosis. One variant, V122I, has a carrier  requency that 
may be as high as 4% in the A rican-American popula-
tion and is associated with late-onset cardiac amyloido-
sis. T e actual incidence and penetrance o  disease in the 
A rican-American population is the subject o  ongoing 
research, but A  R amyloidosis warrants consideration 
in the dif erential diagnosis o  A rican-American 
patients who present with concentric cardiac hypertro-
phy and evidence o  diastolic dys unction, particularly 
in the absence o  a history o  hypertension. Other  amil-
ial amyloidoses, caused by variant apolipoproteins AI or 
AII, gelsolin,  brinogen Aα, or lysozyme, are reported in 
only a  ew  amilies worldwide. New amyloidogenic 
serum proteins continue to be identi ed periodically, 
including recently the leukocyte chemotactic  actor 
LEC 2, a cause o  renal amyloidosis in Hispanic and 
Pakistani populations.  o date, no mutation in the cod-
ing sequence  or the LEC 2 gene has been identi ed, so 
the heritability o  ALEC 2 is uncertain.

  R deposits composed o  unmutated  brils occur 
with aging, and A  Rwt is being diagnosed with 
increasing  requency in Caucasian men >65 years o  
age with amyloid cardiomyopathy. Formerly termed 
senile systemic amyloidosis, A  Rwt has been  ound at 
autopsy in 25% o  hearts  rom patients older than age 
80 years. Why a wild type protein becomes amyloido-
genic, and why patients bearing mutant   R genes do 
not express disease until adulthood, remains a mystery.

Clin ica l fea tures a nd dia gnosis

AF amyloidosis has a presentation that is variable but is 
usually consistent within kindreds af ected by the same 
mutant protein. A  amily history makes AF disease 
more likely, but many patients present sporadically with 
new mutations. A  R amyloidosis typically presents 
as a syndrome o   amilial amyloidotic polyneuropa-
thy or  amilial amyloidotic cardiomyopathy. Peripheral 
neuropathy begins as a small- ber lower-extremity 
sensory and motor neuropathy and progresses to the 
upper extremities. Autonomic neuropathy mani ests as 
diarrhea with weight loss and orthostatic hypotension. 
Patients with   R V30M, the most common mutation, 
have normal electrocardiograms but may develop con-
duction de ects late in the disease. Patients with   R 
 60A and several other mutations have myocardial 
thickening similar to that caused by AL amyloidosis, 
although heart  ailure is less common and long-term 
survival rates are usually better. Vitreous opacities 
caused by amyloid deposits are pathognomonic  or 
A  R amyloidosis.

 ypical syndromes associated with other  orms o  AF 
disease include renal amyloidosis with mutant  brino-
gen, lysozyme, or apolipoproteins; hepatic amyloidosis 
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252 with apolipoprotein AI; and amyloidosis o  cranial 
nerves and cornea with gelsolin. Patients with AF amy-
loidosis can present with clinical syndromes that mimic 
those o  patients with AL disease. Rarely, AF carriers 
can develop AL disease or AF patients may have mono-
clonal gammopathy without AL. T us, it is important to 
screen both  or plasma cell disorders and  or mutations 
in patients with amyloidosis. Variant   Rs can usually 
be detected by isoelectric  ocusing, but DNA sequenc-
ing is now standard  or diagnosis o  A  R and other 
AF mutations.

TREATMENT ATTR Amyloidosis

Without intervention, the survival period a er onset o  A  R 
disease is 5–15 years. Orthotopic liver transplantation replaces 
the major source o  variant   R production with a source 
o  normal   R. While liver transplantation can slow dis-
ease progression and improve chances o  survival, it does not 
reverse sensorimotor neuropathy. Liver transplants are most 
success ul in young patients with early peripheral neuropathy; 
older patients with  amilial amyloidotic cardiomyopathy or 
advanced polyneuropathy o en experience end-organ disease 
progression despite success ul liver transplantation. Progres-
sive disease has been attributed to accumulation o  wild-type 
  R in  brillar deposits initiated by the mutant.

T e rate-limiting step in A  R amyloidosis is dissociation 
o  the   R tetramer into monomer  ollowed by mis olding 
and aggregation.   R tetramers can be stabilized by thyrox-
ine binding or by small molecules such as the non-steroidal 
anti-in ammatory drug di unisal or the rationally designed 
small-molecule therapeutic ta amidis. A placebo-controlled 
randomized trial o  di unisal demonstrated a reduction in 
the progression o  polyneuropathy and maintenance o  qual-
ity o  li e in patients with a wide variety o  A  R mutations 
who received the “repurposed” di unisal.  a amidis tested 
in a similar  ashion in patients with the V30M A  R muta-
tion  ailed to meet its primary endpoints, but ta amidis was 
approved by the European Medicines Agency since most 
secondary endpoints  avored the drug. T ese agents are 
now being investigated  or ef ects on cardiomyopathy, and 
in A  Rwt. In vitro data and serendipitous observations in 
patients suggest that A  Rm disease can be ameliorated by 
“trans-suppression,” in which a  119M   R variant stabilizes 
tetramers that also contain amyloidogenic subunits. Interest-
ingly, in a large population study in Denmark, 0.5% o  partici-
pants were heterozygous  or the  119M allele, and this small 
group had higher levels o    R in their blood, a reduced inci-
dence o  cerebrovascular disease, and a 5- to 10-year survival 
advantage compared with participants lacking this allele.

Aβ 2M AMYLOIDOSIS
Aβ2M amyloid is composed o  β2-microglobulin, the 
invariant chain o  class I human leukocyte antigens, 
and produces rheumatologic mani estations in patients 
undergoing long-term hemodialysis. β2-Microglobulin 
is excreted by the kidney, and levels become elevated 
in end-stage renal disease. T e molecular mass o  β2M 
is 11.8 kDa—above the cutof  o  some dialysis mem-
branes. T e incidence o  this disease appears to be 
declining with the use o  newer membranes in high-
 ow dialysis techniques. Aβ2M amyloidosis usually 
presents as carpal tunnel syndrome, persistent joint 
ef usions, spondyloarthropathy, or cystic bone lesions. 
Carpal tunnel syndrome is o en the  rst symptom. In 
the past, persistent joint ef usions accompanied by mild 
discom ort were  ound in up to 50% o  patients who 
had undergone dialysis  or >12 years. Involvement is 
bilateral, and large joints (shoulders, knees, wrists, and 
hips) are most  requently af ected. T e synovial  uid 
is nonin ammatory, and β2M amyloid can be  ound i  
the sediment is stained with Congo red. Although less 
common, visceral β2M amyloid deposits do occasion-
ally occur in the gastrointestinal tract, heart, tendons, 
and subcutaneous tissues o  the buttocks. T ere is no 
speci c therapy  or Aβ2M amyloidosis, but cessation o  
dialysis a er renal allogra ing may lead to symptomatic 
improvement.

SUMMARY
A diagnosis o  amyloidosis should be considered in 
patients with unexplained nephropathy, cardiomyopa-
thy (particularly with diastolic dys unction), neuropa-
thy (either peripheral or autonomic), enteropathy, or 
the pathognomonic so  tissue  ndings o  macroglossia 
or periorbital ecchymoses. Pathologic identi cation o  
amyloid  brils can be made with Congo red staining o  
aspirated abdominal  at or o  an involved-organ biopsy 
specimen. Accurate typing by a combination o  immu-
nologic, biochemical, and genetic testing is essential in 
selecting appropriate therapy (Fig. 19-1). Systemic amy-
loidosis should not be considered an untreatable condi-
tion, as anti–plasma cell chemotherapy is highly ef ective 
in AL disease and targeted therapies are being developed 
 or AA and A  R disease.  ertiary re erral centers can 
provide specialized diagnostic techniques and access to 
clinical trials  or patients with these rare diseases.

Ac kn o wl ed g men t

T is chapter represents a revised version of a chapter that 
was co-authored by Dr. Martha Skinner and Dr. David 
Seldin in previous editions of Harrison’s Principles of 
Internal Medicine.
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Hemostasis is a  ynamic process in which the plate-
let an  the bloo  vessel wall play key roles. Platelets 
become activate  upon a hesion to von Willebran   ac-
tor (VWF) an  collagen in the expose  suben othelium 
a er injury. Platelet activation is also me iate  through 
shear  orces impose  by bloo   ow itsel , particu-
larly in areas where the vessel wall is  isease , an  is 
also a ecte  by the in ammatory state o  the en othe-
lium. T e activate  platelet sur ace provi es the major 
physiologic site  or coagulation  actor activation, which 
results in  urther platelet activation an   brin  orma-
tion. Genetic an  acquire  in uences on the platelet 
an  vessel wall, as well as on the coagulation an   bri-
nolytic systems,  etermine whether normal hemostasis 
or blee ing or clotting symptoms will result.

THE PLATELET

Platelets are release   rom the megakaryocyte, likely 
un er the in uence o   ow in the capillary sinuses. T e 
normal bloo  platelet count is 150,000–450,000/µL. 
T e major regulator o  platelet pro uction is the hor-
mone thrombopoietin ( PO), which is synthesize  in 
the liver. Synthesis is increase  with in ammation an  
speci cally by interleukin 6.  PO bin s to its receptor 
on platelets an  megakaryocytes, by which it is remove  
 rom the circulation. T us a re uction in platelet an  
megakaryocyte mass increases the level o   PO, which 
then stimulates platelet pro uction. Platelets circulate 
with an average li e span o  7–10  ays. Approximately 
one-thir  o  the platelets resi e in the spleen, an  this 
number increases in proportion to splenic size, although 
the platelet count rarely  ecreases to <40,000/µL as the 
spleen enlarges. Platelets are physiologically very active, 
but are anucleate, an  thus have limite  capacity to syn-
thesize new proteins.

DISORDERS OF PLATELETS AND VESSEL WALL

CHAP TER 2 0

Normal vascular en othelium contributes to prevent-
ing thrombosis by inhibiting platelet  unction (Chap. 3).  
When vascular en othelium is injure , these inhibi-
tory e ects are overcome, an  platelets a here to the 
expose  intimal sur ace primarily through VWF, a large 
multimeric protein present in both plasma an  in the 
extracellular matrix o  the suben othelial vessel wall. 
Platelet a hesion results in the generation o  intracellu-
lar signals that lea  to activation o  the platelet glycopro-
tein (Gp) IIb/IIIa (αIIbβ3) receptor an  resultant platelet 
aggregation.

Activate  platelets un ergo release o  their granule 
contents, which inclu e nucleoti es, a hesive proteins, 
growth  actors, an  procoagulants that serve to pro-
mote platelet aggregation an  bloo  clot  ormation an  
in uence the environment o  the  orming clot. During 
platelet aggregation, a  itional platelets are recruite  to 
the site o  injury, lea ing to the  ormation o  an occlu-
sive platelet thrombus. T e platelet plug is stabilize  
by the  brin mesh that  evelops simultaneously as the 
pro uct o  the coagulation casca e.

THE VESSEL WALL

En othelial cells line the sur ace o  the entire circula-
tory tree, totaling 1–6 × 1013 cells, enough to cover a 
sur ace area equivalent to about six tennis courts. T e 
en othelium is physiologically active, controlling vas-
cular permeability,  ow o  biologically active molecules 
an  nutrients, bloo  cell interactions with the vessel 
wall, the in ammatory response, an  angiogenesis.

T e en othelium normally presents an anti-
thrombotic sur ace (Chap. 3) but rapi ly becomes 
prothrombotic when stimulate , which promotes coag-
ulation, inhibits  brinolysis, an  activates platelets. 
In many cases, en othelium- erive  vaso ilators are  
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255also platelet inhibitors (e.g., nitric oxi e) an , conversely, 
en othelium- erive  vasoconstrictors (e.g., en othelin) 
can also be platelet activators. T e net e ect o  vaso i-
lation an  inhibition o  platelet  unction is to promote 
bloo   ui ity, whereas the net e ect o  vasoconstriction 
an  platelet activation is to promote thrombosis. T us, 
bloo   ui ity an  hemostasis are regulate  by the bal-
ance o  antithrombotic/prothrombotic an  vaso ilatory/
vasoconstrictor properties o  en othelial cells.

DISORDERS OF PLATELETS

THROMBOCYTOPENIA
T rombocytopenia results  rom one or more o  three 
processes: (1)  ecrease  bone marrow pro uction;  
(2) sequestration, usually in an enlarge  spleen; an /
or (3) increase  platelet  estruction. Disor ers o  

pro uction may be either inherite  or acquire . In 
evaluating a patient with thrombocytopenia, a key step 
is to review the peripheral bloo  smear an  to  rst 
rule out “pseu othrombocytopenia,” particularly in a 
patient without an apparent cause  or the thrombocy-
topenia. Pseu othrombocytopenia (Fig. 20-1B) is an 
in vitro arti act resulting  rom platelet agglutination via 
antibo ies (usually IgG, but also IgM an  IgA) when 
the calcium content is  ecrease  by bloo  collection in 
ethylene iamine tetraacetic (ED A) (the anticoagulant 
present in tubes [purple top] use  to collect bloo   or 
complete bloo  counts [CBCs]). I  a low platelet count 
is obtaine  in ED A-anticoagulate  bloo , a bloo  
smear shoul  be evaluate  an  a platelet count  eter-
mine  in bloo  collecte  into so ium citrate (blue top 
tube) or heparin (green top tube), or a smear o   reshly 
obtaine  unanticoagulate  bloo , such as  rom a  nger 
stick, can be examine .

FIGURE 20 -1
Ph o tom icro g rap h s o f p e rip h e ra l b lo o d  sm ears. A. Normal 
peripheral blood. B. Platelet clumping in pseudothrombocy-
topenia. C. Abnormal large platelet in autosomal dominant 

macrothrombocytopenia. D. Schistocytes and decreased platelets 
in microangiopathic hemolytic anemia.
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in chil ren usually  ollows a viral in ection an  almost 
always resolves spontaneously. T is association o  in ec-
tion with immune thrombocytopenic purpura is less 
clear in a ults.

Bone marrow examination is o en requeste   or 
evaluation o  occult in ections. A stu y evaluating the 
role o  bone marrow examination in  ever o  unknown 
origin in HIV-in ecte  patients  oun  that  or 86% o  
patients, the same  iagnosis was establishe  by less inva-
sive techniques, notably bloo  culture. In some instances, 
however, the  iagnosis can be ma e earlier; thus, a bone 
marrow examination an  culture are recommen e  
when the  iagnosis is nee e  urgently or when other, less 
invasive metho s have been unsuccess ul.

Drug-induced thrombocytopenia

Many  rugs have been associate  with thrombocytope-
nia. A pre ictable  ecrease in platelet count occurs a er 
treatment with many chemotherapeutic  rugs  ue to 
bone marrow suppression (Chap. 29). Drugs that cause 
isolate  thrombocytopenia an  have been con rme  
with positive laboratory testing are liste  in Table 20-1, 
but all  rugs shoul  be suspect in a patient with throm-
bocytopenia without an apparent cause an  shoul  be 
stoppe , or substitute , i  possible. A help ul website, 
Platelets on the Internet (http://www.ouhsc.edu/platelets/ 
ditp.html), lists  rugs an  supplements reporte  to have 

APPROACH TO THE PATIENT: 
Thrombocytopenia
T e history an  physical examination, results o  the CBC, 
an  review o  the peripheral bloo  smear are all critical 
components in the initial evaluation o  thrombocytopenic 
patients (Fig. 20-2). T e overall health o  the patient an  
whether he or she is receiving  rug treatment will in u-
ence the  i erential  iagnosis. A healthy young a ult with 
thrombocytopenia will have a much more limite   i -
 erential  iagnosis than an ill hospitalize  patient who is 
receiving multiple me ications. Except in unusual inher-
ite   isor ers,  ecrease  platelet pro uction usually results 
 rom bone marrow  isor ers that also a ect re  bloo  cell 
(RBC) an /or white bloo  cell (WBC) pro uction. Because 
myelo ysplasia can present with isolate  thrombocytope-
nia, the bone marrow shoul  be examine  in patients pre-
senting with isolate  thrombocytopenia who are ol er than 
60 years o  age. While inherite  thrombocytopenia is rare, 
any prior platelet counts shoul  be retrieve  an  a  amily 
history regar ing thrombocytopenia obtaine . A care ul 
history o   rug ingestion shoul  be obtaine , inclu ing 
nonprescription an  herbal reme ies, because  rugs are 
the most common cause o  thrombocytopenia.

T e physical examination can  ocument an enlarge  
spleen, evi ence o  chronic liver  isease, an  other un er-
lying  isor ers. Mil  to mo erate splenomegaly may be 
 if cult to appreciate in many in ivi uals  ue to bo y habi-
tus an /or obesity but can be easily assesse  by ab ominal 
ultrasoun . A platelet count o  approximately 5000–10,000 
is require  to maintain vascular integrity in the microcir-
culation. When the count is marke ly  ecrease , petechiae 
 rst appear in areas o  increase  venous pressure, the ankles 
an   eet in an ambulatory patient. Petechiae are pinpoint, 
nonblanching hemorrhages an  are usually a sign o  a 
 ecrease  platelet number an  not platelet  ys unction. Wet 
purpura, bloo  blisters that  orm on the oral mucosa, are 
thought to  enote an increase  risk o  li e-threatening hem-
orrhage in the thrombocytopenic patient. Excessive bruising 
is seen in  isor ers o  both platelet number an   unction.

Pla te le t count < 150,000/ L

Hemoglobin and white  blood count

Normal Abnormal

Bone  marrow examination

Periphera l
blood smear

Pla te le ts  clumped: Redraw in
sodium citra te  or heparin

Fragmented 
red blood ce lls

Normal RBC 
morphology; 
pla te le ts  normal or 
increased in s ize

Microangiopa thic 
hemolytic anemias  
(e .g., DIC, TTP) 

Cons ider:
Drug-induced thrombocytopenia
Infection-induced thrombocytopenia
Idiopa thic immune thrombocytopenia
Congenita l thrombocytopenia

ALGORITHM FOR THROMBOCYTOPENIA EVALUATION

FIGURE 20 -2
Alg orith m  fo r eva lu a t in g  th e  th ro m b o cyto p en ic p a t ien t . 
DIC, disseminated intravascular coagulation; RBC, red blood cell; 
TTP, thrombotic thrombocytopenic purpura.

Infection-induced thrombocytopenia

Many viral an  bacterial in ections result in thrombocy-
topenia an  are the most common noniatrogenic cause 
o  thrombocytopenia. T is may or may not be associ-
ate  with laboratory evi ence o   isseminate  intravas-
cular coagulation (DIC), which is most commonly seen 
in patients with systemic in ections with gram-negative 
bacteria. In ections can a ect both platelet pro uction 
an  platelet survival. In a  ition, immune mechanisms 
can be at work, as in in ectious mononucleosis an  
early HIV in ection. Late in HIV in ection, pancytope-
nia an   ecrease  an   ysplastic platelet pro uction are 
more common. Immune-me iate  thrombocytopenia 
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257(1) T e thrombocytopenia is not usually severe, with 
na ir counts rarely <20,000/µL. (2) Heparin-in uce  
thrombocytopenia (HI ) is not associate  with blee -
ing an , in  act, marke ly increases the risk o  throm-
bosis. HI  results  rom antibo y  ormation to a 
complex o  the platelet-speci c protein platelet  actor 4 
(PF4) an  heparin. T e anti-heparin/PF4 antibo y can 
activate platelets through the FcγRIIa receptor an  also 
activate monocytes an  en othelial cells. Many patients 
expose  to heparin  evelop antibo ies to heparin/PF4, 
but  o not appear to have a verse consequences. A 
 raction o  those who  evelop antibo ies will  evelop 
HI , an  a portion o  those (up to 50%) will  evelop 
thrombosis (HI  ).

HI  can occur a er exposure to low-molecular-
weight heparin (LMWH) as well as un ractionate  hepa-
rin (UFH), although it is more common with the latter. 
Most patients  evelop HI  a er exposure to heparin  or 
5–14  ays (Fig. 20-3). It occurs be ore 5  ays in those 
who were expose  to heparin in the prior  ew weeks or 
months (<~100  ays) an  have circulating anti-heparin/
PF4 antibo ies. Rarely, thrombocytopenia an  thrombo-
sis begin several  ays a er all heparin has been stoppe  
(terme  delayed-onset HIT). T e “4 ’s” have been rec-
ommen e  to be use  in a  iagnostic algorithm  or HI : 
thrombocytopenia, timing o  platelet count  rop, throm-
bosis an  other sequelae such as localize  skin reactions, 
an  other causes o  thrombocytopenia not evi ent. 
Application o  the 4  scoring system is very use ul in 
exclu ing a  iagnosis o  HI  but will result in over iag-
nosis o  HI  in situations where thrombocytopenia an  
thrombosis  ue to other etiologies are common, such 
as in the intensive care unit. A scoring mo el base  on 
broa  expert opinion (the HI  Expert Probability [HEP] 
Score) has improve  operating characteristics an  may 
provi e better utility as a scoring system.

TABLE 20-1  
DRUGS REPORTED AS DEFINITELY OR PROBABLY 
CAUSING ISOLATED THROMBOCYTOPENIAa

Abciximab  Mirtazapine
Acetaminophen  Naproxen
Amiodarone  Oxaliplatin
Amlodipine  Penicillin
Ampicillin  Phenytoin
Carbamazepine  Piperacillin
Ce triaxone  Quinine
Cephamandole  Quinidine
Cipro oxacin  Ranitidine
Diazepam  Rosiglitazone
Epti batide  Roxi ban
Furosemide  Sul soxazole
Gold  Suramin
Haloperidol  Tiro ban
Heparin  Tranilast
Ibupro en  Trimethoprim/sul amethoxazole
Lorazepam  Vancomycin

aBased on scoring requiring a compatible clinical picture and positive labo-
ratory testing.
Source: Adapted  rom DM Arnold et al: J Thromb Hemost 11:169, 2013.

cause  thrombocytopenia an  the level o  evi ence 
supporting the association. Although not as well stu -
ie , herbal an  over-the-counter preparations may also 
result in thrombocytopenia an  shoul  be  iscontinue  
in patients who are thrombocytopenic.

Classic  rug- epen ent antibo ies are antibo ies that 
react with speci c platelet sur ace antigens an  result in 
thrombocytopenia only when the  rug is present. Many 
 rugs are capable o  in ucing these antibo ies, but  or 
some reason, they are more common with quinine an  
sul onami es. Drug- epen ent antibo y bin ing can be 
 emonstrate  by laboratory assays, showing antibo y 
bin ing in the presence o , but not without, the  rug 
present in the assay. T e thrombocytopenia typically 
occurs a er a perio  o  initial exposure (me ian length 
21  ays), or upon reexposure, an  usually resolves in 
7–10  ays a er  rug with rawal. T e thrombocytopenia 
cause  by the platelet Gp IIb/IIIa inhibitory  rugs, such 
as abciximab,  i ers in that it may occur within 24 h o  
initial exposure. T is appears to be  ue to the presence 
o  naturally occurring antibo ies that cross-react with 
the  rug boun  to the platelet.

Hepa rin-induced thrombocytopenia

Drug-in uce  thrombocytopenia  ue to heparin  i -
 ers  rom that seen with other  rugs in two major ways.  

HIT only if heparin
in las t ~ 100 days Ris k of HIT Delayed-onse t HIT

occurs  ra re ly

0  5  14
Days of heparin (UFH or LMWH) exposure

FIGURE 20 -3
Tim e  co u rse  o f h ep arin  in d u ced  th rom b o cyto p en ia   HIT  
d eve lop m en t  a fte r h ep a rin  exp o su re. The timing o  devel-
opment a ter heparin exposure is a critical  actor in determining 
the likelihood o  HIT in a patient. HIT occurs early a ter heparin 
exposure in the presence o  preexisting heparin/platelet  actor 4 
(PF4) antibodies, which disappear  rom circulation by ~100 days 
 ollowing a prior exposure. Rarely, HIT may occur later a ter hepa-
rin exposure (termed delayed-onset HIT). In this setting, heparin/
PF4 antibody testing is usually markedly positive. HIT can occur 
a ter exposure to either un ractionated (UFH) or low-molecular-
weight heparin (LMWH).
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Immune thrombocytopenic purpura

Immune thrombocytopenic purpura (I P; also terme  
idiopathic thrombocytopenic purpura) is an acquire   is-
or er in which there is immune-me iate   estruction o  
platelets an  possibly inhibition o  platelet release  rom 
the megakaryocyte. In chil ren, it is usually an acute 
 isease, most commonly  ollowing an in ection, an  
with a sel -limite  course. In a ults, it is a more chronic 
 isease, although in some a ults, spontaneous remis-
sion occurs, usually within months o   iagnosis. I P is 
terme  secondary i  it is associate  with an un erlying 
 isor er; autoimmune  isor ers, particularly systemic 
lupus erythematosus (SLE), an  in ections, such as HIV 
an  hepatitis C, are common causes. T e association o  
I P with Helicobacter pylori in ection is unclear.

I P is characterize  by mucocutaneous blee ing an  
a low, o en very low, platelet count, with an otherwise 
normal peripheral bloo  cells an  smear. Patients usu-
ally present either with ecchymoses an  petechiae, or 
with thrombocytopenia inci entally  oun  on a routine 
CBC. Mucocutaneous blee ing, such as oral mucosa, 
gastrointestinal, or heavy menstrual blee ing, may be 
present. Rarely, li e-threatening, inclu ing central ner-
vous system, blee ing can occur. Wet purpura (bloo  
blisters in the mouth) an  retinal hemorrhages may 
heral  li e-threatening blee ing.

Lab orato ry test ing  in  ITP
Laboratory testing  or antibo ies (serologic testing) is 
usually not help ul  ue to the low sensitivity an  speci-
 city o  the current tests. Bone marrow examination 
can be reserve   or those who have other signs or labo-
ratory abnormalities not explaine  by I P or in patients 
who  o not respon  to initial therapy. T e peripheral 
bloo  smear may show large platelets, with otherwise 
normal morphology. Depen ing on the blee ing his-
tory, iron- e ciency anemia may be present.

Laboratory testing is per orme  to evaluate  or sec-
on ary causes o  I P an  shoul  inclu e testing  or 
HIV in ection an  hepatitis C (an  other in ections i  
in icate ). Serologic testing  or SLE, serum protein 
electrophoresis, immunoglobulin levels to potentially 
 etect hypogammaglobulinemia, selective testing  or 
IgA  e ciency or monoclonal gammopathies, an  
testing  or H. pylori in ection shoul  be consi ere , 
 epen ing on the clinical circumstance. I  anemia 
is present,  irect antiglobulin testing (Coombs’ test) 
shoul  be per orme  to rule out combine  autoimmune 
hemolytic anemia with I P (Evans’ syn rome).

TREATMENT Heparin-Induced Thrombocytopenia

Early recognition is key in treatment o  HI , with prompt 
 iscontinuation o  heparin an  use o  alternative antico-
agulants i  blee ing risk  oes not outweigh thrombotic risk. 
T rombosis is a common complication o  HI , even a er 
heparin  iscontinuation, an  can occur in both the venous 
an  arterial systems. Patients with higher anti-heparin/PF4 
antibo y titers may have a higher risk o  thrombosis. In 
patients  iagnose  with HI , imaging stu ies to evaluate the 
patient  or thrombosis (at least lower extremity  uplex Dop-
pler imaging) are recommen e . Patients requiring antico-
agulation shoul  be switche   rom heparin to an alternative 
anticoagulant. T e  irect thrombin inhibitors (D Is) argatro-
ban an  lepiru in are e ective in HI  . T e D I bivaliru in 
an  the antithrombin-bin ing pentasacchari e  on aparinux 
are also e ective but not yet approve  by the U.S. Foo  an  
Drug A ministration (FDA)  or this in ication. Danapa-
roi , a mixture o  glycosaminoglycans with anti-Xa activity, 
has been use  extensively  or the treatment o  HI  ; it is no 
longer available in the Unite  States but is in other countries. 
HI  antibo ies cross-react with LMWH, an  these prepara-
tions shoul  not be use  in the treatment o  HI .

Because o  the high rate o  thrombosis in patients with 
HI , anticoagulation shoul  be consi ere , even in the 
absence o  thrombosis. In patients with thrombosis, patients 
can be transitione  to war arin, with treatment usually  or 3–6 
months. In patients without thrombosis, the  uration o  anti-
coagulation nee e  is un e ne . An increase  risk o  throm-
bosis is present  or at least 1 month a er  iagnosis; however, 
most thromboses occur early, an  whether thrombosis occurs 
later i  the patient is initially anticoagulate  is unknown. 
Options inclu e continuing anticoagulation until a  ew  ays 
a er platelet recovery or  or 1 month. Intro uction o  war arin 
alone in the setting o  HI  or HI   may precipitate thrombo-
sis, particularly venous gangrene, presumably  ue to clotting 

Lab orato ry test ing  fo r HIT
HI  (anti-heparin/PF4) antibo ies can be  etecte  
using two types o  assays. T e most wi ely available is 
an enzyme-linke  immunoassay (ELISA) with PF4/
polyanion complex as the antigen. Because many 
patients  evelop antibo ies but  o not  evelop clini-
cal HI , the test has a low speci city  or the  iagno-
sis o  HI . T is is especially true in patients who have 
un ergone car iopulmonary bypass surgery, where 
approximately 50% o  patients  evelop these antibo ies 
postoperatively. IgG-speci c ELISAs increase speci city 
but may  ecrease sensitivity. T e other assay is a platelet 
activation assay, most commonly the serotonin release 
assay, which measures the ability o  the patient’s serum 
to activate platelets in the presence o  heparin in a con-
centration- epen ent manner. T is test has lower sen-
sitivity but higher speci city than the ELISA. However, 
HI  remains a clinical  iagnosis.

activation an  severely re uce  levels o  proteins C an  S. 
War arin therapy, i  starte , shoul  be overlappe  with a D I 
or  on aparinux an  starte  a er resolution o  the thrombo-
cytopenia an  lessening o  the prothrombotic state.
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Inherited  thrombocytopenia

T rombocytopenia is rarely inherite , either as an iso-
late   n ing or as part o  a syn rome, an  may be 
inherite  in an autosomal  ominant, autosomal reces-
sive, or X-linke  pattern. Many  orms o  autosomal 
 ominant thrombocytopenia are now known to be asso-
ciate  with mutations in the nonmuscle myosin heavy 
chain MYH9 gene. Interestingly, these inclu e the May-
Hegglin anomaly, an  Sebastian, Epstein’s, an  Fechtner 
syn romes, all o  which have  istinct  istinguishing 
 eatures. A common  eature o  these  isor ers is large 
platelets (Fig. 20-1C). Autosomal recessive  isor ers 
inclu e congenital amegakaryocytic thrombocytope-
nia, thrombocytopenia with absent ra ii, an  Bernar -
Soulier syn rome. T e latter is primarily a  unctional 
platelet  isor er  ue to absence o  Gp Ib-IX-V, the VWF 
a hesion receptor. X-linke   isor ers inclu e Wiskott-
Al rich syn rome an  a  yshematopoietic syn rome 
resulting  rom a mutation in GATA-1, an important 
transcriptional regulator o  hematopoiesis.

THROMBOTIC THROMBOCYTOPENIC 
PURPURA AND HEMOLYTIC-UREMIC 
SYNDROME
T rombotic thrombocytopenic microangiopathies are 
a group o   isor ers characterize  by thrombocytope-
nia, a microangiopathic hemolytic anemia evi ent by 
 ragmente  RBCs (Fig. 20-1D) an  laboratory evi ence 
o  hemolysis, an  microvascular thrombosis. T ey 
inclu e thrombotic thrombocytopenic purpura (  P) 
an  hemolytic-uremic syn rome (HUS), as well as syn-
 romes complicating bone marrow transplantation, 
certain me ications an  in ections, pregnancy, an  vas-
culitis. In DIC, although thrombocytopenia an  micro-
angiopathy are seen, a coagulopathy pre ominates, with 
consumption o  clotting  actors an   brinogen resulting 
in an elevate  prothrombin time (P ) an  o en acti-
vate  partial thromboplastin time (aP  ). T e P  an  
aP   are characteristically normal in   P or HUS.

TREATMENT Immune Thrombocytopenic Purpura

T e treatment o  I P uses  rugs that  ecrease reticuloen o-
thelial uptake o  the antibo y-boun  platelet,  ecrease anti-
bo y pro uction, an /or increase platelet pro uction. T e 
 iagnosis o  I P  oes not necessarily mean that treatment 
must be institute . Patients with platelet counts >30,000/µL  
appear not to have increase  mortality relate  to the 
thrombocytopenia.

Initial treatment in patients without signi cant blee ing 
symptoms, severe thrombocytopenia (<5000/µL), or signs 
o  impen ing blee ing (such as retinal hemorrhage or large 
oral mucosal hemorrhages) can be institute  as an outpatient 
using single agents.  ra itionally, this has been pre nisone at 
1 mg/kg, although Rh0(D) immune globulin therapy (Win-
Rho SDF), at 50–75 µg/kg, is also being use  in this setting. 
Rh0(D) immune globulin must be use  only in Rh-positive 
patients because the mechanism o  action is pro uction o  lim-
ite  hemolysis, with antibo y-coate  cells “saturating” the Fc 
receptors, inhibiting Fc receptor  unction. Monitoring patients 
 or 8 h a er in usion is now a vise  by the FDA because o  
the rare complication o  severe intravascular hemolysis. Intra-
venous gamma globulin (IVIgG), which is poole , primarily 
IgG antibo ies, also blocks the Fc receptor system, but appears 
to work primarily through  i erent mechanism(s). IVIgG 
has more ef cacy than anti-Rh0(D) in postsplenectomize  
patients. IVIgG is  ose  at 1–2 g/kg total, given over 1–5  ays. 
Si e e ects are usually relate  to the volume o  in usion an  
in requently inclu e aseptic meningitis an  renal  ailure. All 
immunoglobulin preparations are  erive   rom human plasma 
an  un ergo treatment  or viral inactivation.

For patients with severe I P an /or symptoms o  blee ing, 
hospital a mission an  combine -mo ality therapy is given 
using high- ose glucocorticoi s with IVIgG or anti-Rh0(D) 
therapy an , as nee e , a  itional immunosuppressive agents. 
Rituximab, an anti-CD20 (B cell) antibo y, has shown ef -
cacy in the treatment o  re ractory I P, although long-lasting 
remission only occurs in approximately 30% o  patients.

Splenectomy has been use   or treatment o  patients 
who relapse a er glucocorticoi s are tapere . Splenectomy 
remains an important treatment option; however, more 
patients than previously thought will go into a remission 
over time. Observation, i  the platelet count is high enough, 
or intermittent treatment with anti-Rh0(D) or IVIgG, or ini-
tiation o  treatment with a  PO receptor agonist (see below) 
may be a reasonable approach to see i  the I P will resolve. 
Vaccination against encapsulate  organisms (especially pneu-
mococcus, but also meningococcus an  Haemophilus inf u-
enzae,  epen ing on patient age an  potential exposure) is 
recommen e  be ore splenectomy. Accessory spleen(s) are a 
very rare cause o  relapse.

 PO receptor agonists are now available  or the treat-
ment o  I P. T is approach stems  rom the  n ing that many 
patients with I P  o not have increase   PO levels, as was 
previously hypothesize .  PO levels re ect megakaryocyte 

mass, which is usually normal in I P.  PO levels are not 
increase  in the setting o  platelet  estruction.  wo agents, 
one a ministere  subcutaneously (romiplostim) an  another 
orally (eltrombopag), are e ective in raising platelet counts 
in patients with I P an  are recommen e   or a ults at risk 
o  blee ing who relapse a er splenectomy or who have been 
unresponsive to at least one other therapy, particularly in 
those who have a contrain ication to splenectomy. However, 
with the recognition that I P will resolve spontaneously in 
some a ult patients, short-term treatment with a  PO ago-
nist can be consi ere  be ore splenectomy in patients who 
nee  therapy.
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260 congenital absence o  ADAM S13  evelop   P only 
episo ically. A  itional provocative  actors have not 
been  e ne . T e level o  ADAM S13 activity, as well 
as antibo ies, can now be  etecte  by laboratory assays. 
Although assays with suf cient sensitivity an  speci c-
ity to  irect clinical management have yet to be clearly 
 e ne , ADAM S13 activity levels o  <10% are more 
clearly associate  with i iopathic   P.

I iopathic   P appears to be more common in 
women than in men. No geographic or racial  istribu-
tion has been  e ne .   P is more common in patients 
with HIV in ection an  in pregnant women.   P in 
pregnancy is not clearly relate  to ADAM S13. Me ica-
tion-relate  microangiopathic hemolytic anemia may be 
secon ary to antibo y  ormation (ticlopi ine an  possi-
bly clopi ogrel) or  irect en othelial toxicity (cyclospo-
rine, mitomycin C, tacrolimus, quinine), although this is 
not always so clear, an   ear o  withhol ing treatment, 
as well as lack o  other treatment alternatives, results in 
broa  application o  plasma exchange. However, with-
 rawal, or re uction in  ose, o  en othelial toxic agents 
usually  ecreases the microangiopathy.

TREATMENT Thrombotic Thrombocytopenic Purpura

  P is a  evastating  isease i  not  iagnose  an  treate  
promptly. In patients presenting with new thrombocytope-
nia, with or without evi ence o  renal insuf ciency an  other 
elements o  classic   P, laboratory  ata shoul  be obtaine  
to rule out DIC an  to evaluate  or evi ence o  microangio-
pathic hemolytic anemia. Fin ings to support the   P  iag-
nosis inclu e an increase  lactate  ehy rogenase an  in irect 
bilirubin,  ecrease  haptoglobin, an  increase  reticulocyte 
count, with a negative  irect antiglobulin test. T e periph-
eral smear shoul  be examine   or evi ence o  schistocytes 
(Fig. 20-1D). Polychromasia is usually also present  ue to the 
increase  number o  young re  bloo  cells, an  nucleate  
RBCs are o en present, which is thought to be  ue to in arc-
tion in the microcirculatory system o  the bone marrow.

Plasma exchange remains the mainstay o  treatment o  
  P. ADAM S13 antibo y-me iate    P (i iopathic   P) 
appears to respon  best to plasma exchange. Plasma exchange 
is continue  until the platelet count is normal an  signs o  
hemolysis are resolve   or at least 2  ays. Although never 
evaluate  in clinical trials, the use o  glucocorticoi s seems a 
reasonable approach, but shoul  only be use  as an a junct 
to plasma exchange. A  itionally, other immunomo ulatory 
therapies have been reporte  to be success ul in re ractory or 
relapsing   P, inclu ing rituximab, vincristine, cyclophos-
phami e, an  splenectomy. A signi cant relapse rate is note ; 
25–45% o  patients relapse within 30  ays o  initial “remis-
sion,” an  12–40% o  patients have late relapses. Relapses are 
more  requent in patients with severe ADAM S13  e ciency 
at presentation.

VWF and Plate le t Adhes ion

Blood flow

Protease  No protease

“Ultra la rge”
multimers

Normal
multimers

TTP?

FIGURE 20 -4
Path o g en esis o f th rom b o t ic th ro m b o cyto p en ic p u rp u ra  
 TTP . Normally the ultra-high-molecular-weight multimers o  
von Willebrand  actor (VWF) produced by the endothelial cells are 
processed into smaller multimers by a plasma metalloproteinase 
called ADAMTS13. In TTP, the activity o  the protease is inhibited, 
and the ultra-high-molecular-weight multimers o  VWF initiate 
platelet aggregation and thrombosis.

Thrombotic thrombocytopenic purpura

  P an  HUS were previously consi ere  overlap syn-
 romes. However, in the past  ew years, the pathophysi-
ology o  inherite  an  i iopathic   P has become better 
un erstoo  an  clearly  i ers  rom HUS.   P was  rst 
 escribe  in 1924 by Eli Moschcowitz an  characterize  
by a penta  o   n ings that inclu e microangiopathic 
hemolytic anemia, thrombocytopenia, renal  ailure, neu-
rologic  n ings, an   ever. T e  ull-blown syn rome is 
less commonly seen now, probably  ue to earlier  iagno-
sis. T e intro uction o  treatment with plasma exchange 
marke ly improve  the prognosis in patients, with a 
 ecrease in mortality  rom 85–100% to 10–30%.

T e pathogenesis o  inherite  (Upshaw-Schulman 
syn rome) an  i iopathic   P is relate  to a  e ciency 
o , or antibo ies to, the metalloprotease ADAM S13, 
which cleaves VWF. VWF is normally secrete  as ultra-
large multimers, which are then cleave  by ADAM S13. 
T e persistence o  ultra-large VWF molecules is thought 
to contribute to pathogenic platelet a hesion an  aggre-
gation (Fig. 20-4). T is  e ect alone, however, is not 
suf cient to result in   P because in ivi uals with a 
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261Hemolytic-uremic syndrome

HUS is a syn rome characterize  by acute renal  ailure, 
microangiopathic hemolytic anemia, an  thrombocyto-
penia. It is seen pre ominantly in chil ren an  in most 
cases is prece e  by an episo e o   iarrhea, o en hem-
orrhagic in nature. Escherichia coli O157:H7 is the most 
 requent, although not only, etiologic serotype. HUS 
not associate  with  iarrhea is more heterogeneous in 
presentation an  course. Atypical HUS (aHUS)  ue to 
genetic  e ects that result in chronic complement acti-
vation has been  e ne , an  screening  or mutations in 
complement regulatory genes is available.

TREATMENT Hemolytic-Uremic Syndrome

 reatment o  HUS is primarily supportive. In HUS associate  
with  iarrhea, many (~40%) chil ren require at least some 
perio  o  support with  ialysis; however, the overall mortal-
ity is <5%. In HUS not associate  with  iarrhea, the mortal-
ity is higher, approximately 26%. Plasma in usion or plasma 
exchange has not been shown to alter the overall course. 
ADAM S13 levels are generally reporte  to be normal in 
HUS, although occasionally they have been reporte  to be 
 ecrease . In patients with atypical HUS, eculizumab therapy 
increases the platelet count an  preserves renal  unction.

THROMBOCYTOSIS
T rombocytosis is almost always  ue to (1) iron  e -
ciency; (2) in ammation, cancer, or in ection (reactive 
thrombocytosis); or (3) an un erlying myeloproli era-
tive process (essential thrombocythemia or polycythe-
mia vera) (Chap. 13) or, rarely, the 5q– myelo ysplastic 
process (Chap. 11). Patients presenting with an ele-
vate  platelet count shoul  be evaluate   or un erlying 
in ammation or malignancy, an  iron  e ciency shoul  
be rule  out. T rombocytosis in response to acute or 
chronic in ammation has not been clearly associate  
with an increase  thrombotic risk. In  act, patients with 
marke ly elevate  platelet counts (>1.5 million), usually 
seen in the setting o  a myeloproli erative  isor er, have 
an increase  risk o  blee ing. T is appears to be  ue, at 
least in part, to acquire  von Willebran   isease (VWD) 
 ue to platelet-VWF bin ing an  removal  rom the 
circulation.

QUALITATIVE DISORDERS OF PLATELET 
FUNCTION
Inherited  disorders of p la telet  function

Inherite  platelet  unction  isor ers are thought to 
be relatively rare, although the prevalence o  mil  

 isor ers o  platelet  unction is unclear, in part because 
our testing  or such  isor ers is suboptimal. Rare quali-
tative  isor ers inclu e the autosomal recessive  is-
or ers Glanzmann’s thrombasthenia (absence o  the 
platelet Gp IIb/IIIa receptor) an  Bernar -Soulier syn-
 rome (absence o  the platelet Gp Ib-IX-V receptor). 
Both are inherite  in an autosomal recessive  ashion 
an  present with blee ing symptoms in chil hoo .

Platelet storage pool  isor er (SPD) is the clas-
sic autosomal  ominant qualitative platelet  isor er. 
T is results  rom abnormalities o  platelet granule  or-
mation. It is also seen as a part o  inherite   isor ers 
o  granule  ormation, such as Hermansky-Pu lak syn-
 rome. Blee ing symptoms in SPD are variable, but 
o en are mil . T e most common inherite   isor ers 
o  platelet  unction prevent normal secretion o  granule 
content an  are terme  secretion de ects. Few o  these 
abnormalities have been  issecte  at the molecular level 
but they likely result  rom various mutations.

TREATMENT Inherited Disorders of Platelet Dysfunction

Blee ing symptoms or prevention o  blee ing in patients 
with severe platelet  ys unction  requently requires plate-
let trans usion. Care is taken to limit the risk o  alloim-
munization by limiting exposure, using HLA-matche  
leuko- eplete  platelet concentrates  or trans usion. Plate-
let  isor ers associate  with mil er blee ing symptoms 
 requently respon  to  esmopressin (1- eamino-8-d-
arginine vasopressin [DDAVP]). DDAVP increases plasma 
VWF an   actor VIII levels; it may also have a  irect e ect 
on platelet  unction. Particularly  or mucosal blee ing 
symptoms, anti brinolytic therapy (ε-aminocaproic aci  
or tranexamic aci ) is use  alone or in conjunction with 
DDAVP or platelet therapy.

Acquired disorders of p la telet  function

Acquire  platelet  ys unction is common, usually  ue 
to me ications, either intentionally as with antiplatelet 
therapy or unintentionally as with high- ose penicillins. 
Acquire  platelet  ys unction occurs in uremia. T is is 
likely multi actorial, but the resultant e ect is  e ective 
a hesion an  activation. T e platelet  e ect is improve  
most by  ialysis but may also be improve  by increasing 
the hematocrit to 27–32%, giving DDAVP (0.3 µg/kg), 
or use o  conjugate  estrogens. Platelet  ys unction also 
occurs with car iopulmonary bypass  ue to the e ect o  
the arti cial circuit on platelets, an  blee ing symptoms 
respon  to platelet trans usion. Platelet  ys unction seen 
with un erlying hematologic  isor ers can result  rom 
nonspeci c inter erence by circulating paraproteins 
or intrinsic platelet  e ects in myeloproli erative an  
myelo ysplastic syn romes.
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262 VON WILLEBRAND DISEASE
VWD is the most common inherite  blee ing  isor er. 
Estimates  rom laboratory  ata suggest a prevalence o  
approximately 1%, but  ata base  on symptomatic in i-
vi uals suggest that it is closer to 0.1% o  the popula-
tion. VWF serves two roles: (1) as the major a hesion 
molecule that tethers the platelet to the expose  sub-
en othelium; an  (2) as the bin ing protein  or  actor 
VIII (FVIII), resulting in signi cant prolongation o  
the FVIII hal -li e in circulation. T e platelet-a hesive 
 unction o  VWF is critically  epen ent on the pres-
ence o  large VWF multimers, whereas FVIII bin ing is 
not. Most o  the symptoms o  VWD are “platelet-like” 
except in more severe VWD when the FVIII is low 
enough to pro uce symptoms similar to those  oun  in 
FVIII  e ciency (hemophilia A).

VWD has been classi e  into three major types, with 
 our subtypes o  type 2 (Table 20-2; Fig. 20-5). By  ar 
the most common type o  VWD is type 1  isease, with 
a parallel  ecrease in VWF protein, VWF  unction, 
an  FVIII levels, accounting  or at least 80% o  cases. 
Patients have pre ominantly mucosal blee ing symp-
toms, although postoperative blee ing can also be seen. 
Blee ing symptoms are very uncommon in in ancy an  
usually mani est later in chil hoo  with excessive bruis-
ing an  epistaxis. Because these symptoms occur com-
monly in chil hoo , the clinician shoul  particularly 
note bruising at sites unlikely to be traumatize  an /or 
prolonge  epistaxis requiring me ical attention. Menor-
rhagia is a common mani estation o  VWD. Menstrual 
blee ing resulting in anemia shoul  warrant an evalua-
tion  or VWD an , i  negative,  unctional platelet  isor-
 ers. Frequently, mil  type 1 VWD  rst mani ests with 
 ental extractions, particularly wis om tooth extrac-
tion, or tonsillectomy.

Not all patients with low VWF levels have blee ing 
symptoms. Whether patients blee  or not will  epen  
on the overall hemostatic balance they have inherite , 
along with environmental in uences an  the type o  

Type 1

Type  2A

Type 2B

I

II

1  2 VIII

II-1
VWD

II-2
Normal

II-1
VWD

II-2
Normal

II-1
VWD

II-2
Normal

N
N
N
N

N
N
N
N

or N

VWF:Ag
VWF:RCof

RIPA
Multimer
pa tte rn

VIII
VWF:Ag

VWF:RCof
RIPA

Multimer
pa tte rn

VWF:Ag
VWF:RCof

VIII

RIPA
Multimer
pa tte rn

I

II

II

1  2

1  2  3

VWD Heterozygote

Normal

VWD Heterozygote

Normal

I
1  2

1

N
N
N
N2

1  2  3

VWD Heterozygote

Normal

FIGURE 20 -5
Pa t t e rn  o f in h e r it a n ce  a n d  la b o ra t o r y  fin d in g s  in  
vo n  Willeb ran d  d isea se   VWD . The assays o  platelet  unc-
tion include a coagulation assay o   actor VIII bound and carried 
by von Willebrand  actor (VWF), abbreviated as VIII; immunoassay 
o  total VWF protein (VWF:Ag); bioassay o  the ability o  patient 
plasma to support ristocetin-induced agglutination o  normal 
platelets (VWF:RCoF); and ristocetin-induced aggregation o  
patient platelets, abbreviated RIPA. The multimer pattern illus-
trates the protein bands present when plasma is electrophoresed 
in a polyacrylamide gel. The II-1 and II-2 columns re er to the phe-
notypes o  the second-generation of spring.

TABLE 20 -2  
LABORATORY DIAGNOSIS OF VON WILLEBRAND DISEASE (VWD)

TYPE  aPTT  VWF ANTIGEN  VWF ACTIVITY  FVIII ACTIVITY  MULTIMER

1 Nl or ↑  ↓  ↓  ↓ Normal distribution, decreased in quantity

2A Nl or ↑  ↓  ↓  ↓  ↓ Loss o  high- and intermediate-MW multimers

2Ba Nl or ↑  ↓  ↓  ↓  ↓ Loss o  high-MW multimers

2M Nl or ↑  ↓  ↓  ↓  ↓ Normal distribution, decreased in quantity

2N ↑↑ Nl or ↓ b Nl or ↓ b ↓↓ Normal distribution

3 ↑↑  ↓↓  ↓↓  ↓↓ Absent

aUsually also decreased platelet count.
bFor type 2N, in the homozygous state, FVIII is very low; in the heterozygous state, it is only seen in conjunction with type 1 VWD.
Abbrevia t ions: aPTT, activated partial thromboplastin time; F,  actor; MW, molecular weight; Nl, normal; VWF, von Willebrand  actor.
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263hemostatic challenges they experience. Although the 
inheritance o  VWD is autosomal, many  actors mo -
ulate both VWF levels an  blee ing symptoms. T ese 
have not all been  e ne , but inclu e bloo  type, thy-
roi  hormone status, race, stress, exercise, an  hor-
monal (both en ogenous an  exogenous) in uences. 
Patients with type O bloo  have VWF protein levels o  
approximately one-hal  that o  patients with AB bloo  
type; an , in  act, the normal range  or patients with 
type O bloo  overlaps that which has been consi ere  
 iagnostic  or VWD. A mil ly  ecrease  VWF level 
shoul  be viewe  more as a risk  actor  or blee ing than 
as an actual  isease.

Patients with type 2 VWD have  unctional  e ects; 
thus, the VWF antigen measurement is signi cantly 
higher than the test o   unction. For types 2A, 2B, 
an  2M VWD, platelet-bin ing an /or collagen bin -
ing VWF activity is  ecrease . In type 2A VWD, the 
impaire   unction is  ue either to increase  suscepti-
bility to cleavage by ADAM S13, resulting in loss o  
interme iate- an  high-molecular-weight multimers, 
or to  ecrease  secretion o  these multimers by the cell. 
 ype 2B VWD results  rom gain-o - unction mutations 
that result in increase  spontaneous bin ing o  VWF to 
platelets in circulation, with subsequent clearance o  this 
complex by the reticuloen othelial system. T e resulting 
VWF in the patients’ plasma lacks the highest molec-
ular-weight multimers, an  the platelet count is usually 
mo estly re uce .  ype 2M occurs as a consequence o  
a group o  mutations that cause  ys unction but  o not 
a ect multimer structure.

 ype 2N VWD is  ue to mutations in VWF that 
a ect bin ing o  FVIII. As FVIII is stabilize  by bin -
ing to VWF, the FVIII in patients with type 2N VWD 
has a very short hal -li e, an  the FVIII level is mark-
e ly  ecrease . T is is sometimes terme  autosomal 
hemophilia.  ype 3 VWD, or severe VWD,  escribes 
patients with virtually no VWF protein an  FVIII levels 
<10%. Patients experience mucosal an  joint blee ing, 
surgery-relate  blee ing, an  other blee ing symptoms. 
Some patients with type 3 VWD, particularly those 
with large VWF gene  eletions, are at risk o   eveloping 
antibo ies to in use  VWF.

Acquire  VWD is a rare  isor er, most commonly 
seen in patients with un erlying lymphoproli erative  is-
or ers, inclu ing monoclonal gammopathies o  un er-
 etermine  signi cance (MGUS), multiple myeloma, 
an  Wal enström’s macroglobulinemia. It is seen most 
commonly in the setting o  MGUS an  shoul  be sus-
pecte  in patients, particularly el erly patients, with 
a new onset o  severe mucosal blee ing symptoms. 
Laboratory evi ence o  acquire  VWD is  oun  in 
some patients with aortic valvular  isease. Hey e’s syn-
 rome (aortic stenosis with gastrointestinal blee ing) 
is attribute  to the presence o  angio ysplasia o  the 

gastrointestinal tract in patients with aortic stenosis. T e 
shear stress on bloo  passing through the stenotic aor-
tic valve appears to pro uce a change in VWF, making it 
susceptible to serum proteases. Consequently, large mul-
timer  orms are lost, lea ing to an acquire  type 2 VWD, 
but return when the stenotic valve is replace .

TREATMENT Von Willebrand Disease

T e mainstay o  treatment  or type 1 VWD is DDAVP ( es-
mopressin), which results in release o  VWF an  FVIII  rom 
en othelial stores. DDAVP can be given intravenously or by 
a high-concentration intranasal spray (1.5 mg/mL). T e peak 
activity when given intravenously is approximately 30 min, 
whereas it is 2 h when given intranasally. T e usual  ose is 
0.3 µg/kg intravenously or two squirts (one in each nostril) 
 or patients >50 kg (one squirt  or those <50 kg). It is recom-
men e  that patients with VWD be teste  with DDAVP to 
assess their response be ore using it. In patients who respon  
well (increase in laboratory values o  two- to  our ol ), it can 
be use   or proce ures with minor to mo erate risk o  blee -
ing. Depen ing on the proce ure, a  itional  oses may be 
nee e ; it is usually given every 12–24 h. Less  requent  osing 
may result in less tachyphylaxis, which occurs when synthe-
sis cannot compensate  or the release  stores. T e major si e 
e ect o  DDAVP is hyponatremia  ue to  ecrease   ree water 
clearance. T is occurs most commonly in the very young an  
the very ol , but  ui  restriction shoul  be a vise   or all 
patients  or the 24 h  ollowing each  ose.

Some patients with types 2A an  2M VWD respon  to 
DDAVP such that it can be use   or minor proce ures. For 
the other subtypes,  or type 3  isease, an   or major proce-
 ures requiring longer perio s o  normal hemostasis, VWF 
replacement can be given. Virally inactivate  VWF-contain-
ing  actor concentrates are sa er than cryoprecipitate as the 
replacement pro uct.

Anti brinolytic therapy using either ε-aminocaproic aci  
or tranexamic aci  is an important therapy, either alone or 
in an a junctive capacity, particularly  or the prevention or 
treatment o  mucosal blee ing. T ese agents are particularly 
use ul in prophylaxis  or  ental proce ures, with DDAVP  or 
 ental extractions an  tonsillectomy, menorrhagia, an  pros-
tate proce ures. It is contrain icate  in the setting o  upper 
urinary tract blee ing,  ue to the risk o  ureteral obstruction.

DISORDERS OF THE VESSEL WALL
T e vessel wall is an integral part o  hemostasis, an  
separation o  a  ui  phase is arti cial, particularly in  is-
or ers such as   P or HI  that clearly involve the en o-
thelium as well. In ammation localize  to the vessel wall, 
such as vasculitis, an  inherite  connective tissue  isor-
 ers are abnormalities inherent to the vessel wall.
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264 METABOLIC AND INFLAMMATORY 
DISORDERS
Acute  ebrile illnesses may result in vascular  amage. 
T is can result  rom immune complexes containing 
viral antigens or the viruses themselves. Certain patho-
gens, such as the rickettsiae causing Rocky Mountain 
spotte   ever, replicate in en othelial cells an   am-
age them. Vascular purpura may occur in patients 
with polyclonal gammopathies but more commonly 
in those with monoclonal gammopathies, inclu ing 
Wal enström’s macroglobulinemia, multiple myeloma, 
an  cryoglobulinemia. Patients with mixe  cryoglobu-
linemia  evelop a more extensive maculopapular rash 
 ue to immune complex–me iate   amage to the ves-
sel wall.

Patients with scurvy (vitamin C  e ciency)  evelop 
pain ul episo es o  peri ollicular skin blee ing as 
well as more systemic blee ing symptoms. Vitamin C 
is nee e  to synthesize hy roxyproline, an essential 
constituent o  collagen. Patients with Cushing’s syn-
 rome or on chronic glucocorticoi  therapy  evelop 
skin blee ing an  easy bruising  ue to atrophy o  sup-
porting connective tissue. A similar phenomenon is 
seen with aging, where  ollowing minor trauma, bloo  
sprea s super cially un er the epi ermis. T is has 
been terme  senile purpura. It is most common on skin 
that has been previously  amage  by sun exposure.

Henoch-Schönlein, or anaphylactoi , purpura is 
a  istinct, sel -limite  type o  vasculitis that occurs 
in chil ren an  young a ults. Patients have an acute 
in ammatory reaction with IgA an  complement com-
ponents in capillaries, mesangial tissues, an  small 
arterioles lea ing to increase  vascular permeability 
an  localize  hemorrhage. T e syn rome is o en pre-
ce e  by an upper respiratory in ection, commonly 
with streptococcal pharyngitis, or is triggere  by  rug 

or  oo  allergies. Patients  evelop a purpuric rash on 
the extensor sur aces o  the arms an  legs, usually 
accompanie  by polyarthralgias or arthritis, ab ominal 
pain, an  hematuria  rom  ocal glomerulonephritis. 
All coagulation tests are normal, but renal impairment 
may occur. Glucocorticoi s can provi e symptomatic 
relie  but  o not alter the course o  the illness.

INHERITED DISORDERS OF THE  
VESSEL WALL
Patients with inherite   isor ers o  the connective tis-
sue matrix, such as Mar an’s syn rome, Ehlers-Danlos 
syn rome, an  pseu oxanthoma elasticum,  requently 
report easy bruising. Inherite  vascular abnormali-
ties can result in increase  blee ing. T is is notably 
seen in here itary hemorrhagic telangiectasia (HH , or 
Osler-Weber-Ren u  isease), a  isor er where abnor-
mal telangiectatic capillaries result in  requent blee ing 
episo es, primarily  rom the nose an  gastrointestinal 
tract. Arteriovenous mal ormation (AVM) in the lung, 
brain, an  liver may also occur in HH . T e telangiecta-
sia can o en be visualize  on the oral an  nasal mucosa. 
Signs an  symptoms  evelop over time. Epistaxis begins, 
on average, at the age o  12 an  occurs in >95% o  
a ecte  in ivi uals by mi  le age.  wo genes involve  
in the pathogenesis are eng (en oglin) on chromosome 
9q33-34 (so-calle  HH  type 1), associate  with pulmo-
nary AVM in 40% o  cases, an  alk1 (activin-receptor-
like kinase 1) on chromosome 12q13, associate  with a 
much lower risk o  pulmonary AVM.

Ac kn o wl ed g men t

Robert Handin, MD, contributed this chapter in the 
16th edition o  Harrison’s Principles o  Internal Medicine 
and some materials  rom his chapter are included here.
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De ciencies o  coagulation  actors have been recognize  
 or centuries. Patients with genetic  e ciencies o  plasma 
coagulation  actors exhibit li e-long recurrent blee ing 
episo es into joints, muscles, an  close  spaces, either 
spontaneously or  ollowing an injury. T e most com-
mon inherite   actor  e ciencies are the hemophilias, 
X-linke   iseases cause  by  e ciency o   actor (F) VIII 
(hemophilia A) or FIX (hemophilia B). Rare congeni-
tal blee ing  isor ers  ue to  e ciencies o  other  ac-
tors, inclu ing FII (prothrombin), FV, FVII, FX, FXI, 
an  FXIII, an   brinogen are commonly inherite  in an 
autosomal recessive manner (Table 21-1). A vances in 
characterization o  the molecular bases o  clotting  actor 
 e ciencies have contribute  to better un erstan ing o  
the  isease phenotypes an  may eventually allow more 
targete  therapeutic approaches through the  evelop-
ment o  small molecules, recombinant proteins, or cell 
an  gene-base  therapies.

Commonly use  tests o  hemostasis provi e the ini-
tial screening  or clotting  actor activity (Fig. 21-1), an  
 isease phenotype o en correlates with the level o  clot-
ting activity. An isolate  abnormal prothrombin time 
(P ) suggests FVII  e ciency, whereas a prolonge  acti-
vate  partial thromboplastin time (aP  ) in icates most 
commonly hemophilia or FXI  e ciency (Fig. 21-1). 
T e prolongation o  both P  an  aP   suggests  e -
ciency o  FV, FX, FII, or  brinogen abnormalities. T e 
a  ition o  the missing  actor at a range o   oses to the 
subject’s plasma will correct the abnormal clotting times; 
the result is expresse  as a percentage o  the activity 
observe  in normal subjects.

Acquire   e ciencies o  plasma coagulation  actors 
are more  requent than congenital  isor ers; the most 
common  isor ers inclu e hemorrhagic  iathesis o  
liver  isease,  isseminate  intravascular coagulation 
(DIC), an  vitamin K  e ciency. In these  isor ers, 
bloo  coagulation is hampere  by the  e ciency o  
more than one clotting  actor, an  the blee ing epi-
so es are the result o  perturbation o  both primary 

COAGULATION DISORDERS

CHAP TER 2 1

(e.g., platelet an  vessel wall interactions) an  secon -
ary (coagulation) hemostasis.

T e  evelopment o  antibo ies to coagulation 
plasma proteins, clinically terme  inhibitors, is a rela-
tively rare  isease that o en a ects hemophilia A or B 
an  FXI- e cient patients on repetitive exposure to the 
missing protein to control blee ing episo es. Inhibitors 
also occur among subjects without genetic  e ciency 
o  clotting  actors (e.g., in the postpartum setting as a 
mani estation o  un erlying autoimmune or neoplas-
tic  isease or i iopathically). Rare cases o  inhibitors to 
thrombin or FV have been reporte  in patients receiv-
ing topical bovine thrombin preparation as a local 
hemostatic agent in complex surgeries. T e  iagnosis 
o  inhibitors is base  on the same tests as those use  to 
 iagnose inherite  plasma coagulation  actor  e cien-
cies. However, the a  ition o  the missing protein to the 
plasma o  a subject with an inhibitor  oes not correct 
the abnormal aP   an /or P  tests (known as mixing 
tests). T is is the major laboratory  i erence between 
 e ciencies an  inhibitors. A  itional tests are require  
to measure the speci city o  the inhibitor an  its titer.

T e treatment o  these blee ing  isor ers o en 
requires replacement o  the  e cient protein using 
recombinant or puri e  plasma- erive  pro ucts or 
 resh- rozen plasma (FFP). T ere ore, it is imperative 
to arrive at a proper  iagnosis to optimize patient care 
without unnecessary exposure to suboptimal treatment 
an  the risks o  bloo borne  isease.

HEMOPHILIA

PATHOGENESIS AND CLINICAL 
MANIFESTATIONS
Hemophilia is an X-linke  recessive hemorrhagic 
 isease  ue to mutations in the F8 gene (hemophilia 
A or classic hemophilia) or F9 gene (hemophilia B). 
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Intrins ic Pathway  Extrins ic Pathway

aPTT  PT

aPTT/PT

TT

Ca2+

Contact phase

FXIIa

Fibrinogen

Fibrin
polymer Fibrin monomer

XIIIa

Thrombin

V

X

Va

XaX
Ca2+

PL

Ca2+

PL Common Pa thway

XIaXI

PK
HMWH

VIII  VIIIa

IX  IXa
Ca2+

VIIa /tis sue  factor

VII

Prothrombin

Cross-linked
fibrin clot

TABLE 21-1  
GENETIC AND LABORATORY CHARACTERISTICS OF INHERITED COAGULATION DISORDERS

CLOTTING 
FACTOR 
DEFICIENCY  INHERITANCE

PREVALENCE 
IN GENERAL 
POPULATION

LABORATORY ABNORMALITYa MINIMUM 
HEMOSTATIC 
LEVELS  TREATMENT

PLASMA 
HALF-LIFEaPTT  PT  TT

Fibrinogen  AR  1 in 1,000,000  +  +  +  100 mg/dL  Cryoprecipitate  2–4 d
Prothrombin  AR  1 in 2,000,000  +  +  −  20–30%  FFP/PCC  3–4 d
Factor V  AR  1 in 1,000,000  +/−  +/−  −  15–20%  FFP  36 h
Factor VII  AR  1 in 500,000  −  +  −  15–20%  FFP/PCC  4–6 h
Factor VIII  X-linked  1 in 5,000  +  −  −  30%  FVIII concentrates  8–12 h
Factor IX  X-linked  1 in 30,000  +  −  −  30%  FIX concentrates  18–24 h
Factor X  AR  1 in 1,000,000  +/−  +/−  −  15–20%  FFP/PCC  40–60 h
Factor XI  AR  1 in 1,000,000  +  −  −  15–20%  FFP  40–70 h
Factor XII  AR  ND  +  −  − b  b 60 h
HK  AR  ND  +  −  − b  b 150 h
Prekallikrein  AR  ND  +  −  − b  b 35 h
Factor XIII  AR  1 in 2,000,000  −  −  +/−  2–5%  Cryoprecipitate/ 

FXIII concentrates
11–14 d

aValues within normal range (−) or prolonged (+).
bNo risk  or bleeding; treatment is not indicated.
Abbrevia t ions: aPTT, activated partial thromboplastin time; AR, autosomal recessive; FFP,  resh- rozen plasma; HK, high-molecular-weight kininogen; ND, 
not determined; PCC, prothrombin complex concentrates; PT, prothrombin time; TT, thrombin time.

FIGURE 21 -1
Co a g u la t io n  ca sca d e  a n d  la b o ra to ry 
a sse ssm e n t  o   clo t t in g   a cto r d e f cie n cy 
by activated partial prothrombin time 
(aPTT), prothrombin time (PT), thrombin 
time (TT), and phospholipid (PL).

T e  isease a ects 1 in 10,000 males worl wi e, in all 
ethnic groups; hemophilia A represents 80% o  all cases. 
Male subjects are clinically a ecte ; women, who carry 
a single mutate  gene, are generally asymptomatic. 
Family history o  the  isease is absent in ~30% o  cases, 
an  in these cases, 80% o  the mothers are carriers o  

the  e novo mutate  allele. More than 500  i erent 
mutations have been i enti e  in the F8 or F9 genes o  
patients with hemophilia A or B, respectively. One o  
the most common hemophilia A mutations results  rom 
an inversion o  the intron 22 sequence, an  it is pres-
ent in 40% o  cases o  severe hemophilia A. A vances in 
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267molecular  iagnosis now permit precise i enti cation 
o  mutations, allowing accurate  iagnosis o  women 
carriers o  the hemophilia gene in a ecte   amilies.

Clinically, hemophilia A an  hemophilia B are in is-
tinguishable. T e  isease phenotype correlates with the 
resi ual activity o  FVIII or FIX an  can be classi e  as 
severe (<1%), mo erate (1–5%), or mil  (6–30%). In 
the severe an  mo erate  orms, the  isease is charac-
terize  by blee ing into the joints (hemarthrosis), so  
tissues, an  muscles a er minor trauma or even spon-
taneously. Patients with mil   isease experience in re-
quent blee ing that is usually secon ary to trauma. 
Among those with resi ual FVIII or FIX activity >25% 
o  normal, the  isease is  iscovere  only by blee ing 
a er major trauma or  uring routine presurgery labo-
ratory tests.  ypically, the global tests o  coagulation 
show only an isolate  prolongation o  the aP   assay. 
Patients with hemophilia have normal blee ing times 
an  platelet counts. T e  iagnosis is ma e a er speci c 
 etermination o  FVIII or FIX clotting activity.

Early in li e, blee ing may present a er circumci-
sion or rarely as intracranial hemorrhages. T e  is-
ease is more evi ent when chil ren begin to walk or 
crawl. In the severe  orm, the most common blee ing 
mani estations are the recurrent hemarthroses, which 
can a ect every joint but mainly a ect knees, elbows, 
ankles, shoul ers, an  hips. Acute hemarthroses are 
pain ul, an  clinical signs are local swelling an  ery-
thema.  o avoi  pain, the patient may a opt a  xe  
position, which lea s eventually to muscle contrac-
tures. Very young chil ren unable to communicate 
verbally show irritability an  a lack o  movement o  
the a ecte  joint. Chronic hemarthroses are  ebilitat-
ing, with synovial thickening an  synovitis in response 
to the intraarticular bloo . A er a joint has been  am-
age , recurrent blee ing episo es result in the clini-
cally recognize  “target joint,” which then establishes a 
vicious cycle o  blee ing, resulting in progressive joint 
 e ormity that in critical cases requires surgery as the 
only therapeutic option. Hematomas into the muscle 
o   istal parts o  the limbs may lea  to external com-
pression o  arteries, veins, or nerves that can evolve to 
a compartment syn rome.

Blee ing into the oropharyngeal spaces, central ner-
vous system (CNS), or retroperitoneum is li e threat-
ening an  requires imme iate therapy. Retroperitoneal 
hemorrhages can accumulate large quantities o  bloo  
with  ormation o  masses with calci cation an  in am-
matory tissue reaction (pseu otumor syn rome) an  
also result in  amage to the  emoral nerve. Pseu otu-
mors can also  orm in bones, especially long bones o  
the lower limbs. Hematuria is  requent among hemo-
philia patients, even in the absence o  genitourinary 
pathology. It is o en sel -limite  an  may not require 
speci c therapy.

TREATMENT Hemophilia

Without treatment, severe hemophilia has a limite  li e 
expectancy. A vances in the bloo   ractionation in ustry 
 uring Worl  War II resulte  in the realization that plasma 
coul  be use  to treat hemophilia, but the volumes require  
to achieve even mo est elevation o  circulating  actor levels 
limit the utility o  plasma in usion as an approach to  isease 
management. T e  iscovery in the 1960s that the cryopre-
cipitate  raction o  plasma was enriche   or FVIII, an  the 
eventual puri cation o  FVIII an  FIX  rom plasma, le  to 
the intro uction o  home in usion therapy with  actor con-
centrates in the 1970s. T e availability o   actor concentrates 
resulte  in a  ramatic improvement in li e expectancy an  
in quality o  li e  or people with severe hemophilia. However, 
the contamination o  the bloo  supply with hepatitis viruses 
an , subsequently, HIV resulte  in wi esprea  transmission 
o  these bloo borne in ections within the hemophilia popu-
lation; complications o  HIV an  o  hepatitis C are now the 
lea ing causes o   eath among U.S. a ults with severe hemo-
philia. T e intro uction o  viral inactivation steps in the 
preparation o  plasma- erive  pro ucts in the mi -1980s 
greatly re uce  the risk o  HIV an  hepatitis, an  the risks 
were  urther re uce  by the success ul pro uction o  recom-
binant FVIII an  FIX proteins, both license  in the 1990s. It 
is uncommon  or hemophilic patients born a er 1985 to have 
contracte  either hepatitis or HIV, an   or these in ivi uals, 
li e expectancy is approximately 65 years. In  act, since 1998, 
no evi ence o  new in ections with viral hepatitis or HIV 
has been reporte  in patients using bloo  pro ucts. Factor 
replacement therapy  or hemophilia can be provi e  either in 
response to a blee ing episo e or as a prophylactic treatment. 
Primary prophylaxis is  e ne  as a strategy  or maintaining 
the missing clotting  actor at levels ~1% or higher on a reg-
ular basis in or er to prevent blee s, especially the onset o  
hemarthroses. Hemophilic boys receiving regular in usions o  
FVIII (3  ays/week) or FIX (2  ays/week) can reach puberty 
without  etectable joint abnormalities. Prophylaxis has 
become gra ually more common in young patients. T e Cen-
ters  or Disease Control an  Prevention reporte  that 51% o  
chil ren with severe hemophilia who are younger than age 6 
years receive prophylaxis, increasing consi erably  rom 33% 
in 1995. Although highly recommen e , the high cost an  
 if culties in accessing peripheral veins in young patients 
an  the potential in ectious an  thrombotic risks o  long-
term central vein catheters are important limiting  actors  or 
many young patients. Emerging  ata show that prophylaxis is 
also increasing among a ults with severe hemophilia.

General consi erations regar ing the treatment o  blee s 
in hemophilia inclu e the  ollowing: (1)  reatment shoul  
begin as soon as possible because symptoms o en prece e 
objective evi ence o  blee ing; because o  the superior ef -
cacy o  early therapeutic intervention, classic symptoms o  
blee ing into the joint in a reliable patient, hea aches, or 
automobile or other acci ents require prompt replacement 
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268 an   urther laboratory investigation. (2) Drugs that hamper 
platelet  unction, such as aspirin or aspirin-containing  rugs, 
shoul  be avoi e ; to control pain,  rugs such as ibupro en 
or propoxyphene are pre erre . FVIII an  FIX are  ose  in 
units. One unit is  e ne  as amount o  FVIII (100 ng/mL) or 
FIX (5 µg/mL) in 1 mL o  normal plasma. One unit o  FVIII 
per kilogram o  bo y weight increases the plasma FVIII level 
by 2%. One can calculate the  ose nee e  to increase FVIII 
levels to 100% in a 70-kg severe hemophilia patient (<1%) 
using the simple  ormula below. T us, 3500 units o  FVIII 
will raise the circulating level to 100%.

 FVIII  ose (IU) =   arget FVIII Ievels -  FVIII baseline levels 
× bo y weight (kg) × 0.5 unit/kg

T e  oses  or FIX replacement are  i erent  rom those 
 or FVIII, because FIX recovery a er in usion is usually only 
50% o  the pre icte  value. T ere ore, the  ormula  or FIX 
replacement is as  ollows:

 FIX  ose (IU) =  arget FIX levels -  FIX baseline levels  
× bo y weight (kg) × 1 unit/kg

T e FVIII hal -li e o  8–12 h requires injections twice a 
 ay to maintain therapeutic levels, whereas the FIX hal -li e 
is longer, ~24 h, so that once-a- ay injection is suf cient. In 
speci c situations such as a er surgery, continuous in usion 
o   actor may be  esirable because o  its sa ety in achieving 
sustaine   actor levels at a lower total cost.

Cryoprecipitate is enriche  with FVIII protein (each bag 
contains ~80 IU o  FVIII) an  was commonly use   or the 
treatment o  hemophilia A  eca es ago; it is still in use in 
some  eveloping countries, but because o  the risk o  bloo -
borne  iseases, this pro uct shoul  be avoi e  in hemophilia 
patients when  actor concentrates are available.

Mil  blee s such as uncomplicate  hemarthroses or 
super cial hematomas require initial therapy with  ac-
tor levels o  30–50%. A  itional  oses to maintain levels o  
15–25%  or 2 or 3  ays are in icate   or severe hemarthro-
ses, especially when these episo es a ect the “target joint.” 
Large hematomas, or blee s into  eep muscles, require  ac-
tor levels o  50% or even higher i  the clinical symptoms  o 
not improve, an   actor replacement may be require   or a 
perio  o  1 week or longer. T e control o  serious blee s 
inclu ing those that a ect the oropharyngeal spaces, CNS, 
an  the retroperitoneum require sustaine  protein lev-
els o  50–100%  or 7–10  ays. Prophylactic replacement  or 
surgery is aime  at achieving normal  actor levels (100%) 
 or a perio  o  7–10  ays; replacement can then be tapere  
 epen ing on the extent o  the surgical woun s. Oral sur-
gery is associate  with extensive tissue  amage that usually 
requires  actor replacement  or 1–3  ays couple  with oral 
anti brinolytic  rugs.

NONTRANSFUSION THERAPY IN HEMOPHILIA
DDAVP (1-Amino-8-d-Arginine Vasopressin) DDAVP is a synthetic 
vasopressin analog that causes a transient rise in FVIII 

an  von Willebran   actor (VWF), but not FIX, through 
a mechanism involving release  rom en othelial cells. 
Patients with mo erate or mil  hemophilia A shoul  be 
teste  to  etermine i  they respon  to DDAVP be ore a 
therapeutic application. DDAVP at  oses o  0.3 µg/kg bo y 
weight, over a 20-min perio , is expecte  to raise FVIII 
levels by two- to three ol  over baseline, peaking between 
30 an  60 min a ter in usion. DDAVP  oes not improve 
FVIII levels in severe hemophilia A patients, because there 
are no stores to release. Repeate   osing o  DDAVP results 
in tachyphylaxis because the mechanism is an increase in 
release rather than  e novo synthesis o  FVIII an  VWF. 
More than three consecutive  oses become ine  ective, 
an  i   urther therapy is in icate , FVIII replacement is 
require  to achieve hemostasis.

Antifibrinolytic Drugs Blee ing in the gums, gastrointestinal 
tract, an   uring oral surgery requires the use o  oral anti-
 ibrinolytic  rugs such as ε-amino caproic aci  (EACA) or 
tranexamic aci  to control local hemostasis.  he  uration o  
the treatment  epen ing on the clinical in ication is 1 week 
or longer.  ranexamic aci  is given at  oses o  25 mg/kg three 
to  our times a  ay. EACA treatment requires a loa ing  ose 
o  200 mg/kg (maximum o  10 g)  ollowe  by 100 mg/kg 
per  ose (maximum 30 g/ ) every 6 h.  hese  rugs are not 
in icate  to control hematuria because o  the risk o   orma-
tion o  an occlusive clot in the lumen o  genitourinary tract 
structures.

COMPLICATIONS
Inhibitor Formation T e  ormation o  alloantibo ies to FVIII 
or FIX is currently the major complication o  hemophilia 
treatment. T e prevalence o  inhibitors to FVIII is estimate  
to be between 5 an  10% o  all cases an  ~20% o  severe 
hemophilia A patients. Inhibitors to FIX are  etecte  in only 
3–5% o  all hemophilia B patients. T e high-risk group  or 
inhibitor  ormation inclu es severe  e ciency (>80% o  all 
cases o  inhibitors),  amilial history o  inhibitor, A rican 
 escent, mutations in the FVIII or FIX gene resulting in  ele-
tion o  large co ing regions, or gross gene rearrangements. 
Inhibitors usually appear early in li e, at a me ian o  2 years 
o  age, an  a er 10 cumulative  ays o  exposure. However, 
intensive replacement therapy such as  or major surgery, 
intracranial blee ing, or trauma increases the risk o  inhibi-
tor  ormation  or patients o  all ages an   egree o  clinical 
severity, which requires close laboratory monitoring in the 
 ollowing weeks.

T e clinical  iagnosis o  an inhibitor is suspecte  when 
patients  o not respon  to  actor replacement at therapeu-
tic  oses. Inhibitors increase both morbi ity an  mortal-
ity in hemophilia. Because early  etection o  an inhibitor is 
critical to a success ul correction o  the blee ing or to era i-
cation o  the antibo y, most hemophilia centers per orm 
annual screening  or inhibitors. T e laboratory test require  
to con rm the presence o  an inhibitor is an aP   with a 
mix (with normal plasma). In most hemophilia patients, a 
1:1 mix with normal plasma completely corrects the aP  . 
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269In inhibitor patients, the aP   on a 1:1 mix is abnormally 
prolonge , because the inhibitor neutralizes the FVIII clot-
ting activity o  the normal plasma. T e Bethes a assay uses 
a similar principle an   e nes the speci city o  the inhibitor 
an  its titer. T e results are expresse  in Bethes a units (BU), 
in which 1 BU is the amount o  antibo y that neutralizes 
50% o  the FVIII or FIX present in normal plasma a er 2 h 
o  incubation at 37°C. Clinically, inhibitor patients are clas-
si e  as low respon ers or high respon ers, which provi es 
gui elines  or optimal therapy. T erapy  or inhibitor patients 
has two goals: the control o  acute blee ing episo es an  the 
era ication o  the inhibitor. For the control o  blee ing epi-
so es, low respon ers, those with titer <5 BU, respon  well 
to high  oses o  human or porcine FVIII (50–100 U/kg), with 
minimal or no increase in the inhibitor titers. However, high-
respon er patients, those with initial inhibitor titer >10 BU 
or an anamnestic response in the antibo y titer to >10 BU 
even i  low titer initially,  o not respon  to FVIII or FIX con-
centrates. T e control o  blee ing episo es in high-respon er 
patients can be achieve  by using concentrates enriche   or 
prothrombin, FVII, FIX, FX (prothrombin complex concen-
trates [PCCs] or activate  PCCs [aPCCs]), an  more recently 
recombinant activate   actor VII (FVIIa) known as “bypass 
agents” (Fig. 21-1). T e rates o  therapeutic success have been 
higher  or FVIIa than  or PCC or aPCC. For era ication o  
the inhibitory antibo y, immunosuppression alone is not 
e ective. T e most e ective strategy is the immune tolerance 
in uction (I I) base  on  aily in usion o  missing protein 
until the inhibitor  isappears, typically requiring perio s lon-
ger than 1 year, with success rates o  approximately 60%. T e 
management o  patients with severe hemophilia an  inhibi-
tors resistant to I I is challenging. T e use o  anti-CD20 
monoclonal antibo y (rituximab) combine  with I I was 
thought to be e ective. Although this therapy may re uce 
the inhibitor titers in some cases, sustaine  era ication is 
uncommon an  may require two to three in usions weekly o  
clotting  actor concentrates.

Novel Therapeutic Approaches in Development for Hemophilia Clinical 
stu ies using long-acting clotting  actors with prolonge  
hal -lives are in the late phase o  clinical testing, an  these 
new-generation pro ucts ( or FVIII an  FIX) may  acilitate 
prophylaxis by requiring  ewer injections to maintain circulat-
ing levels above 1%.

T e use o  recombinant interleukin 11 in patients with 
mo erate or mil  hemophilia A unresponsive to DDAVP has 
been teste  in early-phase clinical trials an  may be an alter-
nate therapeutic strategy  or clinical situations that require 
transient increases in FVIII levels.

Gene therapy trials  or hemophilia B using a eno-associate  
viral vectors are ongoing, an  initial  ata are promising.

INFECTIOUS DISEASES Hepatitis C virus (HCV) in ection is the 
major cause o  morbi ity an  the secon  lea ing cause o  
 eath in hemophilia patients expose  to ol er clotting  actor 
concentrates. T e vast majority o  young patients treate  with 

plasma- erive  pro ucts  rom 1970 to 1985 became in ecte  
with HCV. It has been estimate  that >80% o  patients ol er 
than 20 years o  age are HCV antibo y positive as o  2006. 
T e comorbi ity o  the un erlying liver  isease in hemo-
philia patients is clear when these in ivi uals require invasive 
proce ures; correction o  both genetic an  acquire  (secon -
ary to liver  isease)  e ciencies may be nee e . In ection 
with HIV also swept the population o  patients using plasma-
 erive  concentrates two  eca es ago. Co-in ection o  HCV 
an  HIV, present in almost 50% o  hemophilia patients, is 
an aggravating  actor  or the evolution o  liver  isease. T e 
response to HCV antiviral therapy in hemophilia is restricte  
to <30% o  patients an  even poorer among those with both 
HCV an  HIV in ection. En -stage liver  isease requiring 
organ transplantation may be curative  or both the liver  is-
ease an   or hemophilia.

EMERGING CLINICAL PROBLEMS IN AGING HEMOPHILIA PATIENTS T ere 
has been continuous improvement o  the management o  
hemophilia since the increase in the population o  a ults 
living beyon  mi  le age in the  eveloping worl . T e 
li e expectancy o  a patient with severe hemophilia is only 
~10 years shorter than the general male population. In 
patients with mil  or mo erate hemophilia, li e expectancy 
is approaching that o  the male population without coagu-
lopathy. El erly hemophilia patients have  i erent problems 
compare  to the younger generation; they have more severe 
arthropathy an  chronic pain,  ue to suboptimal treatment, 
an  high rates o  HCV an /or HIV in ections.

Early  ata in icate that mortality  rom coronary artery 
 isease is lower in hemophilia patients than the general 
male population. T e un erlying hypocoagulability prob-
ably provi es a protective e ect against thrombus  ormation, 
but it  oes not prevent atherogenesis. Similar to the general 
population, these patients are expose  to car iovascular risk 
 actors such as age, obesity, an  smoking. Moreover, physi-
cal inactivity, hypertension, an  chronic renal  isease are 
commonly observe  in hemophilia patients. In HIV patients 
on combine  antiretroviral therapy, there may be a  urther 
increase in the risk o  car iovascular  isease. T ere ore, these 
patients shoul  be care ully consi ere   or preventive an  
therapeutic approaches to minimize the risk o  car iovascu-
lar  isease.

Excessive replacement therapy shoul  be avoi e , an  
it is pru ent to slowly in use  actor concentrates. Continu-
ous in usion o  clotting  actor is pre erable to bolus  osing in 
patients with car iovascular risk  actors un ergoing invasive 
proce ures. T e management o  an acute ischemic event an  
coronary revascularization shoul  inclu e the collaboration 
o  hematologists an  internists. T e early assumption that 
hemophilia woul  protect against occlusive vascular  isease 
may change in this aging population. Cancer is a common 
cause o  mortality in aging hemophilia patients because they 
are at risk  or HIV- an  HCV-relate  malignancies. Hepa-
tocellular carcinoma (HCC) is the most prevalent primary 
liver cancer an  a common cause o   eath in HIV-negative 
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270 patients. T e recommen ations  or cancer screening  or 
the general population shoul  be the same  or age-matche  
hemophilia patients. Among those with high-risk HCV, a 
semiannual or annual ultrasoun  an  α  etoprotein are rec-
ommen e   or HCC. Screening  or urogenital neoplasm in 
the presence o  hematuria or hematochezia may be  elaye  
 ue to the un erlying blee ing  isease, thus preventing early 
intervention. Multi isciplinary interaction shoul   acilitate 
the attempts to ensure optimal cancer prevention an  treat-
ment recommen ations  or those with hemophilia.

MANAGEMENT OF CARRIERS OF HEMOPHILIA Usually hemophilia 
carriers, with  actor levels o  ~50% o  normal, have not been 
consi ere  to be at risk  or blee ing. However, a wi e range 
o  values (22–116%) have been reporte   ue to ran om 
inactivation o  the X chromosomes (lyonization). T ere ore, 
it is important to measure the  actor level o  carriers to rec-
ognize those at risk o  blee ing an  to optimize preopera-
tive an  postoperative management. During pregnancy, both 
FVIII an  FIX levels increase gra ually until  elivery. FVIII 
levels increase approximately two- to three ol  compare  to 
nonpregnant women, whereas an FIX increase is less pro-
nounce . A er  elivery, there is a rapi   all in the pregnancy-
in uce  rise o  maternal clotting  actor levels. T is represents 
an imminent risk o  blee ing that can be prevente  by in u-
sion o   actor concentrate to levels o  50–70%  or 3  ays in 
the setting o  vaginal  elivery an  up to 5  ays  or cesarean 
section. In mil  cases, the use o  DDAVP an /or anti brinol-
ytic  rugs is recommen e .

FACTOR XI DEFICIENCY
Factor XI is a zymogen o  an active serine protease 
(FIXa) in the intrinsic pathway o  bloo  coagulation that 
activates FIX (Fig. 21-1). T ere are two pathways  or the 
 ormation o  FXIa. In an aP  -base  assay, the protease 
is the result o  activation by FXIIa in conjunction with 
high-molecular-weight kininogen an  kallikrein. In vivo 
 ata suggest that thrombin is the physiologic activator 
o  FXI. T e generation o  thrombin by the tissue  actor/
 actor VIIa pathway activates FXI on the platelet sur-
 ace that contributes to a  itional thrombin generation 
a er the clot has  orme  an  thus augments resistance 
to  brinolysis through a thrombin-activate   brinolytic 
inhibitor ( AFI).

Factor XI  e ciency is a rare blee ing  isor er that 
occurs in the general population at a  requency o  one 
in a million. However, the  isease is highly prevalent 
among Ashkenazi an  Iraqi Jewish populations, reach-
ing a  requency o  6% as heterozygotes an  0.1–0.3% as 
homozygotes. More than 65 mutations in the FXI gene 
have been reporte , whereas  ewer mutations (two to 
three) are  oun  among a ecte  Jewish populations.

Normal FXI clotting activity levels range  rom 
70 to 150 U/ L. In heterozygous patients with mo er-
ate  e ciency, FXI ranges  rom 20 to 70 U/ L, whereas 

in homozygous or  ouble heterozygote patients, FXI 
levels are <1–20 U/ L. Patients with FXI levels <10% 
o  normal have a high risk o  blee ing, but the  isease 
phenotype  oes not always correlate with resi ual FXI 
clotting activity. A  amily history is in icative o  the 
risk o  blee ing in the propositus. Clinically, the pres-
ence o  mucocutaneous hemorrhages such as bruises, 
gum blee ing, epistaxis, hematuria, an  menorrhagia 
are common, especially  ollowing trauma. T is hem-
orrhagic phenotype suggests that tissues rich in  bri-
nolytic activity are more susceptible to FXI  e ciency. 
Postoperative blee ing is common but not always pres-
ent, even among patients with very low FXI levels.

FXI replacement is in icate  in patients with severe 
 isease require  to un ergo a surgical proce ure. A 
negative history o  blee ing complications  ollowing 
invasive proce ures  oes not exclu e the possibility o  
an increase  risk  or hemorrhage.

TREATMENT Factor XI Defciency

T e treatment o  FXI  e ciency is base  on the in usion o  
FFP at  oses o  15–20 mL/kg to maintain trough levels rang-
ing  rom 10 to 20%. Because FXI has a hal -li e o  40–70 h, 
the replacement therapy can be given on alternate  ays. T e 
use o  anti brinolytic  rugs is bene cial to control blee s, 
with the exception o  hematuria or blee s in the bla  er. 
T e  evelopment o  an FXI inhibitor was observe  in 10% 
o  severely FXI- e cient patients who receive  replacement 
therapy. Patients with severe FXI  e ciency who  evelop 
inhibitors usually  o not blee  spontaneously. However, 
blee ing  ollowing a surgical proce ure or trauma can be 
severe. In these patients, FFP an  FXI concentrates shoul  
be avoi e . T e use o  PCC/aPCC or recombinant activate  
FVII has been e ective.

RARE BLEEDING DISORDERS

Collectively, the inherite   isor ers resulting  rom 
 e ciencies o  clotting  actors other than FVIII, FIX, 
an  FXI ( able 21-1) represent a group o  rare blee -
ing  iseases. T e blee ing symptoms in these patients 
vary  rom asymptomatic ( ys brinogenemia or FVII 
 e ciency) to li e-threatening (FX or FXIII  e ciency). 
T ere is no pathognomonic clinical mani estation that 
suggests one speci c  isease, but overall, in contrast to 
hemophilia, hemarthrosis is a rare event an  blee ing 
in the mucosal tract or a er umbilical cor  clamping is 
common. In ivi uals heterozygous  or plasma coagula-
tion  e ciencies are o en asymptomatic. T e laboratory 
assessment  or the speci c  e cient  actor  ollowing 
screening with general coagulation tests ( able 21-1) 
will  e ne the  iagnosis.
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271Replacement therapy using FFP or prothrombin 
complex concentrates (containing prothrombin, FVII, 
FIX, an  FX) provi es a equate hemostasis in response 
to blee s or as prophylactic treatment. T e use o  PCC 
shoul  be care ully monitore  an  avoi e  in patients 
with un erlying liver  isease, or those at high risk  or 
thrombosis because o  the risk o  DIC.

FAMILIAL MULTIPLE COAGULATION 
DEFICIENCIES
T ere are several blee ing  isor ers characterize  
by the inherite   e ciency o  more than one plasma 
coagulation  actor.  o  ate, the genetic  e ects in two 
o  these  iseases have been characterize , an  they pro-
vi e new insights into the regulation o  hemostasis by 
gene-enco ing proteins outsi e bloo  coagulation.

Combined de ciency o   FV a nd FVIII

Patients with combine  FV an  FVIII  e ciency 
exhibit ~5% o  resi ual clotting activity o  each  actor. 
Interestingly, the  isease phenotype is a mil  blee -
ing ten ency, o en  ollowing trauma. An un erlying 
mutation has been i enti e  in the en oplasmic retic-
ulum/Golgi interme iate compartment (ERGIC-53) 
gene, a mannose-bin ing protein localize  in the Golgi 
apparatus that  unctions as a chaperone  or both FV 
an  FVIII. In other  amilies, mutations in the multiple 
coagulation  actor  e ciency 2 (MCFD2) gene have 
been  e ne ; this gene enco es a protein that  orms a 
Ca2+  epen ent complex with ERGIC-53 an  provi es 
co actor activity in the intracellular mobilization o  
both FV an  FVIII.

Multip le  de ciencies o   vita min K–dependent 
coa gula tion  a ctors

 wo enzymes involve  in vitamin K metabolism have 
been associate  with combine   e ciency o  all vitamin 
K– epen ent proteins, inclu ing the procoagulant pro-
teins prothrombin, VII, IX, an  X an  the anticoagulant 
proteins C an  S. Vitamin K is a  at-soluble vitamin that 
is a co actor  or carboxylation o  the gamma carbon o  
the glutamic aci  resi ues in the vitamin K– epen ent 
 actors, a critical step  or calcium an  phospholipi  
bin ing o  these proteins (Fig. 21-2). T e enzymes 
γ-glutamylcarboxylase an  epoxi e re uctase are criti-
cal  or the metabolism an  regeneration o  vitamin K. 
Mutations in the genes enco ing the γ-carboxylase 
(GGCX) or vitamin K epoxi e re uctase complex 1 
(VKORC1) result in  e ective enzymes an  thus in 
vitamin K– epen ent  actors with re uce  activity, 
varying  rom 1 to 30% o  normal. T e  isease pheno-
type is characterize  by mil  to severe blee ing epi-
so es present  rom birth. Some patients respon  to 

Warfarin

Carboxylase

Vitamin K
reduced

Glutamic
acid

Epoxide
reductase

Vitamin K
epoxide

γ-Carboxyglutamic
acid

ALGORITHM OF THE VITAMIN K CYCLE

FIGURE 21 -2
Th e  vitam in  K cycle . Vitamin K is a co actor  or the  ormation o  
γ-carboxyglutamic acid residues on coagulation proteins. Vitamin 
K–dependent γ-glutamylcarboxylase, the enzyme that catalyzes 
the vitamin K epoxide reductase, regenerates reduced vitamin 
K. War arin blocks the action o  the reductase and competitively 
inhibits the e ects o  vitamin K.

high  oses o  vitamin K. For severe blee ing, replace-
ment therapy with FFP or PCC may be necessary to 
achieve  ull hemostatic control.

DISSEMINATED INTRAVASCULAR 
COAGULATION
DIC is a clinicopathologic syn rome characterize  by 
wi esprea  intravascular  brin  ormation in response to 
excessive bloo  protease activity that overcomes the nat-
ural anticoagulant mechanisms. T ere are several un er-
lying pathologies associate  with DIC (Table 21-2).

T e most common causes are bacterial sepsis, malig-
nant  isor ers such as soli  tumors or acute promyelo-
cytic leukemia, an  obstetric causes. DIC is  iagnose  
in almost one-hal  o  pregnant women with abruptio 
placentae or with amniotic  ui  embolism.  rauma, 
particularly to the brain, can also result in DIC. T e 
exposure o  bloo  to phospholipi s  rom  amage  tis-
sue, hemolysis, an  en othelial  amage are all contrib-
uting  actors to the  evelopment o  DIC in this setting. 
Purpura  ulminans is a severe  orm o  DIC resulting 
 rom thrombosis o  extensive areas o  the skin; it a ects 
pre ominantly young chil ren  ollowing viral or bac-
terial in ection, particularly those with inherite  or 
acquire  hypercoagulability  ue to  e ciencies o  the 
components o  the protein C pathway. Neonates homo-
zygous  or protein C  e ciency also present high risk 
 or purpura  ulminans with or without thrombosis o  
large vessels.

T e central mechanism o  DIC is the uncon-
trolle  generation o  thrombin by exposure o  the 
bloo  to pathologic levels o  tissue  actor (Fig. 21-3). 
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272 o en occurs in a  ition to the coagulation activation. 
T e release o  several proin ammatory cytokines such 
as interleukin 6 an  tumor necrosis  actor α plays a cen-
tral role in me iating the coagulation  e ects in DIC 
an  symptoms associate  with systemic in ammatory 
response syn rome (SIRS).

Clinical mani estations o  DIC are relate  to the 
magnitu e o  the imbalance o  hemostasis, to the 
un erlying  isease, or to both. T e most common 
 n ings are blee ing ranging  rom oozing  rom veni-
puncture sites, petechiae, an  ecchymoses to severe 
hemorrhage  rom the gastrointestinal tract, lung, or 
into the CNS. In chronic DIC, the blee ing symptoms 
are  iscrete an  restricte  to skin or mucosal sur aces. 
T e hypercoagulability o  DIC mani ests as the occlu-
sion o  vessels in the microcirculation an  resulting 
organ  ailure. T rombosis o  large vessels an  cerebral 
embolism can also occur. Hemo ynamic complications 
an  shock are common among patients with acute 
DIC. T e mortality ranges  rom 30 to >80%  epen ing 
on the un erlying  isease, the severity o  the DIC, an  
the age o  the patient.

T e  iagnosis o  clinically signi cant DIC is base  on 
the presence o  clinical an /or laboratory abnormali-
ties o  coagulation or thrombocytopenia. T e labora-
tory  iagnosis o  DIC shoul  prompt a search  or the 
un erlying  isease i  it is not alrea y apparent. T ere 
is no single test that establishes the  iagnosis o  DIC. 
T e laboratory investigation shoul  inclu e coagula-
tion tests (aP  , P , thrombin time [  ]) an  mark-
ers o   brin  egra ation pro ucts (FDPs), in a  ition 
to platelet an  re  cell count an  analysis o  the bloo  
smear. T ese tests shoul  be repeate  over a perio  o  
6–8 h because an initially mil  abnormality can change 
 ramatically in patients with severe DIC.

Common  n ings inclu e the prolongation o  P  
an /or aP  ; platelet counts µ100,000/µL, or a rapi  
 ecline in platelet numbers; the presence o  schistocytes 
( ragmente  re  cells) in the bloo  smear; an  elevate  
levels o  FDP. T e most sensitive test  or DIC is the FDP 
level. DIC is an unlikely  iagnosis in the presence o  
normal levels o  FDP. T e d- imer test is more speci c 
 or  etection o   brin—but not  brinogen— egra ation 
pro ucts an  in icates that the cross-linke   brin has 
been  igeste  by plasmin. Because  brinogen has a pro-
longe  hal -li e, plasma levels  iminish acutely only in 
severe cases o  DIC. High-gra e DIC is also associate  
with levels o  antithrombin III or plasminogen activity 
<60% o  normal.

Chronic DIC

Low-gra e, compensate  DIC can occur in clinical sit-
uations inclu ing giant hemangioma, metastatic car-
cinoma, or the  ea   etus syn rome. Plasma levels o  
FDP or d- imers are elevate . aP  , P , an   brinogen 

TABLE 21-2  
COMMON CLINICAL CAUSES OF DISSEMINATED 
INTRAVASCULAR COAGULATION

SEPSIS
IMMUNOLOGIC 
DISORDERS

• Bacterial:
  Staphylococci, streptococci, 
pneumococci, meningococci, 
gram-negative bacilli

• Viral
• Mycotic
• Parasitic
• Rickettsial

• Acute hemolytic transfu-
sion reaction

• Organ or tissue transplant 
rejection

• Immunotherapy
• Graft-versus-host disease

TRAUMA AND TISSUE INJURY  DRUGS

• Brain injury (gunshot)
• Extensive burns
• Fat embolism
• Rhabdomyolysis

• Fibrinolytic agents
• Aprotinin
• Warfarin (especially in 
neonates with protein C 
def ciency)

• Prothrombin complex 
concentrates

• Recreational drugs 
(amphetamines)

VASCULAR DISORDERS  ENVENOMATION

• Giant hemangiomas  
(Kasabach-Merritt syndrome)

• Large vessel aneurysms (e.g., 
aorta)

• Snake
• Insects

OBSTETRICAL COMPLICATIONS  LIVER DISEASE

• Abruptio placentae
• Amniotic  uid embolism
• Dead fetus syndrome
• Septic abortion

• Fulminant hepatic failure
• Cirrhosis
• Fatty liver of pregnancy

CANCER  MISCELLANEOUS

• Adenocarcinoma (prostate, 
pancreas, etc.)

• Hematologic malignancies 
(acute promyelocytic leukemia)

• Shock
• Respiratory distress 
syndrome

• Massive transfusion

Simultaneous suppression o  physiologic anticoagulant 
mechanisms an  abnormal  brinolysis  urther acceler-
ate the process.  ogether, these abnormalities contrib-
ute to systemic  brin  eposition in small an  mi size 
vessels. T e  uration an  intensity o  the  brin  eposi-
tion can compromise the bloo  supply o  many organs, 
especially the lung, ki ney, liver, an  brain, with conse-
quent organ  ailure. T e sustaine  activation o  coagu-
lation results in consumption o  clotting  actors an  
platelets, which in turn lea s to systemic blee ing. T is 
is  urther aggravate  by secon ary hyper brinolysis. 
Stu ies in animals  emonstrate that the  brinolytic sys-
tem is in ee  suppresse  at the time o  maximal activa-
tion o  coagulation. Interestingly, in patients with acute 
promyelocytic leukemia, a severe hyper brinolytic state 
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values are within the normal range or high. Mil  throm-
bocytopenia or normal platelet counts are also common 
 n ings. Re  cell  ragmentation is o en  etecte  but at 
a lower  egree than in acute DIC.

Dif erentia l d ia gnosis

T e  i erential  iagnosis between DIC an  severe liver 
 isease is challenging an  requires serial measurements 
o  the laboratory parameters o  DIC. Patients with severe 
liver  isease are at risk  or blee ing an  mani est labora-
tory  eatures inclu ing thrombocytopenia ( ue to platelet 
sequestration, portal hypertension, or hypersplenism), 
 ecrease  synthesis o  coagulation  actors an  natural 
anticoagulants, an  elevate  levels o  FDP  ue to re uce  
hepatic clearance. However, in contrast to DIC, these lab-
oratory parameters in liver  isease  o not change rapi ly. 
Other important  i erential  n ings inclu e the pres-
ence o  portal hypertension or other clinical or labora-
tory evi ence o  an un erlying liver  isease.

Microangiopathic  isor ers such as thrombotic 
thrombocytopenic purpura present an acute clinical 
onset o  illness accompanie  by thrombocytopenia, 
re  cell  ragmentation, an  multiorgan  ailure. How-
ever, there is no consumption o  clotting  actors or 
hyper brinolysis.

Over the last  ew years, several clinical trials on 
immune therapies  or neoplasias using monoclonal anti-
bo ies or gene-mo i e    cells targeting tumor-speci c 
antigens showe  unwante  in ammatory responses with 
increase  cytokine release. T ese complications are some-
times associate  with increase  d- imers an   ecrease  
 brinogen levels, cytopenias, an  liver  ys unction; thus, 
care ul screening tests  or DIC are in icate .

TREATMENT Disseminated Intravascular Coagulation

T e morbi ity an  mortality associate  with DIC are primar-
ily relate  to the un erlying  isease rather than the complica-
tions o  the DIC. T e control or elimination o  the un erlying 
cause shoul  there ore be the primary concern. Patients with 
severe DIC require control o  hemo ynamic parameters, 
respiratory support, an  sometimes invasive surgical proce-
 ures. Attempts to treat DIC without accompanying treat-
ment o  the causative  isease are likely to  ail.

MANAGEMENT OF HEMORRHAGIC SYMPTOMS A ministration o  
FFP an /or platelet concentrates is in icate   or patients with 
active blee ing or at high risk o  blee ing, such as in prepara-
tion  or invasive proce ures or a er chemotherapy. T e control 
o  blee ing in DIC patients with marke  thrombocytopenia 
(platelet counts <10,000–20,000/µL) an  low levels o  coagu-
lation  actors will require replacement therapy. T e P  (>1.5 
times the normal) provi es a goo  in icator o  the severity o  
the clotting  actor consumption. Replacement with FFP is in i-
cate  (1 unit o  FFP increases most coagulation  actors by 30% 
in an a ult without DIC). Low levels o   brinogen (<100 mg/
 L) or brisk hyper brinolysis will require in usion o  cryopre-
cipitate (plasma  raction enriche   or  brinogen, FVIII, an  
VWF). T e replacement o  10 U o  cryoprecipitate  or every 
2–3 U o  FFP is suf cient to correct the hemostasis. T e trans-
 usion scheme must be a juste  accor ing to the patient’s clini-
cal an  laboratory evolution. Platelet concentrates at a  ose o  
1–2 U/10 kg bo y weight are suf cient  or most DIC patients 
with severe thrombocytopenia. Clotting  actor concentrates 
are not recommen e   or control o  blee ing in DIC because 
o  the limite  ef cacy a or e  by replacement o  single  actors 
(FVIII or FIX concentrates) an  the high risk o  pro ucts con-
taining traces o  aPCCs that  urther aggravate the  isease.

DIC

Uncontrolled thrombin
genera tion

Fibrin depos its  in the
microcircula tion

Secondary fibrinolys is

Diffuse  bleeding

Consumption of pla te le ts
and coagula tion factors

Red blood ce ll damage
and hemolys is

Ischemic tis sue
damage

Failure  of
multiple  organs

Vesse l pa tency FDP D-dimer

DISSEMINATED INTRAVASCULAR COAGULATION ALGORITHM

FIGURE 21 -3
The p athop hysiology o   d isseminated  in tra  
vascular coagulation  (DIC). Interactions between 
coagulation and f brinolytic pathways result in 
bleeding and thrombosis in the microcirculation in 
patients with DIC. FDP, f brin degradation product.
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274 REPLACEMENT OF COAGULATION OR FIBRINOLYSIS INHIBITORS Drugs 
to control coagulation such as heparin, antithrombin III 
(A III) concentrates, or anti brinolytic  rugs have all been 
trie  in the treatment o  DIC. Low  oses o  continuous-
in usion heparin (5–10 U/kg per h) may be e ective in 
patients with low-gra e DIC associate  with soli  tumor, 
acute promyelocytic leukemia, or in a setting with recog-
nize  thrombosis. Heparin is also in icate   or the treat-
ment o  purpura  ulminans  uring the surgical resection o  
giant hemangiomas an   uring removal o  a  ea   etus. In 
acute DIC, the use o  heparin is likely to aggravate blee ing. 
 o  ate, the use o  heparin in patients with severe DIC has 
no proven survival bene t. T e use o  anti brinolytic  rugs, 
EACA, or tranexamic aci  to prevent  brin  egra ation by 
plasmin may re uce blee ing episo es in patients with DIC 
an  con rme  hyper brinolysis. However, these  rugs can 
increase the risk o  thrombosis, an  concomitant use o  hepa-
rin is in icate . Patients with acute promyelocytic leukemia 
or those with chronic DIC associate  with giant hemangio-
mas are among the  ew patients who may bene t  rom this 
therapy. T e use o  protein C concentrates to treat purpura 
 ulminans associate  with acquire  protein C  e ciency or 
meningococcemia has been proven ef cacious. T e results 
 rom the replacement o  A III in early-phase stu ies are 
promising but require  urther stu y.

Gui ance  or  iagnosis an  treatment o  DIC ha  been 
propose  by the International Society o  T rombosis an  
Haemostasis. T is initiative will permit more  etaile  clinical 
 ata on  iagnosis an  treatment o  DIC. T e clinical utility o  
these scoring systems an  therapeutic recommen ations con-
taine  in these gui elines is not yet known.

Vita min K de ciency

Vitamin K– epen ent proteins are a heterogenous 
group, inclu ing clotting  actor proteins an  also pro-
teins  oun  in bone, lung, ki ney, an  placenta. Vitamin 
K me iates posttranslational mo i cation o  glutamate 
resi ues to γ-carboxylglutamate, a critical step  or the 
activity o  vitamin K– epen ent proteins  or calcium 
bin ing an  proper assembly to phospholipi  mem-
branes (Fig. 21-2). Inherite   e ciency o  the  unctional 
activity o  the enzymes involve  in vitamin K metabo-
lism, notably the GGCX or VKORC1 (see above), results 
in blee ing  isor ers. T e amount o  vitamin K in the 
 iet is o en limiting  or the carboxylation reaction; thus 
recycling o  the vitamin K is essential to maintain nor-
mal levels o  vitamin K– epen ent proteins. In a ults, 
low  ietary intake alone is sel om reason  or severe vita-
min K  e ciency but may become common in associa-
tion with the use o  broa -spectrum antibiotics. Disease 
or surgical interventions that a ect the ability o  the 
intestinal tract to absorb vitamin K, either through ana-
tomic alterations or by changing the  at content o  bile 
salts an  pancreatic juices in the proximal small bowel, 

can result in signi cant re uction o  vitamin K levels. 
Chronic liver  iseases such as primary biliary cirrho-
sis also  eplete vitamin K stores. Neonatal vitamin K 
 e ciency an  the resulting hemorrhagic  isease o  the 
newborn have been almost entirely eliminate  by rou-
tine a ministration o  vitamin K to all neonates. Pro-
longation o  P  values is the most common an  earliest 
 n ing in vitamin K– e cient patients  ue to re uction 
in prothrombin, FVII, FIX, an  FX levels. FVII has the 
shortest hal -li e among these  actors that can prolong 
the P  be ore changes in the aP  . Parenteral a min-
istration o  vitamin K at a total  ose o  10 mg is suf -
cient to restore normal levels o  clotting  actor within 
8–10 h. In the presence o  ongoing blee ing or a nee  
 or imme iate correction be ore an invasive proce ure, 
replacement with FFP or PCC is require . T e latter 
shoul  be avoi e  in patients with severe un erlying 
liver  isor ers  ue to high risk o  thrombosis. T e rever-
sal o  excessive anticoagulant therapy with war arin or 
war arin-like  rugs can be achieve  by minimal  oses o  
vitamin K (1 mg orally or by intravenous injection)  or 
asymptomatic patients. T is strategy can  iminish the 
risk o  blee ing while maintaining therapeutic antico-
agulation  or an un erlying prothrombotic state.

In patients with li e-threatening blee s, the use o  
recombinant  actor VIIa in nonhemophilia patients on 
anticoagulant therapy has been shown to be e ective at 
restoring hemostasis rapi ly, allowing emergency sur-
gical intervention. However, patients with un erlying 
vascular  isease, vascular trauma an  other comorbi i-
ties are at risk  or thromboembolic complications that 
a ect both arterial an  venous systems. T us, the use o  
 actor VIIa in this setting is limite  to a ministration o  
low  oses given  or only a limite  number o  injections. 
Close monitoring  or vascular complications is highly 
in icate .

Coa gula t ion disorders a ssocia ted  with  
liver  a ilure

T e liver is central to hemostasis because it is the site 
o  synthesis an  clearance o  most procoagulant an  
natural anticoagulant proteins an  o  essential compo-
nents o  the  brinolytic system. Liver  ailure is asso-
ciate  with a high risk o  blee ing  ue to  e cient 
synthesis o  procoagulant  actors an  enhance   bri-
nolysis. T rombocytopenia is common in patients 
with liver  isease, an  may be  ue to congestive sple-
nomegaly (hypersplenism) or immune-me iate  short-
ene  platelet li espan (primary biliary cirrhosis). In 
a  ition, several anatomic abnormalities secon ary 
to un erlying liver  isease  urther promote the occur-
rence o  hemorrhage (Table 21-3). Dys brinogenemia 
is a relatively common  n ing in patients with liver  is-
ease  ue to impaire   brin polymerization. T e  evel-
opment o  DIC concomitant to chronic liver  isease is 
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275but not correction o  P  or aP  . Even high  oses o  
FFP (20 mL/kg)  o not correct the clotting times in all 
patients. Monitoring  or clinical symptoms an  clot-
ting times will  etermine i  repeate   oses are require  
8–12 h a er the  rst in usion. Platelet concentrates are 
in icate  when platelet counts are <10,000–20,000/µL to 
control an ongoing blee  or imme iately be ore an inva-
sive proce ure i  counts are <50,000/µL. Cryoprecipitate 
is in icate  only when  brinogen levels are less than 100 
mg/mL;  osing is six bags  or a 70-kg patient  aily. Pro-
thrombin complex concentrate in usion in patients with 
liver  ailure shoul  be avoi e   ue to the high risk o  
thrombotic complications. T e sa ety o  the use o  anti -
brinolytic  rugs to control blee ing in patients with liver 
 ailure is not yet well  e ne  an  shoul  be avoi e .

Liver d isease  and  th rom b oem b olism
T e clinical blee ing phenotype o  hemostasis in 
patients with stable liver  isease is o en mil  or even 
asymptomatic. However, as the  isease progresses, 
the hemostatic balance is less stable an  more easily 
 isturbe  than in healthy in ivi uals. Furthermore, 
the hemostatic balance is compromise  by comor-
bi  complications such as in ections an  renal  ailure 
(Fig. 21-4). Base  on the clinical blee ing complica-
tions in patients with cirrhosis an  laboratory evi ence 
o  hypocoagulation such as a prolonge  P /aP  , it 
has long been assume  that these patients are pro-
tecte  against thrombotic  isease. Cumulative clini-
cal experience, however, has  emonstrate  that these 
patients are at risk  or thrombosis, especially those 
with a vance  liver  isease. Although hypercoagulabil-
ity coul  explain the occurrence o  venous thrombosis, 
accor ing to Virchow’s tria , hemo ynamic changes 
an   amage  vasculature may also be a contributing 
 actor, an  both processes may potentially also occur 
in patients with liver  isease. Liver-relate  thrombosis, 
in particular, thrombosis o  the portal an  mesenteric 
veins, is common in patients with a vance  cirrho-
sis. Hemo ynamic changes, such as  ecrease  portal 
 ow, an  evi ence that inherite  thrombophilia may 
enhance the risk  or portal vein thrombosis in patients 
with cirrhosis suggest that hypercoagulability may play 
a role as well. Patients with liver  isease  evelop  eep 
vein thrombosis an  pulmonary embolism at appre-
ciable rates (ranging  rom 0.5 to 1.9%). T e implication 
o  these  n ings is relevant to the erroneous exclusion 
o  thrombosis in patients with a vance  liver  isease, 
even in the presence o  prolongation o  routine clotting 
times, an  caution shoul  be a vise  on overcorrection 
o  these laboratory abnormalities.

Acquired inhibitors o   coa gula tion  a ctors

An acquire  inhibitor is an immune-me iate   isease 
characterize  by the presence o  an autoantibo y against 

TABLE 21-3  
COAGULATION DISORDERS AND HEMOSTASIS IN 
LIVER DISEASE

BLEEDING

Portal hypertension
 Esophageal varices
Thrombocytopenia
 Splenomegaly
 Chronic or acute DIC
Decreased synthesis o  clotting  actors
 Hepatocyte  ailure
 Vitamin K def ciency
Systemic f brinolysis
DIC
Dysf brinogenemia

THROMBOSIS

Decreased synthesis of coagulation inhibitors: protein C,  
protein S, antithrombin

 Hepatocyte  ailure
 Vitamin K def ciency (protein C, protein S)
Failure to clear activated coagulation proteins (DIC)
Dysf brinogenemia
Iatrogenic: Transfusion of prothrombin complex concentrates
 Anti brinolytic agents: EACA, tranexamic acid

Abbrevia t ions: DIC, disseminated intravascular coagulation; EACA, 
ε-aminocaproic acid.

not uncommon an  may enhance the risk  or blee -
ing. Laboratory evaluation is man atory  or an optimal 
therapeutic strategy, either to control ongoing blee -
ing or to prepare patients with liver  isease  or invasive 
proce ures.  ypically, these patients present with pro-
longe  P , aP  , an      epen ing on the  egree o  
liver  amage, thrombocytopenia, an  normal or slight 
increase o  FDP. Fibrinogen levels are  iminishe  only 
in  ulminant hepatitis,  ecompensate  cirrhosis, or 
a vance  liver  isease, or in the presence o  DIC. T e 
presence o  prolonge     an  normal  brinogen an  
FDP levels suggest  ys brinogenemia. FVIII levels 
are o en normal or elevate  in patients with liver  ail-
ure, an   ecrease  levels suggest superimposing DIC. 
Because FV is only synthesize  in the hepatocyte an  
is not a vitamin K– epen ent protein, re uce  levels o  
FV may be an in icator o  hepatocyte  ailure. Normal 
levels o  FV an  low levels o  FVII suggest vitamin K 
 e ciency. Vitamin K levels may be re uce  in patients 
with liver  ailure  ue to compromise  storage in hepa-
tocellular  isease, changes in bile aci s, or cholestasis 
that can  iminish the absorption o  vitamin K. Replace-
ment o  vitamin K may be  esirable (10 mg given by 
slow intravenous injection) to improve hemostasis.

 reatment with FFP is the most e ective to correct 
hemostasis in patients with liver  ailure. In usion o  FFP 
(5–10 mL/kg; each bag contains ~200 mL) is suf cient 
to ensure 10–20% o  normal levels o  clotting  actors 
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a speci c clotting  actor. FVIII is the most common tar-
get o  antibo y  ormation, an  is sometimes re erre  to 
as acquire  hemophilia A, but inhibitors to prothrom-
bin, FV, FIX, FX, an  FXI are also reporte . Acquire  
inhibitor to FVIII occurs pre ominantly in ol er a ults 
(me ian age o  60 years), but occasionally in pregnant or 
postpartum women with no previous history o  blee -
ing. In 50% o  patients with inhibitors, no un erly-
ing  isease is i enti e  at the time o   iagnosis. In the 
remaining patients, the causes are autoimmune  iseases, 
malignancies (lymphomas, prostate cancer),  ermato-
logic  iseases, an  pregnancy. Blee ing episo es occur 
commonly in so  tissues, the gastrointestinal or urinary 
tracts, an  skin. In contrast to hemophilia, hemarthro-
sis is rare in these patients. Retroperitoneal hemorrhages 
an  other li e-threatening blee ing may appear su -
 enly. T e overall mortality in untreate  patients ranges 
 rom 8 to 22%, an  most  eaths occur within the  rst 
 ew weeks a er presentation. T e  iagnosis is base  on 
the prolonge  aP   with normal P  an    . T e aP   
remains prolonge  a er mixture o  the test plasma with 
equal amounts o  poole  normal plasma  or 2 h at 37°C. 
T e Bethes a assay using FVIII- e cient plasma as per-
 orme   or inhibitor  etection in hemophilia will con-
 rm the  iagnosis. Major blee ing is treate  with bypass 
pro ucts such as PCC/aPCC or recombinant FVIIa. In 
contrast to hemophilia, inhibitors in nonhemophilic 
patients are typically responsive to immune suppression, 
an  therapy shoul  be initiate  early  or most cases. T e 
 rst choice inclu es steroi  or a combination o  steroi  

with cytotoxic therapy (e.g., cyclophosphami e), with 
complete era ication o  the inhibitors in more than 
70% o  patients. High- ose intravenous γ-globulin an  
anti-CD20 monoclonal antibo y have been reporte  
to be e ective in patients with autoantibo ies to FVIII; 
however, there is no  rm evi ence that these alterna-
tives are superior to the  rst line o  immunosuppres-
sive  rugs. Notably, relapse o  the inhibitor to FVIII is 
relatively common (up to 20%) within the  rst 6 months 
 ollowing with rawal o  immunosuppression. T us, a er 
era ication, patients shoul  be  ollowe  up regularly  or 
early therapeutic intervention when in icate  or prior to 
invasive proce ure.

 opical plasma- erive  bovine an  human thrombin 
are commonly use  in the Unite  States an  worl wi e. 
T ese e ective hemostatic sealants are use   uring 
major surgery such as  or car iovascular, thoracic, 
neurologic, pelvic, an  trauma in ications, as well as 
in the setting o  extensive burns. T e  evelopment o  
antibo y  ormation to the xenoantigen or its contami-
nant (bovine clotting protein) has the potential to show 
cross-reactivity with human clotting  actors that may 
hamper their  unction an  in uce blee ing.

Clinical  eatures o  these antibo ies inclu e blee ing 
 rom a primary hemostatic  e ect or coagulopathy that 
sometimes can be li e threatening. T e clinical  iagno-
sis o  these acquire  coagulopathies is o en complicate  
by the  act that the blee ing episo es may be  etect-
able  uring or imme iately  ollowing major surgery an  
coul  be assume  to be  ue to the proce ure itsel .
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FIGURE 21 -4
Balance o  hemostasis in  liver d isease. 
TAFI, thrombin-activated f brinolytic inhibi-
tor; t-PA, tissue plasminogen activator; VWF, 
von Willebrand  actor.
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277Notably, the risk o  this complication is  urther 
increase  by repeate  exposure to topical thrombin 
preparations. T us, a care ul me ical history o  previ-
ous surgical interventions that may have occurre  even 
 eca es earlier is critical to assessing risk.

T e laboratory abnormalities are re ecte  by com-
bine  prolongation o  the aP   an  P  that o en  ails 
to improve by trans usion o  FFP an  vitamin K. T e 
abnormal laboratory tests cannot be correcte  by mix-
ing a test with equal parts o  normal plasma that  enotes 
the presence o  inhibitory antibo ies. T e  iagnosis o  a 
speci c antibo y is obtaine  by the  etermination o  the 
resi ual activity o  human FV or other suspecte  human 
clotting  actor. T ere are no commercially available 
assays speci c  or bovine thrombin coagulopathy.

T ere are no establishe  treatment gui elines. 
Platelet trans usions have been use  as a source o  FV 
replacement  or patients with FV inhibitors. Frequent 
injections o  FFP an  vitamin K supplementation may 
 unction as co-a juvant rather than an e ective treat-
ment o  the coagulopathy itsel . Experience with recom-
binant FVIIa as a bypass agent is limite , an  outcomes 
have been generally poor. Speci c treatments to era i-
cate the antibo ies base  on immunosuppression with 

steroi s, intravenous immunoglobulin, or serial plas-
mapheresis have been spora ically reporte . Patients 
shoul  be a vise  to avoi  any topical thrombin sealant 
in the  uture.

Novel plasma- erive  an  recombinant human 
thrombin preparations  or topical hemostasis have been 
approve  by the U.S. Foo  an  Drug A ministration. 
T ese preparations have  emonstrate  hemostatic ef -
cacy with re uce  immunogenicity compare  to the 
 rst generation o  bovine thrombin pro ucts.

T e presence o  lupus anticoagulant can be associate  
with venous or arterial thrombotic  isease. However, 
blee ing has also been reporte  in lupus anticoagulant; 
it is  ue to the presence o  antibo ies to prothrombin, 
which results in hypoprothrombinemia. Both  isor ers 
show a prolonge  P   that  oes not correct on mixing. 
 o  istinguish acquire  inhibitors  rom lupus anticoagu-
lant, note that the  ilute Russell’s viper venom test an  
the hexagonal-phase phospholipi s test will be negative 
in patients with an acquire  inhibitor an  positive in 
patients with lupus anticoagulants. Moreover, lupus anti-
coagulant inter eres with the clotting activity o  many 
 actors (FVIII, FIX, FXII, FXI), whereas acquire  inhibi-
tors are speci c to a single  actor.
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OVERVIEW OF THROMBOSIS

GENERAL OVERVIEW
T rombosis, the obstruction o  blood  ow due to the 
 ormation o  clot, may result in tissue anoxia and dam-
age, and it is a major cause o  morbidity and mortality in 
a wide range o  arterial and venous diseases and patient 
populations. In 2009 in the United States, an estimated 
785,000 people had a new coronary thrombotic event, 
and about 470,000 had a recurrent ischemic episode. 
Each year, approximately 795,000 people have a new or 
recurrent stroke. It is estimated that 300,000–600,000 
people each year have a pulmonary embolism or deep 
venous thrombotic event. In the nondiseased state, phys-
iologic hemostasis re ects a delicate interplay between 
 actors that promote and inhibit blood clotting,  avoring 
the  ormer. T is response is crucial as it prevents uncon-
trolled hemorrhage and exsanguination  ollowing injury. 
In speci c settings, the same processes that regulate nor-
mal hemostasis can cause pathologic thrombosis, lead-
ing to arterial or venous occlusion. Importantly, many 
commonly used therapeutic interventions may also alter 
the thrombotic–hemostatic balance adversely.

Hemostasis and thrombosis primarily involve the 
interplay among three  actors: the vessel wall, coagulation 
proteins, and platelets. Many prevalent acute vascular 
diseases are due to thrombus  ormation within a vessel, 
including myocardial in arction, thrombotic cerebrovas-
cular events, and venous thrombosis. Although the end 
result is vessel occlusion and tissue ischemia, the patho-
physiologic processes governing these pathologies have 
similarities as well as distinct di erences. While many o  
the pathways regulating thrombus  ormation are similar 
to those that regulate hemostasis, the processes trigger-
ing thrombosis and, o en, perpetuating the thrombus 
may be distinct and can vary in di erent clinical and 
genetic settings. In venous thrombosis, primary hyperco-
agulable states re ecting de ects in the proteins governing 

ARTERIAL AND VENOUS THROMBOSIS

CHAP TER 2 2

coagulation and/or  brinolysis or secondary hypercoagu-
lable states involving abnormalities o  blood vessels and 
blood  ow or stasis lead to thrombosis. By contrast, arte-
rial thrombosis is highly dependent on the state o  the 
vessel wall, the platelet, and  actors related to blood  ow.

ARTERIAL THROMBOSIS

OVERVIEW OF ARTERIAL THROMBOSIS
In arterial thrombosis, the platelets and abnormalities o  
the vessel wall typically play a key role in vessel occlu-
sion. Arterial thrombus  orms via a series o  sequential 
steps in which platelets adhere to the vessel wall, addi-
tional platelets are recruited, and thrombin is activated 
(Fig. 22-1). T e regulation o  platelet adhesion, activa-
tion, aggregation, and recruitment will be described in 
detail below. In addition, while the primary  unction o  
platelets is regulation o  hemostasis, our understand-
ing o  their role in other processes, such as immunity, 
wound healing, and in ammation, continues to grow.

ARTERIAL THROMBOSIS AND  
VASCULAR DISEASE
Arterial thrombosis is a major cause o  morbidity 
and mortality both in the United States and, increas-
ingly, worldwide. Although the rates have declined 
in the United States, the overall burden remains high 
and accounts  or approximately 33% o  deaths. Over-
all, coronary heart disease is estimated to cause about 
1 o  every 5 deaths in the United States. In addition to 
the 785,000 Americans who will have a new coronary 
event, an additional 195,000 silent  rst myocardial 
in arctions are projected to occur annually. Although 
the rate o  strokes has  allen by a third, each year, about 
795,000 people experience a new or recurrent stroke, 
although not all are caused by thrombotic occlusion o  
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the vessel. Approximately 610,000 strokes are  rst events 
and 185,000 are recurrent events; it is estimated that 1 o  
every 18 deaths in the United States is due to stroke.

THE PLATELET
Many processes in platelets have parallels with other 
cell types, such as the presence o  speci c receptors and 
signaling pathways; however, unlike most cells, plate-
lets lack a nucleus and are unable to adapt to changing 
biologic settings by altered gene transcription. Plate-
lets sustain limited protein synthetic capacity  rom 
megakaryocyte-derived and intracellularly transported 
microRNA (miRNA) and messenger RNA (mRNA). 
Most o  the molecules needed to respond to various 
stimuli, however, are maintained in storage granules 
and membrane compartments.

Platelets are disc-shaped, very small, anucleate cells 
(1–5 µm in diameter) that circulate in the blood at con-
centrations o  200–400,000/µL, with an average li espan 
o  7–10 days. Platelets are derived  rom megakaryo-
cytes, polyploidal hematopoietic cells  ound in the bone 
marrow. T e primary regulator o  platelet  ormation 
is thrombopoietin ( PO). T e precise mechanism by 

which megakaryocytes produce and release  ully  ormed 
platelets is unclear, but the process likely involves  orma-
tion o  proplatelets, pseudopod-like structures generated 
by the evagination o  the cytoplasm  rom which platelets 
bud. Platelet granules are synthesized in megakaryocytes 
be ore thrombopoiesis and contain an array o  pro-
thrombotic, proin ammatory, and antimicrobial media-
tors. T e two major types o  platelet granules, alpha 
and dense, are distinguished by their size, abundance, 
and content. Alpha-granules contain soluble coagula-
tion proteins, adhesion molecules, growth  actors, inte-
grins, cytokines, and in ammatory modulators. Platelet 
dense-granules are smaller than alpha-granules and less 
abundant. Whereas alpha-granules contain proteins that 
may be more important in the in ammatory response, 
dense-granules contain high concentrations o  small 
molecules, including adenosine diphosphate (ADP) and 
serotonin, that in uence platelet aggregation.

Pla telet  a dhesion

(See Fig. 22-1) T e  ormation o  a thrombus is initiated 
by the adherence o  platelets to the damaged vessel wall. 
Damage exposes subendothelial components responsible 

Endothe lia l ce lls

Collagen
von Willebrand factor

Inactive
pla te le ts

Active
pla te le ts

GPIIb-IIIa

Active
GPIIb-IIIa

Fibrinogen

TxA2
ADP
5-HT

FIGURE 22 -1
Pla te le t  a ct iva t ion  an d  th rom b o sis. Platelets circulate in 
an inactive  orm in the vasculature. Damage to the endothe-
lium and/or external stimuli activates platelets that adhere to 
the exposed subendothelial von Willebrand  actor and collagen. 
This adhesion leads to activation o  the platelet, shape change, 

and the synthesis and release o  thromboxane (TxA2), serotonin 
(5-HT), and adenosine diphosphate (ADP). Platelet stimuli cause 
con ormational change in the platelet integrin glycoprotein (GP) 
IIb/IIIa receptor, leading to the high-a nity binding o  f brinogen 
and the  ormation o  a stable platelet thrombus.

22_Hematology_ch22_p278-284.indd   279  04/08/16   3:08 PM



S

E

C

T

I

O

N

 

V

I

D

i

s

o

r

d

e

r

s

 

o

f

 

H

e

m

o

s

t

a

s

i

s

280  or triggering platelet reactivity, including collagen, von 
Willebrand  actor,  bronectin, and other adhesive pro-
teins, such as vitronectin and thrombospondin. T e 
hemostatic response may vary, depending on the extent 
o  damage, the speci c proteins exposed, and  ow condi-
tions. Certain proteins are expressed on the platelet sur-
 ace that subsequently regulate collagen-induced platelet 
adhesion, particularly under  ow conditions, and include 
glycoprotein (GP) IV, GPVI, and the integrin α2β1. T e 
platelet GPIb-IX-V complex adhesive receptor is central 
both to platelet adhesion and to the initiation o  plate-
let activation. Damage to the blood vessel wall exposes 
subendothelial von Willebrand  actor and collagen to 
the circulating blood. T e GPIb-IX-V complex binds 
to the exposed von Willebrand  actor, causing platelets 
to adhere (Fig. 22-1). In addition, the engagement o  the 
GPIb-IX-V complex with ligand induces signaling path-
ways that lead to platelet activation. von Willebrand  ac-
tor–bound GPIb-IX-V promotes a calcium-dependent 
con ormational change in the GPIIb/IIIa receptor, trans-
 orming it  rom an inactive low-af nity state to an active 
high-af nity receptor  or  brinogen.

Pla telet  a ctiva tion

T e activation o  platelets is controlled by a variety o  
sur ace receptors that regulate various  unctions in the 
activation process. Platelet receptors control many dis-
tinct processes and are stimulated by a wide variety o  
agonists and adhesive proteins that result in variable 
degrees o  activation. In general terms, the stimulation o  
platelet receptors triggers two speci c processes: (1) acti-
vation o  internal signaling pathways that lead to  urther 
platelet activation and granule release and (2) the capac-
ity o  the platelet to bind to other adhesive proteins/plate-
lets. Both o  these processes contribute to the  ormation 
o  a thrombus. Stimulation o  nonthrombotic receptors 
results in platelet adhesion or interaction with other vas-
cular cells including endothelial cells, neutrophils, and 
mononuclear cells.

Many  amilies and sub amilies o  receptors are  ound 
on platelets that regulate a variety o  platelet  unctions. 
T ese include the seven transmembrane receptor  am-
ily, which is the main agonist-stimulated receptor  am-
ily. Several seven transmembrane receptors are  ound 
on platelets, including the ADP receptors, prostaglan-
din receptors, lipid receptors, and chemokine receptors. 
Receptors  or thrombin comprise the major seven trans-
membrane receptors  ound on platelets. Among this last 
group, the  rst identi ed was the protease activation 
receptor 1 (PAR1). T e PAR class o  receptors has a dis-
tinct mechanism o  activation that involves speci c cleav-
age o  the N-terminus o  thrombin, which, in turn, acts as 
a ligand  or the receptor. Other PAR receptors are pres-
ent on platelets, including PAR2 (not activated by throm-
bin) and PAR4. Adenosine receptors are responsible  or 

transduction o  ADP-induced signaling events, which are 
initiated by the binding o  ADP to purinergic receptors 
on the platelet sur ace. T ere are several distinct ADP 
receptors, classi ed as P2X1, P2Y1, and P2Y12. T e activa-
tion o  both the P2Y12 and P2Y1 receptors is essential  or 
ADP-induced platelet aggregation. T e thienopyridine 
derivatives, clopidogrel and prasugrel, are clinically used 
inhibitors o  ADP-induced platelet aggregation.

Pla telet  a ggrega tion

Activation o  platelets results in a rapid series o  signal 
transduction events, including tyrosine kinase, serine/
threonine kinase, and lipid kinase activation. In unstim-
ulated platelets, the major platelet integrin GPIIb/IIIa is 
maintained in an inactive con ormation and  unctions 
as a low-af nity adhesion receptor  or  brinogen. T is 
integrin is unique as it is only expressed on platelets. 
A er stimulation, the interaction between  brinogen 
and GPIIb/IIIa  orms intercellular connections between 
platelets, leading to the  ormation o  a platelet aggregate 
(Fig. 22-1). A calcium-sensitive con ormational change in 
the extracellular domain o  GPIIb/IIIa enables the high-
af nity binding o  soluble plasma  brinogen as a result 
o  a complex network o  inside-out signaling events. T e 
GPIIb/IIIa receptor serves as a bidirectional conduit with 
GPIIb/IIIa-mediated signaling (outside-in) occurring 
immediately a er the binding o   brinogen. T is leads 
to additional intracellular signaling that  urther stabilizes 
the platelet aggregate and trans orms platelet aggregation 
 rom a reversible to an irreversible process (inside-out).

THE ROLE OF PLATELETS AND 
THROMBOSIS IN INFLAMMATION
In ammation plays an important role during the acute 
thrombotic phase o  acute coronary syndromes. In the 
setting o  acute upper respiratory in ections, people are 
at higher risk o  myocardial in arction and thrombotic 
stroke. Patients with acute coronary syndromes have not 
only increased interactions between platelets (homotypic 
aggregates), but also increased interactions between plate-
lets and leukocytes (heterotypic aggregates) detectable 
in circulating blood. T ese latter aggregates  orm when 
platelets are activated and adhere to circulating leuko-
cytes. Platelets bind via P-selectin (CD62P) expressed on 
the sur ace o  activated platelets to the leukocyte receptor, 
P-selectin glycoprotein ligand 1 (PSGL-1). T is associa-
tion leads to increased expression o  CD11b/CD18 (Mac-
1) on leukocytes, which itsel  supports interactions with 
platelets partially via bivalent  brinogen linking this inte-
grin with its platelet sur ace counterpart, GPIIb/IIIa. Plate-
let sur ace P-selectin also induces the expression o  tissue 
 actor on monocytes, which promotes  brin  ormation.

In addition to platelet–monocyte aggregates, the 
immunomodulator, soluble CD40 ligand (CD40L or 
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281CD154), also re ects a link between thrombosis and 
in ammation. T e CD40 ligand is a trimeric transmem-
brane protein o  the tumor necrosis  actor  amily and, 
with its receptor CD40, is an important contributor to 
the in ammatory process leading both to thrombo-
sis and atherosclerosis. While many immunologic and 
vascular cells have been  ound to express CD40 and/or 
CD40 ligand, in platelets, CD40 ligand is rapidly translo-
cated to the sur ace a er stimulation and is upregulated 
in the newly  ormed thrombus. T e sur ace-expressed 
CD40 ligand is cleaved  rom the platelet to generate a 
soluble  ragment (soluble CD40 ligand).

Links have also been established among platelets, 
in ection, immunity, and in ammation. Bacterial and 
viral in ections are associated with a transient increase in 
the risk o  acute thrombotic events, such as acute myo-
cardial in arction and stroke. In addition, platelets con-
tribute signi cantly to the pathophysiology and high 
mortality rates o  sepsis. T e expression,  unctionality, 
and signaling pathways o  toll-like receptors ( LRs) have 
been established in platelets. Stimulation o  platelet  LR2, 
 LR3, and  LR4 directly and indirectly activates the 
platelet’s thrombotic and in ammatory responses, and 
live bacteria induce a proin ammatory response in plate-
lets in a  LR2-dependent manner, suggesting a mecha-
nism by which speci c bacteria and bacterial components 
can directly activate platelet-dependent thrombosis.

GENETICS OF ARTERIAL THROMBOSIS
Some studies have associated arterial thrombosis 
with genetic variants ( able 22-1A); however, the 
associations have been weak and not con rmed in 

larger series. Platelet count and mean platelet volume have 
been studied by genome-wide association studies 
(GWAS), and this approach identi ed signals located to 
noncoding regions. O  15 quantitative trait loci associated 
with mean platelet volume and platelet count, one located 
at 12q24 is also a risk locus  or coronary artery disease.

In the area o  genetic variability and platelet  unction, 
studies have primarily dealt with pharmacogenetics, the 
 eld o  pharmacology dealing with the interindividual 
variability in drug response based on genetic determi-
nants ( able 22-2). T is  ocus has been driven by the 
wide variability among individuals in terms o  response 
to antithrombotic drugs and the lack o  a common expla-
nation  or this variance. T e best described is the issue 
o  “aspirin resistance,” although heterogeneity  or other 
antithrombotics (e.g., clopidogrel) has also been exten-
sively examined. Primarily, platelet-dependent genetic 
determinants have been de ned at the level o  (1) drug 
e ect, (2) drug compliance, and (3) drug metabolism. 
Many candidate platelet genes have been studied  or their 
interaction with antiplatelet and antithrombotic agents.

Many patients have an inadequate response to the 
inhibitory e ects o  aspirin. Heritable  actors contribute 

TABLE 22 -2  
GENETIC VARIATION AND PHARMACOGENETIC 
RESPONSES TO PLATELET INHIBITORS

POTENTIAL GENE 
ALTERED

TARGET 
THERAPEUTIC 
CLASS  SPECIFIC DRUG

P2Y1 and P2Y12 
CYP2C19, CYP3A4, 
CYP3A5

ADP receptor 
inhibitors

Clopidogrel, 
prasugrel

COX1, COX2 Cyclooxygenase 
inhibitors

Aspirin

PlA1/A2 Receptor inhibitors  Abciximab, eptif -
batide, tirof ban

INTB3, GPIbA Glycoprotein 
IIb-IIIa receptor 
inhibitors

TABLE 22 -1  
HERITABLE CAUSES OF ARTERIAL AND VENOUS 
THROMBOSIS

A. Arte ria l Th rom b o sis

Platelet Receptors
 β3 and α2 integrins
 Pl A2 polymorphism
 Fc(gamma)RIIA
 GPIV T13254C polymorphism
 GPIb
 Thrombin receptor PAR1-5061 → D
Redox Enzymes
 Plasma glutathione peroxidase
 H2 promoter haplotype
 Endothelial nitric oxide synthase
 −786T/C, −922A/G, −1468T/A
 Paraoxonase
 −107T allele, 192R allele
Homocysteine
 Cystathionine β-synthase 833T → C
  5,10-Methylene tetrahydro olate reductase (MTHFR)  

 677C → T

B. Ven o u s Th rom b o sis

Procoagulant Proteins
 Fibrinogen
 −455G/A, –854G/A
Prothrombin (20210G → A)
Protein C Anticoagulant Pathway
 Factor V Leiden: 1691G → A (Arg506Gln)
 Thrombomodulin 1481C → T (Ala455Val)
Fibrinolytic Proteins with Known Polymorphisms
 Tissue plasminogen activator (tPA)
 7351C/T, 20 099T/C in exon 6, 27 445T/A in intron 10
 Plasminogen activator inhibitor (PAI-1)
 4G/5G insertion/deletion polymorphism at position –675
Homocysteine
 Cystathionine β-synthase 833T → C
 5,10-MTHFR 677C → T
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282 to the variability; however, ex vivo tests o  residual 
platelet responsiveness a er aspirin administration 
have not provided  rm evidence  or a pharmacoge-
netic interaction between aspirin and COX1 or other 
relevant platelet receptors. As such, currently, there is 
no clinical indication  or genotyping to optimize aspi-
rin’s antiplatelet ef ciency. For the platelet P2Y12 recep-
tor inhibitor clopidogrel, additional data suggest that 
genetics may a ect the drug’s responsiveness and util-
ity. T e responsible genetic variant appears not to be the 
expected P2Y12 receptor but an enzyme responsible  or 
drug metabolism. Clopidogrel is a prodrug, and liver 
metabolism by speci c cytochrome P450 enzymes is 
required  or activation. T e genes encoding the CYP-
dependent oxidative steps are polymorphic, and carri-
ers o  speci c alleles o  the CYP2C19 and CYP3A4 loci 
have increased platelet aggregability. Increased platelet 
activity has also been speci cally associated with the 
CYP2C19*2 allele, which causes loss o  platelet  unction 
in select patients. Because these are common genetic 
variants, this observation has been shown to be clini-
cally relevant in large studies. In summary, although 
the loss-o - unction polymorphisms in CYP2C19 is 
the strongest individual variable a ecting pharmacoki-
netics and antiplatelet response to clopidogrel, it only 
accounts  or 5–12% o  the variability in ADP-induced 
platelet aggregation on clopidogrel. In addition, genetic 
variables do not appear to signi cantly contribute to 
the clinical outcomes o  patients treated with the P2Y12 
receptor antagonists prasugrel or ticagrelor.

VENOUS THROMBOSIS

OVERVIEW OF VENOUS THROMBOSIS
Coagulation is the process by which thrombin is acti-
vated and soluble plasma  brinogen is converted into 
insoluble  brin. T ese steps account  or both normal 
hemostasis and the pathophysiologic processes in uenc-
ing the development o  venous thrombosis. T e primary 
 orms o  venous thrombosis are deep vein thrombosis 
(DV ) in the extremities and the subsequent emboli-
zation to the lungs (pulmonary embolism), re erred to 
together as venous thromboembolic disease. Venous 
thrombosis occurs due to heritable causes ( able 22-1B) 
and acquired causes ( able 22-3).

DEEP VENOUS THROMBOSIS AND 
PULMONARY EMBOLISM
More than 200,000 new cases o  venous thromboembo-
lism occur each year. O  these cases, up to 30% o  patients 
die within 30 days and one-  h su er sudden death due 
to pulmonary embolism; 30% go on to develop recur-
rent venous thromboembolism within 10 years. Data 

TABLE 22 -3  
ACQUIRED CAUSES OF VENOUS THROMBOSIS
Su rg e ry
 Neurosurgery
 Major abdominal surgery
Malig n an cy
 Antiphospholipid syndrome
Oth e r
 Trauma
 Pregnancy
 Long-haul travel
 Obesity
 Oral contraceptives/hormone replacement
 Myeloproli erative disorders
 Polycythemia vera

 rom the Atherosclerosis Risk in Communities (ARIC) 
study reported a 9% 28-day  atality rate  rom DV  and a 
15%  atality rate  rom pulmonary embolism. Pulmonary 
embolism in the setting o  cancer has a 25%  atality rate. 
T e mean incidence o   rst DV  in the general popula-
tion is 5 per 10,000 person-years; the incidence is similar 
in males and  emales when adjusting  or  actors related to 
reproduction and birth control and increases dramatically 
with age  rom 2 to 3 per 10,000 person-years at 30–49 
years o  age to 20 at 70–79 years o  age.

OVERVIEW OF THE COAGULATION 
CASCADE AND ITS ROLE IN VENOUS 
THROMBOSIS
Coagulation is de ned as the  ormation o   brin by a 
series o  linked enzymatic reactions in which each reac-
tion product converts the subsequent inactive zymogen 
into an active serine protease (Fig. 22-2). T is coordi-
nated sequence is called the coagulation cascade and is a 
key mechanism  or regulating hemostasis. Central to the 
 unction o  the coagulation cascade is the principle o  
ampli cation: due to a series o  linked enzymatic reac-
tions, a small stimulus can lead to much greater quanti-
ties o   brin, the end product that prevents hemorrhage 
at the site o  vascular injury. In addition to the known 
risk  actors relevant to hypercoagulopathy, stasis, and 
vascular dys unction, newer areas o  research have iden-
ti ed contributions  rom procoagulant microparticles, 
in ammatory cells, microvesicles, and  brin structure.

T e coagulation cascade is primarily initiated by vas-
cular injury exposing tissue  actor to blood components 
(Fig. 22-2).  issue  actor may also be  ound in blood-
borne cell-derived microparticles and, under pathophysi-
ologic conditions, in leukocytes or platelets. Plasma  actor 
VII (FVII) is the ligand  or and is activated (FVIIa) by 
binding to tissue  actor exposed at the site o  vessel dam-
age. T e binding o  FVII/VIIa to tissue  actor activates 
the downstream conversion o   actor X (FX) to active FX 
(FXa). In an alternative reaction, the FVII/FVIIa–tissue 
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 actor complex initially converts FIX to FIXa, which 
then activates FX in conjunction with its co actor  actor 
VIII (FVIIIa). Factor Xa with its co actor FVa converts 
prothrombin to thrombin, which then converts soluble 
plasma  brinogen to insoluble  brin, leading to clot or 
thrombus  ormation. T rombin also activates FXIII to 
FXIIIa, a transglutaminase that covalently cross-links and 
stabilizes the  brin clot. Formation o  thrombi is a ected 
by mechanisms governing  brin structure and stability 
including speci c  brinogen variants and how they alter 
 brin  ormation, strength and structure.

Several antithrombotic  actors also regulate coagula-
tion; these include antithrombin, tissue  actor pathway 
inhibitor ( FPI), heparin co actor II, and protein C/
protein S. Under normal conditions, these  actors limit 
the production o  thrombin to prevent the perpetuation 
o  coagulation and thrombus  ormation.  ypically, a er 
the clot has caused occlusion at the damaged site and 
begins to expand toward adjacent uninjured vessel seg-
ments, the anticoagulant reactions governed by the nor-
mal endothelium become pivotal in limiting the extent 
o  this hemostatically protective clot.

RISK FACTORS FOR VENOUS THROMBOSIS
T e risk  actors  or venous thrombosis are primar-
ily related to hypercoagulability, which can be genetic 
( able 22-1) or acquired, or due to immobilization and 

venous stasis. Independent predictors  or recurrence 
include increasing age, obesity, malignant neoplasm, 
and acute extremity paresis. It is estimated that 5–8% 
o  the U.S. population has a genetic risk  actor known 
to predispose to venous thrombosis. O en, multiple 
risk  actors are present in a single individual. Signi -
cant risk is incurred by major orthopedic, abdominal, 
or neurologic surgeries. Moderate risk is promoted by 
prolonged bedrest; certain types o  cancer, pregnancy, 
hormone replacement therapy, or oral contraceptive 
use; and other sedentary conditions such as long-dis-
tance plane travel. It has been reported that the risk o  
developing a venous thromboembolic event doubles 
a er air travel lasting 4 h, although the absolute risk 
remains low (1 in 6000). T e relative risk o  venous 
thromboembolism among pregnant or postpartum 
women is 4.3, and the overall incidence (absolute risk) 
is 199.7 per 100,000 woman-years.

GENETICS OF VENOUS THROMBOSIS
(See  able 22-2) Less common causes o  venous 
thrombosis are those due to genetic variants. T ese 
abnormalities include loss-o - unction mutations o  

endogenous anticoagulants as well as gain-o - unction 
mutations o  procoagulant proteins. Heterozygous anti-
thrombin de ciency and homozygosity o  the  actor V 
Leiden mutation signi cantly increase the risk o  venous 

VII  VIIa

VIII

Activa ted
pla te le ts

VIIIa

Va  V

TF

X Xa

ThrombinProthrombin

Fibrinogen Fibrin

VIIa /TF

PL/Ca 2+

Ca 2+

PL/Ca2+

XI

IXa

XI

XIa

XII
PK

HK

XIa

FIGURE 22 -2
Sum m ary o f the  coagu la t ion  p athways. Specif c coagulation 
 actors (“a” indicates activated  orm) are responsible  or the conver-
sion o  soluble plasma f brinogen into insoluble f brin. This process 
occurs via a series o  linked reactions in which the enzymatically 

active product subsequently converts the downstream inactive 
protein into an active serine protease. In addition, the activation 
o  thrombin leads to stimulation o  platelets. HK, high-molecular-
weight kininogen; PK, prekallikrein; TF, tissue  actor.
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284 thrombosis. While homozygous protein C or protein S 
de ciencies are rare and may lead to  atal purpura  ul-
minans, heterozygous de ciencies are associated with a 
moderate risk o  thrombosis. Activated protein C 
impairs coagulation by proteolytic degradation o  FVa. 
Patients resistant to the activity o  activated protein C 
may have a point mutation in the FV gene located on 
chromosome 1, a mutant denoted  actor V Leiden. 
Mildly increased risk has been attributed to elevated lev-
els o  procoagulant  actors, as well as low levels o  tissue 
 actor pathway inhibitor. Polymorphisms o  methylene 
tetrahydro olate reductase as well as hyperhomocystein-
emia have been shown to be independent risk  actors  or 
venous thrombosis, as well as arterial vascular disease; 
however, many o  the initial descriptions o  genetic vari-
ants and their associations with thromboembolism are 
being questioned in larger, more current studies.

FIBRINOLYSIS AND THROMBOSIS
Speci c abnormalities in the  brinolytic system have 
been associated with enhanced thrombosis. Factors 
such as elevated levels o  tissue plasminogen activa-
tor (tPA) and plasminogen activator inhibitor type 1 
(PAI-1) have been associated with decreased  brinolytic 
activity and an increased risk o  arterial thrombotic 
disease. Speci c genetic variants have been associ-
ated with decreased  brinolytic activity, including the 
4G/5G insertion/deletion polymorphism in the (plas-
minogen activator type 1) PAI-1 gene. Additionally, 
the 311-bp Alu insertion/deletion in tPA’s intron 8 has 
been associated with enhanced thrombosis; however, 
genetic abnormalities have not been associated consis-
tently with altered  unction or tPA levels, raising ques-
tions about the relevant pathophysiologic mechanism. 
T rombin-activatable  brinolysis inhibitor ( AFI) 
is a carboxypeptidase that regulates  brinolysis; ele-
vated plasma  AFI levels have been associated with an 
increased risk o  both DV  and cardiovascular disease.

T e metabolic syndrome also is accompanied by 
altered  brinolytic activity. T is syndrome, which com-
prises abdominal  at (central obesity), altered glucose 
and insulin metabolism, dyslipidemia, and hyperten-
sion, has been associated with atherothrombosis. T e 
mechanism  or enhanced thrombosis appears to be due 
both to altered platelet  unction and to a procoagulant 
and hypo brinolytic state. One o  the most  requently 
documented prothrombotic abnormalities reported in 
this syndrome is an increase in plasma levels o  PAI-1.

In addition to contributing to platelet  unction, 
in ammation plays a role in both coagulation-dependent 
thrombus  ormation and thrombus resolution. Both 

polymorphonuclear neutrophils and monocytes/mac-
rophages contribute to multiple overlapping thrombotic 
 unctions, including  brinolysis, chemokine and cyto-
kine production, and phagocytosis.

THE DISTINCTION BETWEEN ARTERIAL 
AND VENOUS THROMBOSIS

Although there is overlap, venous thrombosis and arte-
rial thrombosis are initiated di erently, and clot  orma-
tion progresses by somewhat distinct pathways. In the 
setting o  stasis or states o  hypercoagulability, venous 
thrombosis is activated with the initiation o  the coagu-
lation cascade primarily due to exposure o  tissue  ac-
tor; this leads to the  ormation o  thrombin and the 
subsequent conversion o   brinogen to  brin. In the 
artery, thrombin  ormation also occurs, but thrombo-
sis is primarily promoted by the adhesion o  platelets to 
an injured vessel and stimulated by exposed extracellu-
lar matrix (Figs. 22-1 and 22-2). T ere is wide variation 
in individual responses to vascular injury, an important 
determinant o  which is the predisposition an individual 
has to arterial or venous thrombosis. T is concept has 
been supported indirectly in prothrombotic animal mod-
els in which there is poor correlation between the pro-
pensity to develop venous versus arterial thrombosis.

Despite considerable progress in understanding the 
role o  hypercoagulable states in venous thromboembolic 
disease, the contribution o  hypercoagulability to arterial 
vascular disease is much less well understood. Although 
speci c thrombophilic conditions, such as  actor V 
Leiden and the prothrombin G20210A mutation, are risk 
 actors  or DV , pulmonary embolism, and other venous 
thromboembolic events, their contribution to arterial 
thrombosis is less well de ned. In  act, to the contrary, 
many o  these thrombophilic  actors have not been  ound 
to be clinically important risk  actors  or arterial throm-
botic events, such as acute coronary syndromes.

Clinically, although the pathophysiology is distinct, 
arterial and venous thrombosis do share common risk 
 actors, including age, obesity, cigarette smoking, diabe-
tes mellitus, arterial hypertension, hyperlipidemia, and 
metabolic syndrome. Select genetic variants, including 
those o  the glutathione peroxidase gene, have also been 
associated with arterial and venous thrombo-occlusive 
disease. Importantly, arterial and venous thrombo-
sis may both be triggered by pathophysiologic stimuli 
responsible  or activating in ammatory and oxidative 
pathways.

T e diagnosis and management of DV  and pul-
monary embolus are discussed in Chap. 23.
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EPIDEMIOLOGY
Venous thromboembolism (V E) encompasses  eep 
venous thrombosis (DV ) an  pulmonary embolism 
(PE) an  causes car iovascular  eath an   isability. In 
the Unite  States, the Surgeon General estimates there 
are 100,000 to 180,000  eaths annually  rom PE an  
has  eclare  that PE is the most common preventable 
cause o   eath among hospitalize  patients. Survivors 
may succumb to the  isabilities o  chronic throm-
boembolic pulmonary hypertension or postthrom-
botic syn rome. Chronic thromboembolic pulmonary 
hypertension causes breathlessness, especially with 
exertion. Postthrombotic syn rome (also known as 
chronic venous insu ciency)  amages the venous valves 
o  the leg an  causes ankle or cal  swelling an  leg ach-
ing, especially a er prolonge  stan ing. In its most 
severe  orm, postthrombotic syn rome causes skin 
ulceration (Fig. 23-1).

PATHOPHYSIOLOGY
Inf a mma tion a nd pla telet  a ct iva t ion

Virchow’s tria  o  in ammation, hypercoagulability, 
an  en othelial injury lea s to recruitment o  activate  
platelets, which release microparticles. T ese micropar-
ticles contain proin ammatory me iators that bin  
neutrophils, stimulating them to release their nuclear 
material an   orm web-like extracellular networks 
calle  neutrophil extracellular traps. T ese prothrom-
botic networks contain histones that stimulate platelet 
aggregation an  promote platelet- epen ent thrombin 
generation. Venous thrombi  orm an   ourish in an 
environment o  stasis, low oxygen tension, an  upregu-
lation o  proin ammatory genes.

DEEP VENOUS THROMBOSIS AND 
PULMONARY THROMBOEMBOLISM

CHAP TER 2 3

Prothrombotic sta tes

T e two most common autosomal  ominant genetic 
mutations are  actor V Lei en, which causes resistance 
to the en ogenous anticoagulant, activate  protein C 
(which inactivates clotting  actors V an  VIII), an  
the prothrombin gene mutation, which increases the 

FIGURE 23 -1
Skin  u lce ra t io n  in  th e  la te ra l m a lleo lus  rom postthrombotic 
syndrome o  the leg.
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FIGURE 23 -2
Deep  ven o us th ro m b osis at autopsy.

Other pathophysiologic abnormalities inclu e:

1. Increase  pulmonary vascular resistance  ue to vascu-
lar obstruction or platelet secretion o  vasoconstrict-
ing neurohumoral agents such as serotonin. Release 
o  vasoactive me iators can pro uce ventilation-
per usion mismatching at sites remote  rom the 
embolus, thereby accounting  or  iscor ance between 
a small PE an  a large alveolar-arterial O2 gra ient.

2. Impaire  gas exchange  ue to increase  alveolar 
 ea  space  rom vascular obstruction, hypoxemia 
 rom alveolar hypoventilation relative to per usion 
in the nonobstructe  lung, right-to-le  shunting, or 
impaire  carbon monoxi e trans er  ue to loss o  gas 
exchange sur ace.

3. Alveolar hyperventilation  ue to re ex stimulation o  
irritant receptors.

4. Increase  airway resistance  ue to constriction o  
airways  istal to the bronchi.

5. Decrease  pulmonary compliance  ue to lung e ema, 
lung hemorrhage, or loss o  sur actant.

Pulmona ry hypertension, right ventricula r (RV) 
dys unction, a nd RV micro in a rction

Pulmonary artery obstruction causes a rise in pulmonary 
artery pressure an  in pulmonary vascular resistance. 
When RV wall tension rises, RV  ilation an   ys unc-
tion ensue, with release o  the car iac biomarker, brain 
natriuretic pepti e. T e interventricular septum bulges 
into an  compresses an intrinsically normal le  ventricle 
(LV). Diastolic LV  ys unction re uces LV  istensibility 
an  impairs LV  lling. Increase  RV wall tension also 
compresses the right coronary artery, limits myocar ial 
oxygen supply, an  precipitates right coronary artery 
ischemia an  RV microin arction, with release o  car iac 
biomarkers such as troponin. Un er lling o  the LV may 
lea  to a  all in LV car iac output an  systemic arterial 
pressure, with consequent circulatory collapse an   eath.

CLASSIFICATION OF PULMONARY 
EMBOLISM AND DEEP VENOUS 
THROMBOSIS
Pulmona ry embolism

Massive PE accounts  or 5–10% o  cases, an  is char-
acterize  by extensive thrombosis a ecting at least 
hal  o  the pulmonary vasculature. Dyspnea, syncope, 
hypotension, an  cyanosis are hallmarks o  massive 
PE. Patients with massive PE may present in car io-
genic shock an  can  ie  rom multisystem organ  ailure. 
Submassive PE accounts  or 20–25% o  patients, an  
is characterize  by RV  ys unction  espite normal sys-
temic arterial pressure. T e combination o  right heart 
 ailure an  release o  car iac biomarkers in icates an 
increase  likelihoo  o  clinical  eterioration. Low-risk 

plasma prothrombin concentration (Chaps. 3 and 22).  
Antithrombin, protein C, an  protein S are natu-
rally occurring coagulation inhibitors. De cien-
cies o  these inhibitors are associate  with V E but 
are rare. Antiphospholipi  antibo y syn rome is the 
most common acquire  cause o  thrombophilia an  is 
associate  with venous or arterial thrombosis. Other 
common pre isposing  actors inclu e cancer, obe-
sity, cigarette smoking, systemic arterial hypertension, 
chronic obstructive pulmonary  isease, chronic ki ney 
 isease, bloo  trans usion, long-haul air travel, air pol-
lution, oral contraceptives, pregnancy, postmenopausal 
hormone replacement, surgery, an  trauma.

Emboliza tion

When  eep venous thrombi (Fig. 23-2)  etach  rom 
their site o   ormation, they embolize to the vena cava, 
right atrium, an  right ventricle, an  lo ge in the pul-
monary arterial circulation, thereby causing acute PE. 
Para oxically, these thrombi occasionally embolize to 
the arterial circulation through a patent  oramen ovale 
or atrial septal  e ect. Many patients with PE have no 
evi ence o  DV  because the clot has alrea y emboli-
ze  to the lungs.

Physiology

T e most common gas exchange abnormalities are arte-
rial hypoxemia an  an increase  alveolar-arterial O2 
tension gra ient, which represents the inef ciency o  O2 
trans er across the lungs. Anatomic  ea  space increases 
because breathe  gas  oes not enter gas exchange units 
o  the lung. Physiologic  ea  space increases because 
ventilation to gas exchange units excee s venous bloo  
 ow through the pulmonary capillaries.
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nerves. Nonthrombotic PE etiologies inclu e  at embolism 
a er pelvic or long bone  racture, tumor embolism, bone 
marrow, an  air embolism. Cement embolism an  bony 
 ragment embolism can occur a er total hip or knee 
replacement. Intravenous  rug users may inject themselves 
with a wi e array o  substances that can embolize such as 
hair, talc, an  cotton. Amniotic f ui  embolism occurs when 
 etal membranes leak or tear at the placental margin.

TABLE 23 -1  
CLINICAL DECISION RULES

Low Clin ica l Like lih o o d  o f DVT if Po in t  Sco re  Is Ze ro  o r Less; 
Mo d era te  Like liho o d  if Score  Is 1 to  2; Hig h  Like lih o o d  if Score   
Is 3 o r Greate r

CLINICAL VARIABLE  DVT SCORE

Active cancer  1
Paralysis, paresis, or recent cast  1
Bedridden  or >3 days; major surgery <12 weeks  1
Tenderness along distribution o  deep veins  1
Entire leg swelling  1
Unilateral cal  swelling >3 cm  1
Pitting edema  1
Collateral super cial nonvaricose veins  1
Alternative diagnosis at least as likely as DVT  –2

Hig h  Clin ica l Like lih oo d  o f PE if Po in t  Sco re  Exceed s 4

CLINICAL VARIABLE  PE SCORE

Signs and symptoms o  DVT  3.0
Alternative diagnosis less likely than PE  3.0
Heart rate >100/min  1.5
Immobilization >3 days; surgery within 4 weeks  1.5
Prior PE or DVT  1.5
Hemoptysis  1.0
Cancer  1.0

ALGORITHM FOR DIAGNOSTIC IMAGING

Suspect DVT or PE

Assess  clinica l like lihood

Low

D-dimer  D-dimer

Normal

No DVT  Imaging tes t needed  No PE  Imaging tes t needed

High  Normal  High

Not low  Not high  High

DVT  PE

FIGURE 23 -3
How to  d ecid e  wh e th e r d iag n ost ic im ag in g  is n eed ed . For 
assessment o  clinical likelihood, see Table 23-1.

PE constitutes about 70–75% o  cases. T ese patients 
have an excellent prognosis.

Deep venous thrombosis

Lower extremity DVT usually begins in the cal  an  
propagates proximally to the popliteal vein,  emoral vein, 
an  iliac veins. Leg DV  is about 10 times more com-
mon than upper extremity DVT, which is o en pre-
cipitate  by placement o  pacemakers, internal car iac 
 e brillators, or in welling central venous catheters. T e 
likelihoo  o  upper extremity DV  increases as the cath-
eter  iameter an  number o  lumens increase. Superf -
cial venous thrombosis usually presents with erythema, 
ten erness, an  a “palpable cor .” Patients are at risk  or 
extension o  the thrombosis to the  eep venous system.

DIAGNOSIS
Clinica l eva lua tion

PE is known as “the Great Masquera er.” Diagnosis is 
 if cult because symptoms an  signs are nonspeci c. 
T e most common symptom is unexplaine  breath-
lessness. When occult PE occurs concomitantly with 
overt congestive heart  ailure or pneumonia, clinical 
improvement o en  ails to occur  espite stan ar  me -
ical treatment o  the concomitant illness. T is scenario 
presents a clinical clue to the possible coexistence o  PE.

With DV , the most common symptom is a cramp or 
“charley horse” in the lower cal  that persists an  intensi-
 es over several  ays. Point score criteria help estimate the 
clinical likelihoo  o  DV  an  PE (Table 23-1). Patients 
with a low-to-mo erate likelihoo  o  DV  or PE shoul  
un ergo initial  iagnostic evaluation with d- imer testing 
alone (see “Bloo   ests”) without obligatory imaging tests 
(Fig. 23-3). However, patients with a high clinical likeli-
hoo  o  V E shoul  skip d- imer testing an  un ergo 
imaging as the next step in the  iagnostic algorithm.

Clinica l pea rls

Not all leg pain is  ue to DV , an  not all  yspnea is  ue 
to PE (Table 23-2). Su  en, severe cal   iscom ort sug-
gests a rupture  Baker’s cyst. Fever an  chills usually 
heral  cellulitis rather than DV . Physical  n ings, i  
present, may consist only o  mil  palpation  iscom ort in 
the lower cal . However, massive DV  o en presents with 
marke  thigh swelling, ten erness, an  erythema. I  the 
leg is  i usely e ematous, DV  is unlikely. More prob-
able is an acute exacerbation o  venous insuf ciency  ue 
to postthrombotic syn rome. Upper extremity venous 
thrombosis may present with asymmetry in the supracla-
vicular  ossa or in the circum erence o  the upper arms.

Pulmonary in arction usually in icates a small PE. 
T is con ition is exquisitely pain ul because the throm-
bus lo ges peripherally, near the innervation o  pleural 
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Nonima ging dia gnostic moda lit ies
Blood  tests

T e quantitative plasma d- imer enzyme-linke  immuno-
sorbent assay (ELISA) rises in the presence o  DV  or PE 
because o  the break own o   brin by plasmin. Elevation 
o  d- imer in icates en ogenous although o en clini-
cally ine ective thrombolysis. T e sensitivity o  the 
d- imer is >80%  or DV  (inclu ing isolate  cal  DV ) 
an  >95%  or PE. T e d- imer is less sensitive  or DV  
than  or PE because the DV  thrombus size is smaller.  
A normal d- imer is a use ul “rule out” test. However, the 
d- imer assay is not speci c. Levels increase in patients 
with myocar ial in arction, pneumonia, sepsis, cancer, 
an  the postoperative state an  those in the secon  or 
thir  trimester o  pregnancy. T ere ore, d- imer rarely 
has a use ul role among hospitalize  patients, because lev-
els are  requently elevate   ue to systemic illness.

TABLE 23-2  
DIFFERENTIAL DIAGNOSIS

DVT

Ruptured Baker’s cyst
Cellulitis
Postphlebitic syndrome/venous insu ciency

PE

Pneumonia, asthma, chronic obstructive pulmonary disease
Congestive heart  ailure
Pericarditis
Pleurisy: “viral syndrome,” costochondritis, musculoskeletal 
discom ort

Rib  racture, pneumothorax
Acute coronary syndrome
Anxiety

Elevated  card iac b iom arkers
Serum troponin an  plasma heart-type  atty aci –
bin ing protein levels increase because o  RV micro-
in arction. Myocar ial stretch causes release o  brain 
natriuretic pepti e or N -pro-brain natriuretic pepti e.

Electrocard iog ram
T e most  requently cite  abnormality, in a  ition to 
sinus tachycar ia, is the S1Q3 3 sign: an S wave in lea  
I, a Q wave in lea  III, an  an inverte    wave in lea  
III. T is  n ing is relatively speci c but insensitive. RV 
strain an  ischemia cause the most common abnormal-
ity,  -wave inversion in lea s V1 to V4.

Noninva sive ima ging moda lit ies
Venous u ltrasonograp hy

Ultra sonography o  the  eep venous system relies on loss 
o  vein compressibility as the primary criterion  or DV . 
When a normal vein is image  in cross-section, it rea -
ily collapses with gentle manual pressure  rom the ultra-
soun  trans ucer. T is creates the illusion o  a “wink.” 
With acute DV , the vein loses its compressibility because 
o  passive  istention by acute thrombus. T e  iagnosis o  
acute DV  is even more secure when thrombus is  irectly 
visualize . It appears homogeneous an  has low echo-
genicity (Fig. 23-4). T e vein itsel  o en appears mil ly 
 ilate , an  collateral channels may be absent.

Venous  ow  ynamics can be examine  with Dop-
pler imaging. Normally, manual cal  compression causes 
augmentation o  the Doppler  ow pattern. Loss o  nor-
mal respiratory variation is cause  by an obstructing 
DV  or by any obstructive process within the pelvis. For 
patients with a technically poor or non iagnostic venous 
ultrasoun , one shoul  consi er alternative imaging 

FIGURE 23 -4
Ven ou s u lt ra so un d , with and without compression o  the leg veins. CFA, common  emoral artery; CFV, common  emoral vein; GSV, great 
saphenous vein; LT, le t.

Compres s ion

CFV

CFA

CFV

CFA

No Compres s ion
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289Lung  scann ing
Lung scanning has become a secon -line  iagnostic 
test  or PE, use  mostly  or patients who cannot toler-
ate intravenous contrast. Small particulate aggregates 
o  albumin labele  with a gamma-emitting ra ionu-
cli e are injecte  intravenously an  are trappe  in the 
pulmonary capillary be . T e per usion scan  e ect 
in icates absent or  ecrease  bloo   ow, possibly 
 ue to PE. Ventilation scans, obtaine  with a ra iola-
bele  inhale  gas such as xenon or krypton, improve 
the speci city o  the per usion scan. Abnormal ven-
tilation scans in icate abnormal nonventilate  lung, 
thereby provi ing possible explanations  or per usion 
 e ects other than acute PE, such as asthma an  chronic 
obstructive pulmonary  isease. A high-probability scan 
 or PE is  e ne  as two or more segmental per usion 
 e ects in the presence o  normal ventilation.

T e  iagnosis o  PE is very unlikely in patients with 
normal an  nearly normal scans an  is about 90% cer-
tain in patients with high-probability scans. Un ortu-
nately, most patients have non iagnostic scans, an   ewer 
than one-hal  o  patients with angiographically con-
 rme  PE have a high probability scan. As many as 40% 
o  patients with high clinical suspicion  or PE but “low-
probability” scans  o, in  act, have PE at angiography.

 Magnetic resonance  (MR)  
(contrast-enhanced ) im aging

When ultrasoun  is equivocal, MR venography with 
ga olinium contrast is an excellent imaging mo ality to 
 iagnose DV . MR pulmonary angiography may  etect 
large proximal PE but is not reliable  or smaller seg-
mental an  subsegmental PE.

Echocard iograp hy
Echocar iography is not a reliable  iagnostic imaging 
tool  or acute PE because most patients with PE have 
normal echocar iograms. However, echocar iography is 
a very use ul  iagnostic tool  or  etecting con itions that 
may mimic PE, such as acute myocar ial in arction, peri-
car ial tampona e, an  aortic  issection.  ransthoracic 
echocar iography rarely images thrombus  irectly. T e 
best-known in irect sign o  PE on transthoracic echo-
car iography is McConnell’s sign: hypokinesis o  the RV 
 ree wall with normal or hyperkinetic motion o  the RV 
apex. One shoul  consi er transesophageal echocar iog-
raphy when C  scanning  acilities are not available or 
when a patient has renal  ailure or severe contrast allergy 
that preclu es a ministration o  contrast  espite pre-
me ication with high- ose steroi s. T is imaging mo al-
ity can i enti y sa  le, right main, or le  main PE.

Inva sive dia gnostic moda lit ies
Pulm onary ang iograp hy

Chest C  with contrast (see above) has virtu-
ally replace  invasive pulmonary angiography as a 

FIGURE 23 -5
Larg e  b ila te ra l p roxim al PE o n  a  co ron a l ch est  CT im ag e  
in a 54-year-old man with lung cancer and brain metastases. He 
had developed sudden onset o  chest heaviness and shortness 
o  breath while at home. There are  lling de ects in the main and 
segmental pulmonary arteries bilaterally (white arrows). Only the 
le t upper lobe segmental artery is  ree o  thrombus.

mo alities  or DV , such as compute  tomography (C ) 
an  magnetic resonance imaging.

Chest  roen tgenograp hy
A normal or nearly normal chest x-ray o en occurs in 
PE. Well-establishe  abnormalities inclu e  ocal olige-
mia (Westermark’s sign), a peripheral we ge -shape  
 ensity above the  iaphragm (Hampton’s hump), an  an 
enlarge  right  escen ing pulmonary artery (Palla’s sign).

Chest  CT
C  o  the chest with intravenous contrast is the prin-
cipal imaging test  or the  iagnosis o  PE (Fig. 23-5). 
Multi etector-row spiral C  acquires all chest images 
with ≤1 mm o  resolution  uring a short breath hol . 
Sixth-or er branches can be visualize  with resolution 
superior to that o  conventional invasive contrast pulmo-
nary angiography. T e C  scan also provi es an excel-
lent  our-chamber view o  the heart. RV enlargement 
on chest C  in icates an increase  likelihoo  o   eath 
within the next 30  ays compare  with PE patients who 
have normal RV size. When imaging is continue  below 
the chest to the knee, pelvic an  proximal leg DV  also 
can be  iagnose  by C  scanning. In patients without 
PE, the lung parenchymal images may establish alterna-
tive  iagnoses not apparent on chest x-ray that explain 
the presenting symptoms an  signs such as pneumonia, 
emphysema, pulmonary  brosis, pulmonary mass, an  
aortic pathology. Sometimes asymptomatic early-stage 
lung cancer is  iagnose  inci entally.
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TREATMENT Deep Venous Thrombosis

PRIMARY THERAPY Primary therapy consists o  clot  issolu-
tion with pharmacomechanical therapy that usually inclu es 
low- ose catheter- irecte  thrombolysis. T is approach is 
reserve   or patients with extensive  emoral, ilio emoral, or 
upper extremity DV . T e open vein hypothesis postulates 
that patients who receive primary therapy will sustain less 
long-term  amage to venous valves, with consequent lower 
rates o  postthrombotic syn rome. A National Heart, Lung, 
an  Bloo  Institute–sponsore  ran omize  controlle  trial 
calle  A  RAC  (NC 00790335) is testing this hypothesis.

SECONDARY PREVENTION Anticoagulation or placement o  an 
in erior vena caval  lter constitutes secon ary prevention o  
V E.  o lessen the severity o  postthrombotic syn rome o  
the legs, below-knee gra uate  compression stockings may 
be prescribe , 30–40 mmHg,  or 2 years a er the DV  epi-
so e. T ey shoul  be replace  every 3 months because they 
lose their elasticity.

TREATMENT Pulmonary Embolism

RISK STRATIFICATION Hemo ynamic instability, RV  ys unc-
tion on echocar iography, RV enlargement on chest C , or 
elevation o  the troponin level  ue to RV microin arction 
porten  a high risk o  an a verse clinical outcome. When 
RV  unction remains normal in a hemo ynamically stable 
patient, a goo  clinical outcome is highly likely with antico-
agulation alone (Fig. 23-7).

ANTICOAGULATION E ective anticoagulation is the  oun a-
tion  or success ul treatment o  DV  an  PE. T ere are three 
options: (1) the conventional strategy o  parenteral therapy 
“bri ge ” to war arin, (2) parenteral therapy “bri ge ” to a 

ALGORITHM FOR DVT AND PE DIAGNOSIS

DVT imaging te s t

Venous  ultra sound

Diagnos tic Nondiagnos tic

Stop MR CT Phlebography

PE Imaging Tes t

Ches t CT

Diagnos tic Nondiagnos tic, unava ilable , or unsafe

Stop

Stop

Lung scan

Diagnostic Nondiagnos tic

Venous  ultrasound

Pos itive Nega tive

Trea t for PE Transesophagea l ECHO or MR or
invas ive  pulmonary angiography

FIGURE 23 -6
Imaging tests to  d iagnose DVT and  PE. ECHO, echocardiography.

 iagnostic test. Invasive catheter-base   iagnostic test-
ing is reserve   or patients with technically unsatis ac-
tory chest C s an   or those in whom an interventional 
proce ure such as catheter- irecte  thrombolysis is 
planne . A  e nitive  iagnosis o  PE  epen s on visu-
alization o  an intraluminal  lling  e ect in more than 
one projection. Secon ary signs o  PE inclu e abrupt 
occlusion (“cut-o ”) o  vessels, segmental oligemia or 
avascularity, a prolonge  arterial phase with slow  lling, 
an  tortuous, tapering peripheral vessels.

Contrast  p h leb ograp hy
Venous ultrasonography has virtually replace  con-
trast phlebography as the  iagnostic test  or sus-
pecte  DV .

In tegra ted  dia gnostic a pproa ch

An integrate   iagnostic approach (Fig. 23-3) stream-
lines the workup o  suspecte  DV  an  PE (Fig. 23-6).

Risk s tra tify

Normotens ion
plus  normal RV

Normotens ion
plus  RV hypokines is Hypotens ion

Anticoagula tion
plus

thrombolys is
IVC filte r Embolectomy:

ca the te r/surgica l
Anticoagula tion

a lone

Secondary
prevention

Individua lize
therapy

Primary
therapy

ALGORITHM FOR PE MANAGEMENT

FIGURE 23 -7
Acu te  m an ag em en t  o f p u lm o n ary th ro m b o em b o lism . RV, 
right ventricular; IVC, in erior vena cava.
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291consequently have greater bioavailability, a more pre ictable 
 ose response, an  a longer hal -li e than  oes UFH. No 
monitoring or  ose a justment is nee e  unless the patient 
is marke ly obese or has chronic ki ney  isease.

Fondaparinux Fon aparinux, an anti-Xa pentasacchari e, 
is a ministere  as a weight-base  once- aily subcutaneous 
injection in a pre ille  syringe. No laboratory monitoring is 
require . Fon aparinux is synthesize  in a laboratory an , 
unlike LMWH or UFH, is not  erive   rom animal pro ucts. It 
 oes not cause heparin-in uce  thrombocytopenia.  he  ose 
must be a juste   ownwar   or patients with renal  ys unction.

Warfarin T is vitamin K antagonist prevents carboxylation 
activation o  coagulation  actors II, VII, IX, an  X. T e  ull 
e ect o  war arin requires at least 5  ays, even i  the pro-
thrombin time, use   or monitoring, becomes elevate  more 
rapi ly. I  war arin is initiate  as monotherapy  uring an acute 
thrombotic illness, a para oxical exacerbation o  hypercoagu-
lability increases the likelihoo  o  thrombosis. Overlapping 
UFH, LMWH,  on aparinux, or parenteral  irect thrombin 
inhibitors with war arin  or at least 5  ays will nulli y the early 
procoagulant e ect o  war arin.

Warfarin Dosing In an average-size a ult, war arin is o ten ini-
tiate  in a  ose o  5 mg.  he prothrombin time is stan ar -
ize  by calculating the international normalize  ratio (INR), 
which assesses the anticoagulant e  ect o  war arin (Chap. 3). 
 he target INR is usually 2.5, with a range o  2.0–3.0.

T e war arin  ose is usually titrate  empirically to achieve 
the target INR. Proper  osing is  if cult because hun re s o  
 rug- rug an   rug- oo  interactions a ect war arin metab-
olism. Increasing age an  systemic illness re uce the require  
war arin  ose. Pharmacogenomics may provi e more pre-
cise initial  osing o  war arin. CYP2C9 variant alleles impair 
the hy roxylation o  S-war arin, thereby lowering the  ose 
requirement. Variants in the gene enco ing the vitamin K 
epoxi e re uctase complex 1 (VKORC1) can pre ict whether 
patients require low, mo erate, or high war arin  oses.

Centralize  anticoagulation clinics have improve  the ef -
cacy an  sa ety o  war arin  osing. Patients can sel -monitor 
their INR with a home point-o -care  ngerstick machine an  
can occasionally be taught to sel - ose their war arin.

Novel Oral Anticoagulants Novel oral anticoagulants are a minis-
tere  in a  xe   ose, establish e ective anticoagulation within 
hours o  ingestion, require no laboratory coagulation monitor-
ing, an  have  ew o  the  rug- rug or  rug- oo  interactions 
that make war arin so  if cult to  ose. Rivaroxaban, a  actor Xa 
inhibitor, is approve   or treatment o  acute DV  an  acute PE 
as monotherapy, without a parenteral “bri ging” anticoagulant. 
Apixaban is likely to receive similar approval  or oral mono-
therapy. Dabigatran, a  irect thrombin inhibitor, an  e oxaban, 
a  actor Xa inhibitor, are likely to be approve   or treatment o  
V E a er an initial course o  parenteral anticoagulation.

Complications of Anticoagulants T e most serious a verse e ect 
o  anticoagulation is hemorrhage. For li e-threatening or 

TABLE 23-3  
ANTICOAGULATION OF VTE

Im m ed ia te  An t icoag u la t ion

Un ractionated heparin, bolus and continuous in usion, to 
achieve aPTT 2–3 times the upper limit o  the laboratory 
normal, or

Enoxaparin 1 mg/kg twice daily with normal renal  unction, or
Dalteparin 200 U/kg once daily or 100 U/kg twice daily, with 
normal renal  unction, or

Tinzaparin 175 U/kg once daily with normal renal  unction, or
Fondaparinux weight-based once daily; adjust  or impaired 
renal  unction

Direct thrombin inhibitors: argatroban or bivalirudin
Rivaroxaban 15 mg twice daily  or 3 weeks,  ollowed by 20 mg 
once daily with the dinner meal therea ter

Apixaban (not yet licensed)

Warfa rin  An t ico ag u la t io n

Requires 5–10 days o  administration to achieve ef ectiveness 
as monotherapy

(Un ractionated heparin, low-molecular-weight heparin, and 
 ondaparinux are the usual immediately ef ective “bridging 
agents” used when initiating war arin)

Usual start dose is 5 mg
Titrate to INR, target 2.0–3.0
Continue parenteral anticoagulation  or a minimum o  5 days 
and until two sequential INR values, at least 1 day apart, 
achieve the target INR range

Nove l Ora l An t icoag u lan ts fo r Exten d ed -Dura t ion  
Ant ico ag u la t io n  fo llowin g  In it ia l Pa ren te ra l An t ico ag u la t io n

Edoxaban (not yet licensed)
Dabigatran (not yet licensed)

novel oral anticoagulant such as  abigatran (a  irect throm-
bin inhibitor) or e oxaban (an anti-Xa agent), or (3) oral 
anticoagulation with rivaroxaban or apixaban (both are anti-
Xa agents) with a loa ing  ose  ollowe  by a maintenance 
 ose as monotherapy without parenteral anticoagulation.

T e three heparin-base  parenteral anticoagulants are 
(1) un ractionate  heparin (UFH), (2) low-molecular-weight 
heparin (LMWH), an  (3)  on aparinux. For patients with 
suspecte  or proven heparin-in uce  thrombocytopenia, 
there are two parenteral  irect thrombin inhibitors: argatro-
ban an  bivaliru in (Table 23-3).

Unfractionated Heparin UFH anticoagulates by bin ing to an  
accelerating the activity o  antithrombin, thus preventing 
a  itional thrombus  ormation. UFH is  ose  to achieve a 
target activate  partial thromboplastin time (aP  ) o  60–80 s. 
T e most popular nomogram uses an initial bolus o  80 U/kg, 
 ollowe  by an initial in usion rate o  18 U/kg per h.

T e major a vantage o  UFH is its short hal -li e, which is 
especially use ul in patients in whom hour-to-hour control o  
the intensity o  anticoagulation is  esire .

Low Molecular Weight Heparins  hese  ragments o  UFH exhibit 
less bin ing to plasma proteins an  en othelial cells an  
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292 intracranial hemorrhage  ue to heparin or LMWH, protamine 
sul ate can be a ministere . Heparin-in uce  thrombocyto-
penia is less common with LMWH than with UFH. T ere is 
no speci c reversal agent  or blee ing cause  by  on aparinux, 
 irect thrombin inhibitors, or  actor Xa inhibitors.

Major blee ing  rom war arin is best manage  with pro-
thrombin complex concentrate. With serious but non–li e-
threatening blee ing,  resh- rozen plasma or intravenous 
vitamin K can be use . Recombinant human coagulation 
 actor VIIa (rFVIIa) is an o -label option to manage cata-
strophic blee ing  rom war arin, but prothrombin complex 
concentrate is a better choice. Oral vitamin K is e ective  or 
managing minor blee ing or an excessively high INR in the 
absence o  blee ing.

Duration of Anticoagulation For DV  isolate  to an upper 
extremity or cal  that has been provoke  by surgery, trauma, 
estrogen, or an in welling central venous catheter or pace-
maker, 3 months o  anticoagulation usually suf ce. For an 
initial episo e o  provoke  proximal leg DV  or PE, 3 to 
6 months o  anticoagulation are consi ere  suf cient. For 
patients with cancer an  V E, prescribe LMWH as mono-
therapy without war arin an  continue anticoagulation in e -
nitely unless the patient is ren ere  cancer- ree.

Among patients with i iopathic, unprovoke  V E, the 
recurrence rate is high a er cessation o  anticoagulation. V E 
that occurs  uring long-haul air travel is consi ere  unpro-
voke . Unprovoke  V E may be cause  by an exacerbation 
o  an un erlying in ammatory state an  can be conceptual-
ize  as a chronic illness, with latent perio s between  ares 
o  recurrent episo es. American College o  Chest Physicians 
(ACCP) gui elines recommen  consi ering anticoagulation 
 or an in e nite  uration with a target INR between 2 an  
3  or patients with i iopathic V E. An alternative approach 
a er the  rst 6 months o  anticoagulation is to re uce the 
intensity o  anticoagulation an  to lower the target INR range 
to between 1.5 an  2.

Counterintuitively, the presence o  genetic mutations 
such as heterozygous  actor V Lei en an  prothrombin gene 
mutation  oes not appear to increase the risk o  recurrent 
V E. However, patients with antiphospholipi  antibo y syn-
 rome may warrant in e nite- uration anticoagulation, even 
i  the initial V E was provoke  by trauma or surgery.

INFERIOR VENA CAVAL (IVC) FILTERS T e two principal in ications 
 or insertion o  an IVC  lter are (1) active blee ing that pre-
clu es anticoagulation an  (2) recurrent venous thrombosis 
 espite intensive anticoagulation. Prevention o  recurrent PE 
in patients with right heart  ailure who are not can i ates  or 
 brinolysis an  prophylaxis o  extremely high-risk patients 
are “so er” in ications  or  lter placement. T e  lter itsel  
may  ail by permitting the passage o  small-to me ium-size 
clots. Large thrombi may embolize to the pulmonary arteries 
via collateral veins that  evelop. A more common complica-
tion is caval thrombosis with marke  bilateral leg swelling.

Para oxically, by provi ing a ni us  or clot  ormation,  l-
ters increase the DV  rate, even though they usually prevent 

PE (over the short term). Retrievable  lters can now be 
place   or patients with an anticipate  temporary blee ing 
 isor er or  or patients at temporary high risk o  PE, such 
as in ivi uals un ergoing bariatric surgery who have a prior 
history o  perioperative PE. T e  lters can be retrieve  up to 
several months a er insertion unless thrombus  orms an  is 
trappe  within the  lter. T e retrievable  lter becomes per-
manent i  it remains in place or i ,  or technical reasons such 
as rapi  en othelialization, it cannot be remove .

MANAGEMENT OF MASSIVE PE For patients with massive PE an  
hypotension, replete volume with 500 mL o  normal saline. 
A  itional  ui  shoul  be in use  with extreme caution 
because excessive  ui  a ministration exacerbates RV wall 
stress, causes more pro oun  RV ischemia, an  worsens LV 
compliance an   lling by causing  urther interventricular sep-
tal shi  towar  the LV. Dopamine an   obutamine are  rst-line 
inotropic agents  or treatment o  PE-relate  shock. Maintain a 
low threshol   or initiating these pressors. O en, a “trial-an -
error” approach works best; other agents that may be e ective 
inclu e norepinephrine, vasopressin, or phenylephrine.

FIBRINOLYSIS Success ul  brinolytic therapy rapi ly reverses 
right heart  ailure an  may result in a lower rate o   eath 
an  recurrent PE by (1)  issolving much o  the anatomically 
obstructing pulmonary arterial thrombus, (2) preventing the 
continue  release o  serotonin an  other neurohumoral  ac-
tors that exacerbate pulmonary hypertension, an  (3) lysing 
much o  the source o  the thrombus in the pelvic or  eep leg 
veins, thereby  ecreasing the likelihoo  o  recurrent PE.

T e pre erre   brinolytic regimen is 100 mg o  recom-
binant tissue plasminogen activator (tPA) a ministere  as 
a continuous peripheral intravenous in usion over 2 h. T e 
sooner thrombolysis is a ministere , the more e ective it is. 
However, this approach can be use   or at least 14  ays a er 
the PE has occurre .

Contrain ications to  brinolysis inclu e intracranial  is-
ease, recent surgery, an  trauma. T e overall major blee ing 
rate is about 10%, inclu ing a 1–3% risk o  intracranial hem-
orrhage. Care ul screening o  patients  or contrain ications 
to  brinolytic therapy is the best way to minimize blee ing 
risk.

T e only Foo  an  Drug A ministration–approve  in ica-
tion  or PE  brinolysis is massive PE. For patients with sub-
massive PE, who have preserve  systolic bloo  pressure but 
mo erate or severe RV  ys unction, use o   brinolysis remains 
controversial. Results o  a 1006-patient European multi-
centere  ran omize  trial o  submassive PE, using the throm-
bolytic agent tenecteplase, were publishe  in 2014. Death or 
hemo ynamic collapse within 7  ays o  ran omization was 
re uce  by 56% in the tenecteplase group. However, hemor-
rhagic stroke occurre  in 2% o  tenecteplase patients versus 
0.2% in patients who only receive  heparin.

PHARMACOMECHANICAL CATHETER-DIRECTED THERAPY Many patients 
have relative contrain ications to  ull- ose thromboly-
sis. Pharmacomechanical catheter- irecte  therapy usually 
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293combines physical  ragmentation or pulverization o  throm-
bus with catheter- irecte  low- ose thrombolysis. Mechanical 
techniques inclu e catheter maceration an  intentional embo-
lization o  clot more  istally, suction thrombectomy, rheolytic 
hy rolysis, an  low-energy ultrasoun - acilitate  thromboly-
sis. T e  ose o  alteplase can be marke ly re uce , usually to 
a range o  20 to 25 mg instea  o  the peripheral intravenous 
systemic  ose o  100 mg.

PULMONARY EMBOLECTOMY T e risk o  major hemorrhage with 
systemically a ministere   brinolysis has prompte  a renais-
sance o  interest in surgical embolectomy, an operation that 
ha  almost become extinct. More rapi  re erral be ore the 
onset o  irreversible multisystem organ  ailure an  improve  
surgical technique have resulte  in a high survival rate.

PULMONARY THROMBOENDARTERECTOMY Chronic thromboem-
bolic pulmonary hypertension  evelops in 2–4% o  acute PE 
patients. T ere ore, PE patients who have initial pulmonary 
hypertension (usually  iagnose  with Doppler echocar iog-
raphy) shoul  be  ollowe  up at about 6 weeks with a repeat 
echocar iogram to  etermine whether pulmonary arterial 
pressure has normalize . Patients impaire  by  yspnea  ue to 
chronic thromboembolic pulmonary hypertension shoul  be 
consi ere   or pulmonary thromboen arterectomy, which, i  
success ul, can marke ly re uce, an  sometimes even cure, 
pulmonary hypertension. T e operation requires me ian 
sternotomy, car iopulmonary bypass,  eep hypothermia, 
an  perio s o  hypothermic circulatory arrest. T e mortal-
ity rate at experience  centers is approximately 5%. Inoper-
able patients shoul  be manage  with pulmonary vaso ilator 
therapy.

EMOTIONAL SUPPORT Patients with V E may  eel overwhelme  
when they learn that they are su ering  rom PE or DV . 
Some have never previously encountere  serious car io-
vascular illness. T ey won er whether they will be able to 
a apt to the new limitations impose  by anticoagulation. 
T ey worry about the health o  their  amilies an  the genetic 
implications o  their illness. T ose who are a vise  to  iscon-
tinue anticoagulation may  eel especially vulnerable about the 
potential  or su ering recurrent V E. At Brigham an  Wom-
an’s Hospital, a physician-nurse– acilitate  PE support group 
was initiate  to a  ress these concerns an  has met monthly 
 or more than 20 years.

PREVENTION OF VTE
Prevention o  DV  an  PE (Table 23-4) is o  para-
mount importance because V E is  if cult to  etect 
an  poses a pro oun  me ical an  economic bur en. 
Low- ose UFH or LMWH is the most common  orm 
o  in-hospital prophylaxis. Computerize  remin er sys-
tems can increase the use o  preventive measures an , 
at Brigham an  Women’s Hospital, have re uce  the 
symptomatic V E rate by more than 40%. Au its o  
hospitals to ensure that prophylaxis protocols are being 

TABLE 23 -4  
PREVENTION OF VENOUS THROMBOEMBOLISM 
AMONG HOSPITALIZED PATIENTS

CONDITION  PROPHYLAXIS STRATEGY

High-risk nonorthopedic 
surgery

Un ractionated heparin 5000 
units SC bid or tid

Enoxaparin 40 mg daily
Dalteparin 2500 or 5000 units 
daily

Cancer surgery, including 
gynecologic cancer surgery

Enoxaparin 40 mg daily, con-
sider 1 month o  prophylaxis

Major orthopedic surgery  War arin (target INR 2.0–3.0)
Enoxaparin 40 mg daily
Enoxaparin 30 mg bid
Dalteparin 2500 or 5000 units 
daily

Fondaparinux 2.5 mg daily
Rivaroxaban 10 mg daily
Aspirin 81–325 mg daily
Dabigatran 220 mg daily (not 
in the United States)

Apixaban 2.5 mg bid (not in 
the United States)

Intermittent pneumatic com-
pression (with or without 
pharmacologic prophylaxis)

Medically ill patients, espe-
cially i  immobilized, with a 
history o  prior VTE, with an 
indwelling central venous 
catheter, or with cancer (but 
without active gastroduo-
denal ulcer, major bleeding 
within 3 months, or platelet 
count <50,000)

Un ractionated heparin 5000 
units bid or tid

Enoxaparin 40 mg daily
Dalteparin 2500 or 5000 units 
daily

Fondaparinux 2.5 mg daily

Anticoagulation 
contraindicated

Intermittent pneumatic 
compression devices (but 
whether graduated com-
pression stockings are ef ec-
tive in medical patients is 
controversial)

use  will also increase utilization o  preventive mea-
sures. Duration o  prophylaxis is an important consi -
eration. Exten e - uration prophylaxis has not been 
shown to be both e ective an  sa e in me ically ill 
patients a er hospital  ischarge in separate large trials 
that have teste  enoxaparin, apixaban, an  rivaroxaban. 
T ere is an ongoing trial o  a novel oral anticoagulant, 
betrixaban,  or exten e - uration V E prophylaxis in 
me ically ill patients.

Patients who have un ergone total hip or knee 
replacement or cancer surgery will bene t  rom exten e  
pharmacologic V E prophylaxis a er hospital  ischarge. 
For hip replacement or extensive cancer surgery, the 
 uration o  prophylaxis is usually at least 1 month.
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T romboembolic  isor ers are major causes o  morbi -
ity an  mortality. T rombosis can occur in arteries or 
veins. Arterial thrombosis is the most common cause o  
acute myocar ial in arction (MI), ischemic stroke, an  
limb gangrene. Venous thromboembolism encompasses 
 eep vein thrombosis (DV ), which can lea  to post-
thrombotic syn rome, an  pulmonary embolism (PE), 
which can be  atal or can result in chronic thromboem-
bolic pulmonary hypertension.

Most arterial thrombi are superimpose  on  isrupte  
atherosclerotic plaque because plaque rupture exposes 
thrombogenic material in the plaque core to the bloo . 
T is material then triggers platelet aggregation an   brin 
 ormation, which results in the generation o  a platelet-
rich thrombus that can temporarily or permanently 
occlu e bloo   ow. In contrast, venous thrombi rarely 
 orm at sites o  obvious vascular  isruption. Although 
they can  evelop a er surgical trauma to veins or sec-
on ary to in welling venous catheters, venous thrombi 
usually originate in the valve cusps o  the  eep veins o  
the cal  or in the muscular sinuses. Sluggish bloo   ow 
re uces the oxygen supply to the avascular valve cusps. 
En othelial cells lining these valve cusps become acti-
vate  an  express a hesion molecules on their sur ace. 
 issue  actor–bearing leukocytes an  microparticles 
a here to these activate  cells an  in uce coagulation. 
DNA extru e   rom neutrophils  orms neutrophil extra-
celluar traps (NE s) that provi e a sca ol  that traps re  
bloo  cells, promotes platelet a hesion an  activation, 
an  augments coagulation. Local thrombus  ormation 
is exacerbate  by re uce  clearance o  activate  clotting 
 actors as a result o  impaire  bloo   ow. I  the thrombi 
exten   rom the cal  veins into the popliteal an  more 
proximal veins o  the leg, thrombus  ragments can  is-
lo ge, travel to the lungs, an  pro uce a PE.

Arterial an  venous thrombi are compose  o  
platelets,  brin, an  trappe  re  bloo  cells, but the 

ANTIPLATELET, ANTICOAGULANT, 
AND FIBRINOLYTIC DRUGS

CHAP TER 2 4

proportions  i er. Arterial thrombi are rich in plate-
lets because o  the high shear in the injure  arteries. 
In contrast, venous thrombi, which  orm un er low 
shear con itions, contain relatively  ew platelets an  
are pre ominantly compose  o   brin an  trappe  re  
cells. Because o  the pre ominance o  platelets, arterial 
thrombi appear white, whereas venous thrombi are re  
in color, re ecting the trappe  re  cells.

Antithrombotic  rugs are use   or prevention an  
treatment o  thrombosis.  argeting the components o  
thrombi, these agents inclu e (1) antiplatelet  rugs, (2) 
anticoagulants, an  (3)  brinolytic agents (Fig. 24-1). 
With the pre ominance o  platelets in arterial thrombi, 
strategies to attenuate arterial thrombosis  ocus mainly 
on antiplatelet agents, although, in the acute setting, o en 
inclu e anticoagulants an   brinolytic agents. Antico-
agulants are the mainstay o  prevention an  treatment o  
venous thromboembolism because  brin is the pre omi-
nant component o  venous thrombi. Antiplatelet  rugs are 
less e ective than anticoagulants in this setting because 
o  the limite  platelet content o  venous thrombi. Fibri-
nolytic therapy is use  in selecte  patients with venous 
thromboembolism. For example, patients with massive 
or submassive PE can bene t  rom systemic or cathe-
ter- irecte   brinolytic therapy. Pharmaco-mechanical 
therapy also is use  to restore bloo   ow in patients with 
extensive DV  involving the iliac an /or  emoral veins.

Antithrombotic  Drugs

Anticoagulants  Fibrinolytic agentsAntipla te le t drugs

FIGURE 24 -1
Classif ca t io n  o   an t ith ro m b o t ic d rug s.
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295ANTIPLATELET DRUGS

ROLE OF PLATELETS IN ARTERIAL 
THROMBOSIS
In healthy vasculature, circulating platelets are main-
taine  in an inactive state by nitric oxi e (NO) an  
prostacyclin release  by en othelial cells lining the 
bloo  vessels. In a  ition, en othelial cells also express 
CD39 on their sur ace, a membrane-associate  ecto-
a enosine  iphosphatase (ADPase) that  egra es ADP 
release   rom activate  platelets. When the vessel wall 
is  amage , release o  these substances is impaire  an  
suben othelial matrix is expose . Platelets a here to 
expose  collagen via α2β1 an  glycoprotein (Gp) V1 an  
to von Willebran   actor (VWF) via Gp Ibα an  Gp IIb/
IIIa (αIIbβ3)—receptors that are constitutively expresse  
on the platelet sur ace. A herent platelets un ergo a 
change in shape, secrete ADP  rom their  ense gran-
ules, an  synthesize an  release thromboxane A2. 
Release  ADP an  thromboxane A2, which are platelet 
agonists, activate ambient platelets an  recruit them to 
the site o  vascular injury (Fig. 24-2).

Disruption o  the vessel wall also exposes tissue 
 actor–expressing cells to the bloo .  issue  actor bin s 
 actor VIIa an  initiates coagulation. Activate  platelets 
potentiate coagulation by provi ing a sur ace that bin s 
clotting  actors an  supports the assembly o  activation 
complexes that enhance thrombin generation. In a  i-
tion to converting  brinogen to  brin, thrombin serves 
as a potent platelet agonist an  recruits more platelets 
to the site o  vascular injury. T rombin also ampli es its 
own generation by  ee back activation o   actors V, VIII, 
an  XI an  soli i es the  brin network by activating 
 actor XIII, which then cross-links the  brin stran s.

When platelets are activate , Gp IIb/IIIa, the most 
abun ant receptor on the platelet sur ace, un ergoes a 
con ormational change that enables it to bin   brino-
gen an , un er high shear con itions, VWF. Diva-
lent  brinogen or multivalent VWF molecules bri ge 
a jacent platelets together to  orm platelet aggregates. 
Fibrin stran s, generate  through the action o  throm-
bin, then weave these aggregates together to  orm a 
platelet/ brin mesh.

Antiplatelet  rugs target various steps in this process. 
T e commonly use   rugs inclu e aspirin, ADP recep-
tor inhibitors, which inclu e the thienopyri ines (clopi-
 ogrel an  prasugrel) an  ticagrelor,  ipyri amole, an  
Gp IIb/IIIa antagonists.

ASPIRIN
T e most wi ely use  antiplatelet agent worl wi e 
is aspirin. As a cheap an  e ective antiplatelet  rug, 
aspirin serves as the  oun ation o  most antiplatelet 
strategies.

Mecha nism o   a ction

Aspirin pro uces its antithrombotic e ect by irrevers-
ibly acetylating an  inhibiting platelet cyclooxygenase 
(COX)-1 (Fig. 24-3), a critical enzyme in the biosyn-
thesis o  thromboxane A2. At high  oses (~1 g/ ), aspi-
rin also inhibits COX-2, an in ucible COX iso orm 
 oun  in en othelial cells an  in ammatory cells. In 
en othelial cells, COX-2 initiates the synthesis o  pros-
tacyclin, a potent vaso ilator an  inhibitor o  platelet 
aggregation.

Indica tions

Aspirin is wi ely use   or secon ary prevention o  car-
 iovascular events in patients with coronary artery, 
cerebrovascular, or peripheral vascular  isease. Com-
pare  with placebo, aspirin pro uces a 25% re uc-
tion in the risk o  car iovascular  eath, MI, or stroke. 
Aspirin is also use   or primary prevention in patients 
whose estimate  annual risk o  MI is >1%, a point 
where its bene ts are likely to outweigh harms. T is 

Exposure  of collagen and VWF  Tissue  factor exposure

Pla te le t adhes ion and re lease  Activa tion of coagula tion

Pla te le t recruitment and activa tion  Thrombin genera tion

Vas cular Injury

Pla te le t-fibrin thrombus

Pla te le t aggrega tion  Fibrin formation

FIGURE 24 -2
Co ord inated  ro le  o   p la te le ts and  the  coagu la t ion  system  
in  th rom b ogenesis. Vascular injury simultaneously triggers 
platelet activation and aggregation and activation o  the coagula-
tion system. Platelet activation is initiated by exposure o  suben-
dothelial collagen and von Willebrand  actor (VWF), onto which 
platelets adhere. Adherent platelets become activated and release 
ADP and thromboxane A2, platelet agonists that activate ambient 
platelets and recruit them to the site o  injury. When platelets are 
activated, glycoprotein IIb/IIIa on their sur ace undergoes a con-
 ormational change that enables it to ligate  brinogen and/or 
VWF and mediate platelet aggregation. Coagulation is triggered 
by tissue  actor exposed at the site o  injury. Tissue  actor trig-
gers thrombin generation. As a potent platelet agonist, thrombin 
ampli es platelet recruitment to the site o  injury. Thrombin also 
converts  brinogen to  brin, and the  brin strands then weave the 
platelet aggregates together to  orm a platelet/ brin thrombus.
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296 place o  plain aspirin  oes not eliminate gastrointestinal 
si e e ects. T e overall risk o  major blee ing with aspi-
rin is 1–3% per year. T e risk o  blee ing is increase  
two- to three ol  when aspirin is given in conjunction 
with other antiplatelet  rugs, such as clopi ogrel, or with 
anticoagulants, such as war arin. When  ual or triple 
therapy is prescribe , low- ose aspirin shoul  be given 
(75–100 mg  aily). Era ication o  Helicobacter pylori 
in ection an  a ministration o  proton pump inhibitors 
may re uce the risk o  aspirin-in uce  upper gastroin-
testinal blee ing in patients with peptic ulcer  isease.

Aspirin shoul  not be a ministere  to patients with 
a history o  aspirin allergy characterize  by broncho-
spasm. T is problem occurs in ~0.3% o  the general 
population but is more common in those with chronic 
urticaria or asthma, particularly in in ivi uals with 
nasal polyps or chronic rhinitis. Hepatic an  renal tox-
icity are observe  with aspirin over ose.

Aspirin  resista nce

Clinical aspirin resistance is  e ne  as the  ailure o  
aspirin to protect patients  rom ischemic vascular events. 
T is is not a help ul  e nition because it is ma e a er 
the event occurs. Furthermore, it is not realistic to 
expect aspirin, which only blocks thromboxane A2–
in uce  platelet activation, to prevent all vascular events.

Aspirin resistance has also been  escribe  bio-
chemically as  ailure o  the  rug to pro uce its expecte  
inhibitory e ects on tests o  platelet  unction, such as 
thromboxane A2 synthesis or arachi onic aci -in uce  
platelet aggregation. Potential causes o  aspirin resis-
tance inclu e poor compliance, re uce  absorption, 
 rug- rug interaction with ibupro en, an  overex-
pression o  COX-2. Un ortunately, the tests  or aspirin 
resistance have not been well stan ar ize , an  there is 
little evi ence that they i enti y patients at increase  risk 
o  recurrent vascular events, or that resistance can be 
reverse  by giving higher  oses o  aspirin or by a  ing 
other antiplatelet  rugs. Until such in ormation is avail-
able, testing  or aspirin resistance remains a research tool.

ADP RECEPTOR ANTAGONISTS
T e ADP receptor antagonists inclu e the thienopyri-
 ines (clopi ogrel an  prasugrel) an  ticagrelor. All 
o  these  rugs target P2Y12, the key ADP receptor on 
platelets.

Thienopyridines
Mechan ism  o   act ion

T e thienopyri ines are structurally relate   rugs that 
selectively inhibit ADP-in uce  platelet aggregation by 
irreversibly blocking P2Y12 (Fig. 24-3). Clopi ogrel an  
prasugrel are pro rugs that require metabolic activation 

Collagen  VWF

Aspirin COX-1 Clopidogre l
Prasugre l
Ticagre lor

Thrombin

Vorapaxar  GPllb/llla  activa tion Abciximab
Eptifiba tide

Tirofiban
Pla te le t aggrega tion

Plaque  Dis ruption

Pla te le t adhes ion and secre tion

Tissue  factor

Pla te le t recruitment and activa tion

TXA2 ADP

FIGURE 24 -3
Site  o   act ion  o   an t ip la te le t  d ru g s. Aspirin inhibits throm-
boxane A2 (TXA2) synthesis by irreversibly acetylating cyclo-
oxygenase-1 (COX-1). Reduced TXA2 release attenuates platelet 
activation and recruitment to the site o  vascular injury. Clopido-
grel and prasugrel irreversibly block P2Y12, a key ADP receptor on 
the platelet sur ace; cangrelor and ticagrelor are reversible inhibi-
tors o  P2Y12. Abciximab, epti batide, and tiro ban inhibit the 
 nal common pathway o  platelet aggregation by blocking  brin-
ogen and von Willebrand  actor binding to activated glycoprotein 
(Gp) IIb/IIIa. Vorapaxar inhibits thrombin-mediated platelet activa-
tion by targeting protease-activated receptor-1 (PAR-1), the major 
thrombin receptor on human platelets.

inclu es patients ol er than age 40 years with two or 
more major risk  actors  or car iovascular  isease or 
men ol er than age 45 years an  women over the age 
o  55 years with one or more such risk  actors. Aspirin 
is equally e ective in men an  women. In men, aspirin 
mainly re uces the risk o  MI, whereas in women, aspi-
rin lowers the risk o  stroke.

Dosa ges

Aspirin is usually a ministere  at  oses o  75–325 mg 
once  aily. Higher  oses o  aspirin are not more e ec-
tive than lower aspirin  oses, an  some analyses suggest 
re uce  ef cacy with higher  oses. Because the si e 
e ects o  aspirin are  ose-relate ,  aily aspirin  oses 
o  75–100 mg are recommen e   or most in ications. 
When rapi  platelet inhibition is require , an initial 
aspirin  ose o  at least 160 mg shoul  be given.

Side ef ects

T e most common si e e ects are gastrointestinal an  
range  rom  yspepsia to erosive gastritis or peptic ulcers 
with blee ing an  per oration. T ese si e e ects are 
 ose-relate . Use o  enteric-coate  or bu ere  aspirin in 
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297by the hepatic cytochrome P450 (CYP) enzyme system. 
Prasugrel is about 10- ol  more potent than clopi ogrel 
an  has a more rapi  onset o  action because o  better 
absorption an  more streamline  metabolic activation.

Ind icat ions
When compare  with aspirin in patients with recent 
ischemic stroke, recent MI, or a history o  peripheral 
arterial  isease, clopi ogrel re uce  the risk o  car-
 iovascular  eath, MI, an  stroke by 8.7%. T ere ore, 
clopi ogrel is more e ective than aspirin but is also 
more expensive. In some patients, clopi ogrel an  aspi-
rin are combine  to capitalize on their capacity to block 
complementary pathways o  platelet activation. For 
example, the combination o  aspirin plus clopi ogrel is 
recommen e   or at least 4 weeks a er implantation o  
a bare metal stent in a coronary artery an   or at least a 
year in those with a  rug-eluting stent. Concerns about 
late in-stent thrombosis with  rug-eluting stents have 
le  some experts to recommen  long-term use o  clopi-
 ogrel plus aspirin  or the latter in ication. However, 
these recommen ations are likely to change because 
the risk o  late stent thrombosis is  ecreasing with the 
newer generation o   rug-eluting coronary stents.

T e combination o  clopi ogrel an  aspirin is also 
e ective in patients with unstable angina. T us, in 
12,562 such patients, the risk o  car iovascular  eath, 
MI, or stroke was 9.3% in those ran omize  to the com-
bination o  clopi ogrel an  aspirin an  11.4% in those 
given aspirin alone. T is 20% relative risk re uction with 
combination therapy was highly statistically signi cant. 
However, combining clopi ogrel with aspirin increases 
the risk o  major blee ing to about 2% per year. T is 
blee ing risk persists even i  the  aily  ose o  aspirin is 
≤100 mg. T ere ore, the combination o  clopi ogrel an  
aspirin shoul  only be use  when there is a clear ben-
e t. For example, this combination has not proven to be 
superior to clopi ogrel alone in patients with acute isch-
emic stroke or to aspirin alone  or primary prevention in 
those at risk  or car iovascular events.

Prasugrel was compare  with clopi ogrel in 13,608 
patients with acute coronary syn romes who were 
sche ule  to un ergo percutaneous coronary interven-
tion. T e inci ence o  the primary ef cacy en point, a 
composite o  car iovascular  eath, MI, or stroke, was 
signi cantly lower with prasugrel than with clopi o-
grel (9.9% an  12.1%, respectively), mainly re ecting a 
re uction in the inci ence o  non atal MI. T e inci ence 
o  stent thrombosis also was signi cantly lower with 
prasugrel (1.1% an  2.4%, respectively). However, these 
a vantages were at the expense o  signi cantly higher 
rates o   atal blee ing (0.4% an  0.1%, respectively) an  
li e-threatening blee ing (1.4% an  0.9%, respectively) 
with prasugrel. Because patients ol er than age 75 years 
an  those with a history o  prior stroke or transient isch-
emic attack have a particularly high risk o  blee ing, 

prasugrel shoul  generally be avoi e  in ol er patients, 
an  the  rug is contrain icate  in those with a history 
o  cerebrovascular  isease. Caution is require  i  pra-
sugrel is use  in patients weighing less than 60 kg or in 
those with renal impairment.

When prasugrel was compare  with clopi ogrel in 
7243 patients with unstable angina or MI without S -
segment elevation, prasugrel  aile  to re uce the rate o  
the primary ef cacy en point, which was a composite 
o  car iovascular  eath, MI, an  stroke. Because o  the 
negative results o  this stu y, prasugrel is reserve   or 
patients un ergoing percutaneous coronary interven-
tion. In this setting, prasugrel is usually given in con-
junction with aspirin.  o re uce the risk o  blee ing, 
the  aily aspirin  ose shoul  be ≤100 mg.

Dosing
Clopi ogrel is given once  aily at a  ose o  75 mg. 
Loa ing  oses o  clopi ogrel are given when rapi  
ADP receptor blocka e is  esire . For example, patients 
un ergoing coronary stenting are o en given a loa -
ing  ose o  300 mg, which pro uces inhibition o  ADP-
in uce  platelet aggregation in about 6 h; loa ing  oses 
o  600 or 900 mg pro uce an even more rapi  e ect. 
A er a loa ing  ose o  60 mg, prasugrel is given once 
 aily at a  ose o  10 mg. Patients ol er than age 75 years 
or weighing less than 60 kg shoul  receive a lower  aily 
prasugrel  ose o  5 mg.

Sid e  e f ects
T e most common si e e ect o  clopi ogrel an  pra-
sugrel is blee ing. Because o  its greater potency, blee -
ing is more common with prasugrel than clopi ogrel. 
 o re uce the risk o  blee ing, clopi ogrel an  prasug-
rel shoul  be stoppe  5–7  ays be ore major surgery. In 
patients taking clopi ogrel or prasugrel who present with 
serious blee ing, platelet trans usion may be help ul.

Hematologic si e e ects, inclu ing neutropenia, 
thrombocytopenia, an  thrombotic thrombocytopenic 
purpura, are rare.

Th ienop yrid ine  resistance
T e capacity o  clopi ogrel to inhibit ADP-in uce  
platelet aggregation varies among subjects. T is vari-
ability re ects, at least in part, genetic polymorphisms 
in the CYP isoenzymes involve  in the metabolic 
activation o  clopi ogrel. Most important o  these is 
CYP2C19. Clopi ogrel-treate  patients with the loss-
o - unction CYP2C19*2 allele exhibit re uce  plate-
let inhibition compare  with those with the wil -type 
CYP2C19*1 allele an  experience a higher rate o  car-
 iovascular events. T is is important because estimates 
suggest that up to 25% o  whites, 30% o  A rican Ameri-
cans, an  50% o  Asians carry the loss-o - unction allele, 
which woul  ren er them resistant to clopi ogrel. Even 
patients with the re uce   unction CYP2C19*3, *4, or 
*5 alleles may  erive less bene t  rom clopi ogrel than 
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298 those with the  ull- unction CYP2C19*1 allele. Concom-
itant a ministration o  clopi ogrel with proton pump 
inhibitors, which are inhibitors o  CYP2C19, pro uces 
a small re uction in the inhibitory e ects o  clopi o-
grel on ADP-in uce  platelet aggregation. T e extent to 
which this interaction increases the risk o  car iovascu-
lar events remains controversial.

In contrast to their e ect on the metabolic activa-
tion o  clopi ogrel, CYP2C19 polymorphisms appear to 
be less important  eterminants o  the activation o  pra-
sugrel. T us, no association was  etecte  between the 
loss-o - unction allele an   ecrease  platelet inhibition 
or increase  rate o  car iovascular events with prasug-
rel. T e observation that genetic polymorphisms a ect-
ing clopi ogrel absorption or metabolism in uence 
clinical outcomes raises the possibilities that pharmaco-
genetic pro ling may be use ul to i enti y clopi ogrel-
resistant patients an  that point-o -care assessment o  
the extent o  clopi ogrel-in uce  platelet inhibition may 
help  etect patients at higher risk  or subsequent car-
 iovascular events. Clinical trials  esigne  to evaluate 
these possibilities have thus  ar been negative. Although 
a ministration o  higher  oses o  clopi ogrel can over-
come a re uce  response to clopi ogrel, the clinical 
bene t o  this approach is uncertain. Instea , prasugrel 
or ticagrelor may be better choices  or these patients.

Tica grelor

As an orally active inhibitor o  P2Y12, ticagrelor  i ers 
 rom the thienopyri ines in that ticagrelor  oes not 
require metabolic activation an  it pro uces reversible 
inhibition o  the ADP receptor.

Mechan ism  o   act ion
Like the thienopyri ines, ticagrelor inhibits P2Y12. 
Because it  oes not require metabolic activation, 
ticagrelor has a more rapi  onset an  o set o  action 
than clopi ogrel, an  it pro uces greater an  more pre-
 ictable inhibition o  ADP-in uce  platelet aggregation 
than clopi ogrel.

Ind icat ions
When compare  with clopi ogrel in patients with acute 
coronary syn romes, ticagrelor pro uce  a greater 
re uction in the primary ef cacy en point—a composite 
o  car iovascular  eath, MI, an  stroke at 1 year—than 
clopi ogrel (9.8% an  11.7%, respectively; p = .001). T is 
 i erence re ecte  a signi cant re uction in both car-
 iovascular  eath (4.0% an  5.1%, respectively; p = .001) 
an  MI (5.8% an  6.9%, respectively; p = .005) with 
ticagrelor compare  with clopi ogrel. Rates o  stroke 
were similar with ticagrelor an  clopi ogrel (1.5% an  
1.3%, respectively), an  no  i erence in rates o  major 
blee ing was note . When minor blee ing was a  e  to 
the major blee ing results, however, ticagrelor showe  
an increase relative to clopi ogrel (16.1% an  14.6%, 

respectively; p = .008).  icagrelor also was superior to 
clopi ogrel in patients with acute coronary syn rome 
who un erwent percutaneous coronary intervention 
or car iac surgery. Base  on these observations, some 
gui elines give ticagrelor pre erence over clopi ogrel, 
particularly in higher risk patients.

Dosing
 icagrelor is initiate  with an oral loa ing  ose o  
180 mg  ollowe  by 90 mg twice  aily. T e  ose  oes not 
require a justment in patients with renal impairment, 
but the  rug shoul  be use  with caution in patients with 
hepatic  isease an  in those receiving potent inhibitors 
or in ucers o  CYP3A4 because ticagrelor is metabolize  
in the liver via CYP3A4.  icagrelor is usually a minis-
tere  in conjunction with aspirin; the  aily aspirin  ose 
shoul  not excee  100 mg.

Sid e  e f ects
In a  ition to blee ing, the most common si e e ects o  
ticagrelor are  yspnea, which can occur in up to 15% o  
patients, an  asymptomatic ventricular pauses. T e  ys-
pnea, which ten s to occur soon a er initiating ticagre-
lor, is usually sel -limiting an  mil  in intensity. T e 
mechanism responsible  or this si e e ect is unknown.

 o re uce the risk o  blee ing, ticagrelor shoul  be 
stoppe  5–7  ays prior to major surgery. Platelet trans-
 usions are unlikely to be o  bene t in patients with 
ticagrelor-relate  blee ing because the  rug will bin  to 
P2Y12 on the trans use  platelets.

DIPYRIDAMOLE
Dipyri amole is a relatively weak antiplatelet agent on 
its own, but an exten e -release  ormulation o   ipyri-
 amole combine  with low- ose aspirin, a preparation 
known as Aggrenox, is use   or prevention o  stroke in 
patients with transient ischemic attacks.

Mecha nism o   a ction

By inhibiting phospho iesterase,  ipyri amole blocks 
the break own o  cyclic a enosine monophosphate 
(AMP). Increase  levels o  cyclic AMP re uce intra-
cellular calcium an  inhibit platelet activation. Dipyri-
 amole also blocks the uptake o  a enosine by platelets 
an  other cells. T is pro uces a  urther increase in local 
cyclic AMP levels because the platelet a enosine A2 
receptor is couple  to a enylate cyclase (Fig. 24-4).

Indica tions

Dipyri amole plus aspirin was compare  with aspi-
rin or  ipyri amole alone, or with placebo, in patients 
with an ischemic stroke or transient ischemic attack. 
T e combination re uce  the risk o  stroke by 22.1% 
compare  with aspirin an  by 24.4% compare  with 
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 ipyri amole. A secon  trial compare   ipyri amole 
plus aspirin with aspirin alone  or secon ary prevention 
in patients with ischemic stroke. Vascular  eath, stroke, 
or MI occurre  in 13% o  patients given combination 
therapy an  in 16% o  those treate  with aspirin alone. 
Another trial ran omize  20,332 patients with non-
car ioembolic ischemic stroke to either Aggrenox or 
clopi ogrel. T e primary ef cacy en point o  recurrent 
stroke occurre  in 9.0% o  those given Aggrenox an  
in 8.8% o  patients treate  with clopi ogrel. Although 
this  i erence was not statistically signi cant, the stu y 
 aile  to meet the prespeci e  margin to claim nonin e-
riority o  Aggrenox relative to clopi ogrel. T ese results 
have  ampene  enthusiasm  or the use o  Aggrenox.

Because o  its vaso ilatory e ects an  the paucity 
o   ata supporting the use o   ipyri amole in patients 
with symptomatic coronary artery  isease, Aggrenox 
shoul  not be use   or stroke prevention in such 
patients. Clopi ogrel is a better choice in this setting.

Dosing

Aggrenox is given twice  aily. Each capsule contains 
200 mg o  exten e -release  ipyri amole an  25 mg o  
aspirin.

Side ef ects

Because  ipyri amole has vaso ilatory e ects, it must 
be use  with caution in patients with coronary artery 
 isease. Gastrointestinal complaints, hea ache,  acial 

 ushing,  izziness, an  hypotension can also occur. 
T ese symptoms o en subsi e with continue  use o  
the  rug.

GP IIB/IIIA RECEPTOR ANTAGONISTS
As a class, parenteral Gp IIb/IIIa receptor antagonists 
have an establishe  niche in patients with acute coro-
nary syn romes. T e three agents in this class are abcix-
imab, epti bati e, an  tiro ban.

Mecha nism o   a ction

A member o  the integrin  amily o  a hesion receptors, 
Gp IIb/IIIa is  oun  on the sur ace o  platelets an  mega-
karyocytes. With about 80,000 copies per platelet, Gp 
IIb/IIIa is the most abun ant receptor. Consisting o  a 
noncovalently linke  hetero imer, Gp IIb/IIIa is inactive 
on resting platelets. When platelets are activate , insi e-
outsi e signal trans uction pathways trigger a con orma-
tional activation o  the receptor. Once activate , Gp IIb/
IIIa bin s a hesive molecules, such as  brinogen an , 
un er high shear con itions, VWF. Bin ing is me i-
ate  by the Arg-Gly-Asp (RGD) sequence  oun  on the 
α chains o   brinogen an  on VWF, an  by the Lys-Gly-
Asp (KGD) sequence locate  within a unique  o e-
capepti e  omain on the γ chains o   brinogen. Once 
boun ,  brinogen an /or VWF bri ge a jacent platelets 
together to in uce platelet aggregation.

Although abciximab, epti bati e, an  tiro ban all 
target the Gp IIb/IIIa receptor, they are structurally 

cAMP

ATP

Ca2+

Activa tion and aggrega tion
inhibited

Adenyla te
cyclase

Phosphodies te rase
X

X

AMP

Reuptake

Dipyridamole

A2 Receptor

P la te le t

Adenos ine

FIGURE 24 -4
Mechan ism  o   act ion  o   d ip yrid am ole. Dipyridam-
ole increases levels o  cyclic AMP (cAMP) in platelets by 
(1) blocking the reuptake o  adenosine and (2) inhibiting 

phosphodiesterase-mediated cyclic AMP degradation. By promot-
ing calcium uptake, cyclic AMP reduces intracellular levels o  cal-
cium. This, in turn, inhibits platelet activation and aggregation.
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an  pharmacologically  istinct (Table 24-1). Abcix-
imab is a Fab  ragment o  a humanize  murine mono-
clonal antibo y  irecte  against the activate   orm o  
Gp IIb/IIIa. Abciximab bin s to the activate  receptor 
with high af nity an  blocks the bin ing o  a hesive 
molecules. In contrast, epti bati e an  tiro ban are 
synthetic small molecules. Epti bati e is a cyclic hep-
tapepti e that bin s Gp IIb/IIIa because it incorporates 
the KGD moti , whereas tiro ban is a nonpepti ic tyro-
sine  erivative that acts as an RGD mimetic. Abciximab 
has a long hal -li e an  can be  etecte  on the sur ace 
o  platelets  or up to 2 weeks; epti bati e an  tiro ban 
have short hal -lives.

Whereas epti bati e an  tiro ban are speci c  or Gp 
IIb/IIIa, abciximab also inhibits the closely relate  αvβ3 
receptor, which bin s vitronectin, an  αMβ2, a leukocyte 
integrin. Inhibition o  αvβ3 an  αMβ2 may en ow abcix-
imab with anti-in ammatory an /or antiproli erative 
properties that exten  beyon  platelet inhibition.

Indica tions

Abciximab an  epti bati e are use  in patients un er-
going percutaneous coronary interventions, particularly 
those who have not been pretreate  with an ADP recep-
tor antagonist.  iro ban is use  in high-risk patients 
with unstable angina. Epti bati e also can be use   or 
this in ication.

Dosing

All o  the Gp IIb/IIIa antagonists are given as an IV 
bolus  ollowe  by an in usion. T e recommen e   ose 
o  abciximab is a bolus o  0.25 mg/kg  ollowe  by an 
in usion o  0.125 µg/kg per minute to a maximum o  
10 µg/kg  or 12 h. Epti bati e is given as two 180 µg/
kg boluses given 10 min apart,  ollowe  by an in u-
sion o  2.0 µg/kg per minute  or 18–24 h.  iro ban is 
starte  at a rate o  0.4 µg/kg per minute  or 30 min; the 
 rug is then continue  at a rate o  0.1 µg/kg per minute 
 or up to 18 h. Because these agents are cleare  by the 
ki neys, the  oses o  epti bati e an  tiro ban must be 
re uce  in patients with renal insuf ciency. T us, the 

epti bati e in usion is re uce  to 1 µg/kg per minute in 
patients with a creatinine clearance below 50 mL/min, 
whereas the  ose o  tiro ban is cut in hal   or patients 
with a creatinine clearance below 30 mL/min.

Side ef ects

In a  ition to blee ing, thrombocytopenia is the most 
serious complication. T rombocytopenia is immune-
me iate  an  is cause  by antibo ies  irecte  against 
neoantigens on Gp IIb/IIIa that are expose  upon 
antagonist bin ing. With abciximab, thrombocytope-
nia occurs in up to 5% o  patients. T rombocytopenia is 
severe in ~1% o  these in ivi uals. T rombocytopenia 
is less common with the other two agents, occurring in 
~1% o  patients.

NEW ANTIPLATELET AGENTS
New agents in a vance  stages o   evelopment inclu e 
cangrelor, a parenteral, rapi ly acting, reversible inhibi-
tor o  P2Y12, an  vorapaxar, an orally active inhibitor 
o  protease-activate  receptor 1 (PAR-1), the major 
thrombin receptor on platelets (Fig. 24-3).

Ca ngrelor

An a enosine analogue, cangrelor bin s reversibly to 
P2Y12 an  inhibits its activity. T e  rug has a hal -li e o  
3–6 min an  is given IV as a bolus  ollowe  by an in u-
sion. When stoppe , platelet  unction recovers within 
60 min. A trial comparing cangrelor with placebo  ur-
ing percutaneous coronary interventions an  a stu y 
comparing cangrelor with clopi ogrel a er such proce-
 ures reveale  little or no a vantage o  cangrelor. A thir  
trial compare  cangrelor (given as an IV bolus o  30 µg/
kg  ollowe  by an in usion o  4 µg/kg per minute  or at 
least 2 h, or  or the  uration o  the proce ure, whichever 
was longer) with a loa ing  ose o  clopi ogrel (300 or 
600 mg) in 11,145 patients un ergoing urgent or elec-
tive percutaneous coronary intervention. T e rate o  the 
primary ef cacy en point, a composite o   eath, MI, 
ischemia- riven revascularization, an  stent thrombosis, 

TABLE 24-1  
FEATURES OF GPIIB/IIIA ANTAGONISTS

FEATURE  ABCIXIMAB  EPTIFIBATIDE  TIROFIBAN

Description  Fab  ragment o  humanized mouse 
monoclonal antibody

Cyclical KGD-containing heptapeptide  Nonpeptidic RGD mimetic

Speci c  or Gp IIb/IIIa  No  Yes  Yes
Plasma hal -li e  Short (min)  Long (2.5 h)  Long (2.0 h)
Platelet-bound hal -li e  Long (days)  Short (s)  Short (s)
Renal clearance  No  Yes  Yes
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301was 4.7% in the cangrelor group an  5.9% in the clopi-
 ogrel group (p = .005). T e rates o  severe blee ing, the 
primary sa ety en point, were 0.16% an  0.11% in the 
cangrelor an  clopi ogrel groups, respectively. Using the 
same ef cacy en point, a prespeci e  meta-analysis o  
the three trials reveale  a relative risk re uction o  19% 
with cangrelor compare  with clopi ogrel (3.8% an  
4.7%, respectively) an  a 40% re uction in stent throm-
bosis (0.5% an  0.8%, respectively) with no signi cant 
increase in serious blee ing. Base  on these  ata, can-
grelor is currently un er regulatory review.

Vora pa xa r

An orally active PAR-1 antagonist, vorapaxar is slowly 
eliminate  with a hal -li e o  about 200 h. When com-
pare  with placebo in 12,944 patients with acute 
coronary syn rome without S -segment elevation, 
vorapaxar  aile  to signi cantly re uce the primary ef -
cacy en point, a composite o  car iovascular  eath, MI, 
stroke, recurrent ischemia requiring rehospitalization, 
an  urgent coronary revascularization. Moreover, vora-
paxar was associate  with increase  rates o  blee ing, 
inclu ing intracranial blee ing.

In a secon  trial, vorapaxar was compare  with 
placebo  or secon ary prevention in 26,449 patients 
with prior MI, ischemic stroke, or peripheral arterial 
 isease. Overall, vorapaxar re uce  the risk  or car-
 iovascular  eath, MI, or stroke by 13%, but  ouble  
the risk o  intracranial blee ing. In the prespeci e  
subgroup o  17,779 patients with prior MI, however, 
vorapaxar re uce  the risk  or car iovascular  eath, 
MI, or stroke by 20% compare  with placebo ( rom 
9.7% to 8.1%, respectively). T e rate o  intracranial 
hemorrhage was higher with vorapaxar than with pla-
cebo (0.6% an  0.4%, respectively; p = .076) as was the 
rate o  mo erate or severe blee ing (3.4% an  2.1%, 
respectively; P <0.0001). Base  on these  ata, the  rug 
is un er consi eration  or regulatory approval in MI 
patients un er the age o  75 years who have no his-
tory o  stroke or transient ischemic attack an  have a 
weight over 60 kg.

ANTICOAGULANTS

T ere are both parenteral an  oral anticoagulants. 
T e parenteral anticoagulants inclu e heparin, low-
molecular-weight heparin (LMWH),  on aparinux (a 
synthetic pentasacchari e), lepiru in,  esiru in, bivali-
ru in, an  argatroban. Currently available oral antico-
agulants inclu e war arin;  abigatran etexilate, an oral 
thrombin inhibitor; an  rivaroxaban an  apixaban, oral 
 actor Xa inhibitors. E oxaban, a thir  oral  actor Xa 
inhibitor, is un ergoing regulatory review.

PARENTERAL ANTICOAGULANTS
Hepa rin

A sul ate  polysacchari e, heparin is isolate   rom 
mammalian tissues rich in mast cells. Most commer-
cial heparin is  erive   rom porcine intestinal mucosa 
an  is a polymer o  alternating d-glucuronic aci  an  
N-acetyl-d-glucosamine resi ues.

Mechan ism  o   act ion
Heparin acts as an anticoagulant by activating anti-
thrombin (previously known as antithrombin III) an  
accelerating the rate at which antithrombin inhibits 
clotting enzymes, particularly thrombin an   actor Xa. 
Antithrombin, the obligatory plasma co actor  or hepa-
rin, is a member o  the serine protease inhibitor (serpin) 
super amily. Synthesize  in the liver an  circulating in 
plasma at a concentration o  2.6 ± 0.4 µM, antithrombin 
acts as a suici e substrate  or its target enzymes.

 o activate antithrombin, heparin bin s to the ser-
pin via a unique pentasacchari e sequence that is  oun  
on one-thir  o  the chains o  commercial heparin  
(Fig. 24-5). Heparin chains without this pentasaccha-
ri e sequence have little or no anticoagulant activity. 
Once boun  to antithrombin, heparin in uces a con-
 ormational change in the reactive center loop o  anti-
thrombin that ren ers it more rea ily accessible to its 
target proteases. T is con ormational change enhances 
the rate at which antithrombin inhibits  actor Xa by at 
least two or ers o  magnitu e but has little e ect on 
the rate o  thrombin inhibition.  o catalyze thrombin 
inhibition, heparin serves as a template that bin s anti-
thrombin an  thrombin simultaneously. Formation o  
this ternary complex brings the enzyme in close apposi-
tion to the inhibitor, thereby promoting the  ormation 
o  a stable covalent thrombin-antithrombin complex.

Only pentasacchari e-containing heparin chains com-
pose  o  at least 18 sacchari e units (which correspon  
to a molecular weight o  5400) are o  suf cient length 
to bri ge thrombin an  antithrombin together. With a 
mean molecular weight o  15,000, an  a range o  5000–
30,000, almost all o  the chains o  un ractionate  heparin 
are long enough to  o so. Consequently, by  e nition, 
heparin has equal capacity to promote the inhibition o  
thrombin an   actor Xa by antithrombin an  is assigne  
an anti- actor Xa to anti- actor IIa (thrombin) ratio o  1:1.

Heparin causes the release o  tissue  actor pathway 
inhibitor ( FPI)  rom the en othelium. A  actor Xa–
 epen ent inhibitor o  tissue  actor–boun   actor VIIa, 
 FPI may contribute to the antithrombotic activity o  
heparin. Longer heparin chains in uce the release o  
more  FPI than shorter ones.

Pharm acology
Heparin must be given parenterally. It is usually a min-
istere  SC or by continuous IV in usion. When use  
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PentasaccharideC

Low-molecula r-
weight heparin

B

Unfractiona ted
heparin

Pentasaccharide
sequence

Antithrombin

Thrombin

Factor Xa
A

FIGURE 24 -5
Mechan ism  o   act ion  o   hep arin , low m olecu la r we igh t  
hep arin   LMWH , and   ond ap arinux, a  syn the t ic p en tasac 
cha rid e. A. Heparin binds to antithrombin via its pentasaccharide 
sequence. This induces a con ormational change in the reactive 
center loop o  antithrombin that accelerates its interaction with 
 actor Xa. To potentiate thrombin inhibition, heparin must simul-
taneously bind to antithrombin and thrombin. Only heparin chains 
composed o  at least 18 saccharide units, which corresponds to a 
molecular weight o  5400, are o  su cient length to per orm this 

bridging  unction. With a mean molecular weight o  15,000, all 
o  the heparin chains are long enough to do this. B. LMWH has 
greater capacity to potentiate  actor Xa inhibition by antithrombin 
than thrombin because, with a mean molecular weight o  4500–
5000, at least hal  o  the LMWH chains are too short to bridge anti-
thrombin to thrombin. C. The pentasaccharide only accelerates 
 actor Xa inhibition by antithrombin because the pentasaccharide 
is too short to bridge antithrombin to thrombin.

 or therapeutic purposes, the IV route is most o en 
employe . I  heparin is given SC  or treatment o  
thrombosis, the  ose o  heparin must be high enough 
to overcome the limite  bioavailability associate  with 
this metho  o   elivery.

In the circulation, heparin bin s to the en othe-
lium an  to plasma proteins other than antithrombin. 
Heparin bin ing to en othelial cells explains its  ose-
 epen ent clearance. At low  oses, the hal -li e o  hepa-
rin is short because it bin s rapi ly to the en othelium. 
With higher  oses o  heparin, the hal -li e is longer 
because heparin is cleare  more slowly once the en o-
thelium is saturate . Clearance is mainly extrarenal; 

heparin bin s to macrophages, which internalize an  
 epolymerize the long heparin chains an  secrete 
shorter chains back into the circulation. Because o  its 
 ose- epen ent clearance mechanism, the plasma hal -
li e o  heparin ranges  rom 30 to 60 min with bolus IV 
 oses o  25 an  100 units/kg, respectively.

Once heparin enters the circulation, it bin s to 
plasma proteins other than antithrombin, a phenom-
enon that re uces its anticoagulant activity. Some o  
the heparin-bin ing proteins  oun  in plasma are 
acute-phase reactants whose levels are elevate  in ill 
patients. Others, such as high-molecular-weight mul-
timers o  VWF, are release   rom activate  platelets or 
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303en othelial cells. Activate  platelets also release platelet 
 actor 4 (PF4), a highly cationic protein that bin s hep-
arin with high af nity. T e large amounts o  PF4  oun  
in the vicinity o  platelet-rich arterial thrombi can neu-
tralize the anticoagulant activity o  heparin. T is phe-
nomenon may attenuate heparin’s capacity to suppress 
thrombus growth.

Because the levels o  heparin-bin ing proteins in 
plasma vary  rom person to person, the anticoagulant 
response to  xe  or weight-a juste   oses o  heparin 
is unpre ictable. Consequently, coagulation monitor-
ing is essential to ensure that a therapeutic response is 
obtaine . T is is particularly important when heparin 
is a ministere   or treatment o  establishe  thrombosis 
because a subtherapeutic anticoagulant response may 
ren er patients at risk  or recurrent thrombosis, whereas 
excessive anticoagulation increases the risk o  blee ing.

Monito ring  the  an t icoagu lant  e f ect
Heparin therapy can be monitore  using the activate  
partial thromboplastin time (aP  ) or anti- actor Xa 
level. Although the aP   is the test most o en use   or 
this purpose, there are problems with this assay. aP   
reagents vary in their sensitivity to heparin, an  the type 
o  coagulometer use   or testing can in uence the results. 
Consequently, laboratories must establish a therapeutic 
aP   range with each reagent-coagulometer combina-
tion by measuring the aP   an  anti- actor Xa level in 
plasma samples collecte   rom heparin-treate  patients. 
For most o  the aP   reagents an  coagulometers in cur-
rent use, therapeutic heparin levels are achieve  with a 
two- to three ol  prolongation o  the aP  .

Anti- actor Xa levels also can be use  to monitor 
heparin therapy. With this test, therapeutic heparin lev-
els range  rom 0.3 to 0.7 units/mL. Although this test is 
gaining in popularity, anti- actor Xa assays have yet to 
be stan ar ize , an  results can vary wi ely between 
laboratories.

Up to 25% o  heparin-treate  patients with venous 
thromboembolism require >35,000 units/  to achieve a 
therapeutic aP  . T ese patients are consi ere  hepa-
rin resistant. It is use ul to measure anti- actor Xa levels 
in heparin-resistant patients because many will have a 
therapeutic anti- actor Xa level  espite a subtherapeu-
tic aP  . T is  issociation in test results occurs because 
elevate  plasma levels o   brinogen an   actor VIII, both 
o  which are acute-phase proteins, shorten the aP   but 
have no e ect on anti- actor Xa levels. Heparin therapy 
in patients who exhibit this phenomenon is best moni-
tore  using anti- actor Xa levels instea  o  the aP  . 
Patients with congenital or acquire  antithrombin  e -
ciency an  those with elevate  levels o  heparin-bin ing 
proteins may also nee  high  oses o  heparin to achieve a 
therapeutic aP   or anti- actor Xa level. I  there is goo  
correlation between the aP   an  the anti- actor Xa lev-
els, either test can be use  to monitor heparin therapy.

Dosing
For prophylaxis, heparin is usually given in  xe   oses 
o  5000 units SC two or three times  aily. With these 
low  oses, coagulation monitoring is unnecessary. In 
contrast, monitoring is essential when the  rug is given 
in therapeutic  oses. Fixe - ose or weight-base  hepa-
rin nomograms are use  to stan ar ize heparin  osing 
an  to shorten the time require  to achieve a therapeu-
tic anticoagulant response. At least two heparin nomo-
grams have been vali ate  in patients with venous 
thromboembolism an  re uce the time require  to 
achieve a therapeutic aP  . Weight-a juste  heparin 
nomograms have also been evaluate  in patients with 
acute coronary syn romes. A er an IV heparin bolus 
o  5000 units or 70 units/kg, a heparin in usion rate o  
12–15 units/kg per hour is usually a ministere . In con-
trast, weight-a juste  heparin nomograms  or patients 
with venous thromboembolism use an initial bolus o  
5000 units or 80 units/kg,  ollowe  by an in usion o  
18 units/kg per h. T us, patients with venous throm-
boembolism appear to require higher  oses o  heparin 
to achieve a therapeutic aP   than  o patients with 
acute coronary syn romes. T is may re ect  i erences 
in the thrombus bur en. Heparin bin s to  brin, an  
the amount o   brin in patients with extensive DV  is 
greater than that in those with coronary thrombosis.

Heparin manu acturers in North America have tra-
 itionally measure  heparin potency in USP units, with 
a unit  e ne  as the concentration o  heparin that pre-
vents 1 mL o  citrate  sheep plasma  rom clotting  or  
1 h a er calcium a  ition. In contrast, manu acturers 
in Europe measure heparin potency with anti-Xa assays 
using an international heparin stan ar   or compari-
son. Because o  problems with heparin contamination 
with oversul ate  chon roitin sul ate, which the USP 
assay system  oes not  etect, North American heparin 
manu acturers now use the anti-Xa assay to assess hep-
arin potency. T e use o  international units in place o  
USP units results in a 10% re uction in heparin  oses, 
which is a  i erence unlikely to a ect patient care 
because monitoring will help to ensure that a therapeu-
tic anticoagulant response has been achieve .

Lim itations
Heparin has pharmacokinetic an  biophysical limita-
tions (Table 24-2). T e pharmacokinetic limitations 
re ect heparin’s propensity to bin  in a pentasaccha-
ri e-in epen ent  ashion to cells an  plasma proteins. 
Heparin bin ing to en othelial cells explains its  ose-
 epen ent clearance, whereas bin ing to plasma pro-
teins results in a variable anticoagulant response an  
can lea  to heparin resistance.

T e biophysical limitations o  heparin re ect the 
inability o  the heparin-antithrombin complex to inhibit 
 actor Xa when it is incorporate  into the prothrombi-
nase complex, the complex that converts prothrombin 
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304 Throm b ocytop en ia
Heparin can cause thrombocytopenia. Heparin-in uce  
thrombocytopenia (HI ) is an antibo y-me iate  pro-
cess that is triggere  by antibo ies  irecte  against neo-
antigens on PF4 that are expose  when heparin bin s to 
this protein. T ese antibo ies, which are usually o  the 
IgG isotype, bin  simultaneously to the heparin-PF4 
complex an  to platelet Fc receptors. Such bin ing acti-
vates the platelets an  generates platelet microparticles. 
Circulating microparticles are prothrombotic because 
they express anionic phospholipi s on their sur ace 
an  can bin  clotting  actors an  promote thrombin 
generation.

 he clinical  eatures o  HI  are illustrate  in 
Table 24-3.  ypically, HI  occurs 5–14  ays a er initia-
tion o  heparin therapy, but it can mani est earlier i  the 
patient has receive  heparin within the past 3 months. A 
platelet count below 100,000/µL or a 50%  ecrease in the 
platelet count  rom the pretreatment value shoul  raise 
the suspicion o  HI  in those receiving heparin. HI  
is more common in surgical patients than in me ical 
patients an , like many autoimmune  isor ers, occurs 
more  requently in  emales than in males.

HI  can be associate  with thrombosis, either arterial 
or venous. Venous thrombosis, which mani ests as DV  
an /or PE, is more common than arterial thrombosis. 
Arterial thrombosis can mani est as ischemic stroke or 
acute MI. Rarely, platelet-rich thrombi in the  istal aorta 
or iliac arteries can cause critical limb ischemia.

T e  iagnosis o  HI  is establishe  using enzyme-
linke  assays to  etect antibo ies against heparin-PF4 
complexes or with platelet activation assays. Enzyme-
linke  assays are sensitive but can be positive in the 
absence o  any clinical evi ence o  HI . T e most spe-
ci c  iagnostic test is the serotonin release assay. T is 
test is per orme  by quanti ying serotonin release when 

TABLE 24-2  
PHARMACOKINETIC AND BIOPHYSICAL 
LIMITATIONS OF HEPARIN

LIMITATIONS  MECHANISM

Poor bioavailability at low 
doses

Binds to endothelial cells and 
macrophages

Dose-dependent clearance  Binds to macrophages
Variable anticoagulant 
response

Binds to plasma proteins whose 
levels vary  rom patient to 
patient

Reduced activity in the 
vicinity o  platelet-rich 
thrombi

Neutralized by platelet  ac-
tor 4 released  rom activated 
platelets

Limited activity against 
 actor Xa incorporated in 
the prothrombinase com-
plex and thrombin bound 
to  brin

Reduced capacity o  heparin-
antithrombin complex to 
inhibit  actor Xa bound to acti-
vated platelets and thrombin 
bound to  brin

to thrombin, an  to inhibit thrombin boun  to  brin. 
Consequently,  actor Xa boun  to activate  platelets 
within platelet-rich thrombi has the potential to gen-
erate thrombin, even in the  ace o  heparin. Once this 
thrombin bin s to  brin, it too is protecte   rom inhi-
bition by the heparin-antithrombin complex. Clot-
associate  thrombin can then trigger thrombus growth 
by locally activating platelets an  ampli ying its own 
generation through  ee back activation o   actors V, 
VIII, an  XI. Further compoun ing the problem is the 
potential  or heparin neutralization by the high concen-
trations o  PF4 release   rom activate  platelets within 
the platelet-rich thrombus.

Sid e  e f ects
T e most common si e e ect o  heparin is blee ing. 
Other complications inclu e thrombocytopenia, osteo-
porosis, an  elevate  levels o  transaminases.

Bleed in g
T e risk o  blee ing rises as the  ose o  heparin is 
increase . Concomitant a ministration o   rugs that 
a ect hemostasis, such as antiplatelet or  brinolytic 
agents, increases the risk o  blee ing, as  oes recent 
surgery or trauma. Heparin-treate  patients with 
serious blee ing can be given protamine sul ate to 
neutralize the heparin. Protamine sul ate, a mixture 
o  basic polypepti es isolate   rom salmon sperm, 
bin s heparin with high af nity, an  the resultant 
protamine-heparin complexes are then cleare .  ypi-
cally, 1 mg o  protamine sul ate neutralizes 100 units 
o  heparin. Protamine sul ate is given IV. Anaphylac-
toi  reactions to protamine sul ate can occur, an   rug 
a ministration by slow IV in usion is recommen e  to 
re uce the risk.

TABLE 24 -3  
FEATURES OF HEPARIN-INDUCED 
THROMBOCYTOPENIA

FEATURES  DETAILS

Thrombocytopenia  Platelet count o  ≤100,000/µL or a 
decrease in platelet count o  ≥50%

Timing  Platelet count  alls 5–10 days a ter 
starting heparin

Type o  heparin  More common with un ractionated 
heparin than low-molecular-weight 
heparin

Type o  patient  More common in surgical patients and 
patients with cancer than general 
medical patients; more common in 
women than in men

Thrombosis  Venous thrombosis more common 
than arterial thrombosis
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305transaminases without a concomitant increase in the 
level o  bilirubin. T e levels o  transaminases rapi ly 
return to normal when the  rug is stoppe . T e mecha-
nism responsible  or this phenomenon is unknown.

Low-molecula r-weight  hepa rin

Consisting o  smaller  ragments o  heparin, LMWH is 
prepare   rom un ractionate  heparin by controlle  
enzymatic or chemical  epolymerization. T e mean 
molecular weight o  LMWH is about 5000, one-thir  
the mean molecular weight o  un ractionate  heparin. 
LMWH has a vantages over heparin (Table 24-5) an  
has replace  heparin  or most in ications.

Mechan ism  o   act ion
Like heparin, LMWH exerts its anticoagulant activity by 
activating antithrombin. With a mean molecular weight 
o  5000, which correspon s to about 17 sacchari e units, 
at least hal  o  the pentasacchari e-containing chains o  
LMWH are too short to bri ge thrombin to antithrom-
bin (Fig. 24-5). However, these chains retain the capac-
ity to accelerate  actor Xa inhibition by antithrombin 
because this activity is largely the result o  the con orma-
tional changes in antithrombin evoke  by pentasaccha-
ri e bin ing. Consequently, LMWH catalyzes  actor Xa 
inhibition by antithrombin more than thrombin inhibi-
tion. Depen ing on their unique molecular weight  is-
tributions, LMWH preparations have anti- actor Xa to 
anti- actor IIa ratios ranging  rom 2:1 to 4:1.

Pharm acology
Although usually given SC, LMWH also can be 
a ministere  IV i  a rapi  anticoagulant response 
is nee e . LMWH has pharmacokinetic a vantages 
over heparin. T ese a vantages re ect the  act that 
shorter heparin chains bin  less avi ly to en othe-
lial cells, macrophages, an  heparin-bin ing plasma 
proteins. Re uce  bin ing to en othelial cells an  

TABLE 24 -5  
ADVANTAGES OF LMWH OVER HEPARIN

ADVANTAGE  CONSEQUENCE

Better bioavailability and lon-
ger hal -li e a ter subcutane-
ous injection

Can be given subcutaneously 
once or twice daily  or both 
prophylaxis and treatment

Dose-independent clearance  Simpli ed dosing
Predictable anticoagulant 
response

Coagulation monitoring is 
unnecessary in most patients

Lower risk o  heparin-
induced thrombocytopenia

Sa er than heparin  or short- or 
long-term administration

Lower risk o  osteoporosis  Sa er than heparin  or 
extended administration

Abbrevia t ion: LMWH, low-molecular-weight heparin.

TABLE 24-4  
MANAGEMENT OF HEPARIN-INDUCED 
THROMBOCYTOPENIA
Stop all heparin.
Give an alternative anticoagulant, such as lepirudin, argatro-
ban, bivalirudin, or  ondaparinux.

Do not give platelet trans usions.
Do not give war arin until the platelet count returns to its 

baseline level. I  war arin was administered, give vitamin K to 
restore the INR to normal.

Evaluate  or thrombosis, particularly deep vein thrombosis.

Abbrevia t ion: INR, international normalized ratio.

washe  platelets loa e  with labele  serotonin are 
expose  to patient serum in the absence or presence o  
varying concentrations o  heparin. I  the patient serum 
contains the HI  antibo y, heparin a  ition in uces 
platelet activation an  serotonin release.

Management o  HI  is outline  in Table 24-4. 
Heparin shoul  be stoppe  in patients with suspecte  
or  ocumente  HI , an  an alternative anticoagulant 
shoul  be a ministere  to prevent or treat thrombosis. 
T e agents most o en use   or this in ication are par-
enteral  irect thrombin inhibitors, such as lepiru in, 
argatroban, or bivaliru in, or  actor Xa inhibitors, such 
as  on aparinux.

Patients with HI , particularly those with associate  
thrombosis, o en have evi ence o  increase  thrombin 
generation that can lea  to consumption o  protein C. 
I  these patients are given war arin without a concomi-
tant parenteral anticoagulant to inhibit thrombin or 
thrombin generation, the  urther  ecrease in protein C 
levels in uce  by the vitamin K antagonist can trigger 
skin necrosis.  o avoi  this problem, patients with HI  
shoul  be treate  with a  irect thrombin inhibitor or 
 on aparinux until the platelet count returns to normal 
levels. At this point, low- ose war arin therapy can be 
intro uce , an  the thrombin inhibitor can be  iscon-
tinue  when the anticoagulant response to war arin has 
been therapeutic  or at least 2  ays.

Osteop o rosis
 reatment with therapeutic  oses o  heparin  or >1 
month can cause a re uction in bone  ensity. T is com-
plication has been reporte  in up to 30% o  patients 
given long-term heparin therapy, an  symptomatic ver-
tebral  ractures occur in 2–3% o  these in ivi uals.

Heparin causes bone loss both by  ecreasing bone 
 ormation an  by enhancing bone resorption. T us, 
heparin a ects the activity o  both osteoblasts an  
osteoclasts.

Eleva ted  leve ls o   t ran sam in ases
T erapeutic  oses o  heparin are  requently associate  
with mo est elevations in the serum levels o  hepatic 

24_Hematology_ch24_p294-318.indd   305  04/08/16   3:07 PM



S

E

C

T

I

O

N

 

I

V

D

i

s

o

r

d

e

r

s

 

o

f

 

H

e

m

o

s

t

a

s

i

s

306 macrophages eliminates the rapi ,  ose- epen ent, an  
saturable mechanism o  clearance that is a characteris-
tic o  un ractionate  heparin. Instea , the clearance o  
LMWH is  ose-in epen ent an  its plasma hal -li e is 
longer. Base  on measurement o  anti- actor Xa levels, 
LMWH has a plasma hal -li e o  ~4 h. LMWH is cleare  
almost exclusively by the ki neys, an  the  rug can 
accumulate in patients with renal insuf ciency.

LMWH exhibits about 90% bioavailability a er SC 
injection. Because LMWH bin s less avi ly to heparin-
bin ing proteins in plasma than heparin, LMWH pro-
 uces a more pre ictable  ose response, an  resistance 
to LMWH is rare. With a longer hal -li e an  more pre-
 ictable anticoagulant response, LMWH can be given 
SC once or twice  aily without coagulation monitoring, 
even when the  rug is given in treatment  oses. T ese 
properties ren er LMWH more convenient than un rac-
tionate  heparin. Capitalizing on this  eature, stu ies 
in patients with venous thromboembolism have shown 
that home treatment with LMWH is as e ective an  sa e 
as in-hospital treatment with continuous IV in usions o  
heparin. Outpatient treatment with LMWH streamlines 
care, re uces health care costs, an  increases patient 
satis action.

Monito ring
In the majority o  patients, LMWH  oes not require 
coagulation monitoring. I  monitoring is necessary, 
anti- actor Xa levels must be measure  because most 
LMWH preparations have little e ect on the aP  . 
T erapeutic anti- actor Xa levels with LMWH range 
 rom 0.5 to 1.2 units/mL when measure  3–4 h a er 
 rug a ministration. When LMWH is given in pro-
phylactic  oses, peak anti- actor Xa levels o  0.2–0.5 
units/mL are  esirable.

In ications  or LMWH monitoring inclu e renal 
insuf ciency an  obesity. LMWH monitoring in patients 
with a creatinine clearance o  ≤50 mL/min is a visable 
to ensure that there is no  rug accumulation. Although 
weight-a juste  LMWH  osing appears to pro uce 
therapeutic anti- actor Xa levels in patients who are 
overweight, this approach has not been extensively eval-
uate  in those with morbi  obesity. It may also be a vis-
able to monitor the anticoagulant activity o  LMWH 
 uring pregnancy because  ose requirements can 
change, particularly in the thir  trimester. Monitoring 
shoul  also be consi ere  in high-risk settings, such as 
in patients with mechanical heart valves who are given 
LMWH  or prevention o  valve thrombosis, an  when 
LMWH is use  in treatment  oses in in ants or chil ren.

Dosing
T e  oses o  LMWH recommen e   or prophylaxis or 
treatment vary  epen ing on the LMWH preparation. 
For prophylaxis, once- aily SC  oses o  4000–5000 
units are o en use , whereas  oses o  2500–3000 units 

are given when the  rug is a ministere  twice  aily. 
For treatment o  venous thromboembolism, a  ose o  
150–200 units/kg is given i  the  rug is a ministere  
once  aily. I  a twice- aily regimen is use , a  ose o  
100 units/kg is given. In patients with unstable angina, 
LMWH is given SC on a twice- aily basis at a  ose o  
100–120 units/kg.

Sid e  e f ects
T e major complication o  LMWH is blee ing. Meta-
analyses suggest that the risk o  major blee ing is lower 
with LMWH than with un ractionate  heparin. HI  
an  osteoporosis are less common with LMWH than 
with un ractionate  heparin.

Bleed in g
Like the situation with heparin, blee ing with LMWH 
is more common in patients receiving concomitant 
therapy with antiplatelet or  brinolytic  rugs. Recent 
surgery, trauma, or un erlying hemostatic  e ects also 
increase the risk o  blee ing with LMWH.

Although protamine sul ate can be use  as an anti-
 ote  or LMWH, protamine sul ate incompletely neu-
tralizes the anticoagulant activity o  LMWH because it 
only bin s the longer chains o  LMWH. Because lon-
ger chains are responsible  or catalysis o  thrombin 
inhibition by antithrombin, protamine sul ate com-
pletely reverses the anti- actor IIa activity o  LMWH. 
In contrast, protamine sul ate only partially reverses the 
anti- actor Xa activity o  LMWH because the shorter 
pentasacchari e-containing chains o  LMWH  o not 
bin  to protamine sul ate. Consequently, patients at high 
risk  or blee ing may be more sa ely treate  with contin-
uous IV un ractionate  heparin than with SC LMWH.

Throm b o cytop en ia
T e risk o  HI  is about  ve ol  lower with LMWH 
than with heparin. LMWH bin s less avi ly to platelets 
an  causes less PF4 release. Furthermore, with lower 
af nity  or PF4 than heparin, LMWH is less likely to 
in uce the con ormational changes in PF4 that trigger 
the  ormation o  HI  antibo ies.

LMWH shoul  not be use  to treat HI  patients 
because most HI  antibo ies exhibit cross-reactivity 
with LMWH. T is in vitro cross-reactivity is not sim-
ply a laboratory phenomenon because there are case 
reports o  thrombosis when HI  patients were switche  
 rom heparin to LMWH.

Osteop o rosis
Because the risk o  osteoporosis is lower with LMWH 
than with heparin, LMWH is the better choice  or 
exten e  treatment.

Fonda pa rinux

A synthetic analogue o  the antithrombin-bin ing penta-
sacchari e sequence,  on aparinux  i ers  rom LMWH 
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307to 10 mg  or those >100 kg. When given in these  oses, 
 on aparinux is as e ective as heparin or LMWH  or 
initial treatment o  patients with DV  or PE an  pro-
 uces similar rates o  blee ing.

Fon aparinux is use  at a  ose o  2.5 mg once  aily 
in patients with acute coronary syn romes. When this 
prophylactic  ose o   on aparinux was compare  with 
treatment  oses o  enoxaparin in patients with non-S -
segment elevation acute coronary syn rome, there was 
no  i erence in the rate o  car iovascular  eath, MI, 
or stroke at 9  ays. However, the rate o  major blee ing 
was 50% lower with  on aparinux than with enoxapa-
rin, a  i erence that likely re ects the  act that the  ose 
o   on aparinux was lower than that o  enoxaparin. In 
acute coronary syn rome patients who require percuta-
neous coronary intervention, there is a risk o  catheter 
thrombosis with  on aparinux unless a junctive hepa-
rin is given.

Sid e  e f ects
Fon aparinux  oes not cause HI  because it  oes not 
bin  to PF4. In contrast to LMWH, there is no cross-
reactivity o   on aparinux with HI  antibo ies. Con-
sequently,  on aparinux appears to be e ective  or 
treatment o  HI  patients, although large clinical trials 
supporting its use are lacking.

T e major si e e ect o   on aparinux is blee -
ing. T ere is no anti ote  or  on aparinux. Protamine 
sul ate has no e ect on the anticoagulant activity o  
 on aparinux because it  ails to bin  to the  rug. 
Recombinant activate   actor VII reverses the antico-
agulant e ects o   on aparinux in volunteers, but it is 
unknown whether this agent controls  on aparinux-
in uce  blee ing.

Pa rentera l d irect  thrombin inhibitors

Direct thrombin inhibitors bin   irectly to thrombin 
an  block its interaction with its substrates. Approve  
parenteral  irect thrombin inhibitors inclu e recom-
binant hiru ins (lepiru in an   esiru in), argatroban, 
an  bivaliru in (Table 24-7). Lepiru in an  argatroban 
are license   or treatment o  patients with HI ,  esiru-
 in is license   or thromboprophylaxis a er elective hip 
arthroplasty, an  bivaliru in is approve  as an alterna-
tive to heparin in patients un ergoing percutaneous 
coronary intervention, inclu ing those with HI .

Lep irud in  and  d esirud in
Recombinant  orms o  hiru in, lepiru in, an   esi-
ru in are bivalent  irect thrombin inhibitors that 
interact with the active site an  exosite 1, the sub-
strate-bin ing site on thrombin. For rapi  anticoagu-
lation, lepiru in is given by continuous IV in usion, 
but the  rug can be given SC. Lepiru in has a plasma 
hal -li e o  60 min a er IV in usion an  is cleare  by 
the ki neys. Consequently, lepiru in accumulates in 

TABLE 24-6  
COMPARISON OF LMWH AND FONDAPARINUX

FEATURES  LMWH  FONDAPARINUX

Number o  saccharide units  15–17  5
Catalysis o   actor Xa inhibition  Yes  Yes
Catalysis o  thrombin 
inhibition

Yes  No

Bioavailability a ter subcutane-
ous administration (%)

90  100

Plasma hal -li e (h)  4  17
Renal excretion  Yes  Yes
Induces release o  tissue  actor 
pathway inhibitor

Yes  No

Neutralized by protamine 
sul ate

Partially  No

in several ways (Table 24-6). Fon aparinux is license  
 or thromboprophylaxis in general me ical or surgical 
patients an  in high-risk orthope ic patients an  as an 
alternative to heparin or LMWH  or initial treatment 
o  patients with establishe  venous thromboembolism. 
Although wi ely use  in Europe, as an alternative to 
heparin or LMWH in patients with acute coronary syn-
 romes,  on aparinux is not license   or this in ication 
in the Unite  States.

Mechan ism  o   act ion
As a synthetic analogue o  the antithrombin-bin -
ing pentasacchari e sequence  oun  in heparin an  
LMWH,  on aparinux has a molecular weight o  1728. 
Fon aparinux bin s only to antithrombin (Fig. 24-5) 
an  is too short to bri ge thrombin to antithrombin. 
Consequently,  on aparinux catalyzes  actor Xa inhibi-
tion by antithrombin an   oes not enhance the rate o  
thrombin inhibition.

Pharm acology
Fon aparinux exhibits complete bioavailability a er 
SC injection. With no bin ing to en othelial cells or 
plasma proteins, the clearance o   on aparinux is  ose 
in epen ent an  its plasma hal -li e is 17 h. T e  rug 
is given SC once  aily. Because  on aparinux is cleare  
unchange  via the ki neys, it is contrain icate  in 
patients with a creatinine clearance <30 mL/min an  
shoul  be use  with caution in those with a creatinine 
clearance <50 mL/min.

Fon aparinux pro uces a pre ictable anticoagulant 
response a er a ministration in  xe   oses because it 
 oes not bin  to plasma proteins. T e  rug is given at 
a  ose o  2.5 mg once  aily  or prevention o  venous 
thromboembolism. For initial treatment o  establishe  
venous thromboembolism,  on aparinux is given at a 
 ose o  7.5 mg once  aily. T e  ose can be re uce  to 5 
mg once  aily  or those weighing <50 kg an  increase  
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308 Alternatively, argatroban can be stoppe   or 2–3 h 
be ore INR  etermination.

Bivalirud in
A synthetic 20-amino-aci  analogue o  hiru in, bivaliru-
 in is a  ivalent thrombin inhibitor. T us, the N-terminus 
o  bivaliru in interacts with the active site o  thrombin, 
whereas its C-terminus bin s to exosite 1. Bivaliru in 
has a plasma hal -li e o  25 min, the shortest hal -li e o  
all the parenteral  irect thrombin inhibitors. Bivaliru in 
is  egra e  by pepti ases an  is partially excrete  via the 
ki neys. When given in high  oses in the car iac cathe-
terization laboratory, the anticoagulant activity o  bivali-
ru in is monitore  using the activate  clotting time. With 
lower  oses, its activity can be assesse  using the aP  .

Bivaliru in is license  as an alternative to heparin in 
patients un ergoing percutaneous coronary interven-
tion. Bivaliru in also has been use  success ully in HI  
patients who require percutaneous coronary interven-
tion or car iac bypass surgery.

ORAL ANTICOAGULANTS
Current oral anticoagulant practice  ates back almost 
60 years to when the vitamin K antagonists were  is-
covere  as a result o  investigations into the cause 
o  hemorrhagic  isease in cattle. Characterize  by 
a  ecrease in prothrombin levels, this  isor er is 
cause  by ingestion o  hay containing spoile  sweet 
clover. Hy roxycoumarin, which was isolate   rom 
bacterial contaminants in the hay, inter eres with 
vitamin K metabolism, thereby causing a syn rome 
similar to vitamin K  e ciency. Discovery o  this com-
poun  provi e  the impetus  or  evelopment o  other 
vitamin K antagonists, inclu ing war arin.

For many years, the vitamin K antagonists were the 
only available oral anticoagulants. T is situation change  
with the intro uction o  new oral anticoagulants, inclu -
ing  abigatran, which targets thrombin, an  rivaroxaban, 
apixaban, an  e oxaban, which target  actor Xa.

Wa r a rin

A water-soluble vitamin K antagonist initially  evel-
ope  as a ro entici e, war arin is the coumarin  eriva-
tive most o en prescribe  in North America. Like other 
vitamin K antagonists, war arin inter eres with the syn-
thesis o  the vitamin K– epen ent clotting proteins, 
which inclu e prothrombin ( actor II) an   actors VII, 
IX, an  X. T e synthesis o  the vitamin K– epen ent 
anticoagulant proteins, proteins C an  S, is also re uce  
by vitamin K antagonists.

Mechan ism  o   act ion
All o  the vitamin K– epen ent clotting  actors pos-
sess glutamic aci  resi ues at their N termini. A post-
translational mo i cation a  s a carboxyl group to the 

TABLE 24-7  
COMPARISON OF THE PROPERTIES OF LEPIRUDIN, 
BIVALIRUDIN, AND ARGATROBAN

LEPIRUDIN/
DESIRUDIN  BIVALIRUDIN  ARGATROBAN

Molecular 
mass

7000  1980  527

Site(s) o  inter-
action with 
thrombin

Active  
site and 
exosite 1

Active site 
and  
exosite 1

Active site

Renal 
clearance

Yes  No  No

Hepatic 
metabolism

No  No  Yes

Plasma  
hal -li e (min)

60 (IV)
120–180 (SC)

25  45

patients with renal insuf ciency. For thromboprophy-
laxis,  esiru in is given SC twice  aily in  xe   oses; 
the hal -li e o   esiru in is 2–3 h a er SC injection.

A high proportion o  lepiru in-treate  patients 
 evelop antibo ies against the  rug; antibo y  orma-
tion is rare with SC  esiru in. Although lepiru in-
 irecte  antibo ies rarely cause problems, in a small 
subset o  patients, they can  elay lepiru in clearance 
an  enhance its anticoagulant activity. Serious blee ing 
has been reporte  in some o  these patients.

Lepiru in is usually monitore  using the aP  , an  
the  ose is a juste  to maintain an aP   that is 1.5–2.5  
times the control. T e aP   is not an i eal test  or 
monitoring lepiru in therapy because the clotting time 
plateaus with higher  rug concentrations. Although the 
clotting time with ecarin, a snake venom that converts 
prothrombin to meizothrombin, provi es a better in ex 
o  lepiru in  ose than the aP  , the ecarin clotting 
time has yet to be stan ar ize . When use   or throm-
boprophylaxis,  esiru in  oes not require monitoring.

Argatrob an
A univalent inhibitor that targets the active site o  
thrombin, argatroban is metabolize  in the liver. Con-
sequently, this  rug must be use  with caution in 
patients with hepatic insuf ciency. Argatroban is not 
cleare  via the ki neys, so this  rug is sa er than lepiru-
 in  or HI  patients with renal insuf ciency.

Argatroban is a ministere  by continuous IV in u-
sion an  has a plasma hal -li e o  ~45 min. T e aP   
is use  to monitor its anticoagulant e ect, an  the  ose 
is a juste  to achieve an aP   1.5–3 times the baseline 
value, but not to excee  100 s. Argatroban also prolongs 
the international normalize  ratio (INR), a  eature that 
can complicate the transitioning o  patients to war arin.  
T is problem can be circumvente  by using the lev-
els o   actor X to monitor war arin in place o  the INR. 

24_Hematology_ch24_p294-318.indd   308  04/08/16   3:07 PM



 

C

H

A

P

T

E

R

 

2

4

A

n

t

i

p

l

a

t

e

l

e

t

,

 

A

n

t

i

c

o

a

g

u

l

a

n

t

,

 

a

n

d

 

F

i

b

r

i

n

o

l

y

t

i

c

 

D

r

u

g

s

309clotting proteins that are only partially γ-carboxylate . 
War arin acts as an anticoagulant because these par-
tially γ-carboxylate  proteins have re uce  or absent 
biologic activity. T e onset o  action o  war arin is 
 elaye  until the newly synthesize  clotting  actors 
with re uce  activity gra ually replace their  ully active 
counterparts.

T e antithrombotic e ect o  war arin  epen s on a 
re uction in the  unctional levels o   actor X an  pro-
thrombin, clotting  actors that have hal -lives o  24 an  
72 h, respectively. Because the antithrombotic e ect o  
war arin is  elaye , patients with establishe  thrombo-
sis or at high risk  or thrombosis require concomitant 
treatment with a rapi ly acting parenteral anticoagu-
lant, such as heparin, LMWH, or  on aparinux,  or at 
least 5  ays.

Pharm acology
War arin is a racemic mixture o  R an  S isomers. War-
 arin is rapi ly an  almost completely absorbe   rom 
the gastrointestinal tract. Levels o  war arin in the 
bloo  peak about 90 min a er  rug a ministration. 
Racemic war arin has a plasma hal -li e o  36–42 h, an  
more than 97% o  circulating war arin is boun  to albu-
min. Only the small  raction o  unboun  war arin is 
biologically active.

War arin accumulates in the liver where the two iso-
mers are metabolize  via  istinct pathways. CYP2C9 
me iates oxi ative metabolism o  the more active 
S isomer (Fig. 24-6).  wo relatively common vari-
ants, CYP2C9*2 an  CYP2C9*3, enco e an enzyme 
with re uce  activity. Patients with these variants 
require lower maintenance  oses o  war arin. Approxi-
mately 25% o  Caucasians have at least one variant 
allele o  CYP2C9*2 or CYP2C9*3, whereas those vari-
ant alleles are less common in A rican Americans an  
Asians (Table 24-8). Heterozygosity  or CYP2C9*2 or 
CYP2C9*3  ecreases the war arin  ose requirement by 
20–30% relative to that require  in subjects with the 
wil -type CYP2C9*1/*1 alleles, whereas homozygosity 
 or the CYP2C9*2 or CYP2C9*3 alleles re uces the war-
 arin  ose requirement by 50–70%.

Consistent with their  ecrease  war arin  ose 
requirement, subjects with at least one CYP2C9 vari-
ant allele are at increase  risk  or blee ing. Compare  
with in ivi uals with no variant alleles, the relative 
risks  or war arin-associate  blee ing in CYP2C9*2 or 
CYP2C9*3 carriers are 1.9 an  1.8, respectively.

Polymorphisms in VKORC1 also can in uence the 
anticoagulant response to war arin. Several genetic 
variations o  VKORC1 are in strong linkage  isequilib-
rium an  have been  esignate  as non-A haplotypes. 
VKORC1 variants are more prevalent than variants o  
CYP2C9. Asians have the highest prevalence o  VKORC1 
variants,  ollowe  by Caucasians an  A rican Ameri-
cans ( able 24-8). Polymorphisms in VKORC1 likely 
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vitamin K

Vitamin K
cycle

Vitamin K
reductase

CYP1A1
CYP1A2
CYP3A4

CYP2C9

Warfarin
metabolism

Non-functiona l
Prozymogens

Functiona l
Zymogens

x

Warfarin

O2

CO2

γ-glutamyl
carboxylase

Warfarin

Oxidized
vitamin K

R-warfa rin S-warfa rin

FIGURE 24 -6
Mech an ism  o   act ion  o   war  a rin . A racemic mixture o  S- 
and R-enantiomers, S-war arin is most active. By blocking vita-
min K epoxide reductase, war arin inhibits the conversion o  
oxidized vitamin K into its reduced  orm. This inhibits vitamin 
K–dependent γ-carboxylation o   actors II, VII, IX, and X because 
reduced vitamin K serves as a co actor  or a γ-glutamyl carbox-
ylase that catalyzes the γ-carboxylation process, thereby con-
verting prozymogens to zymogens capable o  binding calcium 
and interacting with anionic phospholipid sur aces. S-war arin 
is metabolized by CYP2C9. Common genetic polymorphisms in 
this enzyme can in uence war arin metabolism. Polymorphisms 
in the C1 subunit o  vitamin K reductase (VKORC1) also can af ect 
the susceptibility o  the enzyme to war arin-induced inhibition, 
thereby in uencing war arin dosage requirements.

γ-carbon o  these resi ues to generate γ-carboxyglutamic 
aci . T is mo i cation is essential  or expression o  
the activity o  these clotting  actors because it permits 
their calcium- epen ent bin ing to negatively charge  
phospholipi  sur aces. T e γ-carboxylation process is 
catalyze  by a vitamin K– epen ent carboxylase. T us, 
vitamin K  rom the  iet is re uce  to vitamin K hy ro-
quinone by vitamin K re uctase (Fig. 24-6). Vitamin K 
hy roquinone serves as a co actor  or the carboxyl-
ase enzyme, which in the presence o  carbon  ioxi e 
replaces the hy rogen on the γ-carbon o  glutamic aci  
resi ues with a carboxyl group. During this process, vita-
min K hy roquinone is oxi ize  to vitamin K epoxi e, 
which is then re uce  to vitamin K by vitamin K epox-
i e re uctase.

War arin inhibits vitamin K epoxi e re uctase 
(VKOR), thereby blocking the γ-carboxylation process. 
T is results in the synthesis o  vitamin K– epen ent 
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explain 30% o  the variability in war arin  ose require-
ments. Compare  with VKORC1 non-A/non-A homo-
zygotes, the war arin  ose requirement  ecreases by  
25 an  50% in A haplotype heterozygotes an  homozy-
gotes, respectively. T ese  n ings prompte  the Foo  
an  Drug A ministration to amen  the prescribing 
in ormation  or war arin to in icate that lower initiation 
 oses shoul  be consi ere   or patients with CYP2C9 
an  VKORC1 genetic variants. In a  ition to geno-
type  ata, other pertinent patient in ormation has been 
incorporate  into war arin  osing algorithms. Although 
such algorithms help pre ict suitable war arin  oses, 
it remains unclear whether better  ose i enti cation 
improves patient outcome in terms o  re ucing hemor-
rhagic complications or recurrent thrombotic events.

In a  ition to genetic  actors, the anticoagulant e ect 
o  war arin is in uence  by  iet,  rugs, an  various 
 isease states. Fluctuations in  ietary vitamin K intake 
a ect the activity o  war arin. A wi e variety o   rugs 
can alter absorption, clearance, or metabolism o  war-
 arin. Because o  the variability in the anticoagulant 
response to war arin, coagulation monitoring is essen-
tial to ensure that a therapeutic response is obtaine .

Monito ring
War arin therapy is most o en monitore  using the 
prothrombin time, a test that is sensitive to re uc-
tions in the levels o  prothrombin,  actor VII, an  
 actor X. T e test is per orme  by a  ing thrombo-
plastin, a reagent that contains tissue  actor, phospho-
lipi , an  calcium, to citrate  plasma an   etermining 
the time to clot  ormation. T romboplastins vary 
in their sensitivity to re uctions in the levels o  the 

vitamin K– epen ent clotting  actors. T us, less sensi-
tive thromboplastins will trigger the a ministration o  
higher  oses o  war arin to achieve a target prothrom-
bin time. T is is problematic because higher  oses o  
war arin increase the risk o  blee ing.

T e INR was  evelope  to circumvent many o  the 
problems associate  with the prothrombin time.  o 
calculate the INR, the patient’s prothrombin time is 
 ivi e  by the mean normal prothrombin time, an  
this ratio is then multiplie  by the international sen-
sitivity in ex (ISI), which is an in ex o  the sensitiv-
ity o  the thromboplastin use   or prothrombin time 
 etermination to re uctions in the levels o  the vitamin 
K– epen ent clotting  actors. Highly sensitive throm-
boplastins have an ISI o  1.0. Most current thrombo-
plastins have ISI values that range  rom 1.0 to 1.4.

Although the INR has helpe  to stan ar ize anti-
coagulant practice, problems persist. T e precision 
o  INR  etermination varies  epen ing on reagent-
coagulometer combinations. T is lea s to variability in 
the INR results. Also complicating INR  etermination is 
unreliable reporting o  the ISI by thromboplastin manu-
 acturers. Furthermore, every laboratory must establish 
the mean normal prothrombin time with each new batch 
o  thromboplastin reagent.  o accomplish this, the pro-
thrombin time must be measure  in  resh plasma sam-
ples  rom at least 20 healthy volunteers using the same 
coagulometer that is use   or patient samples.

For most in ications, war arin is a ministere  in 
 oses that pro uce a target INR o  2.0–3.0. An excep-
tion is patients with mechanical heart valves, particu-
larly those in the mitral position or ol er ball an  cage 
valves in the aortic position, where a target INR o  

TABLE 24 -8  
FREQUENCIES OF CYP2C9 ENOTYPES AND VKORC1 HAPLOTYPES IN DIFFERENT POPULATIONS 
AND THEIR EFFECT ON WARFARIN DOSE REQUIREMENTS

FREQUENCY, %

GENOTYPE/HAPLOTYPE  CAUCASIANS
AFRICAN 
AMERICANS (A/A)  ASIANS (A)

DOSE REDUCTION 
COMPARED WITH WILD-TYPE

CYP2C9

*1/*1 70  90  95  –
*1/*2 17  2  0  22
*1/*3 9  3  4  34
*2/*2 2  0  0  43
*2/*3 1  0  0  53
*3/*3 0  0  1  76

VKORC1

Non-A/non-A  37  82  7  –
Non-A/A  45  12  30  26
A/A  18  6  63  50
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3112.5–3.5 is recommen e . Stu ies in atrial  brillation 
 emonstrate an increase  risk o  car ioembolic stroke 
when the INR  alls to <1.7 an  an increase in blee ing 
with INR values >4.5. T ese  n ings highlight the  act 
that vitamin K antagonists have a narrow therapeutic 
win ow. In support o  this concept, a stu y in patients 
receiving long-term war arin therapy  or unprovoke  
venous thromboembolism  emonstrate  a higher rate 
o  recurrent venous thromboembolism with a target 
INR o  1.5–1.9 compare  with a target INR o  2.0–3.0.

Dosing
War arin is usually starte  at a  ose o  5–10 mg. Lower 
 oses are use   or patients with CYP2C9 or VKORC1 
polymorphisms, which a ect the pharmaco ynamics 
or pharmacokinetics o  war arin an  ren er patients 
more sensitive to the  rug. T e  ose is then titrate  to 
achieve the  esire  target INR. Because o  its  elaye  
onset o  action, patients with establishe  thrombosis or 
those at high risk  or thrombosis are given concomitant 
initial treatment with a rapi ly acting parenteral anti-
coagulant, such as heparin, LMWH, or  on aparinux. 
Early prolongation o  the INR re ects re uction in the 
 unctional levels o   actor VII. Consequently, concomi-
tant treatment with the parenteral anticoagulant shoul  
be continue  until the INR has been therapeutic  or at 
least 2 consecutive  ays. A minimum 5- ay course o  
parenteral anticoagulation is recommen e  to ensure 
that the levels o   actor Xa an  prothrombin have been 
re uce  into the therapeutic range with war arin.

Because war arin has a narrow therapeutic win ow, 
 requent coagulation monitoring is essential to ensure 
that a therapeutic anticoagulant response is maintaine . 
Even patients with stable war arin  ose requirements 
shoul  have their INR  etermine  every 3–4 weeks. 
More  requent monitoring is necessary when new me -
ications are intro uce  because so many  rugs enhance 
or re uce the anticoagulant e ects o  war arin.

Sid e  e f ects
Like all anticoagulants, the major si e e ect o  war arin 
is blee ing. A rare complication is skin necrosis. War a-
rin crosses the placenta an  can cause  etal abnormali-
ties. Consequently, war arin shoul  not be use   uring 
pregnancy.

Bleed in g
At least hal  o  the blee ing complications with war a-
rin occur when the INR excee s the therapeutic range. 
Blee ing complications may be mil , such as epistaxis 
or hematuria, or more severe, such as retroperitoneal or 
gastrointestinal blee ing. Li e-threatening intracranial 
blee ing can also occur.

 o minimize the risk o  blee ing, the INR shoul  
be maintaine  in the therapeutic range. In asymptom-
atic patients whose INR is between 3.5 an  10, war-
 arin shoul  be withhel  until the INR returns to the 

therapeutic range. I  the INR is over 10, oral vitamin K 
shoul  be a ministere , at a  ose o  2.5–5 mg, although 
there is no evi ence that  oing so re uces the blee -
ing risk. Higher  oses o  oral vitamin K (5–10 mg) pro-
 uce more rapi  reversal o  the INR but may ren er 
patients temporarily resistant to war arin when the  rug 
is restarte . Patients with serious blee ing nee  more 
aggressive treatment. T ese patients shoul  be given 
5–10 mg o  vitamin K by slow IV in usion. A  itional 
vitamin K shoul  be given until the INR is in the nor-
mal range.  reatment with vitamin K shoul  be supple-
mente  with  resh- rozen plasma as a source o  the 
vitamin K– epen ent clotting proteins. Four  actor pro-
thrombin complex concentrates, which contain all  our 
vitamin K– epen ent clotting proteins, are the treatment 
o  choice  or (1) li e-threatening blee s, (2) rapi  restora-
tion o  the INR into the normal range in patients requir-
ing urgent surgery or intervention, an  (3) patients who 
cannot tolerate the volume loa  o   resh- rozen plasma.

War arin-treate  patients who experience blee -
ing when their INR is in the therapeutic range require 
investigation into the cause o  the blee ing. T ose with 
gastrointestinal or genitourinary blee ing o en have an 
un erlying lesion.

Skin  necro sis
A rare complication o  war arin, skin necrosis usually is 
seen 2–5  ays a er initiation o  therapy. Well- emarcate  
erythematous lesions  orm on the thighs, buttocks, breasts, 
or toes.  ypically, the center o  the lesion becomes pro-
gressively necrotic. Examination o  skin biopsies taken 
 rom the bor er o  these lesions reveals thrombi in the 
microvasculature.

War arin-in uce  skin necrosis is seen in patients 
with congenital or acquire   e ciencies o  protein C 
or protein S. Initiation o  war arin therapy in these 
patients pro uces a precipitous  all in plasma levels o  
proteins C or S, thereby eliminating this important anti-
coagulant pathway be ore war arin exerts an antithrom-
botic e ect through lowering o  the  unctional levels o  
 actor X an  prothrombin. T e resultant procoagulant 
state triggers thrombosis. Why the thrombosis is local-
ize  to the microvasculature o   atty tissues is unclear.

 reatment involves  iscontinuation o  war arin an  
reversal with vitamin K, i  nee e . An alternative anti-
coagulant, such as heparin or LMWH, shoul  be given 
in patients with thrombosis. Protein C concentrate can 
be given to protein C– e cient patients to accelerate 
healing o  the skin lesions;  resh- rozen plasma may be 
o  value i  protein C concentrate is unavailable an   or 
those with protein S  e ciency. Occasionally, skin gra -
ing is necessary when there is extensive skin loss.

Because o  the potential  or skin necrosis, patients 
with known protein C or protein S  e ciency require 
overlapping treatment with a parenteral anticoagulant 
when initiating war arin therapy. War arin shoul  be 
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312 starte  in low  oses in these patients, an  the paren-
teral anticoagulant shoul  be continue  until the INR is 
therapeutic  or at least 2–3 consecutive  ays.

Preg nan cy
War arin crosses the placenta an  can cause  etal abnor-
malities or blee ing. T e  etal abnormalities inclu e a 
characteristic embryopathy, which consists o  nasal hypo-
plasia an  stipple  epiphyses. T e risk o  embryopathy is 
highest i  war arin is given in the  rst trimester o  preg-
nancy. Central nervous system abnormalities can also 
occur with exposure to war arin at any time  uring preg-
nancy. Finally, maternal a ministration o  war arin pro-
 uces an anticoagulant e ect in the  etus that can cause 
blee ing. T is is o  particular concern at  elivery when 
trauma to the hea   uring passage through the birth canal 
can lea  to intracranial blee ing. Because o  these poten-
tial problems, war arin is contrain icate  in pregnancy, 
particularly in the  rst an  thir  trimesters. Instea , hepa-
rin, LMWH, or  on aparinux can be given  uring preg-
nancy  or prevention or treatment o  thrombosis.

War arin  oes not pass into the breast milk. Conse-
quently, war arin can sa ely be given to nursing mothers.

Sp ecia l p rob lem s
Patients with a lupus anticoagulant an  those who nee  
urgent or elective surgery present special challenges. 
Although observational stu ies suggeste  that patients 
with thrombosis complicating the antiphospholipi  anti-
bo y syn rome require  higher intensity war arin regi-
mens to prevent recurrent thromboembolic events, two 
ran omize  trials showe  that targeting an INR o  2.0–3.0 
is as e ective as higher intensity treatment an  pro uces 
less blee ing. Monitoring war arin therapy can be prob-
lematic in patients with antiphospholipi  antibo y syn-
 rome i  the lupus anticoagulant prolongs the baseline 
INR;  actor X levels can be use  instea  o  the INR in 
such patients.

T ere is no nee  to stop war arin be ore proce ures 
associate  with a low risk o  blee ing; these inclu e  ental 

cleaning, simple  ental extraction, cataract surgery, or 
skin biopsy. For proce ures associate  with a mo erate or 
high risk o  blee ing, war arin shoul  be stoppe  5  ays 
be ore the proce ure to allow the INR to return to normal 
levels. Patients at high risk  or thrombosis, such as those 
with mechanical heart valves, can be bri ge  with once- 
or twice- aily SC injections o  LMWH when the INR  
 alls to <2.0. T e last  ose o  LMWH shoul  be given 
12–24 h be ore the proce ure,  epen ing on whether 
LMWH is a ministere  twice or once  aily. A er the pro-
ce ure, treatment with war arin can be restarte .

New ora l a nticoa gula nts

New oral anticoagulants are now available as alterna-
tives to war arin. T ese inclu e  abigatran, which targets 
thrombin, an  rivaroxaban, apixaban, an  e oxaban, 
which target  actor Xa. All o  these  rugs have a rapi  
onset an  o set o  action an  have hal -lives that permit 
once- or twice- aily a ministration. Designe  to pro uce 
a pre ictable level o  anticoagulation, the new oral agents 
are more convenient to a minister than war arin because 
they are given in  xe   oses without routine coagulation 
monitoring.

Mechan ism  o   act ion
T e new oral anticoagulants are small molecules that 
bin  reversibly to the active site o  their target enzyme. 
Table 24-9 summarizes the  istinct pharmacologic 
properties o  these agents.

Ind icat ions
T e new oral anticoagulants have been compare  with 
war arin  or stroke prevention in patients with nonval-
vular atrial  brillation in  our ran omize  trials that 
enrolle  71,683 patients. A meta-analysis o  these  ata 
 emonstrates that compare  with war arin, the new 
agents signi cantly re uce stroke or systemic embolism 
by 19% (p = .001), primarily  riven by a 51% re uction in 
hemorrhagic stroke (p <.0001), an  are associate  with a 

TABLE 24-9  
COMPARISON OF THE PHARMACOLOGIC PROPERTIES OF THE NEW ORAL ANTICOAGULANTS

CHARACTERISTIC  RIVAROXABAN  APIXABAN  EDOXABAN  DABIGATRAN

Target  Factor Xa  Factor Xa  Factor Xa  Thrombin

Prodrug  No  No  No  Yes
Bioavailability  80%  60%  50%  6%
Dosing  qd (bid)  bid  qd  bid (qd)
Hal -li e  7–11 h  12 h  9–11 h  12–17 h
Renal  33% (66%)  25%  35%  80%
Monitoring  No  No  No  No
Interactions  3A4/P-gp  3A4/P-gp  P-gp  P-gp

Abbrevia t ions: bid, twice a day; P-gp, P-glycoprotein; qd., once a day.
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31310% re uction in mortality (p <.0001). New oral anticoag-
ulants re uce intracranial hemorrhage by 52% compare  
with war arin (p <.0001), but increase gastrointestinal 
blee ing by about 24% (p = .04). Overall, the new agents 
 emonstrate a  avorable bene t-to-risk pro le compare  
with war arin, an  their relative ef cacy an  sa ety are 
maintaine  across a wi e spectrum o  atrial  brillation 
patients, inclu ing those over the age o  75 years an  
those with a prior history o  stroke. Base  on these  n -
ings,  abigatran, rivaroxaban, an  apixaban are license  
as alternatives to war arin  or stroke prevention in non-
valvular atrial  brillation, an  e oxaban is un er regula-
tory consi eration  or this in ication. Nonvalvular atrial 
 brillation is  e ne  as that occurring in patients without 
mechanical heart valves or severe rheumatic valvular  is-
ease, particularly mitral stenosis an /or regurgitation.

Dabigatran, rivaroxaban, an  apixaban have been 
compare  with enoxaparin  or thromboprophylaxis 
a er elective hip or knee arthroplasty. Currently, only 
rivaroxaban an  apixaban are license   or this in ica-
tion in the Unite  States. Rivaroxaban an   abigatran 
are also license   or treatment o  DV  or PE. Apixaban 
an  e oxaban have also been investigate   or treatment 
o  patients with venous thromboembolism, but have 
not yet been approve   or this in ication. Rivaroxaban 
is license  in Europe  or prevention o  recurrent isch-
emic events in patients who have been stabilize  a er 
an acute coronary syn rome. In this setting, rivaroxa-
ban is usually a ministere  in conjunction with  ual 
antiplatelet therapy with aspirin an  clopi ogrel.

Dosing
For stroke prevention in patients with nonvalvular atrial 
 brillation, rivaroxaban is given at a  ose o  20 mg 
once  aily with a  ose re uction to 15 mg once  aily in 
patients with a creatinine clearance o  15–49 mL/min; 
 abigatran is given at a  ose o  150 mg twice  aily with 
a  ose re uction to 75 mg twice  aily in those with a 
creatinine clearance o  15–30 mL/min; an  apixaban is 
given at a  ose o  5 mg twice  aily with a  ose re uction 
to 2.5 mg twice  aily  or patients with a creatinine >1.5 g/
 L,  or those 80 years o  age or ol er, or  or patients who 
weigh <60 kg.

For thromboprophylaxis a er elective hip or knee 
replacement surgery, rivaroxaban is given at a  ose o  
10 mg once  aily, whereas apixaban is given at a  ose 
o  2.5 mg twice  aily. For treatment o  patients with 
DV  or PE, rivaroxaban is starte  at a  ose o  15 mg 
twice  aily  or 3 weeks; the  ose is then re uce  to  
20 mg once  aily therea er. A er a minimum o  a 5  ay 
course o  treatment with heparin or LMWH,  abigatran 
is given at a  ose o  150 mg twice  aily.

Monito ring
Although  esigne  to be a ministere  without routine 
monitoring, there are situations where  etermination o  

the anticoagulant activity o  the new oral anticoagulants 
can be help ul. T ese inclu e assessment o  a herence, 
 etection o  accumulation or over ose, i enti cation 
o  blee ing mechanisms, an   etermination o  activity 
prior to surgery or intervention. For qualitative assess-
ment o  anticoagulant activity, the prothrombin time 
can be use   or  actor Xa inhibitors an  the aP    or 
 abigatran. Rivaroxaban an  e oxaban prolong the 
prothrombin time more than apixaban. In  act, because 
apixaban has such a limite  e ect on the prothrom-
bin time, anti- actor Xa assays are nee e  to assess its 
activity. T e e ect o  the  rugs on tests o  coagulation 
varies  epen ing on the time that the bloo  is  rawn 
relative to the timing o  the last  ose o  the  rug an  
the reagents use  to per orm the tests. Chromogenic 
anti- actor Xa assays an  a  ilute thrombin clotting 
time with appropriate calibrators provi e quantitative 
assays to measure the plasma levels o  the  actor Xa 
inhibitors an   abigatran, respectively.

Sid e  e f ects
Like all anticoagulants, blee ing is the most common 
si e e ect o  the new oral anticoagulants. T e new agents 
are associate  with less intracranial blee ing than war a-
rin. T e increase  risk o  intracranial blee ing with war-
 arin likely re ects the re uction in  unctional levels o  
 actor VII, which preclu es ef cient thrombin generation 
at sites o  microvascular blee ing in the brain. Because 
the new oral anticoagulants target  ownstream coagula-
tion enzymes, they pro uce less impairment o  hemo-
static plug  ormation at sites o  vascular injury.

A  ownsi e o  the new oral anticoagulants is the 
increase  risk o  gastrointestinal blee ing. T is likely 
occurs because unabsorbe  active  rug in the gut exac-
erbates blee ing  rom lesions. Although  abigatran 
etexilate is a pro rug, only 7% is absorbe . Although the 
remain er passes through the gut, at least two-thir s is 
metabolically activate  to  abigatran by gut esterases.

Dyspepsia occurs in up to 10% o  patients treate  with 
 abigatran; this problem improves with time an  can be 
minimize  by a ministering the  rug with  oo . Dys-
pepsia is rare with rivaroxaban, apixaban, an  e oxaban.

Perip roced ural m anagem ent
Like war arin, the new oral anticoagulants must be 
stoppe  be ore proce ures associate  with a mo erate 
or high risk o  blee ing. T e  rugs shoul  be hel   or 
1–2  ays, or longer i  renal  unction is impaire . Assess-
ment o  resi ual anticoagulant activity be ore proce-
 ures associate  with a high blee ing risk is pru ent.

Managem ent o   b leed ing
T ere are no speci c anti otes  or the new oral anti-
coagulants. With minor blee ing, hol ing one or two 
 oses o   rug is usually suf cient. T e approach to seri-
ous blee ing is similar to that with war arin except that 
vitamin K a ministration is o  no bene t. T us, the 
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314 anticoagulant an  antiplatelet  rugs shoul  be hel , 
the patient shoul  be resuscitate  with  ui s an  bloo  
pro ucts as necessary, an , i  possible, the blee ing site 
shoul  be i enti e  an  manage . Coagulation test-
ing will  etermine the extent o  anticoagulation. an  
renal  unction shoul  be assesse  so that the hal -li e o  
the  rug can be calculate .  iming o  the last  ose o  
anticoagulant is important; a ministration o  oral acti-
vate  charcoal may help to prevent absorption o   rug 
a ministere  in the past 2–4 h. I  blee ing continues or 
is li e-threatening, procoagulants, such as prothrombin 
complex concentrate (either unactivate  or activate ) 
or  actor VIIa, can be a ministere , although the evi-
 ence o  their e ectiveness is limite . Dialysis removes 
 abigatran  rom the circulation in patients with renal 
impairment;  ialysis  oes not remove rivaroxaban, 
apixaban, or e oxaban because unlike  abigatran, these 
 rugs are highly protein-boun .

Pregnancy
As small molecules, the new oral anticoagulants can all 
pass through the placenta. Consequently, these agents 
are contrain icate  in pregnancy, an  when use  by 
women o  chil bearing potential, appropriate contra-
ception is important.

Ongoing  invest igations
Although the lack o  anti otes has create  concern about 
the risk o  blee ing events in patients taking the new 
oral anticoagulants, emerging postmarketing  ata sug-
gest that the rates o  blee ing in the real-worl  setting 
are similar to those reporte  in the trials. Nonetheless, 
speci c anti otes are un er  evelopment. T ese inclu e 
a humanize  mouse monoclonal antibo y  ragment 
against  abigatran an  a recombinant variant o   actor 
Xa that serves as a  ecoy  or the oral  actor Xa inhibitors. 
Neither agent is currently available  or clinical use.

FIBRINOLYTIC DRUGS

ROLE OF FIBRINOLYTIC THERAPY
Fibrinolytic  rugs can be use  to  egra e thrombi an  
are a ministere  systemically or can be  elivere  via 
catheters  irectly into the substance o  the thrombus. 
Systemic  elivery is use   or treatment o  acute MI, 
acute ischemic stroke, an  most cases o  massive PE. 
T e goal o  therapy is to pro uce rapi  thrombus  is-
solution, thereby restoring antegra e bloo   ow. In the 
coronary circulation, restoration o  bloo   ow re uces 
morbi ity an  mortality rates by limiting myocar-
 ial  amage, whereas in the cerebral circulation, rapi  
thrombus  issolution  ecreases the neuronal  eath an  
brain in arction that pro uce irreversible brain injury. 
For patients with massive PE, the goal o  thrombolytic 
therapy is to restore pulmonary artery per usion.

PAI-1

P lasminogen activa tors

X

X α 2-antiplasmin

Plasmin

Fibrin degrada tion
products

Fibrin

Plasminogen

FIGURE 24 -7
The  f b rino lyt ic system  and  it s reg u la t ion . Plasminogen acti-
vators convert plasminogen to plasmin. Plasmin then degrades 
 brin into soluble  brin degradation products. The system is regu-
lated at two levels. Type 1 plasminogen activator inhibitor (PAI-1) 
regulates the plasminogen activators, whereas α2-antiplasmin 
serves as the major inhibitor o  plasmin.

Peripheral arterial thrombi an  thrombi in the proxi-
mal  eep veins o  the leg are most o en treate  using 
catheter- irecte  thrombolytic therapy. Catheters with 
multiple si e holes can be use  to enhance  rug  eliv-
ery. In some cases, intravascular  evices that  ragment 
an  extract the thrombus are use  to hasten treatment. 
T ese  evices can be use  alone or in conjunction with 
 brinolytic  rugs.

MECHANISM OF ACTION
Currently approve   brinolytic agents inclu e strepto-
kinase; acylate  plasminogen streptokinase activator 
complex (anistreplase); urokinase; recombinant tissue-
type plasminogen activator (rtPA), which is also known 
as alteplase or activase; an  two recombinant  eriva-
tives o  rtPA, tenecteplase an  reteplase. All o  these 
agents act by converting plasminogen, the zymogen, to 
plasmin, the active enzyme (Fig. 24-7). Plasmin then 
 egra es the  brin matrix o  thrombi an  pro uces sol-
uble  brin  egra ation pro ucts.

En ogenous  brinolysis is regulate  at two levels. 
Plasminogen activator inhibitors, particularly the type 1 
 orm (PAI-1), prevent excessive plasminogen activa-
tion by regulating the activity o  tPA an  urokinase-
type plasminogen activator (uPA). Once plasmin is 
generate , it is regulate  by plasmin inhibitors, the 
most important o  which is α2-antiplasmin. T e plasma 
concentration o  plasminogen is two ol  higher than 
that o  α2-antiplasmin. Consequently, with pharma-
cologic  oses o  plasminogen activators, the concen-
tration o  plasmin that is generate  can excee  that o  
α2-antiplasmin. In a  ition to  egra ing  brin, unreg-
ulate  plasmin can also  egra e  brinogen an  other 
clotting  actors. T is process, which is known as the sys-
temic lytic state, re uces the hemostatic potential o  the 
bloo  an  increases the risk o  blee ing.

T e en ogenous  brinolytic system is geare  to 
localize plasmin generation to the  brin sur ace. Both 
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315plasminogen an  tPA bin  to  brin to  orm a ternary 
complex that promotes ef cient plasminogen activa-
tion. In contrast to  ree plasmin, plasmin generate  on 
the  brin sur ace is relatively protecte   rom inactiva-
tion by α2-antiplasmin, a  eature that promotes  brin 
 issolution. Furthermore, C-terminus lysine resi ues, 
expose  as plasmin  egra es  brin, serve as bin ing 
sites  or a  itional plasminogen an  tPA molecules. 
T is creates a positive  ee back that enhances plasmin 
generation. When use  pharmacologically, the various 
plasminogen activators capitalize on these mechanisms 
to a lesser or greater extent.

Plasminogen activators that pre erentially activate 
 brin-boun  plasminogen are consi ere   brin-speci c. 
In contrast, nonspeci c plasminogen activators  o not 
 iscriminate between  brin-boun  an  circulating plas-
minogen. Activation o  circulating plasminogen results 
in the generation o  unoppose  plasmin that can trigger 
the systemic lytic state. Alteplase an  its  erivatives are 
 brin-speci c plasminogen activators, whereas streptoki-
nase, anistreplase, an  urokinase are nonspeci c agents.

STREPTOKINASE
Unlike other plasminogen activators, streptokinase 
is not an enzyme an   oes not  irectly convert plas-
minogen to plasmin. Instea , streptokinase  orms a 
1:1 stoichiometric complex with plasminogen. Forma-
tion o  this complex in uces a con ormational change 
in plasminogen that exposes its active site (Fig. 24-8). 
T e streptokinase-plasminogen complex then converts 
a  itional plasminogen to plasmin.

Streptokinase

Plasminogen

S

Streptokinase

Plasminogen

S

FIGURE 24 -8
Mech an ism  o   act ion  o   st rep to kin ase . Streptokinase binds 
to plasminogen and induces a con ormational change in plasmin-
ogen that exposes its active site. The streptokinase/plasmin(ogen) 
complex then serves as the activator o  additional plasminogen.

Streptokinase has no af nity  or  brin, an  the strep-
tokinase-plasminogen complex activates both  ree an  
 brin-boun  plasminogen. Activation o  circulating 
plasminogen generates suf cient amounts o  plasmin 
to overwhelm α2-antiplasmin. Unoppose  plasmin not 
only  egra es  brin in the occlusive thrombus but also 
in uces a systemic lytic state.

When given systemically to patients with acute MI, 
streptokinase re uces mortality. For this in ication, 
the  rug is usually given as an IV in usion o  1.5 mil-
lion units over 30–60 min. Patients who receive strep-
tokinase can  evelop antibo ies against the  rug, as can 
patients with prior streptococcal in ection. T ese anti-
bo ies can re uce the e ectiveness o  streptokinase.

Allergic reactions occur in ~5% o  patients treate  
with streptokinase. T ese may mani est as a rash,  ever, 
chills, an  rigors. Although anaphylactic reactions can 
occur, these are rare.  ransient hypotension is com-
mon with streptokinase an  has been attribute  to plas-
min-me iate  release o  bra ykinin  rom kininogen. 
T e hypotension usually respon s to leg elevation an  
a ministration o  IV  ui s an  low  oses o  vasopres-
sors, such as  opamine or norepinephrine.

ANISTREPLASE
 o generate this  rug, streptokinase is combine  with 
equimolar amounts o  Lys-plasminogen, a plasmin-
cleave   orm o  plasminogen with a Lys resi ue at its 
N terminus. T e active site o  Lys-plasminogen that is 
expose  upon combination with streptokinase is then 
maske  with an anisoyl group. A er IV in usion, the 
anisoyl group is slowly remove  by  eacylation, giving 
the complex a hal -li e o  ~100 min. T is allows  rug 
a ministration via a single bolus in usion.

Although it is more convenient to a minister, anistre-
plase o ers  ew mechanistic a vantages over streptoki-
nase. Like streptokinase, anistreplase  oes not  istinguish 
between  brin-boun  an  circulating plasminogen. Con-
sequently, it too pro uces a systemic lytic state. Likewise, 
allergic reactions an  hypotension are just as  requent 
with anistreplase as they are with streptokinase.

When anistreplase was compare  with alteplase in 
patients with acute MI, reper usion was obtaine  more 
rapi ly with alteplase than with anistreplase. Improve  
reper usion was associate  with a tren  towar  bet-
ter clinical outcomes an  re uce  mortality rate with 
alteplase. T ese results an  the high cost o  anistreplase 
have  ampene  the enthusiasm  or its use.

UROKINASE
Urokinase is a two-chain serine protease  erive   rom 
culture   etal ki ney cells with a molecular weight o  
34,000. Urokinase converts plasminogen to plasmin 
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316  irectly by cleaving the Arg560-Val561 bon . Unlike 
streptokinase, urokinase is not immunogenic an  aller-
gic reactions are rare. Urokinase pro uces a systemic 
lytic state because it  oes not  iscriminate between 
 brin-boun  an  circulating plasminogen.

Despite many years o  use, urokinase has never 
been systemically evaluate   or coronary thromboly-
sis. Instea , urokinase is o en employe   or cathe-
ter- irecte  lysis o  thrombi in the  eep veins or the 
peripheral arteries. Because o  pro uction problems, 
the availability o  urokinase is limite .

ALTEPLASE
A recombinant  orm o  single-chain tPA, alteplase has 
a molecular weight o  68,000. Alteplase is rapi ly con-
verte  into its two-chain  orm by plasmin. Although 
single- an  two-chain  orms o  tPA have equivalent 
activity in the presence o   brin, in its absence, single-
chain tPA has ten ol  lower activity.

Alteplase consists o   ve  iscrete  omains (Fig. 24-9); 
the N-terminus A chain o  two-chain alteplase contains 
 our o  these  omains. Resi ues 4 through 50 make 

K2  P
r-PA

t-PA
F  EGF  K1  K2  P

KHRR

AAAA
299296

F  EFG  K1  K2  P
TNK-t-PA

b-PA
F  EGF  K1  P

FIGURE 24 -9
Dom ain  st ructu res o   a ltep lase   tPA , tenectep lase   TNK 
tPA , d esm otep lase   b  PA , and  re tep lase   r PA . The  nger 
(F), epidermal growth  actor (EGF),  rst and second kringles (K1 
and K2, respectively), and protease (P) domains are illustrated. The 
glycosylation site (Y) on K1 has been repositioned in tenecteplase 
to endow it with a longer hal -li e. In addition, a tetra-alanine sub-
stitution in the protease domain renders tenecteplase resistant 
to type 1 plasminogen activator inhibitor (PAI-1) inhibition. Des-
moteplase dif ers  rom alteplase and tenecteplase in that it lacks 
a K2 domain. Reteplase is a truncated variant that lacks the F, EGF, 
and K1 domains.

up the  nger  omain, a region that resembles the  n-
ger  omain o   bronectin; resi ues 50 through 87 are 
homologous with epi ermal growth  actor, whereas res-
i ues 92 through 173 an  180 through 261, which have 
homology to the kringle  omains o  plasminogen, are 
 esignate  as the  rst an  secon  kringle, respectively. 
T e   h alteplase  omain is the protease  omain; it is 
locate  on the C-terminus B chain o  two-chain alteplase.

T e interaction o  alteplase with  brin is me iate  
by the  nger  omain an , to a lesser extent, by the sec-
on  kringle  omain. T e af nity o  alteplase  or  brin 
is consi erably higher than that  or  brinogen. Conse-
quently, the catalytic ef ciency o  plasminogen activa-
tion by alteplase is two to three or ers o  magnitu e 
higher in the presence o   brin than in the presence o  
 brinogen. T is phenomenon helps to localize plasmin 
generation to the  brin sur ace.

Although alteplase pre erentially activates plasmino-
gen in the presence o   brin, alteplase is not as  brin-
selective as was  rst pre icte . Its  brin speci city is 
limite  because like  brin, (DD)E, the major soluble  eg-
ra ation pro uct o  cross-linke   brin, bin s alteplase 
an  plasminogen with high af nity. Consequently, (DD)E 
is as potent as  brin as a stimulator o  plasminogen acti-
vation by alteplase. Whereas plasmin generate  on the 
 brin sur ace results in thrombolysis, plasmin generate  
on the sur ace o  circulating (DD)E  egra es  brinogen. 
Fibrinogen  egra ation results in the accumulation o  
 ragment X, a high-molecular-weight clottable  brino-
gen  egra ation pro uct. Incorporation o   ragment X 
into hemostatic plugs  orme  at sites o  vascular injury 
ren ers them susceptible to lysis. T is phenomenon may 
contribute to alteplase-in uce  blee ing.

A trial comparing alteplase with streptokinase  or 
treatment o  patients with acute MI  emonstrate  sig-
ni cantly lower mortality with alteplase than with strep-
tokinase, although the absolute  i erence was small. T e 
greatest bene t was seen in patients age <75 years with 
anterior MI who presente  <6 h a er symptom onset.

For treatment o  acute MI or acute ischemic stroke, 
alteplase is given as an IV in usion over 60–90 min. T e 
total  ose o  alteplase usually ranges  rom 90 to 100 mg. 
Allergic reactions an  hypotension are rare, an  alteplase 
is not immunogenic.

TENECTEPLASE
 enecteplase is a genetically engineere  variant o  tPA 
an  was  esigne  to have a longer hal -li e than tPA an  
to be resistant to inactivation by PAI-1.  o prolong its 
hal -li e, a new glycosylation site was a  e  to the  rst 
kringle  omain (Fig. 24-9). Because a  ition o  this extra 
carbohy rate si e chain re uce   brin af nity, the exist-
ing glycosylation site on the  rst kringle  omain was 
remove .  o ren er the molecule resistant to inhibition 
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317by PAI-1, a tetra-alanine substitution was intro uce  
at resi ues 296–299 in the protease  omain, the region 
responsible  or the interaction o  tPA with PAI-1.

 enecteplase is more  brin-speci c than tPA. 
Although both agents bin  to  brin with similar af nity, 
the af nity o  tenecteplase  or (DD)E is signi cantly lower 
than that o  tPA. Consequently, (DD)E  oes not stimulate 
systemic plasminogen activation by tenecteplase to the 
same extent as tPA. As a result, tenecteplase pro uces less 
 brinogen  egra ation than tPA.

For coronary thrombolysis, tenecteplase is given as a 
single IV bolus. In a large phase III trial that enrolle  
>16,000 patients, the 30- ay mortality rate with single-
bolus tenecteplase was similar to that with accelerate -
 ose tPA. Although rates o  intracranial hemorrhage 
were also similar with both treatments, patients given 
tenecteplase ha   ewer noncerebral blee s an  a 
re uce  nee   or bloo  trans usions than those treate  
with tPA. T e improve  sa ety pro le o  tenecteplase 
likely re ects its enhance   brin speci city.

RETEPLASE
Reteplase is a is a single-chain, recombinant tPA  eriva-
tive that lacks the  nger, epi ermal growth  actor, an  
 rst kringle  omains (Fig. 24-9). T is truncate   eriva-
tive has a molecular weight o  39,000. Reteplase bin s 
 brin more weakly than tPA because it lacks the  n-
ger  omain. Because it is pro uce  in Escherichia coli, 
reteplase is not glycosylate . T is en ows it with a 
plasma hal -li e longer than that o  tPA. Consequently, 
reteplase is given as two IV boluses, which are sepa-
rate  by 30 min. Clinical trials have  emonstrate  that 
reteplase is at least as e ective as streptokinase  or treat-
ment o  acute MI, but the agent is not superior to tPA.

NEWER FIBRINOLYTIC AGENTS
 wo new  rugs are un er investigation. T ese inclu e 
 esmoteplase (Fig. 24-9), a recombinant  orm o  the 
 ull-length plasminogen activator isolate   rom the 

saliva o  the vampire bat, an  al meprase, a truncate  
 orm o   brolase, an enzyme isolate   rom the venom 
o  the southern copperhea  snake. Clinical stu ies with 
these agents have been  isappointing. Desmoteplase, 
which is more  brin-speci c than tPA, was investi-
gate   or treatment o  acute ischemic stroke. Patients 
presenting 3–9 h a er symptom onset were ran om-
ize  to one o  two  oses o   esmoteplase or to placebo. 
Overall response rates were low an  no  i erent with 
 esmoteplase than with placebo. T e mortality rate was 
higher in the  esmoteplase arms.

Al meprase is a metalloproteinase that  egra es 
 brin an   brinogen in a plasmin-in epen ent  ash-
ion. In the circulation, al meprase is rapi ly inhibite  
by α2-macroglobulin. Consequently, the  rug must 
be  elivere  via a catheter  irectly into the throm-
bus. Stu ies o  al meprase  or treatment o  peripheral 
arterial occlusion or  or restoration o   ow in blocke  
central venous catheters were stoppe   ue to lack o  
ef cacy. T e  isappointing results with  esmoteplase 
an  al meprase highlight the challenges o  intro ucing 
new  brinolytic  rugs.

CONCLUSIONS AND FUTURE 
DIRECTIONS

T rombosis involves a complex interplay among the ves-
sel wall, platelets, the coagulation system, an  the  bri-
nolytic pathways. Activation o  coagulation also triggers 
in ammatory pathways that may exacerbate thrombo-
sis. A better un erstan ing o  the biochemistry o  bloo  
coagulation an  a vances in structure-base   rug  esign 
have i enti e  new targets an  resulte  in the  evel-
opment o  novel antithrombotic  rugs. Well- esigne  
clinical trials have provi e   etaile  in ormation on 
which  rugs to use an  when to use them. Despite these 
a vances, however, thromboembolic  isor ers remain a 
major cause o  morbi ity an  mortality. T ere ore, the 
search  or better targets an  more potent antiplatelet, 
anticoagulant, an   brinolytic  rugs continues.
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CANCER IS A GENETIC DISEASE

Cancer arises through a series o  somatic alterations 
in DNA that result in unrestrained cellular proli era-
tion. Most o  these alterations involve actual sequence 
changes in DNA (i.e., mutations). T ey may originate as 
a consequence o  random replication errors, exposure 
to carcinogens (e.g., radiation), or  aulty DNA repair 
processes. While most cancers arise sporadically,  amil-
ial clustering o  cancers occurs in certain  amilies that 
carry a germline mutation in a cancer gene.

HISTORICAL PERSPECTIVE

T e idea that cancer progression is driven by sequential 
somatic mutations in speci c genes has only gained gen-
eral acceptance in the past 25 years. Be ore the advent o  
the microscope, cancer was believed to be composed o  
aggregates o  mucus or other noncellular matter. By the 
middle o  the nineteenth century, it became clear that 
tumors were masses o  cells and that these cells arose 
 rom the normal cells o  the tissue  rom which the cancer 
originated. However, the molecular basis  or the uncon-
trolled proli eration o  cancer cells was to remain a mys-
tery  or another century. During that time, a number o  
theories  or the origin o  cancer were postulated. T e 
great biochemist Otto Warburg proposed the combus-
tion theory o  cancer, which stipulated that cancer was 
due to abnormal oxygen metabolism. In addition, some 
believed that all cancers were caused by viruses, and that 
cancer was in  act a contagious disease.

In the end, observations o  cancer occurring in 
chimney sweeps, studies o  x-rays, and the overwhelm-
ing data demonstrating cigarette smoke as a caus-
ative agent in lung cancer, together with Ames’s work 
on chemical mutagenesis, provided convincing evi-
dence that cancer originated through changes in DNA. 

CANCER GENETICS

CHAP TER 2 5

Although the viral theory o  cancer did not prove to be 
generally accurate (with the exception o  human papil-
lomaviruses, which can cause cervical and other cancers 
in human), the study o  retroviruses led to the discov-
ery o  the  rst human oncogenes in the late 1970s. Soon 
a er, the study o   amilies with genetic predisposition 
to cancer was instrumental in the discovery o  tumor-
suppressor genes. T e  eld that studies the type o  muta-
tions, as well as the consequence o  these mutations in 
tumor cells, is now known as cancer genetics.

THE CLONAL ORIGIN AND MULTISTEP 
NATURE OF CANCER

Nearly all cancers originate  rom a single cell; this clonal 
origin is a critical discriminating  eature between neo-
plasia and hyperplasia. Multiple cumulative mutational 
events are invariably required  or the progression o  a 
tumor  rom normal to  ully malignant phenotype. T e 
process can be seen as Darwinian microevolution in 
which, at each successive step, the mutated cells gain a 
growth advantage resulting in an increased representation 
relative to their neighbors (Fig. 25-1). Based on observa-
tions o  cancer  requency increases during aging, as well 
as molecular genetics work, it is believed that 5 to 10 
accumulated mutations are necessary  or a cell to progress 
 rom the normal to the  ully malignant phenotype.

We are beginning to understand the precise nature o  
the genetic alterations responsible  or some malignan-
cies and to get a sense o  the order in which they occur. 
T e best-studied example is colon cancer, in which 
analyses o  DNA  rom tissues extending  rom normal 
colon epithelium through adenoma to carcinoma have 
identi ed some o  the genes mutated in the process 
(Fig. 25-2). Other malignancies are believed to progress 
in a similar stepwise  ashion, although the order and 
identity o  genes a ected may be di erent.
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TWO TYPES OF CANCER GENES: 
ONCOGENES AND TUMOR- 
SUPPRESSOR GENES

T ere are two major types o  cancer genes. T e  rst type 
comprises genes that positively in uence tumor  or-
mation and are known as oncogenes. T e second type 
o  cancer genes negatively impact tumor growth and 
have been named tumor-suppressor genes. Both onco-
genes and tumor-suppressor genes exert their e ects on 
tumor growth through their ability to control cell divi-
sion (cell birth) or cell death (apoptosis), although the 

mechanisms can be extremely complex. While tightly 
regulated in normal cells, oncogenes acquire mutations 
in cancer cells, and the mutations typically relieve this 
control and lead to increased activity o  the gene prod-
ucts. T is mutational event typically occurs in a single 
allele o  the oncogene and acts in a dominant  ashion. 
In contrast, the normal  unction o  tumor-suppressor 
genes is usually to restrain cell growth, and this  unc-
tion is lost in cancer. Because o  the diploid nature o  
mammalian cells, both alleles must be inactivated  or a 
cell to completely lose the  unction o  a tumor-suppres-
sor gene, leading to a recessive mechanism at the cellu-
lar level. From these ideas and studies on the inherited 
 orm o  retinoblastoma, Knudson and others  ormu-
lated the two-hit hypothesis, which in its modern ver-
sion states that both copies o  a tumor-suppressor gene 
must be inactivated in cancer.

T ere is a subset o  tumor-suppressor genes, the care-
taker genes, that do not a ect cell growth directly, but 
rather control the ability o  the cell to maintain the integ-
rity o  its genome. Cells with a de ciency in these genes 
have an increased rate o  mutations throughout their 
genomes, including in oncogenes and tumor-suppressor 
genes. T is “mutator” phenotype was  rst hypothesized 
by Loeb to explain how the multiple mutational events 
required  or tumorigenesis can occur in the li etime o  an 
individual. A mutator phenotype has now been observed 
in some  orms o  cancer, such as those associated with 
de ciencies in DNA mismatch repair. T e great major-
ity o  cancers, however, do not harbor repair de ciencies, 
and their rate o  mutation is similar to that observed in 
normal cells. Many o  these cancers, however, appear to 
harbor a di erent kind o  genetic instability, a ecting 
the loss or gains o  whole chromosomes or large parts 
thereo  (as explained in more detail below).

Benign tumor  Malignant tumor
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T2
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T4
T4
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N

FIGURE 25 -1
Multistep clonal development o  malignancy. In this diagram 
a series o   ve cumulative mutations (T1, T2, T4, T5, T6), each with 
a modest growth advantage acting alone, eventually results in a 
malignant tumor. Note that not all such alterations result in pro-
gression;  or example, the T3 clone is a dead end. The actual num-
ber o  cumulative mutations necessary to trans orm  rom the 
normal to the malignant state is unknown in most tumors. (After P 
Nowell: Science 194:23, 1976, with permission.)
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FIGURE 25 -2
Progressive somatic mutational steps in the development o  
colon carcinoma. The accumulation o  alterations in a number o  
di erent genes results in the progression  rom normal epithelium 
through adenoma to  ull-blown carcinoma. Genetic instability 
(microsatellite or chromosomal) accelerates the progression by  

 
increasing the likelihood o  mutation at each step. Patients with 
 amilial polyposis are already one step into this pathway, because 
they inherit a germline alteration o  the APC gene. TGF, trans orm-
ing growth  actor.
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ONCOGENES IN HUMAN CANCER

Work by Peyton Rous in the early 1900s revealed that 
a chicken sarcoma could be transmitted  rom animal 
to animal in cell- ree extracts, suggesting that cancer 
could be induced by an agent acting positively to pro-
mote tumor  ormation. T e agent responsible  or the 
transmission o  the cancer was a retrovirus (Rous sar-
coma virus, RSV) and the oncogene responsible was 
identi ed 75 years later as v-src. Other oncogenes were 
also discovered through their presence in the genomes 
o  retroviruses that are capable o  causing cancers in 
chickens, mice, and rats. T e cellular homologues o  
these viral genes are called protooncogenes and are 
o en targets o  mutation or aberrant regulation in 
human cancer. Whereas many oncogenes were discov-
ered because o  their presence in retroviruses, other 
oncogenes, particularly those involved in translocations 
characteristic o  particular leukemias and lymphomas, 
were isolated through genomic approaches. Investiga-
tors cloned the sequences surrounding the chromo-
somal translocations observed cytogenetically and then 
deduced the nature o  the genes that were the targets 
o  these translocations (see below). Some o  these were 
oncogenes known  rom retroviruses (like ABL, involved 
in chronic myeloid leukemia [CML]), whereas others 
were new (like BCL2, involved in B cell lymphoma). In 
the normal cellular environment, protooncogenes have 
crucial roles in cell proli eration and di erentiation. 

Table 25-1 is a partial list o  oncogenes known to be 
involved in human cancer.

T e normal growth and di erentiation o  cells is 
controlled by growth  actors that bind to receptors 
on the sur ace o  the cell. T e signals generated by the 
membrane receptors are transmitted inside the cells 
through signaling cascades involving kinases, G pro-
teins, and other regulatory proteins. Ultimately, these 
signals a ect the activity o  transcription  actors in the 
nucleus, which regulate the expression o  genes cru-
cial in cell proli eration, cell di erentiation, and cell 
death. Oncogene products have been  ound to  unc-
tion at critical steps in these pathways (Chap. 26), and 
inappropriate activation o  these pathways can lead to 
tumorigenesis.

MECHANISMS OF ONCOGENE 
ACTIVATION

POINT MUTATION
Point mutation is a common mechanism o  oncogene 
activation. For example, mutations in one o  the RAS 
genes (HRAS, KRAS, or NRAS) are present in up to 85% 
o  pancreatic cancers and 45% o  colon cancers but are 
less common in other cancer types, although they can 
occur at signi cant  requencies in leukemia, lung, and 
thyroid cancers. Remarkably—and in contrast to the 
diversity o  mutations  ound in tumor-suppressor genes 

TABLE 25 -1  
COMMON ONCOGENES ALTERED IN HUMAN CANCERS

ONCOGENE  FUNCTION  ALTERATION IN CANCER  NEOPLASM

AKT1 Serine/threonine kinase  Ampli cation  Stomach
AKT2 Serine/threonine kinase  Ampli cation  Ovarian, breast, pancreatic
BRAF Serine/threonine kinase  Point mutation  Melanoma, lung, colorectal
CDK4 Cyclin-dependent kinase  Point mutation, ampli cation  Breast, melanoma, myeloma, others
CTNNB1 Signal transduction  Point mutation  Colon, prostate, melanoma, skin, others
FOS Transcription  actor  Overexpression  Osteosarcomas
ERBB2 Receptor tyrosine kinase  Point mutation, ampli cation  Breast, ovary, stomach, neuroblastoma
JUN Transcription  actor  Overexpression  Lung
MET Receptor tyrosine kinase  Point mutation, rearrangement  Osteocarcinoma, kidney, glioma
MYB Transcription  actor  Ampli cation  AML, CML, colorectal, melanoma
C-MYC Transcription  actor  Ampli cation  Breast, colon, gastric, lung
L-MYC Transcription  actor  Ampli cation  Lung, bladder
N-MYC Transcription  actor  Ampli cation  Neuroblastoma, lung
PIK3A Phosphoinositol-3-kinase  Point Mutation  Multiple cancers
HRAS GTPase  Point mutation  Colon, lung, pancreas

KRAS GTPase  Point mutation  Melanoma, colorectal, AML
NRAS GTPase  Point mutation  Various carcinomas, melanoma
REL Transcription  actor  Rearrangement, ampli cation  Lymphomas
WNT1 Growth  actor  Ampli cation  Retinoblastoma

Abbrevia tions: AML, acute myeloid leukemia; CML, chronic myeloid leukemia.
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323(see below)—most o  the activated RAS genes contain 
point mutations in codons 12, 13, or 61 (these muta-
tions reduce RAS G Pase activity, leading to constitu-
tive activation o  the mutant RAS protein). T e restricted 
pattern o  mutations observed in oncogenes compared 
to that o  tumor-suppressor genes re ects the  act that 
gain-o - unction mutations are less likely to occur than 
mutations that simply lead to loss o  activity. Indeed, 
inactivation o  a gene can in theory be accomplished 
through the introduction o  a stop codon anywhere in 
the coding sequence, whereas activations require precise 
substitutions at residues that can somehow lead to an 
increase in the activity o  the encoded protein. Impor-
tantly, the speci city o  oncogene mutations provides 
diagnostic opportunities, as tests that identi y mutations 
at de ned positions are easier to design than tests aimed 
at detecting random changes in a gene.

DNA AMPLIFICATION
T e second mechanism  or activation o  oncogenes is 
DNA sequence ampli cation, leading to overexpres-
sion o  the gene product. T is increase in DNA copy 
number may cause cytologically recognizable chro-
mosome alterations re erred to as homogeneous stain-
ing regions (HSRs) i  integrated within chromosomes, 
or double minutes (dmins) i  extrachromosomal. T e 
recognition o  DNA ampli cation is accomplished 
through various cytogenetic techniques such as com-
parative genomic hybridization (CGH) or  uorescence 
in situ hybridization (FISH), which allow the visual-
ization o  chromosomal aberrations using  uorescent 
dyes. In addition, noncytogenetic, microarray-based 
approaches are now available  or identi ying changes 
in copy number at high resolution. Newer short-tag–
based sequencing approaches have been used to evalu-
ate ampli cations. When paired with next-generation 
sequencing, this approach o ers the highest degree 
o  resolution and quanti cation available. With both 
microarray and sequencing technologies, the entire 
genome can be surveyed  or gains and losses o  DNA 
sequences, thus pinpointing chromosomal regions 
likely to contain genes important in the development 
or progression o  cancer.

Numerous genes have been reported to be ampli-
 ed in cancer. Several o  these genes, including NMYC 
and LMYC, were identi ed through their presence 
within the ampli ed DNA sequences o  a tumor and 
had homology to known oncogenes. Because the region 
ampli ed o en includes hundreds o  thousands o  base 
pairs, multiple oncogenes may be ampli ed in a single 
amplicon in some cancers (particularly in sarcomas). 
Indeed, MDM2, GLI, CDK4, and SAS at chromosomal 
location 12q13-15 have been shown to be simultane-
ously ampli ed in several types o  sarcomas and other 

tumors. Ampli cation o  a cellular gene is o en a pre-
dictor o  poor prognosis;  or example, ERBB2/HER2 
and NMYC are o en ampli ed in aggressive breast can-
cers and neuroblastoma, respectively.

CHROMOSOMAL REARRANGEMENT
Chromosomal alterations provide important clues to the 
genetic changes in cancer. T e chromosomal alterations 
in human solid tumors such as carcinomas are heteroge-
neous and complex and occur as a result o  the  requent 
chromosomal instability (CIN) observed in these tumors 
(see below). In contrast, the chromosome alterations in 
myeloid and lymphoid tumors are o en simple translo-
cations, i.e., reciprocal trans ers o  chromosome arms 
 rom one chromosome to another. Consequently, many 
detailed and in ormative chromosome analyses have 
been per ormed on hematopoietic cancers. T e break-
points o  recurring chromosome abnormalities usu-
ally occur at the site o  cellular oncogenes. Table 25-2 
lists representative examples o  recurring chromosome 
alterations in malignancy and the associated gene(s) 
rearranged or deregulated by the chromosomal rear-
rangement.  ranslocations are particularly common in 
lymphoid tumors, probably because these cell types have 
the capability to rearrange their DNA to generate anti-
gen receptors. Indeed, antigen receptor genes are com-
monly involved in the translocations, implying that an 
imper ect regulation o  receptor gene rearrangement may 
be involved in the pathogenesis. An interesting example 
is Burkitt’s lymphoma, a B cell tumor characterized by a 
reciprocal translocation between chromosomes 8 and 14. 
Molecular analysis o  Burkitt’s lymphomas demonstrated 
that the breakpoints occurred within or near the MYC 
locus on chromosome 8 and within the immunoglobu-
lin heavy chain locus on chromosome 14, resulting in the 
transcriptional activation o  MYC. Enhancer activation 
by translocation, although not universal, appears to play 
an important role in malignant progression. In addition 
to transcription  actors and signal transduction mol-
ecules, translocation may result in the overexpression o  
cell cycle regulatory proteins or proteins such as cyclins 
and o  proteins that regulate cell death.

T e  rst reproducible chromosome abnormality 
detected in human malignancy was the Philadelphia chro-
mosome detected in CML. T is cytogenetic abnormal-
ity is generated by reciprocal translocation involving the 
ABL oncogene on chromosome 9, encoding a tyrosine 
kinase, being placed in proximity to the BCR (breakpoint 
cluster region) gene on chromosome 22. Figure 25-3 illus-
trates the generation o  the translocation and its protein 
product. T e consequence o  expression o  the BCR-ABL 
gene product is the activation o  signal transduction path-
ways leading to cell growth independent o  normal exter-
nal signals. Imatinib (marketed as Gleevec), a drug that 
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FIGURE 25 -3
Specif c translocation seen in chronic myeloid leukemia 
(CML). The Philadelphia chromosome (Ph) is derived  rom a recip-
rocal translocation between chromosomes 9 and 22 with the  

 
breakpoint joining the sequences o  the ABL oncogene with the 
BCR gene. The  usion o  these DNA sequences allows the genera-
tion o  an entirely novel  usion protein with modi ed  unction.

TABLE 25-2  
REPRESENTATIVE ONCOGENES AT CHROMOSOMAL TRANSLOCATIONS

GENE (CHROMOSOME)  TRANSLOCATION  MALIGNANCY

ABL (9q34.1)–BCR (22q11)  (9;22)(q34;q11)  Chronic myeloid leukemia
ATF1 (12q13)–EWS (22q12)  (12;22)(q13;q12)  Malignant melanoma o  so t parts
BCL1 (11q13.3)–IgH (14q32)  (11;14)(q13;q32)  Mantle cell lymphoma
BCL2 (18q21.3)–IgH (14q32)  (14;18)(q32;q21)  Follicular lymphoma
FLI1 (11q24)–EWS (22q12)  (11;22)(q24;q12)  Ewing’s sarcoma
LCK (1p34)–TCRB (7q35)  (1;7)(p34;q35)  T cell acute lymphocytic leukemia
MYC (8q24)–IgH (14q32)  (8;14)(q24;q32)  Burkitt’s lymphoma, B cell acute lymphocytic leukemia
PAX3 (2q35)–FKHR/ALV (13q14)  (2;13)(q35;q14)  Alveolar rhabdomyosarcoma
PAX7 (1p36)–KHR/ALV(13q14)  (1;13)(p36;q14)  Alveolar rhabdomyosarcoma
REL (2p13)–NRG (2p11.2-14)  Inv(2(p13;p11.2-14)  Non-Hodgkin’s lymphoma
RET (10q11.2)–PKAR1A (17q23)  (10;17)(q11.2;q23)  Thyroid carcinoma
TAL1(1p32)–TCTA (3p21)  (1;3)(p34;p21)  Acute T cell leukemia
TRK (1q23-1q24)–TPM3 (1q31)  Inv1(q23;q31)  Colon carcinoma
WT1 (11p13)–EWS (22q12)  (11;22)(p13;q12)  Desmoplastic small round cell tumor

Source: From R Hesketh: The Oncogene and Tumour Suppressor Gene Facts Book, 2nd ed. San Diego, Academic Press, 1997; with permission.

speci cally blocks the activity o  Abl tyrosine kinase, has 
shown remarkable ef cacy with little toxicity in patients 
with CML. It is hoped that knowledge o  genetic altera-
tions in other cancers will likewise lead to mechanism-
based design and development o  a new generation o  
chemotherapeutic agents.

CHROMOSOMAL INSTABILITY  
IN SOLID TUMORS

Solid tumors are generally highly aneuploid, contain-
ing an abnormal number o  chromosomes; these chro-
mosomes also exhibit structural alterations such as 
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325translocations, deletions, and ampli cations. T ese 
abnormalities are collectively re erred to as chromo-
somal instability (CIN). Normal cells possess sev-
eral cell cycle checkpoints, essentially quality-control 
requirements that have to be met be ore subsequent 
events are allowed to take place. T e mitotic check-
point, which ensures proper chromosome attachment 
to the mitotic spindle be ore allowing the sister chro-
matids to separate, is altered in certain cancers. T e 
molecular basis o  CIN remains unclear, although a 
number o  mitotic checkpoint genes are  ound mutated 
or abnormally expressed in various tumors. T e exact 
e ects o  these changes on the mitotic checkpoint are 
unknown, and both weakening and overactivation o  
the checkpoint have been proposed. T e identi cation 
o  the cause o  CIN in tumors will likely be a  ormi-
dable task, considering that several hundred genes are 
thought to control the mitotic checkpoint and other 
cellular processes ensuring proper chromosome seg-
regation. Regardless o  the mechanisms underlying 
CIN, the measurement o  the number o  chromosomal 
alterations present in tumors is now possible with both 
cytogenetic and molecular techniques, and several stud-
ies have shown that this in ormation can be use ul  or 
prognostic purposes. In addition, because the mitotic 
checkpoint is essential  or cellular viability, it may 
become a target  or novel therapeutic approaches.

TUMOR-SUPPRESSOR GENE 
INACTIVATION IN CANCER

T e  rst indication o  the existence o  tumor-suppres-
sor genes came  rom experiments showing that  usion 
o  mouse cancer cells with normal mouse  broblasts 
led to a nonmalignant phenotype in the  used cells. T e 
normal role o  tumor-suppressor genes is to restrain cell 
growth, and the  unction o  these genes is inactivated in 
cancer. T e two major types o  somatic lesions observed 
in tumor-suppressor genes during tumor development 
are point mutations and large deletions. Point mutations 
in the coding region o  tumor-suppressor genes will  re-
quently lead to truncated protein products or otherwise 
non unctional proteins. Similarly, deletions lead to the 
loss o  a  unctional product and sometimes encompass 
the entire gene or even the entire chromosome arm, 
leading to loss o  heterozygosity (LOH) in the tumor 
DNA compared to the corresponding normal tissue 
DNA (Fig. 25-4). LOH in tumor DNA is considered a 
hallmark  or the presence o  a tumor-suppressor gene 
at a particular chromosomal location, and LOH stud-
ies have been use ul in the positional cloning o  many 
tumor-suppressor genes.

Gene silencing, an epigenetic change that leads to the 
loss o  gene expression and occurs in conjunction with 

hypermethylation o  the promoter and histone deacet-
ylation, is another mechanism o  tumor-suppressor 
gene inactivation. (An epigenetic modif cation re ers to 
a change in the genome, heritable by cell progeny, that 
does not involve a change in the DNA sequence. T e 
inactivation o  the second X chromosome in  emale 
cells is an example o  an epigenetic silencing that pre-
vents gene expression  rom the inactivated chromo-
some.) During embryologic development, regions o  
chromosomes  rom one parent are silenced and gene 
expression proceeds  rom the chromosome o  the 
other parent. For most genes, expression occurs  rom 
both alleles or randomly  rom one allele or the other. 
T e pre erential expression o  a particular gene exclu-
sively  rom the allele contributed by one parent is called 
parental imprinting and is thought to be regulated by 
covalent modi cations o  chromatin protein and DNA 
(o en methylation) o  the silenced allele.

T e role o  epigenetic control mechanisms in the 
development o  human cancer is unclear. However, a 
general decrease in the level o  DNA methylation has 
been noted as a common change in cancer. In addition, 
numerous genes, including some tumor-suppressor genes, 
appear to become hypermethylated and silenced during 
tumorigenesis. VHL and p16INK4 are well-studied exam-
ples o  such tumor-suppressor genes. Overall, epigen-
etic mechanisms may be responsible  or reprogramming 
the expression o  a large number o  genes in cancer and, 
together with the mutation o  speci c genes, are likely to 
be crucial in the development o  human malignancies. 
T e use o  drugs that can reverse epigenetic changes in 
cancer cells may represent a novel therapeutic option in 
certain cancers or premalignant conditions. For example, 
demethylating agents (azacitidine or decitabine) are now 
approved by the U.S. Food and Drug Administration 
(FDA)  or the treatment o  patients with high-risk myelo-
dysplastic syndrome (MDS).

FAMILIAL CANCER SYNDROMES

A small  raction o  cancers occur in patients with a 
genetic predisposition. In these  amilies, the a ected 
individuals have a predisposing loss-o - unction muta-
tion in one allele o  a tumor-suppressor gene. T e 
tumors in these patients show a loss o  the remain-
ing normal allele as a result o  somatic events (point 
mutations or deletions), in agreement with the two-hit 
hypothesis (Fig. 25-4). T us, most cells o  an individual 
with an inherited loss-o - unction mutation in a tumor-
suppressor gene are  unctionally normal, and only the 
rare cells that develop a mutation in the remaining nor-
mal allele will exhibit uncontrolled regulation.

Roughly 100 syndromes o   amilial cancer have been 
reported, although many are rare. T e majority are 
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inherited as autosomal dominant traits, although some 
o  those associated with DNA repair abnormalities 
(xeroderma pigmentosum, Fanconi’s anemia, ataxia tel-
angiectasia) are autosomal recessive. Table 25-3 shows 
a number o  cancer predisposition syndromes and the 
responsible genes. T e current paradigm states that the 
genes mutated in  amilial syndromes can also be tar-
gets  or somatic mutations in sporadic (noninherited) 
tumors. T e study o  cancer syndromes has thus pro-
vided invaluable insights into the mechanisms o  pro-
gression  or many tumor types. T is section examines 
the case o  inherited colon cancer in detail, but similar 
lessons can be applied to many o  the cancer syndromes 
listed in  able 25-3. In particular, the study o  inherited 
colon cancer will clearly illustrate the di erence between 
two types o  tumor-suppressor genes: the gatekeepers, 
which directly regulate the growth o  tumors, and the 
caretakers, which, when mutated, lead to genetic instabil-
ity and there ore act indirectly on tumor growth.

Familial adenomatous polyposis (FAP) is a domi-
nantly inherited colon cancer syndrome due to germ-
line mutations in the adenomatous polyposis coli (APC) 
tumor-suppressor gene on chromosome 5. Patients 
with this syndrome develop hundreds to thousands o  
adenomas in the colon. Each o  these adenomas has 
lost the normal remaining allele o  APC but has not 
yet accumulated the required additional mutations to 
generate  ully malignant cells (Fig. 25-2). T e loss o  
the second  unctional APC allele in tumors  rom FAP 
 amilies o en occurs through loss o  heterozygosity. 
However, out o  these thousands o  benign adenomas, 
several will invariably acquire  urther abnormalities 
and a subset will even develop into  ully malignant 
cancers. APC is thus considered to be a gatekeeper  or 
colon tumorigenesis: in the absence o  mutation o  this 
gatekeeper (or a gene acting within the same pathway), 
a colorectal tumor simply cannot  orm. Figure 25-5 
shows germline and somatic mutations  ound in the 
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FIGURE 25 -4
Diagram o  possible mechanisms  or tumor  ormation in 
an individual with hereditary ( amilial) retinoblastoma. On 
the le t is shown the pedigree o  an a ected individual who has 
inherited the abnormal (Rb) allele  rom her a ected mother. The 
normal allele is shown as a (+). The  our chromosomes o  her two 
parents are drawn to indicate their origin. Flanking the retinoblas-
toma locus are microsatellite markers (A and B) also analyzed in 
this  amily. Markers A3 and B3 are on the chromosome carrying 
the retinoblastoma disease gene. Tumor  ormation results when  

 
the normal allele, which this patient inherited  rom her  ather, is 
inactivated. On the right are shown  our possible ways in which 
this could occur. In each case, the resulting chromosome 13 
arrangement is shown, as well as the results o  PCR typing using 
the microsatellite markers comparing normal tissue (N) with 
tumor tissue (T). Note that in the  rst three situations, the normal 
allele (B1) has been lost in the tumor tissue, which is re erred to as 
loss o  heterozygosity (LOH) at this locus.
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327TABLE 25 -3  
CANCER PREDISPOSITION SYNDROMES AND ASSOCIATED GENES

SYNDROME  GENE  CHROMOSOME  INHERITANCE  TUMORS

Ataxia telangiectasia ATM 11q22-q23  AR  Breast
Autoimmune lymphoproli era-
tive syndrome

FAS
FASL

10q24 1q23  AD  Lymphomas

Bloom syndrome BLM 15q26.1  AR  Several types
Cowden syndrome PTEN 10q23  AD  Breast, thyroid
Familial adenomatous polyposis APC 5q21  AD  Intestinal adenoma, colorectal
Familial melanoma p16INK4 9p21  AD  Melanoma, pancreatic
Familial Wilms’ tumor WT1 11p13  AD  Kidney (pediatric)
Hereditary breast/ovarian 
cancer

BRCA1
BRCA2

17q21
13q12.3

AD  Breast, ovarian, colon, prostate

Hereditary di use gastric cancer CDH1 16q22  AD  Stomach
Hereditary multiple exostoses EXT1

EXT2
8q24
11p11-12

AD  Exostoses, chondrosarcoma

Hereditary prostate cancer HPC1 1q24-25  AD  Prostate
Hereditary retinoblastoma RB1 13q14.2  AD  Retinoblastoma, osteosarcoma
Hereditary nonpolyposis colon 
cancer (HNPCC)

MSH2
MLH1
MSH6
PMS2

2p16
3p21.3
2p16
7p22

AD  Colon, endometrial, ovarian, stomach, 
small bowel, ureter carcinoma

Hereditary papillary renal 
carcinoma

MET 7q31  AD  Papillary kidney

Juvenile polyposis SMAD4 18q21  AD  Gastrointestinal, pancreatic
Li-Fraumeni TP53 17p13.1  AD  Sarcoma, breast
Multiple endocrine neoplasia 
type 1

MEN1 11q13  AD  Parathyroid, endocrine, pancreas, and 
pituitary

Multiple endocrine neoplasia 
type 2a

RET 10q11.2  AD  Medullary thyroid carcinoma, 
pheochromocytoma

Neuro bromatosis type 1 NF1 17q11.2  AD  Neuro broma, neuro brosarcoma, brain
Neuro bromatosis type 2 NF2 22q12.2  AD  Vestibular schwannoma, meningioma, 

spine
Nevoid basal cell carcinoma syn-
drome (Gorlin’s syndrome)

PTCH 9q22.3  AD Basal cell carcinoma, medulloblastoma, 
jaw cysts

Tuberous sclerosis TSC1
TSC2

9q34
16p13.3

AD  Angio broma, renal angiomyolipoma

von Hippel–Lindau VHL 3p25-26  AD  Kidney, cerebellum, pheochromocytoma

Abbrevia tions: AD, autosomal dominant; AR, autosomal recessive

APC gene. T e  unction o  the APC protein is still not 
completely understood, but it likely provides di er-
entiation and apoptotic cues to colonic cells as they 
migrate up the crypts. De ects in this process may lead 
to abnormal accumulation o  cells that should normally 
undergo apoptosis.

In contrast to patients with FAP, patients with hered-
itary nonpolyposis colon cancer (HNPCC, or Lynch’s 
syndrome) do not develop multiple polyposis, but 
instead develop only one or a small number o  adeno-
mas that rapidly progress to cancer. Most HNPCC cases 

are due to mutations in one o   our DNA mismatch 
repair genes ( able 25-3), which are components o  a 
repair system that is normally responsible  or correct-
ing errors in  reshly replicated DNA. Germline muta-
tions in MSH2 and MLH1 account  or more than 90% 
o  HNPCC cases, whereas mutations in MSH6 and 
PMS2 are much less  requent. When a somatic muta-
tion inactivates the remaining wild-type allele o  a mis-
match repair gene, the cell develops a hypermutable 
phenotype characterized by pro ound genomic insta-
bility, especially  or the short repeated sequences called 
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FIGURE 25 -5
Germline and somatic mutations in the tumor-suppressor 
gene APC. APC encodes a 2843-amino-acid protein with six 
major domains: an oligomerization region (O), armadillo repeats 
(ARM), 15-amino-acid repeats (15 aa), 20-amino-acid repeats (20 
aa), a basic region, and a domain involved in binding EB1 and the 
Drosophila discs large homologue (E/D). Shown are the positions 
within the APC gene o  a total o  650 somatic and 826 germline 
mutations ( rom the APC database at http://www.umd.be/APC/). 
The vast majority o  these mutations result in the truncation o   

 
the APC protein. Germline mutations are  ound to be relatively 
evenly distributed up to codon 1600 except  or two mutation 
hotspots at amino acids 1061 and 1309, which together account 
 or one-third o  the mutations  ound in  amilial adenomatous 
polyposis (FAP)  amilies. Somatic APC mutations in colon tumors 
cluster in an area o  the gene known as the mutation cluster region 
(MCR). The location o  the MCR suggests that the 20-amino-acid 
domain plays a crucial role in tumor suppression.

microsatellites. T is microsatellite instability (MSI) 
 avors the development o  cancer by increasing the rate 
o  mutations in many genes, including oncogenes and 
tumor-suppressor genes (Fig. 25-2). T ese genes can 
thus be considered caretakers. Interestingly, CIN can 
also be  ound in colon cancer, but MSI and CIN appear 
to be mutually exclusive, suggesting that they represent 
alternative mechanisms  or the generation o  a mutator 
phenotype in this cancer (Fig. 25-2). Other cancer types 
rarely exhibit MSI, but most exhibit CIN.

Although most autosomal dominant inherited 
cancer syndromes are due to mutations in tumor-
suppressor genes ( able 25-3), there are a  ew inter-
esting exceptions. Multiple endocrine neoplasia type 
2, a dominant disorder characterized by pituitary ade-
nomas, medullary carcinoma o  the thyroid, and (in 
some pedigrees) pheochromocytoma, is due to gain-
o - unction mutations in the protooncogene RET on 
chromosome 10. Similarly, gain-o - unction mutations 
in the tyrosine kinase domain o  the MET oncogene 
lead to hereditary papillary renal carcinoma. Interest-
ingly, loss-o - unction mutations in the RET gene cause 
a completely di erent disease, Hirschsprung’s disease 
(aganglionic megacolon [Chap. 52]).

Although the Mendelian  orms o  cancer have 
taught us much about the mechanisms o  growth 
control, most  orms o  cancer do not  ollow simple 
patterns o  inheritance. In many instances (e.g., lung 
cancer), a strong environmental contribution is at 
work. Even in such circumstances, however, some 
individuals may be more genetically susceptible to 
developing cancer, given the appropriate exposure, 
due to the presence o  modi er alleles.

GENETIC TESTING FOR  
FAMILIAL CANCER

T e discovery o  cancer susceptibility genes raises the 
possibility o  DNA testing to predict the risk o  can-
cer in individuals o  a ected  amilies. An algorithm 
 or cancer risk assessment and decision making in 
high-risk  amilies using genetic testing is shown in 
Fig. 25-6. Once a mutation is discovered in a  amily, 
subsequent testing o  asymptomatic  amily members 
can be crucial in patient management. A negative gene 
test in these individuals can prevent years o  anxiety in 
the knowledge that their cancer risk is no higher than 
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End of tes ting,
noninformative

Informed consent

Tes ting of cancer pa tient

Identifica tion of disease-caus ing muta tion

Screening of asymptomatic family members

Fa ilure  to identify muta tions

Pa tients  (1) from family with a  known cancer syndrome,
(2) from a  family with a  his tory of cancer, (3) with early onse t cancer

Review of family his tory to confirm/identify
poss ible  cancer syndromes  and candida te  genes

Pre tes t counse ling

Pos itive  tes t: family member
requires  increased screening

or other inte rventions

Negative  tes t: family member has
no increased risk of cancer

GENETIC TESTING IN A FAMILY WITH CANCER PREDISPOSITION

FIGURE 25 -6
Algorithm  or genetic testing in a  amily with cancer pre-
disposition. The key step is the identi cation o  a mutation in 
a cancer patient, which allows testing o  asymptomatic  amily 
members. Asymptomatic  amily members who test positive may 
require increased screening or surgery, whereas others are at no 
greater risk  or cancer than the general population.

that o  the general population. On the other hand, a 
positive test may lead to alteration o  clinical manage-
ment, such as increased  requency o  cancer screen-
ing and, when  easible and appropriate, prophylactic 
surgery. Potential negative consequences o  a posi-
tive test result include psychological distress (anxiety, 
depression) and discrimination, although the Genetic 
In ormation Nondiscrimination Act (GINA) makes it 
illegal  or predictive genetic in ormation to be used to 
discriminate in health insurance or employment.  est-
ing should there ore not be conducted without coun-
seling be ore and a er disclosure o  the test result. 
In addition, the decision to test should depend on 
whether e ective interventions exist  or the particu-
lar type o  cancer to be tested. Despite these caveats, 
genetic cancer testing  or some cancer syndromes 
already appears to have greater bene ts than risks. 
Companies o er genetic testing  or many o  the cancer 
syndromes listed in  able 25-3, including FAP (APC 
gene), hereditary breast and ovarian cancer syndrome 

(BRCA1 and BRCA2 genes), Lynch’s syndrome (mis-
match repair genes), Li-Fraumeni syndrome (TP53 
gene), Cowden syndrome (PTEN gene), hereditary 
retinoblastoma (RB1 gene), and others.

Because o  the inherent problems o  genetic test-
ing such as cost, speci city, and sensitivity, it is not yet 
appropriate to o er these tests to the general popula-
tion. However, testing may be appropriate in some 
subpopulations with a known increased risk, even 
without a de ned  amily history. For example, two 
mutations in the breast cancer susceptibility gene 
BRCA1, 185delAG and 5382insC, exhibit a suf ciently 
high  requency in the Ashkenazi Jewish population 
that genetic testing o  an individual o  this ethnic 
group may be warranted.

As noted above, it is important that genetic test 
results be communicated to  amilies by trained genetic 
counselors, especially  or high-risk high-penetrance 
conditions such as the hereditary breast and ovarian 
cancer syndrome (BRCA1/BRCA2).  o ensure that the 
 amilies clearly understand its advantages and disad-
vantages and the impact it may have on disease man-
agement and psyche, genetic testing should never be 
done be ore counseling. Signi cant expertise is needed 
to communicate the results o  genetic testing to  am-
ilies. For example, one common mistake is to misin-
terpret the result o  negative genetic tests. For many 
cancer predisposition genes, the sensitivity o  genetic 
testing is less than 70% (i.e., o  100 kindreds tested, 
disease-causing mutations can be identi ed in 70 at 
most). T ere ore, such testing should in general begin 
with an a ected member o  the kindred (the young-
est  amily member still alive who has had the cancer 
o  interest). I  a mutation is not identi ed in this indi-
vidual, then the test should be reported as nonin or-
mative (Fig. 25-6) rather than negative (because it is 
possible that,  or technical reasons, the mutation in 
this individual is not detectable by standard genetic 
assays). On the other hand, i  a mutation can be iden-
ti ed in this individual, then testing o  other  amily 
members can be per ormed, and the sensitivity o  such 
subsequent tests will be 100% (because the mutation 
in the  amily is in this case known to be detectable by 
the method used).

MICRORNAS AND CANCER

MicroRNAs (miRNAs) are small noncoding RNAs 
20–22 nucleotides in length that are involved in post-
transcriptional gene regulation. Studies in chronic 
lymphocytic leukemia  rst suggested a link between 
miRNAs and cancer when miR-15 and miR-16 were 
 ound to be deleted or downregulated in the vast major-
ity o  tumors. Various miRNAs have since been  ound 
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330 abnormally expressed in several human malignancies. 
Aberrant expression o  miRNAs in cancer has been 
attributed to several mechanisms, such as chromosomal 
rearrangements, genomic copy number change, epigen-
etic modi cations, de ects in miRNA biogenesis path-
way, and regulation by transcriptional  actors. Somatic 
mutations o  miRNAs have been identi ed in many 
cancers, but the exact  unctional consequences o  these 
changes on cancer development remain to be deter-
mined. T e SomaMir database (http://compbio.uthsc.
edu/SomamiR) catalogs somatic and germline miRNA 
mutations that have been identi ed in cancer.

Functionally, miRNAs have been suggested to con-
tribute to tumorigenesis through their ability to regulate 
oncogenic signaling pathways. For example, miR-15 and 
miR-16 have been shown to target the BCL2 oncogene, 
leading to its downregulation in leukemic cells and 
apoptosis. As another example o  miRNAs’ involvement 
in oncogenic pathways, the p53 tumor suppressor can 
transcriptionally induce miR-34  ollowing genotoxic 
stress, and this induction is important in mediating 
p53  unction. T e expression o  miRNAs is extremely 
speci c, and there is evidence that miRNA expression 
patterns may be use ul in distinguishing lineage and 
di erentiation state, as well as cancer diagnosis and out-
come prediction.

VIRUSES IN HUMAN CANCER

Certain human malignancies are associated with 
viruses. Examples include Burkitt’s lymphoma 
(Epstein-Barr virus), hepatocellular carcinoma (hepa-
titis viruses), cervical cancer (human papillomavirus 
[HPV]), and   cell leukemia (retroviruses). T e mech-
anisms o  action o  these viruses are varied but always 
involve activation o  growth-promoting pathways or 
inhibition o  tumor-suppressor products in the in ected 
cells. For example, HPV proteins E6 and E7 bind and 
inactivate cellular tumor suppressors p53 and pRB, 
respectively. T ere are several HPV types, and some 
o  these types have been associated with the develop-
ment o  several malignancies, including cervical, vulvar, 
vaginal, penile, anal, and oropharyngeal cancer. Viruses 
are not suf cient  or cancer development, but consti-
tute one alteration in the multistep process o  cancer 
progression.

GENE EXPRESSION IN CANCER

 he tumorigenesis process, driven by alterations 
in tumor suppressors, oncogenes, and epigene-
tic regulation, is accompanied by changes in gene 
expression.  he advent o  power ul techniques  or 

high-throughput gene expression pro iling, based on 
sequencing or microarrays, has allowed the compre-
hensive study o  gene expression in neoplastic cells. 
It is indeed possible to identi y the expression lev-
els o  thousands o  genes expressed in normal and 
cancer tissues. Figure 25-7 shows a typical microar-
ray experiment examining gene expression in can-
cer.  his global knowledge o  gene expression allows 
the identi ication o  di  erentially expressed genes 
and, in principle, the understanding o  the complex 
molecular circuitry regulating normal and neoplastic 
behaviors. Such studies have led to molecular pro il-
ing o  tumors, which has suggested general methods 
 or distinguishing tumors o  various biologic behav-
iors (molecular classi ication), elucidating pathways 
relevant to the development o  tumors, and identi y-
ing molecular targets  or the detection and therapy o  
cancer.  he  irst practical applications o  this tech-
nology have suggested that global gene expression 
pro iling can provide prognostic in ormation not 

Data  ana lys is  from
multiple  a rrays
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Tis s ues
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FIGURE 25 -7
A microarray experiment. RNA is prepared  rom cells, reverse 
transcribed to cDNA, and labeled with f uorescent dyes (typically 
green  or normal cells and red  or cancer cells). The f uorescent 
probes are mixed and hybridized to a cDNA array. Each spot on 
the array is an oligonucleotide (or cDNA  ragment) that repre-
sents a di erent gene. The image is then captured with a f uores-
cence camera; red spots indicate higher expression in tumor cells 
compared with re erence, while green spots represent the lower 
expression in tumor cells. Yellow signals indicate equal expression 
levels in normal and tumor specimens. A ter clustering analysis o  
multiple arrays, the results are typically represented graphically 
using a visualization so tware, which shows,  or each sample, a 
color-coded representation o  gene expression  or every gene on 
the array.
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FIGURE 25 -8
A two-dimensional maps o  genes mutated in colorectal can-
cer. The two-dimensional landscape represents the positions o  
the Re Seq genes along the chromosomes and the height o  the 
peaks represents the mutation  requency. On the top map, the 
taller peaks represent the genes that are commonly mutated in 
colon cancer, while the large number o  smaller hills indicates 
the genes that are mutated at lower  requency. On the lower 
map, the mutations o  two individual tumors are indicated. Note 
that there is little overlap between the mutated genes o  the two 
colorectal tumors shown. These di erences may represent the 
basis  or the heterogeneity in terms o  behavior and responsive-
ness to therapy observed in human cancer. (From LD Wood et al: 
Science 318:1108, 2007, with permission.)

evident  rom other clinical or laboratory tests.  he 
Gene Expression Omnibus (GEO, http://www.ncbi 
.nlm.nih.gov/geo/) is a searchable online repository 
 or expression pro iling data.

GENOMEWIDE MUTATIONAL PROFILING 
IN CANCER

With the completion o  the Human Genome Project 
and advances in sequencing technologies, systematic 
mutational analysis o  the cancer genome has become 
possible. In  act, whole genome sequencing o  cancer 
cells is now possible, and this technology has the poten-
tial to revolutionize our approach to cancer prevention, 
diagnosis, and treatment. T e International Cancer 
Genome Consortium (http://icgc.org/) was devel-
oped by leading cancer agencies worldwide, genome 
and cancer scientists, and statisticians with the goal to 
launch and coordinate cancer genomics research proj-
ects worldwide and to disseminate the data. Hundreds 
o  cancer genomes  rom at least 25 cancer types have 
been sequenced through various collaborative e orts. 
In addition, exome sequencing (sequencing all the cod-
ing regions o  the genome) has also been per ormed on 
a large number o  tumors. T ese sequencing data have 
been used to elucidate the mutational pro le o  cancer, 
including the identi cation o  driver mutations that 
are  unctionally involved in tumor development. T ere 
are generally 40 to 100 genetic alterations that a ect 
protein sequence in a typical cancer, although statis-
tical analyses suggest that only 8–15 are  unctionally 
involved in tumorigenesis. T e picture that emerges 
 rom these studies is that most genes  ound mutated in 
tumors are actually mutated at relatively low  requen-
cies (<5%), whereas a small number o  genes (such as 
p53, KRAS) are mutated in a large proportion o  tumors 
(Fig. 25-8). In the past, the  ocus o  research has been 
on the  requently mutated genes, but it appears that the 
large number o  genes that are in requently mutated in 
cancer are major contributors to the cancer phenotype. 
Understanding the signaling pathways altered by muta-
tions in these genes, as well as the  unctional relevance 
o  these di erent mutations, represents the next chal-
lenge in the  eld. Moreover, a detailed knowledge o  the 
genes altered in a particular tumor may allow  or a new 
era o  personalized treatment in cancer medicine (see 
below). A major e ort in the United States, T e Cancer 
Genome Atlas (http://cancergenome.nih.gov) is a coor-
dinated e ort  rom the National Cancer Institute and 
the National Human Genome Research Institute to sys-
tematically characterize the entire spectrum o  genomic 
changes involved in human cancers. Similarly, COSMIC 
(Catalogue o  Somatic Mutations in Cancer) is an ini-
tiative  rom the Welcome  rust Sanger Institute to store 

and display somatic mutation in ormation and related 
details regarding human cancers (http://cancer.sanger 
.ac.uk/).

PERSONALIZED CANCER TREATMENT 
BASED ON MOLECULAR PROFILES: 
PRECISION THERAPY

Gene expression pro ling and genomewide sequencing 
approaches have allowed  or an unprecedented under-
standing o  cancer at the molecular level. It has been 
suggested that individualized knowledge o  pathways 
or genes deregulated in a given tumor (personalized 
genomics) may provide a guide  or therapeutic options 
on the tumor, thus leading to personalized therapy 
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332 (also called precision medicine). Because tumor behav-
ior is highly heterogeneous, even within a tumor type, 
personalized in ormation-based medicine will likely 
supplement or perhaps one day supplant the current 
histology-based therapy, especially in the case o  tumors 
resistant to conventional therapeutic approaches. Molec-
ular nosology has revealed similarities in tumors o  
diverse histotype. T e success o  this approach will be 
dependent on the identi cation o  suf cient actionable 
changes (mutations or pathways that can be targeted 
with a speci c drug). Examples o  currently actionable 
changes include mutations in BRAF (targeted by the 
drug vemura enib) and RET (targeted by sunitinib and 
sora enib), and ALK rearrangements (targeted by crizo-
tinib). Interestingly, studies have reported that 20% o  
triple-negative breast cancers and 60% o  lung cancers 
have potentially actionable genetic changes. Gene expres-
sion also o ers the potential to predict drug sensitivities 
as well as provide prognostic in ormation. Commercial 
diagnostic tests, such as Mammaprint and Oncotype DX 
 or breast cancer, are available to help the patients and 
their physicians make treatment decisions. Personalized 
medicine is an exciting new avenue  or cancer treatment 
based on matching the unique  eatures o  a tumor to an 
e ective therapy, and this concept is in the process o  
changing our approach to cancer therapy in  undamental 

ways. On a cautionary note, gene expression can vary 
enormously within a single person’s cancer and at di -
 erent anatomic sites in the patient. We have not yet 
determined whether such clonal variation within an indi-
vidual tumor will inter ere with the goal tailoring therapy 
to a particular patient’s tumor.

THE FUTURE

A revolution in cancer genetics has occurred in the 
past 25 years. Identi ication o  cancer genes has led 
to a deep understanding o  the tumorigenesis process 
and has had important repercussions on all  ields 
o  cancer biology. In particular, the advancement o  
power ul techniques  or genomewide expression pro-
 iling and mutation analyses has provided a detailed 
picture o  the molecular de ects present in individ-
ual tumors. Individualized treatment based on the 
speci ic genetic alterations within a given tumor has 
already become possible. Although these advances 
have not yet translated into overall changes in can-
cer prevention, prognosis, or treatment, it is expected 
that breakthroughs in these areas will continue to 
emerge and be applicable to an ever-increasing num-
ber o  cancers.
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Cancers are characterized by unregulated cell division, 
avoidance o  cell death, tissue invasion, and the abil-
ity to metastasize. A neoplasm is benign when it grows 
in an unregulated  ashion without tissue invasion. T e 
presence o  unregulated growth and tissue invasion 
is characteristic o  malignant neoplasms. Cancers are 
named based on their origin: those derived  rom epi-
thelial tissue are called carcinomas, those derived  rom 
mesenchymal tissues are sarcomas, and those derived 
 rom hematopoietic tissue are leukemias, lymphomas, 
and plasma cell dyscrasias (including multiple myeloma).

Cancers nearly always arise as a consequence o  genetic 
alterations, the vast majority o  which begin in a single cell 
and there ore are monoclonal in origin. However, because 
a wide variety o  genetic and epigenetic changes can occur 
in di erent cells within malignant tumors over time, most 
cancers are characterized by marked heterogeneity in the 
populations o  cells. T is heterogeneity signi cantly com-
plicates the treatment o  most cancers because it is likely 
that there are subsets o  cells that will be resistant to ther-
apy and will there ore survive and proli erate even i  the 
majority o  cells are killed.

A  ew cancers appear to, at least initially, be primar-
ily driven by an alteration in a dominant gene that pro-
duces uncontrolled cell proli eration. Examples include 
chronic myeloid leukemia (abl), about hal  o  melanomas 
(braf), Burkitt’s lymphoma (c-myc), and subsets o  lung 
adenocarcinomas (egfr, alk, ros1, and ret). T e genes that 
can promote cell growth when altered are o en called 
oncogenes. T ey were  rst identi ed as critical elements 
o  viruses that cause animal tumors; it was subsequently 
 ound that the viral genes had normal counterparts with 
important  unctions in the cell and had been captured 
and mutated by viruses as they passed  rom host to host.

However, the vast majority o  human cancers are 
characterized by a multiple-step process involving many 
genetic abnormalities, each o  which contributes to the 
loss o  control o  cell proli eration and di erentiation and 
the acquisition o  capabilities, such as tissue invasion, the 

CANCER CELL BIOLOGY
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ability to metastasize, and angiogenesis. T ese proper-
ties are not  ound in the normal adult cell  rom which the 
tumor is derived. Indeed, normal cells have a large num-
ber o  sa eguards against uncontrolled proli eration and 
invasion. Many cancers go through recognizable steps o  
progressively more abnormal phenotypes: hyperplasia, 
to adenoma, to dysplasia, to carcinoma in situ, to inva-
sive cancer with the ability to metastasize (Table 26-1). 
For most cancers, these changes occur over a prolonged 
period o  time, usually many years.

In most organs, only primitive undi erentiated cells 
are capable o  proli erating and the cells lose the capac-
ity to proli erate as they di erentiate and acquire  unc-
tional capability. T e expansion o  the primitive cells 
is linked to some  unctional need in the host through 
receptors that receive signals  rom the local environment 
or through hormonal and other in uences delivered by 
the vascular supply. In the absence o  such signals, the 
cells are at rest. T e signals that keep the primitive cells 
at rest remain incompletely understood. T ese signals 
must be environmental, based on the observations that 
a regenerating liver stops growing when it has replaced 
the portion that has been surgically removed a er partial 
hepatectomy and regenerating bone marrow stops grow-
ing when the peripheral blood counts return to normal. 
Cancer cells clearly have lost responsiveness to such con-
trols and do not recognize when they have overgrown the 
niche normally occupied by the organ  rom which they 
are derived. A better understanding o  the mechanisms 
o  growth regulation is evolving.

CELL CYCLE CHECKPOINTS
Normal cells have a number o  control mechanisms 
that are targeted by speci c genetic alterations in can-
cer. Critical proteins in these control processes that are 
 requently mutated or otherwise inactivated in cancers 
are called tumor-suppressor genes. Examples include 
p53 and Rb (discussed below). T e progression o  a cell 
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334  TABLE 26 -1  
PHENOTYPIC CHARACTERISTICS OF MALIGNANT 
CELLS
Dereg u la ted  ce ll p ro li e ra t io n : Loss o   unction o  negative 
growth regulators (tumor-suppressor genes, i.e., Rb, p53), and 
increased action o  positive growth regulators (oncogenes, 
i.e., Ras, Myc). Leads to aberrant cell cycle control and includes 
loss o  normal checkpoint responses.

Fa ilu re  to  d if e ren t ia te : Arrest at a stage be ore terminal 
di erentiation. May retain stem cell properties. (Frequently 
observed in leukemias due to transcriptional repression o  
developmental programs by the gene products o  chromo-
somal translocations.)

Loss o   n o rm a l ap op tosis p a thways: Inactivation o  p53, 
increases in Bcl-2  amily members. This de ect enhances 
the survival o  cells with oncogenic mutations and genetic 
instability and allows clonal expansion and diversi cation 
within the tumor without activation o  physiologic cell death 
pathways.

Gen e t ic in stab ility: De ects in DNA repair pathways leading 
to either single-nucleotide or oligonucleotide mutations (as 
in microsatellite instability, MIN) or more commonly chro-
mosomal instability (CIN) leading to aneuploidy. Caused by 
loss o   unction o  p53, BRCA1/2, mismatch repair genes, DNA 
repair enzymes, and the spindle checkpoint. Leads to accu-
mulation o  a variety o  mutations in di erent cells within the 
tumor and heterogeneity.

Loss o   rep lica t ive  sen escen ce : Normal cells stop dividing 
in vitro a ter 25–50 population doublings. Arrest is mediated 
by the Rb, p16INK4a, and p53 pathways. Further replication 
leads to telomere loss, with crisis. Surviving cells o ten harbor 
gross chromosomal abnormalities. Relevance to human in 
vivo cancer remains uncertain. Many human cancers express 
telomerase.

No n resp o n siven ess to  exte rn a l g rowth  in h ib it in g  
sig n a ls: Cancer cells have lost responsiveness to signals 
normally present to stop proli erating when they have over-
grown the niche normally occupied by the organ  rom which 
they are derived. We know very little about this mechanism o  
growth regulation.

In creased  an g io g en esis: Due to increased gene expression 
o  proangiogenic  actors (VEGF, FGF, IL-8) by tumor or stromal 
cells, or loss o  negative regulators (endostatin, tumstatin, 
thrombospondin).

Invasio n : Loss o  cell-cell contacts (gap junctions, cadher-
ins) and increased production o  matrix metalloproteinases 
(MMPs). O ten takes the  orm o  epithelial-to-mesenchymal 
transition (EMT), with anchored epithelial cells becoming 
more like motile  broblasts.

Me ta stasis: Spread o  tumor cells to lymph nodes or distant 
tissue sites. Limited by the ability o  tumor cells to survive in a 
 oreign environment.

Eva sio n  o   t h e  im m u n e  syste m : Downregulation o  MHC 
class I and II molecules; induction o  T cell tolerance; inhibi-
tion o  normal dendritic cell and/or T cell  unction; antigenic 
loss variants and clonal heterogeneity; increase in regula-
tory T cells.

Sh i t  in  ce ll m e tab o lism : Energy generation shi ts to aerobic 
glycolysis.

Abbrevia t ions: FGF,  broblast growth  actor; IL, interleukin; MHC, major 
histocompatibility complex; VEGF, vascular endothelial growth  actor.

through the cell division cycle is regulated at a num-
ber o  checkpoints by a wide array o  genes. In the  rst 
phase, G1, preparations are made to replicate the genetic 
material. T e cell stops be ore entering the DNA syn-
thesis phase, or S phase, to take inventory. Are we ready 
to replicate our DNA? Is the DNA repair machinery in 
place to  x any mutations that are detected? Are the 
DNA replicating enzymes available? Is there an ade-
quate supply o  nucleotides? Is there su cient energy? 
T e main brake on the process is the retinoblastoma 
protein, Rb. When the cell determines that it is pre-
pared to move ahead, sequential activation o  cyclin-
dependent kinases (CDKs) results in the inactivation 
o  the brake, Rb, by phosphorylation. Phosphorylated 
Rb releases the S phase–regulating transcription  actor, 
E2F/DP1, and genes required  or S phase progression 
are expressed. I  the cell determines that it is unready to 
move ahead with DNA replication, a number o  inhibi-
tors are capable o  blocking the action o  the CDKs, 
including p21Cip2/Wa 1, p16Ink4a, and p27Kip1. Nearly every 
cancer has one or more genetic lesions in the G1 check-
point that permits progression to S phase.

At the end o  S phase, when the cell has exactly 
duplicated its DNA content, a second inventory is taken 
at the S checkpoint. Have all o  the chromosomes been 
 ully duplicated? Were any segments o  DNA cop-
ied more than once? Do we have the right number o  
chromosomes and the right amount o  DNA? I  so, the 
cell proceeds to G2, in which the cell prepares  or divi-
sion by synthesizing mitotic spindle and other proteins 
needed to produce two daughter cells. When DNA 
damage is detected, the p53 pathway is normally acti-
vated. Called the guardian o  the genome, p53 is a tran-
scription  actor that is normally present in the cell in 
very low levels. Its level is generally regulated through 
its rapid turnover. Normally, p53 is bound to mdm2, 
a ubiquitin ligase, that both inhibits p53 transcrip-
tional activation and also targets p53  or degradation 
in the proteasome. When damage is sensed, the A M 
(ataxia-telangiectasia mutated) pathway is activated; 
A M phosphorylates mdm2, which no longer binds to 
p53, and p53 then stops cell cycle progression, directs 
the synthesis o  repair enzymes, or i  the damage is too 
great, initiates apoptosis o  the cell to prevent the prop-
agation o  a damaged cell (Fig. 26-1).

A second method o  activating p53 involves the 
induction o  p14ARF by hyperproli erative signals  rom 
oncogenes. p14ARF competes with p53  or binding to 
mdm2, allowing p53 to escape the e ects o  mdm2 
and accumulate in the cell. T en p53 stops cell cycle 
progression by activating CDK inhibitors such as p21 
and/or initiating the apoptosis pathway. Not surpris-
ingly given its critical role in controlling cell cycle 
progression, mutations in the gene  or p53 on chro-
mosome 17p are  ound in more than 50% o  human 
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cancers. Most commonly these mutations are acquired 
in the malignant tissue in one allele and the second 
allele is deleted, leaving the cell unprotected  rom 
DNA-damaging agents or oncogenes. Some environ-
mental exposures produce signature mutations in p53; 
 or example, a atoxin exposure leads to mutation o  
arginine to serine at codon 249 and leads to hepato-
cellular carcinoma. In rare instances, p53 mutations 
are in the germline (Li-Fraumeni syndrome) and pro-
duce a  amilial cancer syndrome. T e absence o  p53 
leads to chromosome instability and the accumulation 
o  DNA damage including the acquisition o  proper-
ties that give the abnormal cell a proli erative and sur-
vival advantage. Like Rb dysfunction, most cancers have 

mutations that disable the p53 pathway. Indeed, the 
importance o  p53 and Rb in the development o  can-
cer is underscored by the neoplastic trans ormation 
mechanism o  human papillomavirus. T is virus has 
two main oncogenes, E6 and E7. E6 acts to increase 
the rapid turnover o  p53, and E7 acts to inhibit Rb 
 unction; inhibition o  these two targets is required  or 
trans ormation o  epithelial cells.

Another cell cycle checkpoint exists when the cell is 
undergoing division, the spindle checkpoint. T e details 
o  this checkpoint are still being discovered; however, 
it appears that i  the spindle apparatus does not prop-
erly align the chromosomes  or division, i  the chromo-
some number is abnormal (i.e., greater or less than 4n), 
or i  the centromeres are not properly paired with their 
duplicated partners, then the cell initiates a cell death 
pathway to prevent the production o  aneuploid progeny 
(having an altered number o  chromosomes). Abnor-
malities in the spindle checkpoint  acilitate the devel-
opment o  aneuploidy. In some tumors, aneuploidy is a 
predominant genetic  eature. In others, a de ect in the 
cells’ ability to repair errors in the DNA due to mutations 
in genes coding  or the proteins critical  or mismatched 
DNA repair is the primary genetic lesion. T is is usu-
ally detected by  nding alterations in repeat sequences o  
DNA (called microsatellites) or microsatellite instability 
in malignant cells. In general, tumors either have de ects 
in chromosome number or microsatellite instability, but 
not both. De ects that lead to cancer include abnormal 
cell cycle checkpoints, inadequate DNA repair, and  ail-
ure to preserve genome integrity.

E orts are under way to therapeutically restore the 
de ects in cell cycle regulation that characterize cancer, 
although this remains a challenging problem because it 
is much more di cult to restore normal biologic  unc-
tion than to inhibit abnormal  unction o  proteins driv-
ing cell proli eration, such as oncogenes.

CANCER AS AN ORGAN THAT IGNORES  
ITS NICHE
T e  undamental cellular de ects that create a malig-
nant neoplasm act at the cellular level. However, 
that is not the entire story. Cancers behave as organs 
that have lost their specialized  unction and stopped 
responding to signals that normally limit their growth. 
Human cancers usually become clinically detectable 
when a primary mass is at least 1 cm in diameter—
such a mass consists o  about 109 cells. More com-
monly, patients present with tumors that are 1010 cells 
or greater. A lethal tumor burden is about 1012 to 1013 
cells. I  all tumor cells were dividing at the time o  
diagnosis, patients would reach a lethal tumor burden 
in a very short time. However, human tumors grow 
by Gompertzian kinetics—this means that not every 

myc, E2F, EIA

Induction of P14ARF

Transcriptiona l
activa tion of p53-
respons ive  genes

ATM/ATR

chk1/chk2

1. DNA D AMAGE C HECKPOINT  2. O NCOGENE C HECKPOINT

mdm2 P14ARF mdm2

mdm2

P

P  P

P  P

p53

p53 Te tramer

FIGURE 26 -1
In d u ct io n  o   p 53 b y th e  DNA d am ag e  an d  on co g en e  
ch eckp o in ts. In response to noxious stimuli, p53 and mdm2 
are phosphorylated by the ataxia-telangiectasia mutated (ATM) 
and related (ATR) serine/threonine kinases, as well as the immedi-
ate downstream checkpoint kinases, Chk1 and Chk2. This causes 
dissociation o  p53  rom mdm2, leading to increased p53 pro-
tein levels and transcription o  genes leading to cell cycle arrest 
(p21Cip1/Wa 1) or apoptosis (e.g., the proapoptotic Bcl-2  amily 
members Noxa and Puma). Inducers o  p53 include hypoxemia, 
DNA damage (caused by ultraviolet radiation, gamma irradia-
tion, or chemotherapy), ribonucleotide depletion, and telomere 
shortening. A second mechanism o  p53 induction is activated by 
oncogenes such as Myc, which promote aberrant G1/S transition. 
This pathway is regulated by a second product o  the Ink4a locus, 
p14ARF (p19 in mice), which is encoded by an alternative reading 
frame o  the same stretch o  DNA that codes  or p16Ink4a. Levels 
o  ARF are upregulated by Myc and E2F, and ARF binds to mdm2 
and rescues p53  rom its inhibitory e ect. This oncogene check-
point leads to the death or senescence (an irreversible arrest in G1 
o  the cell cycle) o  renegade cells that attempt to enter S phase 
without appropriate physiologic signals. Senescent cells have 
been identi ed in patients whose premalignant lesions harbor 
activated oncogenes,  or instance, dysplastic nevi that encode an 
activated  orm o  BRAF (see below), demonstrating that induction 
o  senescence is a protective mechanism that operates in humans 
to prevent the outgrowth o  neoplastic cells.
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336 daughter cell produced by a cell division is itsel  capa-
ble o  dividing. T e growth  raction o  a tumor declines 
exponentially with time. T e growth  raction o  the 
 rst malignant cell is 100%, and by the time a patient 
presents  or medical care, the growth  raction is 2–3% 
or less. T is  raction is similar to the growth  raction 
o  normal bone marrow and normal intestinal epithe-
lium, the most highly proli erative normal tissues in the 
human body, a  act that may explain the dose-limiting 
toxicities o  agents that target dividing cells.

T e implication o  these data is that the tumor is slow-
ing its own growth over time. How does it do this? T e 
tumor cells have multiple genetic lesions that tend to pro-
mote proli eration, yet by the time the tumor is clinically 
detectable, its capacity  or proli eration has declined. We 
need to better understand how a tumor slows its own 
growth. A number o   actors are known to contribute to 
the  ailure o  tumor cells to proli erate in vivo. Some cells 
are hypoxemic and have inadequate supply o  nutrients 
and energy. Some have sustained too much genetic dam-
age to complete the cell cycle but have lost the capacity 
to undergo apoptosis and there ore survive but do not 
proli erate. However, an important subset is not actively 
dividing but retains the capacity to divide and can start 
dividing again under certain conditions such as when the 
tumor mass is reduced by treatments. Just as the bone 
marrow increases its rate o  proli eration in response to 
bone marrow–damaging agents, the tumor also seems to 
sense when tumor cell numbers have been reduced and 
can respond by increasing growth rate. However, the crit-
ical di erence is that the marrow stops growing when it 
has reached its production goals, whereas tumors do not.

Additional tumor cell vulnerabilities are likely to be 
detected when we learn more about how normal cells 
respond to “stop” signals  rom their environment and 
why and how tumor cells  ail to heed such signals.

IS IN VITRO SENESCENCE RELEVANT TO 
CARCINOGENESIS?
When normal cells are placed in culture in vitro, most 
are not capable o  sustained growth. Fibroblasts are 
an exception to this rule. When they are cultured, 
 broblasts may divide 30–50 times and then they 
undergo what has been termed a “crisis” during which 
the majority o  cells stop dividing (usually due to an 
increase in p21 expression, a CDK inhibitor), many die, 
and a small  raction emerge that have acquired genetic 
changes that permit their uncontrolled growth. T e 
cessation o  growth o  normal cells in culture has been 
termed “senescence,” and whether this phenomenon is 
relevant to any physiologic event in vivo is debated.

Among the cellular changes during in vitro propa-
gation is telomere shortening. DNA polymerase is 
unable to replicate the tips o  chromosomes, result-
ing in the loss o  DNA at the specialized ends o  

chromosomes (called telomeres) with each replica-
tion cycle. At birth, human telomeres are 15- to 20-kb 
pairs long and are composed o  tandem repeats o  a 
six-nucleotide sequence (  AGGG) that associates 
with specialized telomere-binding proteins to  orm 
a  -loop structure that protects the ends o  chromo-
somes  rom being mistakenly recognized as damaged. 
T e loss o  telomeric repeats with each cell division 
cycle causes gradual telomere shortening, leading to 
growth arrest (called senescence) when one or more 
critically short telomeres trigger a p53-regulated 
DNA-damage checkpoint response. Cells can bypass 
this growth arrest i  pRb and p53 are non unctional, 
but cell death usually ensues when the unprotected 
ends o  chromosomes lead to chromosome  usions or 
other catastrophic DNA rearrangements. T e ability 
to bypass telomere-based growth limitations is thought 
to be a critical step in the evolution of most malignan-
cies. T is occurs by the reactivation o  telomerase 
expression in cancer cells.  elomerase is an enzyme 
that adds   AGGG repeats onto the 3′ ends o  chro-
mosomes. It contains a catalytic subunit with reverse 
transcriptase activity (h ER ) and an RNA compo-
nent that provides the template  or telomere extension. 
Most normal somatic cells do not express su cient 
telomerase to prevent telomere attrition with each cell 
division. Exceptions include stem cells (such as those 
 ound in hematopoietic tissues, gut and skin epithe-
lium, and germ cells) that require extensive cell divi-
sion to maintain tissue homeostasis. More than 90% 
o  human cancers express high levels o  telomerase 
that prevent telomere shortening to critical levels and 
allow inde nite cell proli eration. In vitro experiments 
indicate that inhibition o  telomerase activity leads 
to tumor cell apoptosis. Major e orts are under way 
to develop methods to inhibit telomerase activity in 
cancer cells. For example, the protein component o  
telomerase (h ER ) may act as one o  the most widely 
expressed tumor-associated antigens and be targeted 
by vaccine approaches.

Although most o  the  unctions o  telomerase relate 
to cell division, it also has several other e ects including 
inter ering with the di erentiated  unctions o  at least 
certain stem cells, although the impact on di erentiated 
 unction o  normal non-stem cells is less clear. Never-
theless, a major growth industry in medical research 
has been discovering an association between short telo-
meres and human diseases ranging  rom diabetes and 
coronary artery disease to Alzheimer’s disease. T e pic-
ture is  urther complicated by the  act that rare genetic 
de ects in the telomerase enzyme seem to cause pulmo-
nary  brosis, aplastic anemia, or dyskeratosis congen-
ita (characterized by abnormalities in skin, nails, and 
oral mucosa with increased risk  or certain malignan-
cies) but not de ects in nutrient absorption in the gut, 
a site that might be presumed to be highly sensitive to 
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337de ective cell proli eration. Much remains to be learned 
about how telomere shortening and telomere mainte-
nance are related to human illness in general and cancer 
in particular.

SIGNAL TRANSDUCTION PATHWAYS IN 
CANCER CELLS
Signals that a ect cell behavior come  rom adjacent 
cells, the stroma in which the cells are located, hor-
monal signals that originate remotely, and  rom the 
cells themselves (autocrine signaling). T ese signals 
generally exert their in uence on the receiving cell 
through activation o  signal transduction pathways that 
have as their end result the induction o  activated tran-
scription  actors that mediate a change in cell behavior 
or  unction or the acquisition o  e ector machinery 
to accomplish a new task. Although signal transduc-
tion pathways can lead to a wide variety o  outcomes, 
many such pathways rely on cascades o  signals that 
sequentially activate di erent proteins or glycoproteins 
and lipids or glycolipids, and the activation steps o en 
involve the addition or removal o  one or more phos-
phate groups on a downstream target. Other chemical 
changes can result  rom signal transduction pathways, 
but phosphorylation and dephosphorylation play a 
major role. T e proteins that add phosphate groups to 
proteins are called kinases. T ere are two major dis-
tinct classes o  kinases; one class acts on tyrosine resi-
dues, and the other acts on serine/threonine residues. 
T e tyrosine kinases o en play critical roles in signal 
transduction pathways; they may be receptor tyro-
sine kinases, or they may be linked to other cell-sur-
 ace receptors through associated docking proteins 
(Fig. 26-2).

Normally, tyrosine kinase activity is short-lived and 
reversed by protein tyrosine phosphatases (P Ps). 
However, in many human cancers, tyrosine kinases or 
components o  their downstream pathways are acti-
vated by mutation, gene ampli cation, or chromosomal 
translocations. Because these pathways regulate pro-
li eration, survival, migration, and angiogenesis, they 
have been identi ed as important targets  or cancer 
therapeutics.

Inhibition o  kinase activity is e ective in the treat-
ment o  a number o  neoplasms. Lung cancers with 
mutations in the epidermal growth  actor recep-
tor are highly responsive to erlotinib and ge tinib 
(Table 26-2). Lung cancers with activation o  anaplas-
tic lymphoma kinase (ALK) or ROS1 by translocations 
respond to crizotinib, an ALK and ROS1 inhibitor. A 
BRAF inhibitor is highly e ective in melanomas and 
thyroid cancers in which BRAF is mutated.  argeting 
a protein (MEK) downstream o  BRAF also has activ-
ity against BRAF mutant melanomas. Janus kinase 
inhibitors are active in myeloproli erative syndromes 

in which JAK2 activation is a pathogenetic event. Ima-
tinib (which targets a number o  tyrosine kinases) is 
an e ective agent in tumors that have translocations 
o  the c-Abl and BCR gene (such as chronic myeloid 
leukemia), mutant c-Kit (gastrointestinal stromal cell 
tumors), or mutant platelet-derived growth  actor 
receptor (PDGFR; chronic myelomonocytic leukemia); 
second-generation inhibitors o  BCR-Abl, dasatinib, 
and nilotinib are even more e ective. T e third-
generation agent bosutinib has activity in some patients 
who have progressed on other inhibitors, whereas the 
third-generation agent ponatinib has activity against 
the  315I mutation, which is resistant to the other 
agents. Sora enib and sunitinib, agents that inhibit a 
large number o  kinases, have shown antitumor activity 
in a number o  malignancies, including renal cell can-
cer (RCC) (both), hepatocellular carcinoma (sora enib), 
thyroid cancer (sora enib), gastrointestinal stromal 
tumor (GIS ) (sunitinib), and pancreatic neuroendo-
crine tumors (sunitinib). Inhibitors o  the mammalian 
target o  rapamycin (m OR) are active in RCC, pan-
creatic neuroendocrine tumors, and breast cancer. T e 
list o  active agents and treatment indications is grow-
ing rapidly. T ese new agents have ushered in a new era 
o  personalized therapy. It is becoming more routine  or 
resected tumors to be assessed  or speci c molecular 
changes that predict response and to have clinical deci-
sion-making guided by those results.

However, none o  these therapies has yet been cura-
tive by themselves  or any malignancy, although pro-
longed periods o  disease control lasting many years 
 requently occur in chronic myeloid leukemia. T e rea-
sons  or the  ailure to cure are not completely de ned, 
although resistance to the treatment ultimately develops 
in most patients. In some tumors, resistance to kinase 
inhibitors is related to an acquired mutation in the tar-
get kinase that inhibits drug binding. Many o  these 
kinase inhibitors act as competitive inhibitors o  the 
A P-binding pocket. A P is the phosphate donor in 
these phosphorylation reactions. Mutation in the BCR-
ABL kinase in the A P-binding pocket (such as the 
threonine to isoleucine change at codon 315 [ 315I]) 
can prevent imatinib binding. Other resistance mecha-
nisms include altering other signal transduction path-
ways to bypass the inhibited pathway. As resistance 
mechanisms become better de ned, rational strategies 
to overcome resistance will emerge. In addition, many 
kinase inhibitors are less speci c  or an oncogenic tar-
get than was hoped, and toxicities related to o -target 
inhibition o  kinases limit the use o  the agent at a dose 
that would optimally inhibit the cancer-relevant kinase.

 argeted agents can also be used to deliver highly 
toxic compounds. An important component o  the 
technology  or developing e ective conjugates is the 
design o  the linker between the two, which needs 
to be stable. Currently approved antibody drug 
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FIGURE 26 -2
Th erap eu t ic ta rg e t in g  o   sig n a l t ran sd u ct io n  p a thways in  
can ce r ce lls. Three major signal transduction pathways are acti-
vated by receptor tyrosine kinases (RTK). 1 . The protooncogene 
Ras is activated by the Grb2/mSOS guanine nucleotide exchange 
 actor, which induces an association with Ra  and activation o  
downstream kinases (MEK and ERK1/2). 2. Activated PI3K phos-
phorylates the membrane lipid PIP2 to generate PIP3, which acts 
as a membrane-docking site  or a number o  cellular proteins 
including the serine/threonine kinases PDK1 and Akt. PDK1 has 
numerous cellular targets, including Akt and mTOR. Akt phos-
phorylates target proteins that promote resistance to apoptosis 
and enhance cell cycle progression, whereas mTOR and its target 
p70S6K upregulate protein synthesis to potentiate cell growth. 3. 
Activation o  PLC-γ leads to the  ormation o  diacylglycerol (DAG) 
and increased intracellular calcium, with activation o  multiple 
iso orms o  PKC and other enzymes regulated by the calcium/
calmodulin system. Other important signaling pathways involve 
non-RTKs that are activated by cytokine or integrin receptors.  

 
Janus kinases (JAK) phosphorylate STAT (signal transducer and 
activator o  transcription) transcription  actors, which translocate 
to the nucleus and activate target genes. Integrin receptors medi-
ate cellular interactions with the extracellular matrix (ECM), induc-
ing activation o  FAK ( ocal adhesion kinase) and c-Src, which 
activate multiple downstream pathways, including modulation 
o  the cell cytoskeleton. Many activated kinases and transcrip-
tion  actors migrate into the nucleus, where they regulate gene 
transcription, thus completing the path  rom extracellular sig-
nals, such as growth  actors, to a change in cell phenotype, such 
as induction o  di erentiation or cell proli eration. The nuclear 
targets o  these processes include transcription  actors (e.g., Myc, 
AP-1, and serum response  actor) and the cell cycle machinery 
(CDKs and cyclins). Inhibitors o  many o  these pathways have 
been developed  or the treatment o  human cancers. Examples 
o  inhibitors that are currently being evaluated in clinical trials are 
shown in purple type.

conjugates include brentuximab vedotin, which 
links the microtubule toxin monomethyl auristatin 
E (MMAE) to an antibody targeting the cell sur ace 
antigen CD30, which is expressed on a number o  
malignant cells but especially in Hodgkin’s disease and 
anaplastic lymphoma. T e linker in this case is cleav-
able, which allows di usion o  the drug out o  the cell 

a er delivery. T e second approved conjugate is ado-
trastuzumab emtansine, which links the microtubule 
 ormation inhibitor mertansine and the monoclonal 
antibody trastuzumab targeted against human epider-
mal growth  actor receptor 2 (HER2) on breast can-
cer cells. In this case, the linker is noncleavable, thus 
trapping the chemotherapeutic agent within the cells. 
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339TABLE 26 -2  
SOME FDA-APPROVED MOLECULARLY TARGETED AGENTS FOR THE TREATMENT OF CANCER

DRUG  MOLECULAR TARGET  DISEASE  MECHANISM OF ACTION

All-trans retinoic acid  PML-RARα oncogene  Acute promyelocytic leu-
kemia M3 AML; t(15;17)

Inhibits transcriptional repression by 
PML-RARα

Imatinib  Bcr-Abl, c-Abl, c-Kit, 
PDGFR-α/β

Chronic myeloid leukemia; 
GIST

Blocks ATP binding to tyrosine kinase active 
site

Dasatinib, nilotinib, pona-
tinib, bosutinib

Bcr-Abl (primarily)  Chronic myeloid leukemia  Blocks ATP binding to tyrosine kinase active 
site

Sunitinib  c-Kit, VEGFR-2, PDGFR-β, 
Flt-3

GIST; renal cell cancer  Inhibits activated c-Kit and PDGFR in GIST; 
inhibits VEGFR in RCC

Sora enib  RAF, VEGFR-2, PDGFR-α/β, 
Flt-3, c-Kit

RCC; hepatocellular carci-
noma; TC

Targets VEGFR pathways in RCC. Possible activ-
ity against BRAF in thyroid cancer

Regora enib  VEGFR-1 to -3, TIE-2, 
FGFR1, KIT, RET, PDGFR

Colorectal cancer; GIST  Competitive inhibitor o  ATP binding site o  
tyrosine kinase domain multiple kinases

Axitinib  VEGFR-1 to -3  RCC  Competitive inhibitor o  ATP binding site o  
tyrosine kinase domain VEGF receptors

Erlotinib  EGFR  Non-small-cell lung can-
cer; pancreatic cancer

Competitive inhibitor o  the ATP-binding site 
o  the EGFR

A atinib  EGFR (and other HER 
 amily)

Non-small-cell lung cancer  Irreversible inhibitor o  ATP-binding site o  HER 
 amily members

Lapatinib  HER2/neu  Breast cancer  Competitive inhibitor o  the ATP binding site 
o  HER2

Crizotinib (Xalkori)  ALK  Non-small-cell lung cancer  Inhibitor o  ALK tyrosine kinase
Bortezomib, car lzomib  Proteasome  Multiple myeloma  Inhibits proteolytic degradation o  multiple 

cellular proteins
Vemura enib, dabra enib  BRAF  Melanoma  Inhibitor o  serine-threonine kinase domain o  

V600E mutant o  BRAF
Trametinib  MEK  Melanoma  Inhibitor o  serine-threonine kinase domain o  

V600E mutant o  MEK
Cabozantinib  RET, MET, VEGFR  MTC  Competitive inhibitor o  ATP binding site o  

tyrosine kinase domain multiple kinases
Vandetanib  RET, VEGFR, EGFR  MTC  Competitive inhibitor o  ATP binding site o  

tyrosine kinase domain multiple kinases
Temsirolimus  mTOR  RCC  Competitive inhibitor o  mTOR serine-

threonine kinase
Everolimus  mTOR  RCC; breast cancer  Binds to immuophilin FK binding protein-12, 

which  orms complex that inhibits mTOR 
kinase

Vorinostat, romidepsin  HDAC  CTCL  HDAC inhibitor
Ruxolitinib  JAK-1, -2  Myelo brosis  Competitive inhibitor o  tyrosine kinase
Vismodegib  Hedgehog pathway  Basel cell cancer (skin)  Inhibits smoothened in hedgehog pathway
Mo n o clo n a l An t ib o d ies Alon e
Trastuzumab  HER2/neu (ERBB2)  Breast cancer  Binds HER2 on tumor cell sur ace and induces 

receptor internalization
Pertuzumab  HER2/neu (ERBB2)  Breast cancer  Binds HER2 on tumor cell sur ace at distinct 

site  rom trastuzumab and prevents binding 
to other receptors

Cetuximab  EGFR  Colon cancer, squamous 
cell carcinoma o  the 
head and neck

Binds extracellular domain o  EGFR and blocks 
binding o  EGF and TGF-α; induces receptor 
internalization; potentiates the e cacy o  
chemotherapy and radiotherapy

Panitumumab  EGFR  Colon cancer  Similar to cetuximab but  ully humanized 
rather than chimeric

Rituximab  CD20  B cell lymphomas and 
leukemias that express 
CD20

Multiple potential mechanisms, including 
direct induction o  tumor cell apoptosis and 
immune mechanisms

Alemtuzumab  CD52  Chronic lymphocytic leu-
kemia and CD52-express-
ing lymphoid tumors

Immune mechanisms

(continued )
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340 TABLE 26-2  
SOME FDA-APPROVED MOLECULARLY TARGETED AGENTS FOR THE TREATMENT OF CANCER

DRUG  MOLECULAR TARGET  DISEASE  MECHANISM OF ACTION

Bevacizumab  VEGF  Colorectal, lung cancers, 
RCC, glioblastoma, cervi-
cal cancer

Inhibits angiogenesis by high-a nity binding 
to VEGF

Ziv-af ibercept  VEGF-A, VEGF-B, PLGF  Colorectal cancers  Inhibits angiogenesis by high-a nity binding 
to VEGF-A, VEGF-B, and PLGF

Ipilimumab  CTLA-4  Melanoma  Blocks CTLA-4, preventing interaction with 
CD80/86 and T cell inhibition

Denosumab  RANK ligand  Breast, prostate cancer  Inhibits RANK ligand, the primary signal  or 
bone removal

Pembrolizumab  PD-1  Melanoma  Blocks PD-1 preventing interaction with PD-L1 T 
cell inhibition

Ant ib o d y Ch em oth erap y Con ju g a tes
Brentuximab vedotin  CD30  Hodgkin’s disease, ana-

plastic lymphoma
Delivery o  chemotherapeutic agent (MMAE) 
to CD30-expressing tumor cells

Ado-trastuzumab 
emtansine

HER2  Breast cancer  Delivery o  chemotherapeutic agent emtan-
sine to HER2-expressing breast cancer cells

Abbrevia t ions: AML, acute myeloid leukemia; CTCL, cutaneous T cell lymphoma; EGFR, epidermal growth  actor receptor; FDA, Food and Drug Administra-
tion; Flt-3,  ms-like tyrosine kinase-3; GIST, gastrointestinal stromal tumor; MTC, medullary thyroid cancer; mTOR, mammalian target o  rapamycin; PDGFR, 
platelet-derived growth  actor receptor; PLGF, placental growth  actor; PML-RARα, promyelocytic leukemia-retinoic acid receptor-alpha; RCC, renal cell 
cancer; t(15;17), translocation between chromosomes 15 and 17; TC, thyroid cancer; TGF-α, trans orming growth  actor-alpha; VEGFR, vascular endothelial 
growth  actor receptor.

(CONTINUED )

T ere are theoretical pluses and minuses to having 
either cleavable or noncleavable linkers, and it is likely 
that both will be used in  uture developments o  anti-
body-drug conjugates.

Another strategy to enhance the antitumor e ects 
o  targeted agents is to use them in rational combina-
tions with each other and in empiric combinations 
with chemotherapy agents that kill cells in ways distinct 
 rom targeted agents. Combinations o  trastuzumab 
(a monoclonal antibody that targets the HER2 recep-
tor [member o  the epidermal growth  actor receptor 
(EGFR)  amily]) with chemotherapy have signi cant 
activity against breast and stomach cancers that have 
high levels o  expression o  the HER2 protein. T e 
activity o  trastuzumab and chemotherapy can be 
enhanced  urther by combinations with another tar-
geted monoclonal antibody (pertuzumab), which pre-
vents dimerization o  the HER2 receptor with other 
HER  amily members including HER3.

Although targeted therapies have not yet resulted in 
cures when used alone, their use in the adjuvant setting 
and when combined with other e ective treatments has 
substantially increased the  raction o  patients cured. 
For example, the addition o  rituximab, an anti-CD20 
antibody, to combination chemotherapy in patients 
with di use large B cell lymphoma improves cure rates 
by 15–20%. T e addition o  trastuzumab, antibody 
to HER2, to combination chemotherapy in the adju-
vant treatment o  HER2-positive breast cancer reduces 
relapse rates by 50%.

A major e ort is under way to develop targeted ther-
apies  or mutations in the ras  amily o  genes, which 
are the most common mutations in oncogenes in can-
cers (especially kras) but have proved to be very di -
cult targets  or a number o  reasons related to how RAS 
proteins are activated and inactivated.  argeted thera-
pies against proteins downstream o  RAS (including 
mitogen-activated protein [MAP] kinase and ERK) are 
currently being studied, both individually and in com-
bination. A large number o  inhibitors o  phospholipid 
signaling pathways such as the phosphatidylinositol-
3-kinase (PI3K) and phospholipase C-gamma path-
ways, which are involved in a large number o  cellular 
processes that are important in cancer development and 
progression, are being evaluated. T e targeting o  a vari-
ety o  other pathways that are activated in malignant 
cells, such as the ME  pathway, hedgehog pathway, and 
various angiogenesis pathways, is also being explored.

One o  the strategies  or new drug development is 
to take advantage o  so-called oncogene addiction. 
T is situation (Fig. 26-3) is created when a tumor cell 
develops an activating mutation in an oncogene that 
becomes a dominant pathway  or survival and growth 
with reduced contributions  rom other pathways, even 
when there may be abnormalities in those pathways. 
T is dependency on a single pathway creates a cell that 
is vulnerable to inhibitors o  that oncogene pathway. 
For example, cells harboring mutations in BRAF are 
very sensitive to MEK inhibitors that inhibit down-
stream signaling in the BRAF pathway.

26_Hematology_ch26_p333-358.indd   340  04/08/16   3:06 PM



 

C

H

A

P

T

E

R

 

2

6

C

a

n

c

e

r

 

C

e

l

l

 

B

i

o

l

o

g

y

341

 argeting proteins critical  or transcription o  pro-
teins vital  or malignant cell survival or proli eration 
provides another potential target  or treating cancers. 
T e transcription  actor nuclear  actor-κB (NF-κB) is 
a heterodimer composed o  p65 and p50 subunits that 
associate with an inhibitor, IκB, in the cell cytoplasm. 
In response to growth  actor or cytokine signaling, a 
multi-subunit kinase called IKK (IκB kinase) phosphor-
ylates IκB and directs its degradation by the ubiquitin/
proteasome system. NF-κB,  ree o  its inhibitor, translo-
cates to the nucleus and activates target genes, many o  
which promote the survival o  tumor cells. Novel drugs 
called proteasome inhibitors block the proteolysis o  IκB, 
thereby preventing NF-κB activation. For unexplained 
reasons, this is selectively toxic to tumor cells. T e anti-
tumor e ects o  proteasome inhibitors are more com-
plicated and involve the inhibition o  the degradation 

o  multiple cellular proteins. Proteasome inhibitors 
(e.g., bortezomib [Velcade]) have activity in patients 
with multiple myeloma, including partial and complete 
remissions. Inhibitors o  IKK are also in development, 
with the hope o  more selectively blocking the degrada-
tion o  IκB, thus “locking” NF-κB in an inhibitory com-
plex and rendering the cancer cell more susceptible to 
apoptosis-inducing agents. Many other transcription 
 actors are activated by phosphorylation, which can be 
prevented by tyrosine kinase inhibitors or serine/threo-
nine kinase inhibitors, a number o  which are currently 
in clinical trials.

Estrogen receptors (ERs) and androgen recep-
tors (ARs), members o  the steroid hormone  amily 
o  nuclear receptors, are targets o  inhibition by drugs 
used to treat breast and prostate cancers, respectively. 
 amoxi en, a partial agonist and antagonist o  ER 
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FIGURE 26 -3
Syn th e t ic le th a lity. Genes are said to have a synthetic lethal 
relationship when mutation o  either gene alone is tolerated by 
the cell but mutation o  both genes leads to lethality, as originally 
noted by Bridges and later named by Dobzhansky. Thus, mutant 
gene a and gene b have a synthetic lethal relationship, implying 
that the loss o  one gene makes the cell dependent on the  unc-
tion o  the other gene. In cancer cells, loss o   unction o  a DNA 
repair gene like BRCA1, which repairs double-strand breaks, 
makes the cell dependent on base excision repair mediated  

 
in part by PARP. I  the PARP gene product is inhibited, the cell 
attempts to repair the break using the error-prone nonhomolo-
gous end-joining method, which results in tumor cell death. 
High-throughput screens can now be per ormed using isogenic 
cell line pairs in which one cell line has a de ned de ect in a DNA 
repair pathway. Compounds can be identi ed that selectively 
kill the mutant cell line; targets o  these compounds have a syn-
thetic lethal relationship to the repair pathway and are potentially 
important targets  or  uture therapeutics.
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342  unction, can mediate tumor regression in metastatic 
breast cancer and can prevent disease recurrence in the 
adjuvant setting.  amoxi en binds to the ER and modu-
lates its transcriptional activity, inhibiting activity in the 
breast but promoting activity in bone and uterine epi-
thelium. Selective ER modulators (SERMs) have been 
developed with the hope o  a more bene cial modula-
tion o  ER activity, i.e., antiestrogenic activity in the 
breast, uterus, and ovary, but estrogenic  or bone, brain, 
and cardiovascular tissues. Aromatase inhibitors, which 
block the conversion o  androgens to estrogens in 
breast and subcutaneous  at tissues, have demonstrated 
improved clinical e cacy compared with tamoxi en 
and are o en used as  rst-line therapy in patients with 
ER-positive disease. A number o  approaches have 
been developed  or blocking androgen stimulation 
o  prostate cancer, including decreasing production 
(e.g., orchiectomy, luteinizing hormone–releasing hor-
mone agonists or antagonists, estrogens, ketoconazole, 
and inhibitors o  enzymes such as CYP17 involved in 
androgen production) and AR blockers (Chap. 38).

ONCOGENE ADDICTION AND  
SYNTHETIC LETHALITY
T e concepts o  oncogene addiction and synthetic 
lethality have spurred new drug development target-
ing oncogene- and tumor-suppressor pathways. As dis-
cussed earlier in this chapter and outlined in Fig. 26-3, 
cancer cells can become dependent on signaling path-
ways containing activated oncogenes; this can e ect 
proli eration (i.e., mutated Kras, Bra , overexpressed 
Myc, or activated tyrosine kinases), DNA repair (loss 
o  BRCA1 or BRCA2 gene  unction), survival (overex-
pression o  Bcl-2 or NF-κB), cell metabolism (as occurs 
when mutant Kras enhances glucose uptake and aero-
bic glycolysis), and perhaps angiogenesis (production 
o  VEGF in response to HIF-2α in RCC). In such cases, 
targeted inhibition o  the pathway can lead to speci c 
killing o  the cancer cells. However, targeting de ects in 
tumor-suppressor genes has been much more di cult, 
both because the target o  mutation is o en deleted 
and because it is much more di cult to restore nor-
mal  unction than to inhibit abnormal  unction o  a 
protein. Synthetic lethality occurs when loss o   unc-
tion in either o  two genes alone has limited e ects on 
cell survival but loss o   unction in both genes leads to 
cell death. Identi ying genes that have a synthetic lethal 
relationship to tumor-suppressor pathways that have 
been mutated in tumor cells may allow targeting o  pro-
teins required uniquely by those cells (Fig. 26-3). Sev-
eral examples o  this have been identi ed. For instance, 
cells with mutations in the BRCA1 or BRCA2 tumor-
suppressor genes (e.g., a subset o  breast and ovarian 
cancers) are unable to repair DNA damage by homol-
ogous recombination. PARP are a  amily o  proteins 

important  or single-strand break (SSB) DNA repair. 
PARP inhibition results in selective killing o  cancer 
cells with BRCA1 or BRCA2 loss. Preliminary trials 
have suggested some e ectiveness o  PARP inhibition, 
especially in combination with chemotherapy; clini-
cal trials are ongoing. T e concept o  synthetic lethal-
ity provides a  ramework  or genetic screens to identi y 
other synthetic lethal combinations involving known 
tumor-suppressor genes and development o  novel ther-
apeutic agents to target dependent pathways.

EPIGENETIC INFLUENCES ON CANCER 
GENE TRANSCRIPTION
Chromatin structure regulates the hierarchical order 
o  sequential gene transcription that governs di eren-
tiation and tissue homeostasis. Disruption o  chroma-
tin remodeling (the process o  modi ying chromatin 
structure to control exposure o  speci c genes to tran-
scriptional proteins, thereby controlling the expres-
sion o  those genes) leads to aberrant gene expression 
and can induce proli eration o  undi erentiated cells. 
Epigenetics is de ned as changes that alter the pat-
tern o  gene expression that persist across at least one 
cell division but are not caused by changes in the DNA 
code. Epigenetic changes include alterations o  chroma-
tin structure mediated by methylation o  cytosine resi-
dues in CpG dinucleotides, modi cation o  histones by 
acetylation or methylation, or changes in higher-order 
chromosome structure (Fig. 26-4). T e transcriptional 
regulatory regions o  active genes o en contain a high 
 requency o  CpG dinucleotides (re erred to as CpG 
islands), which are normally unmethylated. Expres-
sion o  these genes is controlled by transient associa-
tion with repressor or activator proteins that regulate 
transcriptional activation. However, hypermethylation 
o  promoter regions is a common mechanism by which 
tumor-suppressor loci are epigenetically silenced in 
cancer cells. T us one allele may be inactivated by 
mutation or deletion (as occurs in loss o  heterozygos-
ity), while expression o  the other allele is epigenetically 
silenced, usually by methylation.

Acetylation o  the amino terminus o  the core his-
tones H3 and H4 induces an open chromatin con or-
mation that promotes transcription initiation. Histone 
acetylases are components o  coactivator complexes 
recruited to promoter/enhancer regions by sequence-
speci c transcription  actors during the activation o  
genes (Fig. 26-4). Histone deacetylases (HDACs; at least 
17 are encoded in the human genome) are recruited to 
genes by transcriptional repressors and prevent the ini-
tiation o  gene transcription. Methylated cytosine resi-
dues in promoter regions become associated with methyl 
cytosine–binding proteins that recruit protein complexes 
with HDAC activity. T e balance between permissive 
and inhibitory chromatin structure is there ore largely 
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determined by the activity o  transcription  actors in 
modulating the “histone code” and the methylation sta-
tus o  the genetic regulatory elements o  genes.

T e pattern o  gene transcription is aberrant in all 
human cancers, and in many cases, epigenetic events 
are responsible. Unlike genetic events that alter DNA 
primary structure (e.g., deletions), epigenetic changes 
are potentially reversible and appear amenable to thera-
peutic intervention. In certain human cancers, includ-
ing pancreatic cancer and multiple myeloma, the 
p16Ink4a promoter is inactivated by methylation, thus 
permitting the unchecked activity o  CDK4/cyclin D 
and rendering pRb non unctional. In sporadic  orms o  
renal, breast, and colon cancer, the von Hippel–Lindau 
(VHL), breast cancer 1 (BRCA1), and serine/threonine 
kinase 11 (S K11) genes, respectively, are epigenetically 
silenced. Other targeted genes include the p15Ink4b CDK 
inhibitor, glutathione-S-trans erase (which detoxi es 
reactive oxygen species), and the E-cadherin molecule 
(important  or junction  ormation between epithelial 
cells). Epigenetic silencing can occur in premalignant 

lesions and can a ect genes involved in DNA repair, 
thus predisposing to  urther genetic damage. Examples 
include MLH1 (mut L homologue) in hereditary non-
polyposis colon cancer (HNPCC, also called Lynch’s 
syndrome), which is critical  or repair o  mismatched 
bases that occur during DNA synthesis, and O6-methyl-
guanine-DNA methyltrans erase, which removes alkyl-
ated guanine adducts  rom DNA and is o en silenced 
in colon, lung, and lymphoid tumors.

Human leukemias o en have chromosomal trans-
locations that code  or novel  usion proteins with 
enzymatic activities that alter chromatin structure. 
T e promyelocytic leukemia–retinoic acid receptor 
(PML-RAR)  usion protein, generated by the t(15;17) 
observed in most cases o  acute promyelocytic leu-
kemia (APL), binds to promoters containing retinoic 
acid response elements and recruits HDAC to these 
promoters, e ectively inhibiting gene expression. T is 
arrests di erentiation at the promyelocyte stage and 
promotes tumor cell proli eration and survival.  reat-
ment with pharmacologic doses o  all-trans retinoic 
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FIGURE 26 -4
Ep ig en e t ic reg u la t io n  o   g en e  exp ressio n  in  can ce r ce lls. 
Tumor-suppressor genes are o ten epigenetically silenced in 
cancer cells. In the upper portion, a CpG island within the pro-
moter and enhancer regions o  the gene has been methylated, 
resulting in the recruitment o  methyl-cytosine binding proteins 
(MeCP) and complexes with histone deacetylase (HDAC) activity. 
Chromatin is in a condensed, nonpermissive con ormation that 
inhibits transcription. Clinical trials are under way using the com-
bination o  demethylating agents such as 5-aza-2′-deoxycytidine  

 
plus HDAC inhibitors, which together con er an open, permissive 
chromatin structure (lower portion). Transcription  actors bind 
to speci c DNA sequences in promoter regions and, through 
protein-protein interactions, recruit coactivator complexes con-
taining histone acetyl trans erase (HAT) activity. This enhances 
transcription initiation by RNA polymerase II and associated gen-
eral transcription  actors. The expression o  the tumor-suppressor 
gene commences, with phenotypic changes that may include 
growth arrest, di erentiation, or apoptosis.

26_Hematology_ch26_p333-358.indd   343  04/08/16   3:06 PM



S

E

C

T

I

O

N

 

V

I

I

B

i

o

l

o

g

y

 

o

f

 

C

a

n

c

e

r

344 acid (A RA), the ligand  or RARα, results in the release 
o  HDAC activity and the recruitment o  coactivators, 
which overcome the di erentiation block. T is induced 
di erentiation o  APL cells has improved treatment 
o  these patients but also has led to a novel treatment 
toxicity when newly di erentiated tumor cells in l-
trate the lungs. However, A RA represents a treatment 
paradigm  or the reversal o  epigenetic changes in can-
cer. For other leukemia-associated  usion proteins, 
such as acute myeloid leukemia (AML)-eight-twenty-
one (E O) and the MLL  usion proteins seen in AML 
and acute lymphocytic leukemia, no ligand is known. 
T ere ore, e orts are ongoing to determine the struc-
tural basis  or interactions between translocation  usion 
proteins and chromatin-remodeling proteins and to use 
this in ormation to rationally design small molecules 
that will disrupt speci c protein-protein associations, 
although this has proven to be technically di cult. 
Drugs that block the enzymatic activity o  HDAC are 
being tested. HDAC inhibitors have demonstrated anti-
tumor activity in clinical studies against cutaneous   
cell lymphoma (e.g., vorinostat) and some solid tumors. 
HDAC inhibitors may target cancer cells via a number 
o  mechanisms, including upregulation o  death recep-
tors (DR4/5, FAS, and their ligands) and p21Cip1/Wa 1, as 
well as inhibition o  cell cycle checkpoints.

E orts are also under way to reverse the hypermeth-
ylation o  CpG islands that characterizes many malig-
nancies. Drugs that induce DNA demethylation, such 
as 5-aza-2′-deoxycytidine, can lead to reexpression o  
silenced genes in cancer cells with restoration o   unc-
tion, and 5-aza-2′-deoxycytidine is approved  or use in 
myelodysplastic syndrome (MDS). However, 5-aza-2′-
deoxycytidine has limited aqueous solubility and is myelo-
suppressive. Other inhibitors o  DNA methyltrans erases 
are in development. In ongoing clinical trials, inhibitors o  
DNA methylation are being combined with HDAC inhibi-
tors. T e hope is that by reversing coexisting epigenetic 
changes, the deregulated patterns o  gene transcription in 
cancer cells will be at least partially reversed.

Epigenetic gene regulation can also occur via 
micro-RNAs or long non-coding RNAs (lncRNAs). 
MicroRNAs are short (average 22 nucleotides in length) 
RNA molecules that silence gene expression a er tran-
scription by binding and inhibiting the translation or 
promoting the degradation o  mRNA transcripts. It is 
estimated that more than 1000 microRNAs are encoded 
in the human genome. Each tissue has a distinctive reper-
toire o  microRNA expression, and this pattern is altered 
in speci c ways in cancers. However, speci c correlations 
between microRNA expression and tumor biology and 
clinical behavior are just now emerging. T erapies target-
ing microRNAs are not currently at hand but represent a 
novel area o  treatment development. lncRNAs are longer 
than 200 nucleotides and compose the largest group o  
noncoding RNAs. Some o  them have been shown to play 

important roles in gene regulation. T e potential  or alter-
ing these RNAs  or therapeutic bene t is an area o  active 
investigation, although much more needs to be learned 
be ore this will be  easible.

APOPTOSIS AND OTHER MECHANISMS  
OF CELL DEATH
 issue homeostasis requires a balance between the 
death o  aged, terminally di erentiated cells or severely 
damaged cells and their renewal by proli eration o  
committed progenitors. Genetic damage to growth-
regulating genes o  stem cells could lead to catastrophic 
results  or the host as a whole. T us, genetic events 
causing activation o  oncogenes or loss o  tumor sup-
pressors, which would be predicted to lead to unregu-
lated cell proli eration unless corrected, usually activate 
signal transduction pathways that block aberrant cell 
proli eration. T ese pathways can lead to a  orm o  pro-
grammed cell death (apoptosis) or irreversible growth 
arrest (senescence). Much as a panoply o  intra- and 
extracellular signals impinge upon the core cell cycle 
machinery to regulate cell division, so too are these sig-
nals transmitted to a core enzymatic machinery that 
regulates cell death and survival.

Apoptosis is induced by two main pathways (Fig. 26-5). 
T e extrinsic pathway o  apoptosis is activated by cross-
linking members o  the tumor necrosis  actor ( NF) 
receptor super amily, such as CD95 (Fas) and death recep-
tors DR4 and DR5, by their ligands, Fas ligand or  RAIL 
( NF-related apoptosis-inducing ligand), respectively. T is 
induces the association o  FADD (Fas-associated death 
domain) and procaspase-8 to death domain moti s o  the 
receptors. Caspase-8 is activated and then cleaves and acti-
vates e ector caspases-3 and -7, which then target cellular 
constituents (including caspase-activated DNAse, cyto-
skeletal proteins, and a number o  regulatory proteins), 
inducing the morphologic appearance characteristic o  
apoptosis, which pathologists term “karyorrhexis.” T e 
intrinsic pathway o  apoptosis is initiated by the release o  
cytochrome c and SMAC (second mitochondrial activa-
tor o  caspases)  rom the mitochondrial intermembrane 
space in response to a variety o  noxious stimuli, including 
DNA damage, loss o  adherence to the extracellular matrix 
(ECM), oncogene-induced proli eration, and growth 
 actor deprivation. Upon release into the cytoplasm, cyto-
chrome c associates with dA P, procaspase-9, and the 
adaptor protein APAF-1, leading to the sequential activa-
tion o  caspase-9 and e ector caspases. SMAC binds to 
and blocks the  unction o  inhibitor o  apoptosis proteins 
(IAP), negative regulators o  caspase activation.

T e release o  apoptosis-inducing proteins  rom the 
mitochondria is regulated by pro- and antiapoptotic 
members o  the Bcl-2  amily. Antiapoptotic members 
(e.g., Bcl-2, Bcl-XL, and Mcl-1) associate with the mito-
chondrial outer membrane via their carboxyl termini, 
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exposing to the cytoplasm a hydrophobic binding 
pocket composed o  Bcl-2 homology (BH) domains 
1, 2, and 3 that is crucial  or their activity. Perturba-
tions o  normal physiologic processes in speci c cel-
lular compartments lead to the activation o  BH3-only 

proapoptotic  amily members (such as Bad, Bim, Bid, 
Puma, Noxa, and others) that can alter the con orma-
tion o  the outer-membrane proteins Bax and Bak, 
which then oligomerize to  orm pores in the mitochon-
drial outer membrane resulting in cytochrome c release. 
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FIGURE 26 -5
Th erap eu t ic st ra teg ies to  overco m e  ab e rran t  su rviva l 
p a thways in  can cer ce lls. 1 . The extrinsic pathway o  apopto-
sis can be selectively induced in cancer cells by TRAIL (the ligand 
 or death receptors 4 and 5) or by agonistic monoclonal antibod-
ies. 2 . Inhibition o  antiapoptotic Bcl-2  amily members with anti-
sense oligonucleotides or inhibitors o  the BH3-binding pocket 
will promote  ormation o  Bak- or Bax-induced pores in the mito-
chondrial outer membrane. 3. Epigenetic silencing o  APAF-1, 
caspase-8, and other proteins can be overcome using demethyl-
ating agents and inhibitors o  histone deacetylases. 4. Inhibitor 
o  apoptosis proteins (IAP) blocks activation o  caspases; small-
molecule inhibitors o  IAP  unction (mimicking SMAC action) 
should lower the threshold  or apoptosis. 5. Signal transduction 
pathways originating with activation o  receptor tyrosine kinase 
receptors (RTKs) or cytokine receptors promote survival o  cancer 
cells by a number o  mechanisms. Inhibiting receptor  unction  

 
with monoclonal antibodies, such as trastuzumab or cetuximab, 
or inhibiting kinase activity with small-molecule inhibitors can 
block the pathway. 6. The Akt kinase phosphorylates many regu-
lators o  apoptosis to promote cell survival; inhibitors o  Akt may 
render tumor cells more sensitive to apoptosis-inducing signals; 
however, the possibility o  toxicity to normal cells may limit the 
therapeutic value o  these agents. 7 and 8 . Activation o  the 
transcription  actor NF-κB (composed o  p65 and p50 subunits) 
occurs when its inhibitor, IκB, is phosphorylated by IκB kinase 
(IKK), with subsequent degradation o  IκB by the proteasome. 
Inhibition o  IKK activity should selectively block the activation o  
NF-κB target genes, many o  which promote cell survival. Inhibi-
tors o  proteasome  unction are Food and Drug Administration 
approved and may work in part by preventing destruction o  IκB, 
thus blocking NF-κB nuclear localization. NF-κB is unlikely to be 
the only target  or proteasome inhibitors.
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346 I  proteins composed only o  BH3 domains are seques-
tered by Bcl-2, Bcl-XL, or Mcl-1, pores do not  orm and 
apoptosis-inducing proteins are not released  rom the 
mitochondria. T e ratio o  levels o  antiapoptotic Bcl-2 
 amily members and the levels o  proapoptotic BH3-
only proteins at the mitochondrial membrane deter-
mines the activation state o  the intrinsic pathway. T e 
mitochondrion must there ore be recognized not only 
as an organelle with vital roles in intermediary metabo-
lism and oxidative phosphorylation but also as a central 
regulatory structure o  the apoptotic process.

T e evolution o  tumor cells to a more malignant phe-
notype requires the acquisition o  genetic changes that 
subvert apoptosis pathways and promote cancer cell sur-
vival and resistance to anticancer therapies. However, 
cancer cells may be more vulnerable than normal cells to 
therapeutic interventions that target the apoptosis path-
ways that cancer cells depend on. For instance, overex-
pression o  Bcl-2 as a result o  the t(14;18) translocation 
contributes to  ollicular lymphoma. Upregulation o  Bcl-2 
expression is also observed in prostate, breast, and lung 
cancers and melanoma.  argeting o  antiapoptotic Bcl-2 
 amily members has been accomplished by the identi ca-
tion o  several low-molecular-weight compounds that bind 
to the hydrophobic pockets o  either Bcl-2 or Bcl-XL and 
block their ability to associate with death-inducing BH3-
only proteins. T ese compounds inhibit the antiapoptotic 
activities o  Bcl-2 and Bcl-XL at nanomolar concentrations 
in the laboratory and are entering clinical trials.

Preclinical studies targeting death receptors DR4 and 
DR5 have demonstrated that recombinant, soluble, human 
 RAIL or humanized monoclonal antibodies with ago-
nist activity against DR4 or DR5 can induce apoptosis o  
tumor cells while sparing normal cells. T e mechanisms 
 or this selectivity may include expression o  decoy recep-
tors or elevated levels o  intracellular inhibitors (such as 
FLIP, which competes with caspase-8  or FADD) by nor-
mal cells but not tumor cells. Synergy has been shown 
between  RAIL-induced apoptosis and chemotherapeutic 
agents. For instance, some colon cancers encode mutated 
Bax protein as a result o  mismatch repair (MMR) de ects 
and are resistant to  RAIL. However, upregulation o  Bak 
by chemotherapy restores the ability o   RAIL to acti-
vate the mitochondrial pathway o  apoptosis. However, 
clinical studies have not yet shown signi cant activity o  
approaches targeting the  RAIL pathway.

Many o  the signal transduction pathways perturbed 
in cancer promote tumor cell survival (Fig. 26-5). T ese 
include activation o  the PI3K/Akt pathway, increased 
levels o  the NF-κB transcription  actor, and epigenetic 
silencing o  genes such as APAF-1 and caspase-8. Each 
o  these pathways is a target  or therapeutic agents that, 
in addition to a ecting cancer cell proli eration or gene 
expression, may render cancer cells more susceptible 
to apoptosis, thus promoting synergy when combined 
with other chemotherapeutic agents.

Some tumor cells resist drug-induced apoptosis by 
expression o  one or more members o  the ABC  amily o  
A P-dependent ef ux pumps that mediate the multidrug-
resistance (MDR) phenotype. T e prototype, P-glycopro-
tein (PGP), spans the plasma membrane 12 times and has 
two A P-binding sites. Hydrophobic drugs (e.g., anthra-
cyclines and vinca alkaloids) are recognized by PGP as 
they enter the cell and are pumped out. Numerous clini-
cal studies have  ailed to demonstrate that drug resistance 
can be overcome using inhibitors o  PGP. However, ABC 
transporters have di erent substrate speci cities, and inhi-
bition o  a single  amily member may not be su cient to 
overcome the MDR phenotype. E orts to reverse PGP-
mediated drug resistance continue.

Cells, including cancer cells, can also undergo other 
mechanisms o  cell death including autophagy (deg-
radation o  proteins and organelles by lysosomal pro-
teases) and necrosis (digestion o  cellular components 
and rupturing o  the cell membrane). Necrosis usually 
occurs in response to external  orces resulting in release 
o  cellular components, which leads to in ammation 
and damage to surrounding tissues. Although necrosis 
was thought to be unprogrammed, evidence now sug-
gests that at least some aspects may be programmed. 
T e exact role o  necrosis in cancer cell death in vari-
ous settings is still being determined. In addition to its 
role in cell death, autophagy can serve as a homeostatic 
mechanism to promote survival  or the cell by recycling 
cellular components to provide necessary energy. T e 
mechanisms that control the balance between enhanc-
ing survival versus leading to cell death are still not  ully 
understood. Autophagy appears to play con icting roles 
in the development and survival o  cancer. Early in the 
carcinogenic process, it can act as a tumor suppressor by 
preventing the cell  rom accumulating abnormal proteins 
and organelles. However, in established tumors, it may 
serve as a mechanism o  survival  or cancer cells when 
they are stressed by damage such as  rom chemotherapy. 
Inhibition o  this process can enhance the sensitivity o  
cancer cells to chemotherapy. Better understanding o  the 
 actors that control the survival-promoting versus death-
inducing aspects o  autophagy is required in order to 
know how to best manipulate it  or therapeutic bene t.

METASTASIS
T e metastatic process accounts  or the vast majority 
o  deaths  rom solid tumors, and there ore, an under-
standing o  this process is critical. T e biology o  metas-
tasis is complex and requires multiple steps. T e three 
major  eatures o  tissue invasion are cell adhesion to 
the basement membrane, local proteolysis o  the mem-
brane, and movement o  the cell through the rent in the 
membrane and the ECM. Cells that lose contact with 
the ECM normally undergo programmed cell death 
(anoikis), and this process has to be suppressed in cells 
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347that metastasize. Another process important  or metas-
tasizing epithelial cancer cells is epithelial-mesenchy-
mal transition (EM ). T is is a process by which cells 
lose their epithelial properties and gain mesenchymal 
properties. T is normally occurs during the develop-
mental process in embryos, allowing cells to migrate 
to their appropriate destinations in the embryo. It also 
occurs in wound healing, tissue regeneration, and 
 brotic reactions, but in all o  these processes, cells stop 
proli erating when the process is complete. Malignant 
cells that metastasize undergo EM  as an important 

step in that process but retain the capacity  or unregu-
lated proli eration. Malignant cells that gain access to 
the circulation must then repeat those steps at a remote 
site,  nd a hospitable niche in a  oreign tissue, avoid 
detection by host de enses, and induce the growth o  
new blood vessels. T e rate-limiting step  or metasta-
sis is the ability  or tumor cells to survive and expand 
in the novel microenvironment o  the metastatic site, 
and multiple host-tumor interactions determine the 
ultimate outcome (Fig. 26-6). Few drugs have been 
developed to attempt to directly target the process o  
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FIGURE 26 -6
Onco gene  sig na ling  p athways a re  act iva ted  d u ring  tum or 
p rog ression  and  p rom ote  m e tasta t ic p o ten t ia l. This  gure 
shows a cancer cell that has undergone epithelial to mesenchy-
mal transition (EMT) under the inf uence o  several environmen-
tal signals. Critical components include activated trans orming 
growth  actor β (TGF-β) and the hepatocyte growth  actor (HGF)/
c-Met pathways, as well as changes in the expression o  adhe-
sion molecules that mediate cell-cell and cell–extracellular matrix 
interactions. Important changes in gene expression are mediated 
by the Snail and Twist  amily o  transcriptional repressors (whose 
expression is induced by the oncogenic pathways), leading to 
reduced expression o  E-cadherin, a key component o  adher-
ens junctions between epithelial cells. This, in conjunction with 
upregulation o  N-cadherin, a change in the pattern o  expression 
o  integrins (which mediate cell–extracellular matrix associations  

 
that are important  or cell motility), and a switch in intermediate 
 lament expression  rom cytokeratin to vimentin, results in the 
phenotypic change  rom adherent highly organized epithelial 
cells to motile and invasive cells with a  broblast or mesenchymal 
morphology. EMT is thought to be an important step leading to 
metastasis in some human cancers. Host stromal cells, including 
tumor-associated  broblasts and macrophages, play an impor-
tant role in modulating tumor cell behavior through secretion o  
growth  actors and proangiogenic cytokines, and matrix metal-
loproteinases that degrade the basement membrane. VEGF-A, -C, 
and -D are produced by tumor cells and stromal cells in response 
to hypoxemia or oncogenic signals and induce production o  new 
blood vessels and lymphatic channels through which tumor cells 
metastasize to lymph nodes or tissues.
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348 metastasis, in part because the speci cs o  the criti-
cal steps in the process that would be potentially good 
targets  or drugs are still being identi ed. However, 
a number o  potential targets are known. HER2 can 
enhance the metastatic potential o  breast cancer cells, 
and as discussed above, the monoclonal antibody 
trastuzumab, which targets HER2, improves survival 
in the adjuvant setting  or HER2-positive breast cancer 
patients. Other potential targets that increase metastatic 
potential o  cells in preclinical studies include HIF-1 
and -2, transcription  actors induced by hypoxia within 
tumors; growth  actors (e.g., cME  and VEGFR); 
oncogenes (e.g., SRC); adhesion molecules (e.g.,  ocal 
adhesion kinase [FAK]); ECM proteins (e.g., matrix 
metalloproteinases-1 and -2); and in ammatory mol-
ecules (e.g., COX-2).

T e metastatic phenotype is likely restricted to a 
small  raction o  tumor cells (Fig. 26-6). A number o  
genetic and epigenetic changes are required  or tumor 
cells to be able to metastasize, including activation o  
metastasis-promoting genes and inhibition o  genes 
that suppress the metastatic ability. Cells with meta-
static capability  requently express chemokine recep-
tors that are likely important in the metastatic process. 
A number o  candidate metastasis-suppressor genes 
have been identi ed, including genes coding  or pro-
teins that enhance apoptosis, suppress cell division, are 
involved in the interactions o  cells with each other or 
the ECM, or suppress cell migration. T e loss o   unc-
tion o  these genes enhances metastasis. Gene expres-
sion pro ling is being used to study the metastatic 
process and other properties o  tumor cells that may 
predict susceptibilities.

An example o  the ability o  malignant cells to sur-
vive and grow in a novel microenvironment is bone 
metastasis. Bone metastases are extremely pain ul, 
cause  ractures o  weight-bearing bones, can lead to 
hypercalcemia, and are a major cause o  morbidity 
 or cancer patients. Osteoclasts and their monocyte-
derived precursors express the sur ace receptor RANK 
(receptor activator o  NF-κB), which is required  or 
terminal di erentiation and activation o  osteoclasts. 
Osteoblasts and other stromal cells express RANK 
ligand (RANKL), as both a membrane-bound and solu-
ble cytokine. Osteoprotegerin (OPG), a soluble receptor 
 or RANKL produced by stromal cells, acts as a decoy 
receptor to inhibit RANK activation. T e relative bal-
ance o  RANKL and OPG determines the activation 
state o  RANK on osteoclasts. Many tumors increase 
osteoclast activity by secretion o  substances such as 
parathyroid hormone (P H), P H-related peptide, 
interleukin (IL)-1, or Mip1 that perturb the homeo-
static balance o  bone remodeling by increasing RANK 
signaling. One example is multiple myeloma, where 
tumor cell–stromal cell interactions activate osteoclasts 

and inhibit osteoblasts, leading to the development o  
multiple lytic bone lesions. Inhibition o  RANKL by 
an antibody (denosumab) can prevent  urther bone 
destruction. Bisphosphonates are also e ective inhibi-
tors o  osteoclast  unction that are used in the treatment 
o  cancer patients with bone metastases.

CANCER STEM CELLS
Only a small proportion o  the cells within a tumor are 
capable o  initiating colonies in vitro or  orming tumors 
at high e ciency when injected into immunocompro-
mised NOD/SCID mice. Acute and chronic myeloid 
leukemias (AML and CML) have a small population o  
cells (<1%) that have properties o  stem cells, such as 
unlimited sel -renewal and the capacity to cause leuke-
mia when serially transplanted in mice. T ese cells have 
an undi erentiated phenotype (T y1−CD34+CD38– 
and do not express other di erentiation markers) and 
resemble normal stem cells in many ways, but are no 
longer under homeostatic control (Fig. 26-7). Solid 
tumors may also contain a population o  stem cells. 
Cancer stem cells, like their normal counterparts, have 
unlimited proli erative capacity and paradoxically tra-
verse the cell cycle at a very slow rate; cancer growth 
occurs largely due to expansion o  the stem cell pool, 
the unregulated proli eration o  an ampli ying popula-
tion, and  ailure o  apoptosis pathways (Fig. 26-7). Slow 
cell cycle progression and high levels o  expression o  
antiapoptotic Bcl-2  amily members and drug ef ux 
pumps o  the MDR  amily render cancer stem cells less 
vulnerable to cancer chemotherapy or radiation ther-
apy. Implicit in the cancer stem cell hypothesis is the 
idea that  ailure to cure most human cancers is due to 
the  act that current therapeutic agents do not kill the 
stem cells. I  cancer stem cells can be identi ed and iso-
lated, then aberrant signaling pathways that distinguish 
these cells  rom normal tissue stem cells can be iden-
ti ed and targeted. Evidence that cells with stem cell 
properties can arise  rom other epithelial cells within 
the cancer by processes such as epithelial mesenchymal 
transition also implies that it is essential to treat all o  
the cancer cells, and not just those with current stem 
cell-like properties, in order to eliminate the sel -renew-
ing cancer cell population. T e exact nature o  cancer 
stem cells remains an area o  investigation. One o  the 
unanswered questions is the exact origin o  cancer stem 
cells  or the di erent cancers.

PLASTICITY AND RESISTANCE
Cancer cells, and especially stem cells, have the capacity 
 or signi cant plasticity, allowing them to alter multiple 
aspects o  cell biology in response to external  actors 
(e.g., chemotherapy, in ammation, immune response). 
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T us, a major problem in cancer therapy is that malig-
nancies have a wide spectrum o  mechanisms  or both 
initial and adaptive resistance to treatments. T ese 
include inhibiting drug delivery to the cancer cells, 
blocking drug uptake and retention, increasing drug 
metabolism, altering levels o  target proteins, acquir-
ing mutations in target proteins, modi ying metabolism 
and cell signaling pathways, using alternate signaling 
pathways, adjusting the cell replication process includ-
ing mechanisms by which the cell deals with DNA 

damage, inhibiting apoptosis, and evading the immune 
system. T us, most metastatic cancers (except those 
curable with chemotherapy such as germ cell tumors) 
eventually become resistant to the therapy being used. 
Overcoming resistance is a major area o  research.

CANCER METABOLISM
One o  the distinguishing characteristics o  cancer cells 
is that they have altered metabolism as compared with 
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FIGURE 26 -7
Cancer stem cells p lay a  critical ro le  in  the in it iation , p ro  
gression, and  resistance to  therapy o  malignant neop lasms. 
In normal tissues (left), homeostasis is maintained by asymmetric 
division o  stem cells, leading to one progeny cell that will di -
 erentiate and one cell that will maintain the stem cell pool. This 
occurs within highly speci c niches unique to each tissue, such as 
in close apposition to osteoblasts in bone marrow, or at the base 
o  crypts in the colon. Here, paracrine signals  rom stromal cells, 
such as sonic hedgehog or Notch ligands, as well as upregulation 
o  β-catenin and telomerase, help to maintain stem cell  eatures 
o  unlimited sel -renewal while preventing di erentiation or cell 
death. This occurs in part through upregulation o  the transcrip-
tional repressor Bmi-1 and inhibition o  the p16Ink4a/Ar  and p53 
pathways. Daughter cells leave the stem cells niche and enter a 
proli erative phase (re erred to as transit-amplifying)  or a speci-
 ed number o  cell divisions, during which time a developmental 
program is activated, eventually giving rise to  ully di erentiated 
cells that have lost proli erative potential. Cell renewal equals cell 
death, and homeostasis is maintained. In this hierarchical sys-
tem, only stem cells are long-lived. The hypothesis is that cancers 
harbor stem cells that make up a small  raction (i.e., 0.001–1%)  

 
o  all cancer cells. These cells share several  eatures with normal 
stem cells, including an undi erentiated phenotype, unlimited 
sel -renewal potential, and a capacity  or some degree o  di er-
entiation; however, due to initiating mutations (mutations are 
indicated by lightning bolts), they are no longer regulated by 
environmental cues. The cancer stem cell pool is expanded, and 
rapidly proli erating progeny, through additional mutations, may 
attain stem cell properties, although most o  this population is 
thought to have a limited proli erative capacity. Di erentiation 
programs are dys unctional due to reprogramming o  the pattern 
o  gene transcription by oncogenic signaling pathways. Within 
the cancer transit-ampli ying population, genomic instability 
generates aneuploidy and clonal heterogeneity as cells attain a 
 ully malignant phenotype with metastatic potential. The cancer 
stem cell hypothesis has led to the idea that current cancer thera-
pies may be e ective at killing the bulk o  tumor cells but do not 
kill tumor stem cells, leading to a regrowth o  tumors that is mani-
 ested as tumor recurrence or disease progression. Research is 
in progress to identi y unique molecular  eatures o  cancer stem 
cells that can lead to their direct targeting by novel therapeutic 
agents.
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350 normal cells in supporting survival and their high rates 
o  proli eration. T ese cells must  ocus a signi cant 
 raction o  their energy resources on synthesis o  pro-
teins and other molecules while still maintaining su -
 cient A P production to survive and grow. Although 
normal proli erating cells also have similar needs, there 
are di erences in how cancer cells metabolize glucose 
and a number o  other compounds, including gluta-
mine, as compared to normal cells. Many cancer cells 
use aerobic glycolysis (the Warburg e ect) (Fig. 26-8) 
to metabolize glucose, leading to increased lactic acid 
production, whereas normal cells use oxidative phos-
phorylation in mitochondria under aerobic conditions, 
a much more e cient process. One consequence is 
increased glucose uptake by cancer cells, a  act used in 
 uorodeoxyglucose (FDG) positron emission tomog-
raphy (PE ) scanning to detect tumors. A number o  
proteins in cancer cells, including CMYC, HIF1, RAS, 
p53, pRB, and AK , are all involved in modulating gly-
colytic processes and controlling the Warburg e ect. 
Although these pathways remain di cult to target ther-
apeutically, both the PI3 kinase pathway with signaling 
through m OR and the AMP-activated kinase (AMPK) 
pathway, which inhibits m OR complex 1 (m ORC1; 
a protein complex that includes m OR), are important 
in controlling the glycolytic process and thus provide 

potential targets  or inhibiting this process. T e ine -
cient utilization o  glucose also leads to a need  or alter-
native metabolic pathways  or other compounds as well, 
one o  which is glutamine. Similar to glucose, this pro-
vides both a source  or structural molecules as well as 
energy production. Glutamine is also ine ciently used 
by cancer cells.

Mutations in genes involved in the metastatic pro-
cess occur in a number o  cancers. Among the most 
 requently  ound to date are mutations in isocitrate 
dehydrogenases 1 and 2 (IDH1 and IDH2).  hese 
have been most commonly seen in gliomas, AML, 
and intrahepatic cholangiocarcinomas.  hese muta-
tions lead to the production o  an oncometabolite 
(2-hydroxyglutarate [2HG]) instead o  the normal 
product α-ketoglutarate. Although the exact mecha-
nisms o  oncogenesis by 2HG are still being eluci-
dated, α-ketoglutarate is a key co actor  or a number 
o  dioxygenases involved in controlling DNA meth-
ylation. 2HG can act as a competitive inhibitor  or 
α-ketoglutarate, leading to alterations in methylation 
status (primarily hypermethylation) o  genes (epi-
genetic changes) that can have pro ound e  ects on 
a number o  cellular processes including di  erentia-
tion. Inhibitors o  mutant IDH1 and IDH2 are being 
developed.

Glucos e

Differentiated tis s ue  TumorProliferative
tis s ue

Glucos eGlucos e

Pyruvate

Oxidative
phos phorylation

–36 mol ATP/
mol glucose
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glyco lys is
2 mol ATP/

mol glucose

Aerobic
g lyco lys is
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Pyruvate Pyruvate

Lactate

LactateLacta te

CO2

–O2
+/–O2

5%  85%

or
+O2

CO2
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FIGURE 26 -8
Warb u rg  e f ect  ve rsu s oxid a t ive  p h o sp h o ryla t ion . In 
most normal tissues, the vast majority o  cells are di erentiated 
and dedicated to a particular  unction within the organ in which 
they reside. The metabolic needs are mainly  or energy and not 
 or building blocks  or new cells. In these tissues, ATP is generated 
by oxidative phosphorylation that e ciently generates about  

 
36 molecules o  ATP  or each molecule o  glucose metabolized. 
By contrast, proli erative tumor tissues, especially in the setting o  
hypoxia, a typical condition within tumors, use aerobic glycolysis 
to generate energy  or cell survival and generation o  building 
blocks  or new cells.
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351Much needs to be learned about the speci c di er-
ences in metabolism between cancer cells and normal 
cells; however, modulators o  metabolism are being 
tested clinically. T e  rst o  these is the antidiabetic 
agent met ormin, both alone and in combination with 
chemotherapeutic agents. Met ormin inhibits gluconeo-
genesis and may have direct e ects on tumor cells by 
activating the 5′-adenosine monophosphate-activated 
kinase (AMPK), a serine/threonine protein kinase that 
is downstream o  the LKB1 tumor suppressor, and thus 
inhibiting m ORC1. T is leads to decreased protein 
synthesis and proli eration. A second approach being 
tested involves dichloracetate (DCA), an inhibitor o  
pyruvate dehydrogenase kinase (PDK). PDK inhib-
its pyruvate dehydrogenase in cancer cells, leading to 
a switch  rom mitochondrial oxidative phosphoryla-
tion o  glucose to cytoplasmic glycolysis (the Warburg 
e ect). By blocking PDK, DCA inhibits glycolysis. 
Additional approaches targeting tumor metabolism will 
likely emerge.

TUMOR MICROENVIRONMENT, 
ANGIOGENESIS, AND IMMUNE EVASION
 umors consist not only o  malignant cells but also o  a 
complex microenvironment including many other types 
o  cells (e.g., in ammatory cells), ECM, secreted  ac-
tors (e.g., growth  actors), reactive oxygen and nitrogen 
species, mechanical  actors, blood vessels, and lymphat-
ics. T is microenvironment is not static but rather is 
dynamic and continually evolving. Both the complexity 
and dynamic nature o  the microenvironment enhance 
the di culty o  treating tumors. T ere are also a num-
ber o  mechanisms by which the microenvironment can 
contribute to resistance to anticancer therapies.

One o  the critical elements o  tumor cell proli era-
tion is delivery o  oxygen, nutrients, and circulating  ac-
tors important  or growth and survival. T e di usion 
limit  or oxygen in tissues is ~100–200 µm, and thus, a 
critical aspect in the growth o  tumors is the develop-
ment o  new blood vessels, or angiogenesis. T e growth 
o  primary and metastatic tumors to larger than a  ew 
millimeters requires the recruitment o  blood vessels 
and vascular endothelial cells to support their meta-
bolic requirements. T us, a critical element in growth 
o  primary tumors and  ormation o  metastatic sites is 
the angiogenic switch: the ability o  the tumor to pro-
mote the  ormation o  new capillaries  rom preexisting 
host vessels. T e angiogenic switch is a phase in tumor 
development when the dynamic balance o  pro- and 
antiangiogenic  actors is tipped in  avor o  vessel  or-
mation by the e ects o  the tumor on its immediate 
environment. Stimuli  or tumor angiogenesis include 
hypoxemia, in ammation, and genetic lesions in onco-
genes or tumor suppressors that alter tumor cell gene 

expression. Angiogenesis consists o  several steps, 
including the stimulation o  endothelial cells (ECs) by 
growth  actors, degradation o  the ECM by proteases, 
proli eration and migration o  ECs into the tumor, and 
the eventual  ormation o  new capillary tubes.

 umor blood vessels are not normal; they have cha-
otic architecture and blood  ow. Due to an imbalance 
o  angiogenic regulators such as VEGF and angio-
poietins (see below), tumor vessels are tortuous and 
dilated with an uneven diameter, excessive branching, 
and shunting.  umor blood  ow is variable, with areas 
o  hypoxemia and acidosis leading to the selection o  
variants that are resistant to hypoxemia-induced apop-
tosis (o en due to the loss o  p53 expression).  umor 
vessel walls have numerous openings, widened interen-
dothelial junctions, and discontinuous or absent base-
ment membrane; this contributes to the high vascular 
permeability o  these vessels and, together with lack o  
 unctional intratumoral lymphatics, causes increased 
interstitial pressure within the tumor (which also inter-
 eres with the delivery o  therapeutics to the tumor; 
Figs. 26-9, 26-10, and 26-11).  umor blood vessels lack 
perivascular cells such as pericytes and smooth-muscle 
cells that normally regulate  ow in response to tissue 
metabolic needs.

Unlike normal blood vessels, the vascular lining o  
tumor vessels is not a homogeneous layer o  ECs but 
o en consists o  a mosaic o  ECs and tumor cells with 
upregulated genes seen in ECs and vessel  ormation that 
can occur in hypoxic conditions because o  their plas-
ticity; the concept o  cancer cell–derived vascular chan-
nels, which may be lined by ECM secreted by the tumor 
cells, is re erred to as vascular mimicry. During tumor 
angiogenesis, ECs are highly proli erative and express a 
number o  plasma membrane proteins that are charac-
teristic o  activated endothelium, including growth  ac-
tor receptors and adhesion molecules such as integrins.

MECHANISMS OF TUMOR VESSEL 
FORMATION
 umors use a number o  mechanisms to promote vas-
cularization, subverting normal angiogenic processes 
 or this purpose (Fig. 26-9). Primary or metastatic 
tumor cells sometimes arise in proximity to host blood 
vessels and grow around these vessels, parasitizing 
nutrients by co-opting the local blood supply. How-
ever, most tumor blood vessels arise by the process o  
sprouting, in which tumors secrete trophic angiogenic 
molecules, the most potent being vascular endothelial 
growth  actors (VEGF), that induce the proli eration 
and migration o  host ECs into the tumor. Sprouting 
in normal and pathogenic angiogenesis is regulated 
by three  amilies o  transmembrane receptor tyrosine 
kinases (R Ks) expressed on ECs and their ligands 
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(VEGFs, angiopoietins, ephrins; Fig. 26-10), which are 
produced by tumor cells, in ammatory cells, or stromal 
cells in the tumor microenvironment.

When tumor cells arise in or metastasize to an avas-
cular area, they grow to a size limited by hypoxemia 
and nutrient deprivation. Hypoxemia, a key regula-
tor o  tumor angiogenesis, causes the transcriptional 

induction o  the gene encoding VEGF. VEGF and its 
receptors are required  or embryonic vasculogenesis 
(development o  new blood vessels when none preex-
ist) and normal (wound healing, corpus luteum  orma-
tion) and pathologic angiogenesis (tumor angiogenesis, 
in ammatory conditions such as rheumatoid arthritis). 
VEGF-A is a heparin-binding glycoprotein with at least 
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FIGURE 26 -9
Tu m or an g io g en esis is a  com p lex p ro cess invo lvin g  m any 
d if e ren t  ce ll typ es th a t  m u st  p ro li e ra te , m ig ra te , invad e, 
an d  d if e ren t ia te  in  re sp o n se  to  sig n a ls  rom  th e  tu m o r 
m icro enviro n m en t . Endothelial cells (ECs) sprout  rom host 
vessels in response to VEGF, bFGF, Ang2, and other proangiogenic 
stimuli. Sprouting is stimulated by VEGF/VEGFR2, Ang2/Tie2, 
and integrin/extracellular matrix (ECM) interactions. Bone mar-
row–derived circulating endothelial precursors (CEPs) migrate to 
the tumor in response to VEGF and di erentiate into ECs, while 
hematopoietic stem cells di erentiate into leukocytes, including  

 
tumor-associated macrophages that secrete angiogenic growth 
 actors and produce matrix metalloproteinases (MMPs) that 
remodel the ECM and release bound growth  actors. Tumor cells 
themselves may directly  orm parts o  vascular channels within 
tumors. The pattern o  vessel  ormation is haphazard: vessels 
are tortuous, dilated, and leaky and branch in random ways. This 
leads to uneven blood f ow within the tumor, with areas o  acido-
sis and hypoxemia (which stimulate release o  angiogenic  actors) 
and high intratumoral pressures that inhibit delivery o  therapeu-
tic agents.
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 our iso orms (splice variants) that regulates blood ves-
sel  ormation by binding to the R Ks VEGFR1 and 
VEGFR2, which are expressed on all ECs in addition 
to a subset o  hematopoietic cells (Fig. 26-9). VEGFR2 
regulates EC proli eration, migration, and survival, 
whereas VEGFR1 may act as an antagonist o  R2 in 
ECs but is probably also important  or angioblast di -
 erentiation during embryogenesis.  umor vessels may 
be more dependent on VEGFR signaling  or growth 
and survival than normal ECs. Although VEGF sig-
naling is a critical initiator o  angiogenesis, this is a 
complex process regulated by additional signaling path-
ways (Fig. 26-10). T e angiopoietin, Ang1, produced 
by stromal cells, binds to the EC R K  ie2 and pro-
motes the interaction o  ECs with the ECM and peri-
vascular cells, such as pericytes and smooth-muscle 
cells, to  orm tight, nonleaky vessels. Platelet-derived 
growth  actor (PDGF) and basic  broblast growth  ac-
tor (bFGF) help to recruit these perivascular cells. Ang1 
is required  or maintaining the quiescence and stabil-
ity o  mature blood vessels and prevents the vascular 

permeability normally induced by VEGF and in am-
matory cytokines.

For tumor cell–derived VEGF to initiate sprouting 
 rom host vessels, the stability con erred by the Ang1/
 ie2 pathway must be perturbed; this occurs by the secre-
tion o  Ang2 by ECs that are undergoing active remodel-
ing. Ang2 binds to  ie2 and is a competitive inhibitor o  
Ang1 action: under the in uence o  Ang2, preexisting 
blood vessels become more responsive to remodeling 
signals, with less adherence o  ECs to stroma and associ-
ated perivascular cells and more responsiveness to VEGF. 
T ere ore, Ang2 is required at early stages o  tumor angio-
genesis  or destabilizing the vasculature by making host 
ECs more sensitive to angiogenic signals. Because tumor 
ECs are blocked by Ang2, there is no stabilization by the 
Ang1/ ie2 interaction, and tumor blood vessels are leaky, 
hemorrhagic, and have poor association o  ECs with 
underlying stroma. Sprouting tumor ECs express high 
levels o  the transmembrane protein ephrin-B2 and its 
receptor, the R K EPH, whose signaling appears to work 
with the angiopoietins during vessel remodeling. During 

FIGURE 26 -10
Crit ica l m o lecu la r d e te rm inants o   end o the lia l ce ll b io l 
ogy. Angiogenic endothelium expresses a number o  receptors 
not  ound on resting endothelium. These include receptor tyrosine 
kinases (RTKs) and integrins that bind to the extracellular matrix 
and mediate endothelial cell (EC) adhesion, migration, and inva-
sion. ECs also express RTK (i.e., the FGF and PDGF receptors) that 
are  ound on many other cell types. Critical  unctions mediated by 

activated RTK include proli eration, migration, and enhanced sur-
vival o  endothelial cells, as well as regulation o  the recruitment 
o  perivascular cells and bloodborne circulating endothelial pre-
cursors and hematopoietic stem cells to the tumor. Intracellular 
signaling via EC-speci c RTK uses molecular pathways that may be 
targets  or  uture antiangiogenic therapies.
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FIGURE 26 -11
No rm aliza t ion  o   tum o r b lo o d  vesse ls d ue  to  in h ib it io n  o   
VEGF sig n a lin g . A. Blood vessels in normal tissues exhibit a reg-
ular hierarchical branching pattern that delivers blood to tissues 
in a spatially and temporally e cient manner to meet the meta-
bolic needs o  the tissue (top). At the microscopic level, tight junc-
tions are maintained between endothelial cells (ECs), which are 
adherent to a thick and evenly distributed basement membrane 
(BM). Pericytes  orm a surrounding layer that provides trophic 
signals to the EC and helps maintain proper vessel tone. Vascu-
lar permeability is regulated, interstitial f uid pressure is low, and 
oxygen tension and pH are physiologic. B. Tumors have abnor-
mal vessels with tortuous branching and dilated, irregular inter-
connecting branches, causing uneven blood f ow with areas o  
hypoxemia and acidosis. This harsh environment selects genetic  

 
events that result in resistant tumor variants, such as the loss o  
p53. High levels o  VEGF (secreted by tumor cells) disrupt gap 
junction communication, tight junctions, and adherens junctions 
between EC via src-mediated phosphorylation o  proteins such as 
connexin 43, zonula occludens-1, VE-cadherin, and α/β-catenins. 
Tumor vessels have thin, irregular BM, and pericytes are sparse or 
absent. Together, these molecular abnormalities result in a vas-
culature that is permeable to serum macromolecules, leading to 
high tumor interstitial pressure, which can prevent the delivery 
o  drugs to the tumor cells. This is made worse by the binding 
and activation o  platelets at sites o  exposed BM, with release o  
stored VEGF and microvessel clot  ormation, creating more abnor-
mal blood f ow and regions o  hypoxemia. C. In experimental 
systems, treatment with bevacizumab or blocking antibodies to 
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355embryogenesis, EPH receptors are expressed on the endo-
thelium o  primordial venous vessels while the transmem-
brane ligand ephrin-B2 is expressed by cells o  primordial 
arteries; the reciprocal expression may regulate di eren-
tiation and patterning o  the vasculature.

A number o  ubiquitously expressed host molecules 
play critical roles in normal and pathologic angiogenesis. 
Proangiogenic cytokines, chemokines, and growth  ac-
tors secreted by stromal cells or in ammatory cells make 
important contributions to neovascularization, including 
bFGF, trans orming growth  actor α ( GF-α),  NF-α, 
and IL-8. In contrast to normal endothelium, angiogenic 
endothelium overexpresses speci c members o  the inte-
grin  amily o  ECM-binding proteins that mediate EC 
adhesion, migration, and survival. Speci cally, expres-
sion o  integrins αvβ3, αvβ5, and α5β1 mediates spreading 
and migration o  ECs and is required  or angiogenesis 
induced by VEGF and bFGF, which in turn can upreg-
ulate EC integrin expression. T e αvβ3 integrin physi-
cally associates with VEGFR2 in the plasma membrane 
and promotes signal transduction  rom each receptor to 
promote EC proli eration (via  ocal adhesion kinase, src, 
PI3K, and other pathways) and survival (by inhibition 
o  p53 and increasing the Bcl-2/Bax expression ratio). 
In addition, αvβ3  orms cell-sur ace complexes with 
matrix metalloproteinases (MMPs), zinc-requiring pro-
teases that cleave ECM proteins, leading to enhanced EC 
migration and the release o  heparin-binding growth  ac-
tors, including VEGF and bFGF. EC adhesion molecules 
can be upregulated (i.e., by VEGF,  NF-α) or down-
regulated (by  GF-β); this, together with chaotic blood 
 ow, explains poor leukocyte-endothelial interactions 
in tumor blood vessels and may help tumor cells avoid 
immune surveillance.

Lymphatic vessels also exist within tumors. Develop-
ment o  tumor lymphatics is associated with expression o  
VEGFR3 and its ligands VEGF-C and VEGF-D. T e role 
o  these vessels in tumor cell metastasis to regional lymph 
nodes remains to be determined. However, VEGF-C 
levels correlate signi cantly with metastasis to regional 
lymph nodes in lung, prostate, and colorectal cancers.

ANTIANGIOGENIC THERAPY
Angiogenesis inhibitors  unction by targeting the criti-
cal molecular pathways involved in EC proli eration, 

migration, and/or survival, many o  which are unique 
to the activated endothelium in tumors. Inhibition o  
growth  actor and adhesion-dependent signaling path-
ways can induce EC apoptosis with concomitant inhi-
bition o  tumor growth. Di erent types o  tumors can 
use distinct combinations o  molecular mechanisms to 
activate the angiogenic switch. T ere ore, it is doubt-
 ul that a single antiangiogenic strategy will su ce 
 or all human cancers; rather, a number o  agents or 
combinations o  agents will be needed, depending on 
distinct programs o  angiogenesis used by di erent 
human cancers. Despite this, experimental data indi-
cate that  or some tumor types, blockade o  a single 
growth  actor (e.g., VEGF) may inhibit tumor-induced 
vascular growth.

Bevacizumab, an antibody that binds VEGF, appears 
to potentiate the e ects o  a number o  di erent types 
o  active chemotherapeutic regimens used to treat a 
variety o  di erent tumor types including colon cancer, 
lung cancer, cervical cancer, and RCC.

Bevacizumab is administered IV every 2–3 weeks 
(its hal -li e is nearly 20 days) and is generally well tol-
erated. Hypertension is the most common side e ect 
o  inhibitors o  VEGF (or its receptors), but can be 
treated with antihypertensive agents and rarely requires 
discontinuation o  therapy. Rare but serious potential 
risks include arterial thromboembolic events, includ-
ing stroke and myocardial in arction, and hemorrhage. 
Another serious complication is bowel per oration, 
which has been observed in 1–3% o  patients (mainly 
those with colon and ovarian cancers). Inhibition o  
wound healing is also seen.

Several small-molecule inhibitors (SMIs) that target 
VEGFR tyrosine kinase activity but are also inhibitory 
to other kinases have also been approved to treat certain 
cancers. Sunitinib (see above and  able 26-2) has activ-
ity directed against mutant c-Kit receptors (approved 
 or GIS ), but also targets VEGFR and PDGFR, and 
has shown signi cant antitumor activity against meta-
static RCC, presumably on the basis o  its antiangio-
genic activity. Similarly, sora enib, originally developed 
as a Ra  kinase inhibitor but with potent activity against 
VEGFR and PDGFR, has activity against RCC, thy-
roid cancer, and hepatocellular cancer. Other inhibitors 
o  VEGFR approved  or the treatment o  RCC include 
axitinib and pazopanib.

VEGFR2 leads to changes in the tumor vasculature that has been 
termed vessel normalization. During the  rst week o  treatment, 
abnormal vessels are eliminated or pruned (dotted lines), leaving 
a more normal branching pattern. ECs partially regain  eatures 
such as cell-cell junctions, adherence to a more normal BM, and 
pericyte coverage. These changes lead to a decrease in vascu-
lar permeability, reduced interstitial pressure, and a transient 

increase in blood f ow within the tumor. Note that in murine 
models, this normalization period lasts only  or ~5–6 days. D. 
A ter continued anti-VEGF/VEGFR therapy (which is o ten com-
bined with chemo- or radiotherapy), ECs die, leading to tumor 
cell death (either due to direct e ects o  the chemotherapy or 
lack o  blood f ow).
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FIGURE 26 -12
Knowledge o   the  molecular events governing tumor angio  
genesis has led  to  a  numb er o   therap eutic strateg ies to  
b lock tumor b lood  vessel  ormation. The success ul therapeu-
tic targeting o  VEGF is described in the text. Other endothelial 
cell–speci c receptor tyrosine kinase pathways (e.g., angiopoi-
etin/Tie2 and ephrin/EPH) are likely targets  or the  uture. Ligation 
o  the αvβ3 integrin is required  or endothelial cell (EC) survival. 
Integrins are also required  or EC migration and are important 
regulators o  matrix metalloproteinase (MMP) activity, which 
modulates EC movement through the extracellular matrix (ECM) 
as well as release o  bound growth  actors. Targeting o  integ-
rins includes development o  blocking antibodies, small peptide 
inhibitors o  integrin signaling, and arg-gly-asp–containing pep-
tides that prevent integrin:ECM binding. Peptides derived  rom  

 
normal proteins by proteolytic cleavage, including endostatin 
and tumstatin, inhibit angiogenesis by mechanisms that include 
inter ering with integrin  unction. Signal transduction pathways 
that are dysregulated in tumor cells indirectly regulate EC  unc-
tion. Inhibition o  EGF- amily receptors, whose signaling activity 
is upregulated in a number o  human cancers (e.g., breast, colon, 
and lung cancers), results in downregulation o  VEGF and IL-8, 
while increasing expression o  the antiangiogenic protein throm-
bospondin-1. The Ras/MAPK, PI3K/Akt, and Src kinase pathways 
constitute important antitumor targets that also regulate the pro-
li eration and survival o  tumor-derived EC. The discovery that ECs 
 rom normal tissues express tissue-speci c “vascular addressins” 
on their cell sur ace suggests that targeting speci c EC subsets 
may be possible.

T e success in targeting tumor angiogenesis has led to 
enhanced enthusiasm  or the development o  drugs that 
target other aspects o  the angiogenic process; some o  
these therapeutic approaches are outlined in Fig. 26-12.

EVASION OF THE IMMUNE SYSTEM BY 
CANCERS
Cancers have a number o  mechanisms that allow them 
to evade detection and elimination by the immune sys-
tem. T ese include downregulation o  cell sur ace pro-
teins involved in immune recognition (including MHC 
proteins and tumor-speci c antigens), expression o  
other cell sur ace proteins that inhibit immune  unction 
(including members o  the B7  amily o  proteins such as 

PD-L1), secretion o  proteins and other molecules that 
are immunosuppressive, recruitment and expansion o  
immunosuppressive cells such as regulatory   cells, and 
induction o    cell tolerance. In addition, the in amma-
tory e ects o  some o  the immune mediator cells in the 
tumor microenvironment (especially tissue-associated 
macrophages and myeloid-derived suppressor cells) can 
suppress   cell responses to the tumor as well as stimu-
late in ammation that can enhance tumor growth.

Immunotherapy approaches to treat cancer aimed 
at activating the immune response against tumors 
using immunostimulatory molecules such as inter er-
ons, IL-2, and monoclonal antibodies have had some 
successes. Another approach that has shown particu-
lar clinical promise is the targeting o  proteins or cells 
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(such as regulatory   cells) involved in normal homeo-
static control to prevent autoimmune damage to the 
host but that malignant cells and their stroma can also 
use to inhibit the immune response directed against 
them. T e approach that is  urthest along clinically 
has involved targeting C LA-4, PD-1, and PDL-1, co-
inhibitory molecules that are expressed on the sur ace 
o  cancer cells, cells o  the immune system, and/or stro-
mal cells and are involved in inhibiting the immune 
response against cancer (Fig. 26-13). Monoclonal anti-
bodies directed against C LA-4 and PD-1 are approved 
 or the treatment o  melanoma, and additional antibod-
ies targeting PD-1 or PDL-1 have shown activity against 
melanoma, RCC, and lung cancer and continue to be 
evaluated against other malignancies as well. Com-
bination approaches targeting more than one protein 
or involving other anticancer approaches (targeted 
agents, chemotherapy, radiation therapy) are also being 
explored and have shown promise in early studies. An 
important aspect o  these approaches is balancing su -
 cient release o  the negative control o  the immune 
response to allow immune-mediated attack on the 

Tumor ce lls

Elaboration of 
immunos uppres s ive

cytokines

TGF-β
Inte rleukin-4
Inte rleukin-6
Inte rleukin-10

T regula tory ce lls
CD11+ granulocytes
Macrophages

Induction of CTLA-4
Induction of PD-1

T ce ll inactivation

Cell s ignaling  dis ruption

Degrada tion of
T ce ll receptor
ζ  cha in

Class  I MHC loss
in tumor ce lls

STAT-3 s igna ling
loss  in T ce lls
Genera tion of
indoleamine  2,
3-dioxygenase

Immunos uppres s ive
immune  ce lls

FIGURE 26 -13
Tu m or h o st  in te ract io n s that suppress the immune response to the tumor.

tumors while not allowing too much release and induc-
ing severe autoimmune e ects (such as against skin, 
thyroid, pituitary gland, or the gastrointestinal tract).

SUMMARY
T e explosion o  in ormation on tumor cell biology, 
metastasis, and tumor-host interactions (including 
angiogenesis and immune evasion by tumors) has 
ushered in a new era o  rational targeted therapy  or 
cancer. Furthermore, it has become clear that spe-
ci c molecular  actors detected in individual tumors 
(speci c gene mutations, gene-expression pro les, 
microRNA expression, overexpression o  speci c pro-
teins) can be used to tailor therapy and maximize anti-
tumor e ects.
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Robert G. Fenton contributed to this chapter in prior edi-
tions, and important material from those prior chapters 
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T e application o  current treatment techniques (sur-
gery, radiation therapy, chemotherapy, and biologic 
therapy) results in the cure o  nearly two o  three 
patients diagnosed with cancer. Nevertheless, patients 
experience the diagnosis o  cancer as one o  the most 
traumatic and revolutionary events that has ever hap-
pened to them. Independent o  prognosis, the diag-
nosis brings with it a change in a person’s sel -image 
and in his or her role in the home and workplace. 
T e prognosis o  a person who has just been  ound to 
have pancreatic cancer is the same as the prognosis o  
the person with aortic stenosis who develops the  rst 
symptoms o  congestive heart  ailure (median sur-
vival, ~8 months). However, the patient with heart 
disease may remain  unctional and maintain a sel -
image as a  ully intact person with just a mal unction-
ing part, a diseased organ (“a bum ticker”). By contrast, 
the patient with pancreatic cancer has a completely 
altered sel -image and is viewed di erently by  am-
ily and anyone who knows the diagnosis. He or she is 
being attacked and invaded by a disease that could be 
anywhere in the body. Every ache or pain takes on des-
perate signi cance. Cancer is an exception to the coor-
dinated interaction among cells and organs. In general, 
the cells o  a multicellular organism are programmed 
 or collaboration. Many diseases occur because the 
specialized cells  ail to per orm their assigned task. 
Cancer takes this mal unction one step  urther. Not 
only is there a  ailure o  the cancer cell to maintain 
its specialized  unction, but it also strikes out on its 
own; the cancer cell competes to survive using natu-
ral mutability and natural selection to seek advantage 
over normal cells in a recapitulation o  evolution. One 
consequence o  the traitorous behavior o  cancer cells 
is that the patient  eels betrayed by his or her body. T e 
cancer patient  eels that he or she, and not just a body 
part, is diseased.

APPROACH TO THE PATIENT 
WITH CANCER

CHAP TER 2 7

THE MAGNITUDE OF THE PROBLEM

No nationwide cancer registry exists; there ore, the inci-
dence o  cancer is estimated on the basis o  the National 
Cancer Institute’s Surveillance, Epidemiology, and End 
Results (SEER) database, which tabulates cancer inci-
dence and death  gures  rom 13 sites, accounting  or 
about 10% o  the U.S. population, and  rom population 
data  rom the U.S. Census Bureau. In 2014, 1.665 mil-
lion new cases o  invasive cancer (855,220 men, 810,320 
women) were diagnosed, and 585,720 persons (310,010 
men, 275,710 women) died  rom cancer. T e percent 
distribution o  new cancer cases and cancer deaths by 
site  or men and women is shown in Table 27-1. Cancer 
incidence has been declining by about 2% each year 
since 1992. Cancer is the cause o  one in  our deaths in 
the United States.

T e most signi cant risk  actor  or cancer overall 
is age; two-thirds o  all cases were in those older than 
age 65 years. Cancer incidence increases as the third, 
 ourth, or   h power o  age in di erent sites. For the 
interval between birth and age 49 years, 1 in 29 men 
and 1 in 19 women will develop cancer;  or the inter-
val between ages 50 and 59 years, 1 in 15 men and 1 in 
17 women will develop cancer;  or the interval between 
ages 60 and 69 years, 1 in 6 men and 1 in 10 women will 
develop cancer; and  or people age 70 and older, 1 in 
3 men and 1 in 4 women will develop cancer. Overall, 
men have a 44% risk o  developing cancer at some time 
during their lives; women have a 38% li etime risk.

Cancer is the second leading cause o  death behind 
heart disease. Deaths  rom heart disease have declined 
45% in the United States since 1950 and continue to 
decline. Cancer has overtaken heart disease as the 
number one cause o  death in persons younger than 
age 85 years. Incidence trends over time are shown in 
Fig. 27-1. A er a 70-year period o  increase, cancer 
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deaths began to decline in 1990–1991 (Fig. 27-2). 
Between 1990 and 2010, cancer deaths decreased by 
21% among men and 12.3% among women. T e mag-
nitude o  the decline is illustrated in Fig. 27-3. T e  ve 
leading causes o  cancer deaths are shown  or various 
populations in Table 27-2. T e 5-year survival  or white 
patients was 39% in 1960–1963 and 69% in 2003–2009. 
Cancers are more o en deadly in blacks; the 5-year sur-
vival was 61%  or the 2003–2009 interval; however, the 
racial di erences are narrowing over time. Incidence 
and mortality vary among racial and ethnic groups 
(Table 27-3). T e basis  or these di erences is unclear.

CANCER AROUND THE WORLD
In 2008, 12.7 million new cancer cases and 7.6 
million cancer deaths were estimated worldwide, 
according to estimates o  GLOBOCAN 2008, 

developed by the International Agency  or Research on 
Cancer (IARC). When broken down by region o  the 
world, ~45% o  cases were in Asia, 26% in Europe, 14.5% 
in North America, 7.1% in Central/South America, 6% 
in A rica, and 1% in Australia/New Zealand (Fig. 27-4). 

Lung cancer is the most common cancer and the most 
common cause o  cancer death in the world. Its incidence 
is highly variable, a ecting only 2 per 100,000 A rican 
women but as many as 61 per 100,000 North American 
men. Breast cancer is the second most common cancer 
worldwide; however, it ranks   h as a cause o  death 
behind lung, stomach, liver, and colorectal cancer. 
Among the eight most common  orms o  cancer, lung 
(2- old), breast (3- old), prostate (2.5- old), and colorec-
tal (3- old) cancers are more common in more developed 
countries than in less developed countries. By contrast, 
liver (2- old), cervical (2- old), and esophageal (2- to 
3- old) cancers are more common in less developed 
countries. Stomach cancer incidence is similar in more 
and less developed countries but is much more common 
in Asia than North America or A rica. T e most com-
mon cancers in A rica are cervical, breast, and liver 
cancers. It has been estimated that nine modi able risk 
 actors are responsible  or more than one-third o  cancers 
worldwide. T ese include smoking, alcohol consump-
tion, obesity, physical inactivity, low  ruit and vegetable 
consumption, unsa e sex, air pollution, indoor smoke 
 rom household  uels, and contaminated injections.

TABLE 27-1
DISTRIBUTION OF CANCER INCIDENCE AND DEATHS FOR 2014

MALE  FEMALE

SITES  %  NUMBER  SITES  %  NUMBER

Can ce r Incid en ce

Prostate  27  233,000  Breast  29  232,670
Lung  14  116,000  Lung  13  108,210
Colorectal  8  71,830  Colorectal  8  65,000
Bladder  7  56,390  Endometrial  6  52,630
Melanoma  5  43,890  Thyroid  6  47,790
Kidney  4  39,140  Lymphoma  4  32,530
Lymphoma  4  38,270  Melanoma  4  32,210
Oral cavity  4  30,220  Kidney  3  24,780
Leukemia  4  30,100  Pancreas  3  22,890
Liver  3  24,600  Leukemia  3  22,280
All others  20  171,780  All others  21  169,330
All sites  100  855,220  All sites  100  810,320
Can ce r Dea th s

Lung  28  86,930  Lung  26  72,330
Prostate  10  29,480  Breast  15  40,000
Colorectal  8  26,270  Colorectal  9  24,040
Pancreas  7  20,170  Pancreas  7  19,420
Liver  5  15,870  Ovary  5  14,270
Leukemia  5  14,040  Leukemia  4  10,050
Esophagus  4  12,450  Endometrial  3  8,590
Bladder  4  11,170  Lymphoma  3  8,520
Lymphoma  3 10,470  Liver  3  7,130
Kidney  3  8,900  CNS  2  6,230
All others  23  74,260  All others  23  65,130
All sites  100  310,010  All sites  100  275,710

Source: From R Siegel et al: Cancer statistics, 2014. CA Cancer J Clin 64:9, 2014.
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FIGURE 27 -1
Incid ence  rates for p art icu la r typ es of cancer over the last 35 years in male (A) and  emale (B). (From R Siegel et al: CA Cancer J Clin 64:9, 
2014.)

FIGURE 27 -2
Eig h ty yea r t ren d  in  can ce r d ea th  ra te s  or (A)  emale and 
(B) male by site in the United States, 1930–2010. Rates are per 
100,000 age-adjusted to the 2000 U.S. standard population. All 

sites combined (A), individual sites in male (B) and individual sites 
in  emale (C) are shown. (From R Siegel et al: CA Cancer J Clin 64:9, 
2014.)
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PATIENT MANAGEMENT

Important in ormation is obtained  rom every portion 
o  the routine history and physical examination. T e 
duration o  symptoms may reveal the chronicity o  dis-
ease. T e past medical history may alert the physician 
to the presence o  underlying diseases that may a ect 
the choice o  therapy or the side e ects o  treatment. 
T e social history may reveal occupational exposure to 
carcinogens or habits, such as smoking or alcohol con-
sumption, that may in uence the course o  disease and 
its treatment. T e  amily history may suggest an under-
lying  amilial cancer predisposition and point out the 
need to begin surveillance or other preventive therapy 
 or una ected siblings o  the patient. T e review o  sys-
tems may suggest early symptoms o  metastatic disease 
or a paraneoplastic syndrome.

DIAGNOSIS
T e diagnosis o  cancer relies most heavily on invasive 
tissue biopsy and should never be made without obtain-
ing tissue; no noninvasive diagnostic test is suf cient to 
de ne a disease process as cancer. Although in rare clini-
cal settings (e.g., thyroid nodules),  ne-needle aspira-
tion is an acceptable diagnostic procedure, the diagnosis 
generally depends on obtaining adequate tissue to permit 
care ul evaluation o  the histology o  the tumor, its grade, 
and its invasiveness and to yield  urther molecular diag-
nostic in ormation, such as the expression o  cell-sur ace 
markers or intracellular proteins that typi y a particular 
cancer, or the presence o  a molecular marker, such as the 
t(8;14) translocation o  Burkitt’s lymphoma. Increasing 
evidence links the expression o  certain genes with the 
prognosis and response to therapy (Chaps. 25 and 26).
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Occasionally a patient will present with a metastatic 
disease process that is de ned as cancer on biopsy but 
has no apparent primary site o  disease. E orts should 
be made to de ne the primary site based on age, sex, 
sites o  involvement, histology and tumor markers, and 
personal and  amily history. Particular attention should 
be  ocused on ruling out the most treatable causes 
(Chap. 49).

Once the diagnosis o  cancer is made, the manage-
ment o  the patient is best undertaken as a multidisci-
plinary collaboration among the primary care physician, 

medical oncologists, surgical oncologists, radiation 
oncologists, oncology nurse specialists, pharmacists, 
social workers, rehabilitation medicine specialists, and a 
number o  other consulting pro essionals working closely 
with each other and with the patient and  amily.

DEFINING THE EXTENT OF DISEASE AND 
THE PROGNOSIS
T e  rst priority in patient management a er the 
diagnosis o  cancer is established and shared with the 
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TABLE 27-2  
THE FIVE LEADING PRIMARY TUMOR SITES FOR PATIENTS DYING OF CANCER BASED ON AGE AND SEX IN 2010

RANK  SEX  ALL AGES

AGE, YEARS

UNDER 20  20–39  40–59  60–79  >80

1  M  Lung  Leukemia  Leukemia  Lung  Lung  Lung
F  Lung  Leukemia  Breast  Breast  Lung  Lung

2  M  Prostate  CNS  CNS  Colorectal  Colorectal  Prostate
F  Breast  CNS  Cervix  Lung  Breast  Breast

3  M  Colorectal  Bone sarcoma  Colorectal  Liver  Prostate  Colorectal
F  Colorectal  Bone sarcoma  Leukemia  Colorectal  Colorectal  Colorectal

4  M  Pancreas  So t tissue sarcoma  Lymphoma  Pancreas  Pancreas  Bladder
F  Pancreas  So t tissue sarcoma  Colorectal  Ovary  Pancreas  Pancreas

5  M  Liver  Lymphoma  Lung  Esophagus  Liver  Pancreas
F  Ovary  Liver  CNS  Pancreas  Ovary  Lymphoma

Abbrevia t ions: CNS, central nervous system; F,  emale; M, male.
Source: From R Siegel et al: Cancer statistics, 2014. CA Cancer J Clin 64:9, 2014.

FIGURE 27 -3
Th e  d eclin e  in  d ea th  ra te s fro m  can cer is 
shown  or di erent age ranges by sex and race 
 or the 20-year period between 1991 and 2010 
expressed as a percentage o  the 1991 rate. 
(From R Siegel et al: CA Cancer J Clin 64:9, 2014.)
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patient is to determine the extent o  disease. T e cur-
ability o  a tumor usually is inversely proportional 
to the tumor burden. Ideally, the tumor will be diag-
nosed be ore symptoms develop or as a consequence o  
screening e orts (Chap. 28). A very high proportion o  
such patients can be cured. However, most patients with 
cancer present with symptoms related to the cancer, 
caused either by mass e ects o  the tumor or by altera-
tions associated with the production o  cytokines or 
hormones by the tumor.

For most cancers, the extent o  disease is evaluated 
by a variety o  noninvasive and invasive diagnostic tests 

and procedures. T is process is called staging. T ere are 
two types. Clinical staging is based on physical examina-
tion, radiographs, isotopic scans, computed tomography 
(C ) scans, and other imaging procedures; pathologic 
staging takes into account in ormation obtained during 
a surgical procedure, which might include intraopera-
tive palpation, resection o  regional lymph nodes and/
or tissue adjacent to the tumor, and inspection and 
biopsy o  organs commonly involved in disease spread. 
Pathologic staging includes histologic examination o  all 
tissues removed during the surgical procedure. Surgi-
cal procedures per ormed may include a simple lymph 

TABLE 27 -3  
CANCER INCIDENCE AND MORTALITY IN RACIAL AND ETHNIC GROUPS, UNITED 
STATES, 2006–2010

SITE  SEX  WHITE  BLACK
ASIAN/PACIFIC 
ISLANDER

AMERICAN 
INDIANa HISPANIC

In cid en ce  p e r 100,000 Po p u la t io n

All  M  548.1  601.0  326.1  441.1  426.8
F  436.2  395.9  282.6  372.0  330.8

Breast  127.3  118.4  84.7  90.3  91.1
Colorectal  M  50.9  62.5  40.8  51.7  47.3

F  38.6  46.7  31.0  42.7  32.6
Kidney  M  21.6  23.0  10.6  30.6  20.5

F  11.2  12.2  5.1  17.5  11.5
Liver  M  8.7  14.9  21.3  17.8  11.5

F  2.9  4.4  8.0  8.0  6.9
Lung  M  82.9  94.7  48.8  70.2  45.9

F  57.1  50.7  27.6  41.3  26.5
Prostate  138.6  220.0  75.0  104.1  124.2
Cervix  7.2  10.3  6.7  9.7  10.9
Death s p e r 100,000 Pop u la t ion

All  M  217.3  276.6  132.4  191.0  152.2
F  153.6  171.2  92.1  139.0  101.3

Breast  22.7  30.8  11.5  15.5  14.8
Colorectal  M  19.2  28.7  13.1  18.7  16.1

F  13.6  19.0  9.7  15.4  10.2
Kidney  M  5.9  5.7  3.0 9.5  5.1

F  2.6  2.6  1.2  4.4  2.3
Liver  M  7.1  11.8  14.4  13.2  12.3

F  2.9  4.1  6.0  6.1  5.4
Lung  M  65.7  78.5  35.5  49.6  31.3

F  42.7  37.2  18.4  33.1  14.1
Prostate  21.3  50.9  10.1  20.7  19.2
Cervix  2.1  4.2  1.9  3.5  2.9

aBased on Indian Health Service delivery areas.
Abbrevia tions: F,  emale; M, male. 
Source: From R Siegel R et al: Cancer statistics, 2014. CA Cancer J Clin 64:9, 2014.
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node biopsy or more extensive procedures such as tho-
racotomy, mediastinoscopy, or laparotomy. Surgical 
staging may occur in a separate procedure or may be 
done at the time o  de nitive surgical resection o  the 
primary tumor.

Knowledge o  the predilection o  particular tumors 
 or spreading to adjacent or distant organs helps direct 
the staging evaluation.

In ormation obtained  rom staging is used to de ne 
the extent o  disease as localized, as exhibiting spread 
outside o  the organ o  origin to regional but not dis-
tant sites, or as metastatic to distant sites. T e most 
widely used system o  staging is the  NM (tumor, 
node, metastasis) system codi ed by the International 
Union Against Cancer and the American Joint Com-
mittee on Cancer. T e  NM classi cation is an ana-
tomically based system that categorizes the tumor 
on the basis o  the size o  the primary tumor lesion 
( 1–4, where a higher number indicates a tumor o  
larger size), the presence o  nodal involvement (usu-
ally N0 and N1  or the absence and presence, respec-
tively, o  involved nodes, although some tumors have 
more elaborate systems o  nodal grading), and the pres-
ence o  metastatic disease (M0 and M1  or the absence 
and presence, respectively, o  metastases). T e various 

permutations o   , N, and M scores (sometimes includ-
ing tumor histologic grade [G]) are then broken into 
stages, usually designated by the roman numerals I 
through IV.  umor burden increases and curability 
decreases with increasing stage. Other anatomic stag-
ing systems are used  or some tumors, e.g., the Dukes 
classi cation  or colorectal cancers, the International 
Federation o  Gynecologists and Obstetricians clas-
si cation  or gynecologic cancers, and the Ann Arbor 
classi cation  or Hodgkin’s disease.

Certain tumors cannot be grouped on the basis o  
anatomic considerations. For example, hematopoietic 
tumors such as leukemia, myeloma, and lymphoma 
are o en disseminated at presentation and do not 
spread like solid tumors. For these tumors, other prog-
nostic  actors have been identi ed (Chaps. 14, 15, 16, 
17, and 18).

In addition to tumor burden, a second major deter-
minant o  treatment outcome is the physiologic reserve 
o  the patient. Patients who are bedridden be ore devel-
oping cancer are likely to  are worse, stage  or stage, 
than  ully active patients. Physiologic reserve is a 
determinant o  how a patient is likely to cope with the 
physiologic stresses imposed by the cancer and its treat-
ment. T is  actor is dif cult to assess directly. Instead, 
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367Increasingly, biologic  eatures o  the tumor are 
being related to prognosis. T e expression o  par-
ticular oncogenes, drug-resistance genes, apoptosis-
related genes, and genes involved in metastasis is being 
 ound to in uence response to therapy and prognosis. 
T e presence o  selected cytogenetic abnormalities 
may in uence survival.  umors with higher growth 
 ractions, as assessed by expression o  proli eration-
related markers such as proli erating cell nuclear anti-
gen, behave more aggressively than tumors with lower 
growth  ractions. In ormation obtained  rom study-
ing the tumor itsel  will increasingly be used to in u-
ence treatment decisions. Host genes involved in drug 
metabolism can in uence the sa ety and ef cacy o  
particular treatments.

Enormous heterogeneity has been noted by study-
ing tumors; we have learned that morphology is 
not capable o  discerning certain distinct subsets o  
patients whose tumors have di erent sets o  abnor-
malities.  umors that look the same by light micros-
copy can be very di erent. Similarly, tumors that look 
quite di erent  rom one another histologically can 
share genetic lesions that predict responses to treat-
ments. Furthermore, tumor cells vary enormously 
within a single patient even though the cells share a 
common origin.

MAKING A TREATMENT PLAN
From in ormation on the extent o  disease and the 
prognosis and in conjunction with the patient’s wishes, 
it is determined whether the treatment approach should 
be curative or palliative in intent. Cooperation among 
the various pro essionals involved in cancer treatment 
is o  the utmost importance in treatment planning. For 
some cancers, chemotherapy or chemotherapy plus 
radiation therapy delivered be ore the use o  de nitive 
surgical treatment (so-called neoadjuvant therapy) may 
improve the outcome, as seems to be the case  or locally 
advanced breast cancer and head and neck cancers. In 
certain settings in which combined-modality therapy is 
intended, coordination among the medical oncologist, 
radiation oncologist, and surgeon is crucial to achiev-
ing optimal results. Sometimes the chemotherapy and 
radiation therapy need to be delivered sequentially, 
and other times concurrently. Surgical procedures may 
precede or  ollow other treatment approaches. It is best 
 or the treatment plan either to  ollow a standard pro-
tocol precisely or else to be part o  an ongoing clinical 
research protocol evaluating new treatments. Ad hoc 
modi cations o  standard protocols are likely to com-
promise treatment results.

T e choice o  treatment approaches was  ormerly 
dominated by the local culture in both the univer-
sity and the practice settings. However, it is now pos-
sible to gain access electronically to standard treatment 

TABLE 27-5  
THE EASTERN COOPERATIVE ONCOLOGY GROUP 
(ECOG) PERFORMANCE SCALE
ECOG Grade 0: Fully active, able to carry on all predisease per-
 ormance without restriction

ECOG Grade 1: Restricted in physically strenuous activity but 
ambulatory and able to carry out work o  a light or sedentary 
nature, e.g., light housework, o ce work

ECOG Grade 2: Ambulatory and capable o  all sel -care but 
unable to carry out any work activities. Up and about more 
than 50% o  waking hours

ECOG Grade 3: Capable o  only limited sel -care, con ned to 
bed or chair more than 50% o  waking hours

ECOG Grade 4: Completely disabled. Cannot carry on any 
sel -care. Totally con ined to bed or chair

ECOG Grade 5: Dead

Source: From MM Oken et al: Am J Clin Oncol 5:649, 1982.

TABLE 27-4  
KARNOFSKY PERFORMANCE INDEX

PERFORMANCE 
STATUS

FUNCTIONAL CAPABILITY  
OF THE PATIENT

100  Normal; no complaints; no evidence o  
disease

90  Able to carry on normal activity; minor 
signs or symptoms o  disease

80  Normal activity with e ort; some signs or 
symptoms o  disease

70  Cares  or sel ; unable to carry on normal 
activity or do active work

60  Requires occasional assistance but is able to 
care  or most needs

50  Requires considerable assistance and  re-
quent medical care

40  Disabled; requires special care and 
assistance

30  Severely disabled; hospitalization is indi-
cated, although death is not imminent

20  Very sick; hospitalization is necessary; 
active supportive treatment is necessary

10  Moribund,  atal processes progressing 
rapidly

0  Dead

surrogate markers  or physiologic reserve are used, 
such as the patient’s age or Karno sky per ormance 
status (Table 27-4) or Eastern Cooperative Oncology 
Group (ECOG) per ormance status (Table 27-5). Older 
patients and those with a Karno sky per ormance status 
<70 or ECOG per ormance status ≥3 have a poor prog-
nosis unless the poor per ormance is a reversible conse-
quence o  the tumor.
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368 protocols and to every approved clinical research study 
in North America through a personal computer inter-
 ace with the Internet.1

T e skilled physician also has much to o er the patient 
 or whom curative therapy is no longer an option. O en 
a combination o  guilt and  rustration over the inability 
to cure the patient and the pressure o  a busy schedule 
greatly limit the time a physician spends with a patient 
who is receiving only palliative care. Resist these  orces. 
In addition to the medicines administered to alleviate 
symptoms (see below), it is important to remember the 
com ort that is provided by holding the patient’s hand, 
continuing regular examinations, and taking time to talk.

MANAGEMENT OF DISEASE AND 
TREATMENT COMPLICATIONS
Because cancer therapies are toxic (Chap. 29), patient 
management involves addressing complications o  
both the disease and its treatment as well as the com-
plex psychosocial problems associated with cancer. 
In the short term during a course o  curative therapy, 
the patient’s  unctional status may decline.  reatment-
induced toxicity is less acceptable i  the goal o  therapy 
is palliation. T e most common side e ects o  treat-
ment are nausea and vomiting (see below),  ebrile neu-
tropenia (Chap. 30), and myelosuppression (Chap. 29). 
 ools are now available to minimize the acute toxicity 
o  cancer treatment.

New symptoms developing in the course o  can-
cer treatment should always be assumed to be revers-
ible until proven otherwise. T e  atalistic attribution o  
anorexia, weight loss, and jaundice to recurrent or pro-
gressive tumor could result in a patient dying  rom a 
reversible intercurrent cholecystitis. Intestinal obstruc-
tion may be due to reversible adhesions rather than 
progressive tumor. Systemic in ections, sometimes with 
unusual pathogens, may be a consequence o  the immu-
nosuppression associated with cancer therapy. Some 
drugs used to treat cancer or its complications (e.g., nau-
sea) may produce central nervous system symptoms that 
look like metastatic disease or may mimic paraneoplas-
tic syndromes such as the syndrome o  inappropriate 

antidiuretic hormone. A de nitive diagnosis should be 
pursued and may even require a repeat biopsy.

A critical component o  cancer management is assess-
ing the response to treatment. In addition to a care ul 
physical examination in which all sites o  disease are 
physically measured and recorded in a  ow chart by date, 
response assessment usually requires periodic repeating 
o  imaging tests that were abnormal at the time o  stag-
ing. I  imaging tests have become normal, repeat biopsy 
o  previously involved tissue is per ormed to document 
complete response by pathologic criteria. Biopsies are not 
usually required i  there is macroscopic residual disease. 
A complete response is de ned as disappearance o  all evi-
dence o  disease, and a partial response as >50% reduc-
tion in the sum o  the products o  the perpendicular 
diameters o  all measurable lesions. T e determination 
o  partial response may also be based on a 30% decrease 
in the sums o  the longest diameters o  lesions (Response 
Evaluation Criteria in Solid  umors [RECIS ]). Progres-
sive disease is de ned as the appearance o  any new lesion 
or an increase o  >25% in the sum o  the products o  the 
perpendicular diameters o  all measurable lesions (or an 
increase o  20% in the sums o  the longest diameters by 
RECIS ).  umor shrinkage or growth that does not meet 
any o  these criteria is considered stable disease. Some 
sites o  involvement (e.g., bone) or patterns o  involve-
ment (e.g., lymphangitic lung or di use pulmonary 
in ltrates) are considered unmeasurable. No response is 
complete without biopsy documentation o  their resolu-
tion, but partial responses may exclude their assessment 
unless clear objective progression has occurred.

 umor markers may be use ul in patient management 
in certain tumors. Response to therapy may be dif cult 
to gauge with certainty. However, some tumors produce 
or elicit the production o  markers that can be measured 
in the serum or urine, and in a particular patient, rising 
and  alling levels o  the marker are usually associated 
with increasing or decreasing tumor burden, respec-
tively. Some clinically use ul tumor markers are shown in 
Table 27-6.  umor markers are not in themselves speci c 
enough to permit a diagnosis o  malignancy to be made, 
but once a malignancy has been diagnosed and shown to 
be associated with elevated levels o  a tumor marker, the 
marker can be used to assess response to treatment.

T e recognition and treatment o  depression are 
important components o  management. T e incidence o  
depression in cancer patients is ~25% overall and may be 
greater in patients with greater debility. T is diagnosis is 
likely in a patient with a depressed mood (dysphoria) and/
or a loss o  interest in pleasure (anhedonia)  or at least  
2 weeks. In addition, three or more o  the  ollowing symp-
toms are usually present: appetite change, sleep problems, 
psychomotor retardation or agitation,  atigue,  eelings 
o  guilt or worthlessness, inability to concentrate, and 
suicidal ideation. Patients with these symptoms should 
receive therapy. Medical therapy with a serotonin reuptake 

1T e National Cancer Institute maintains a database called 
PDQ (Physician Data Query) that is accessible on the Internet 
under the name CancerNet at www.cancer.gov/cancertopics/
pdq/cancerdatabase. In ormation can be obtained through a 
 acsimile machine using CancerFax by dialing 301-402-5874. 
Patient in ormation is also provided by the National Cancer 
Institute in at least three  ormats: on the Internet via CancerNet 
at www.cancer.gov, through the CancerFax number listed above, 
or by calling 1-800-4-CANCER. T e quality control  or the 
in ormation provided through these services is rigorous.
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inhibitor such as  uoxetine (10–20 mg/d), sertraline 
(50–150 mg/d), or paroxetine (10–20 mg/d) or a tricyclic 
antidepressant such as amitriptyline (50–100 mg/d) or 
desipramine (75–150 mg/d) should be tried, allowing 4–6 
weeks  or response. E ective therapy should be continued 
at least 6 months a er resolution o  symptoms. I  therapy 
is unsuccess ul, other classes o  antidepressants may be 
used. In addition to medication, psychosocial interven-
tions such as support groups, psychotherapy, and guided 
imagery may be o  bene t.

Many patients opt  or unproven or unsound approaches 
to treatment when it appears that conventional medicine 
is unlikely to be curative. T ose seeking such alternatives 
are o en well educated and may be early in the course o  
their disease. Unsound approaches are usually hawked 
on the basis o  unsubstantiated anecdotes and not only 
cannot help the patient but may be harm ul. Physicians 
should strive to keep communications open and nonjudg-
mental, so that patients are more likely to discuss with the 
physician what they are actually doing. T e appearance o  
unexpected toxicity may be an indication that a supple-
mental therapy is being taken.2

LONG-TERM FOLLOW-UP/LATE 
COMPLICATIONS
At the completion o  treatment, sites originally involved 
with tumor are reassessed, usually by radiography or 
imaging techniques, and any persistent abnormality is 
biopsied. I  disease persists, the multidisciplinary team 
discusses a new salvage treatment plan. I  the patient 
has been rendered disease- ree by the original treat-
ment, the patient is  ollowed regularly  or disease recur-
rence. T e optimal guidelines  or  ollow-up care are not 
known. For many years, a routine practice has been to 
 ollow the patient monthly  or 6–12 months, then every 
other month  or a year, every 3 months  or a year, every 
4 months  or a year, every 6 months  or a year, and then 
annually. At each visit, a battery o  laboratory and radio-
graphic and imaging tests were obtained on the assump-
tion that it is best to detect recurrent disease be ore it 
becomes symptomatic. However, where  ollow-up pro-
cedures have been examined, this assumption has been 
 ound to be untrue. Studies o  breast cancer, melanoma, 
lung cancer, colon cancer, and lymphoma have all  ailed 
to support the notion that asymptomatic relapses are 
more readily cured by salvage therapy than symptomatic 
relapses. In view o  the enormous cost o  a  ull battery 
o  diagnostic tests and their mani est lack o  impact on 
survival, new guidelines are emerging  or less  requent 
 ollow-up visits, during which the history and physical 
examination are the major investigations per ormed.

TABLE 27-6  
TUMOR MARKERS

TUMOR MARKERS  CANCER  NONNEOPLASTIC CONDITIONS

Ho rm o n es

Human chorionic gonadotropin  Gestational trophoblastic disease, gonadal germ  
cell tumor

Pregnancy

Calcitonin  Medullary cancer o  the thyroid
Catecholamines  Pheochromocytoma
Oncofe ta l An t ig en s

α Fetoprotein  Hepatocellular carcinoma, gonadal germ cell tumor  Cirrhosis, hepatitis
Carcinoembryonic antigen  Adenocarcinomas o  the colon, pancreas, lung, 

breast, ovary
Pancreatitis, hepatitis, inf ammatory bowel 
disease, smoking

En zym es

Prostatic acid phosphatase  Prostate cancer  Prostatitis, prostatic hypertrophy
Neuron-speci c enolase  Small-cell cancer o  the lung, neuroblastoma
Lactate dehydrogenase  Lymphoma, Ewing’s sarcoma  Hepatitis, hemolytic anemia, many others

Tu m o r Asso cia te d  Pro te in s

Prostate-speci c antigen  Prostate cancer  Prostatitis, prostatic hypertrophy
Monoclonal immunoglobulin  Myeloma  In ection, MGUS
CA-125  Ovarian cancer, some lymphomas  Menstruation, peritonitis, pregnancy
CA 19-9  Colon, pancreatic, breast cancer  Pancreatitis, ulcerative colitis
CD30  Hodgkin’s disease, anaplastic large-cell lymphoma  —
CD25  Hairy cell leukemia, adult T cell leukemia/lymphoma  —

Abbrevia t ion: MGUS, monoclonal gammopathy o  uncertain signi cance.

2In ormation about unsound methods may be obtained  rom 
the National Council Against Health Fraud, Box 1276, Loma 
Linda, CA 92354, or  rom the Center  or Medical Consumers 
and Health Care In ormation, 237 T ompson Street, New York, 
NY 10012.
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370 As time passes, the likelihood o  recurrence o  the 
primary cancer diminishes. For many types o  cancer, 
survival  or 5 years without recurrence is tantamount 
to cure. However, important medical problems can 
occur in patients treated  or cancer and must be exam-
ined (Chap. 57). Some problems emerge as a conse-
quence o  the disease and some as a consequence o  
the treatment. An understanding o  these disease- and 
treatment-related problems may help in their detection 
and management.

Despite these concerns, most patients who are cured 
o  cancer return to normal lives.

SUPPORTIVE CARE
In many ways, the success o  cancer therapy depends on 
the success o  the supportive care. Failure to control the 
symptoms o  cancer and its treatment may lead patients 
to abandon curative therapy. O  equal importance, sup-
portive care is a major determinant o  quality o  li e. 
Even when li e cannot be prolonged, the physician 
must strive to preserve its quality. Quality-o -li e mea-
surements have become common endpoints o  clinical 
research studies. Furthermore, palliative care has been 
shown to be cost-e ective when approached in an orga-
nized  ashion. A credo  or oncology could be to cure 
sometimes, to extend li e o en, and to com ort always.

Pa in

Pain occurs with variable  requency in the cancer 
patient: 25–50% o  patients present with pain at diagno-
sis, 33% have pain associated with treatment, and 75% 
have pain with progressive disease. T e pain may have 
several causes. In ~70% o  cases, pain is caused by the 
tumor itsel —by invasion o  bone, nerves, blood vessels, 
or mucous membranes or obstruction o  a hollow viscus 
or duct. In ~20% o  cases, pain is related to a surgical or 
invasive medical procedure, to radiation injury (mucositis, 
enteritis, or plexus or spinal cord injury), or to chemother-
apy injury (mucositis, peripheral neuropathy, phlebitis, 
steroid-induced aseptic necrosis o  the  emoral head). In 
10% o  cases, pain is unrelated to cancer or its treatment.

Assessment o  pain requires the methodical investi-
gation o  the history o  the pain, its location, character, 
temporal  eatures, provocative and palliative  actors, 
and intensity (Chap. 18); a review o  the oncologic his-
tory and past medical history as well as personal and 
social history; and a thorough physical examination. T e 
patient should be given a 10-division visual analogue 
scale on which to indicate the severity o  the pain. T e 
clinical condition is o en dynamic, making it necessary 
to reassess the patient  requently. Pain therapy should 
not be withheld while the cause o  pain is being sought.

A variety o  tools are available with which to address 
cancer pain. About 85% o  patients will have pain relie  

 rom pharmacologic intervention. However, other 
modalities, including antitumor therapy (such as surgi-
cal relie  o  obstruction, radiation therapy, and stron-
tium-89 or samarium-153 treatment  or bone pain), 
neurostimulatory techniques, regional analgesia, or 
neuroablative procedures, are e ective in an additional 
12% or so. T us, very  ew patients will have inadequate 
pain relie  i  appropriate measures are taken. A specif c 
approach to pain relie  is detailed in Chap. 33.

Na usea

Emesis in the cancer patient is usually caused by chemo-
therapy (Chap. 29). Its severity can be predicted  rom 
the drugs used to treat the cancer. T ree  orms o  emesis 
are recognized on the basis o  their timing with regard 
to the noxious insult. Acute emesis, the most common 
variety, occurs within 24 h o  treatment. Delayed eme-
sis occurs 1–7 days a er treatment; it is rare, but, when 
present, usually  ollows cisplatin administration. Antici-
patory emesis occurs be ore administration o  chemo-
therapy and represents a conditioned response to visual 
and ol actory stimuli previously associated with chemo-
therapy delivery.

Acute emesis is the best understood  orm. Stimuli 
that activate signals in the chemoreceptor trigger zone 
in the medulla, the cerebral cortex, and peripherally 
in the intestinal tract lead to stimulation o  the vomit-
ing center in the medulla, the motor center responsible 
 or coordinating the secretory and muscle contraction 
activity that leads to emesis. Diverse receptor types par-
ticipate in the process, including dopamine, serotonin, 
histamine, opioid, and acetylcholine receptors. T e 
serotonin receptor antagonists ondansetron and granis-
etron are the most e ective drugs against highly emeto-
genic agents, but they are expensive.

As with the analgesia ladder, emesis therapy should 
be tailored to the situation. For mildly and moderately 
emetogenic agents, prochlorperazine, 5–10 mg PO or 
25 mg PR, is e ective. Its ef cacy may be enhanced by 
administering the drug be ore the chemotherapy is deliv-
ered. Dexamethasone, 10–20 mg IV, is also e ective and 
may enhance the ef cacy o  prochlorperazine. For highly 
emetogenic agents such as cisplatin, mechlorethamine, 
dacarbazine, and streptozocin, combinations o  agents 
work best and administration should begin 6–24 h be ore 
treatment. Ondansetron, 8 mg PO every 6 h the day 
be ore therapy and IV on the day o  therapy, plus dexa-
methasone, 20 mg IV be ore treatment, is an e ective 
regimen. Addition o  oral aprepitant (a substance P/neu-
rokinin 1 receptor antagonist) to this regimen (125 mg 
on day 1, 80 mg on days 2 and 3)  urther decreases the 
risk o  both acute and delayed vomiting. Like pain, eme-
sis is easier to prevent than to alleviate.

Delayed emesis may be related to bowel in amma-
tion  rom the therapy and can be controlled with oral 
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371dexamethasone and oral metoclopramide, a dopamine 
receptor antagonist that also blocks serotonin receptors 
at high dosages. T e best strategy  or preventing antici-
patory emesis is to control emesis in the early cycles o  
therapy to prevent the conditioning  rom taking place. 
I  this is unsuccess ul, prophylactic antiemetics the day 
be ore treatment may help. Experimental studies are 
evaluating behavior modi cation.

Ef usions

Fluid may accumulate abnormally in the pleural cavity, 
pericardium, or peritoneum. Asymptomatic malignant 
e usions may not require treatment. Symptomatic e u-
sions occurring in tumors responsive to systemic ther-
apy usually do not require local treatment but respond 
to the treatment  or the underlying tumor. Symptomatic 
e usions occurring in tumors unresponsive to systemic 
therapy may require local treatment in patients with a 
li e expectancy o  at least 6 months.

Pleural e usions due to tumors may or may not con-
tain malignant cells. Lung cancer, breast cancer, and lym-
phomas account  or ~75% o  malignant pleural e usions. 
T eir exudative nature is usually gauged by an e usion/
serum protein ratio o  ≥0.5 or an e usion/serum lac-
tate dehydrogenase ratio o  ≥0.6. When the condition 
is symptomatic, thoracentesis is usually per ormed  rst. 
In most cases, symptomatic improvement occurs  or 
<1 month. Chest tube drainage is required i  symptoms 
recur within 2 weeks. Fluid is aspirated until the  ow 
rate is <100 mL in 24 h. T en either 60 units o  bleomy-
cin or 1 g o  doxycycline is in used into the chest tube in 
50 mL o  5% dextrose in water; the tube is clamped; the 
patient is rotated on  our sides, spending 15 min in each 
position; and, a er 1–2 h, the tube is again attached to 
suction  or another 24 h. T e tube is then disconnected 
 rom suction and allowed to drain by gravity. I  <100 mL 
drains over the next 24 h, the chest tube is pulled, and a 
radiograph is taken 24 h later. I  the chest tube continues 
to drain  uid at an unacceptably high rate, sclerosis can 
be repeated. Bleomycin may be somewhat more e ective 
than doxycycline but is very expensive. Doxycycline is 
usually the drug o   rst choice. I  neither doxycycline nor 
bleomycin is e ective, talc can be used.

Symptomatic pericardial e usions are usually treated 
by creating a pericardial window or by stripping the 
pericardium. I  the patient’s condition does not permit 
a surgical procedure, sclerosis can be attempted with 
doxycycline and/or bleomycin.

Malignant ascites is usually treated with repeated 
paracentesis o  small volumes o   uid. I  the underlying 
malignancy is unresponsive to systemic therapy, perito-
neovenous shunts may be inserted. Despite the  ear o  
disseminating tumor cells into the circulation, wide-
spread metastases are an unusual complication. T e 
major complications are occlusion, leakage, and  uid 

overload. Patients with severe liver disease may develop 
disseminated intravascular coagulation.

Nutrit ion

Cancer and its treatment may lead to a decrease 
in nutrient intake o  suf cient magnitude to cause 
weight loss and alteration o  intermediary metabo-
lism. T e prevalence o  this problem is dif cult to esti-
mate because o  variations in the de nition o  cancer 
cachexia, but most patients with advanced cancer expe-
rience weight loss and decreased appetite. A variety o  
both tumor-derived  actors (e.g., bombesin, adreno-
corticotropic hormone) and host-derived  actors (e.g., 
tumor necrosis  actor, interleukins 1 and 6, growth 
hormone) contribute to the altered metabolism, and a 
vicious cycle is established in which protein catabolism, 
glucose intolerance, and lipolysis cannot be reversed by 
the provision o  calories.

It remains controversial how to assess nutritional sta-
tus and when and how to intervene. E orts to make the 
assessment objective have included the use o  a prog-
nostic nutritional index based on albumin levels, triceps 
skin old thickness, trans errin levels, and delayed-type 
hypersensitivity skin testing. However, a simpler 
approach has been to de ne the threshold  or nutri-
tional intervention as <10% unexplained body weight 
loss, serum trans errin level <1500 mg/L (150 mg/dL), 
and serum albumin <34 g/L (3.4 g/dL).

T e decision is important, because it appears that 
cancer therapy is substantially more toxic and less e ec-
tive in the  ace o  malnutrition. Nevertheless, it remains 
unclear whether nutritional intervention can alter the 
natural history. Unless some pathology is a ecting the 
absorptive  unction o  the gastrointestinal tract, enteral 
nutrition provided orally or by tube  eeding is pre-
 erred over parenteral supplementation. However, the 
risks associated with the tube may outweigh the bene-
 ts. Megestrol acetate, a progestational agent, has been 
advocated as a pharmacologic intervention to improve 
nutritional status. Research in this area may provide 
more tools in the  uture as cytokine-mediated mecha-
nisms are  urther elucidated.

Psychosocia l support

T e psychosocial needs o  patients vary with their situ-
ation. Patients undergoing treatment experience  ear, 
anxiety, and depression. Sel -image is o en seriously 
compromised by de orming surgery and loss o  hair. 
Women who receive cosmetic advice that enables them 
to look better also  eel better. Loss o  control over how 
one spends time can contribute to the sense o  vulnera-
bility. Juggling the demands o  work and  amily with the 
demands o  treatment may create enormous stresses. 
Sexual dys unction is highly prevalent and needs to be 
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372 discussed openly with the patient. An empathetic health 
care team is sensitive to the individual patient’s needs 
and permits negotiation where such  exibility will not 
adversely a ect the course o  treatment.

Cancer survivors have other sets o  dif culties. 
Patients may have  ears associated with the termination 
o  a treatment they associate with their continued sur-
vival. Adjustments are required to physical losses and 
handicaps, real and perceived. Patients may be preoc-
cupied with minor physical problems. T ey perceive a 
decline in their job mobility and view themselves as less 
desirable workers. T ey may be victims o  job and/or 
insurance discrimination. Patients may experience di -
 culty reentering their normal past li e. T ey may  eel 
guilty  or having survived and may carry a sense o  vul-
nerability to colds and other illnesses. Perhaps the most 
pervasive and threatening concern is the ever-present 
 ear o  relapse (the Damocles syndrome).

Patients in whom therapy has been unsuccess ul have 
other problems related to the end o  li e.

Dea th  a nd dying

T e most common causes o  death in patients with can-
cer are in ection (leading to circulatory  ailure), respira-
tory  ailure, hepatic  ailure, and renal  ailure. Intestinal 
blockage may lead to inanition and starvation. Central 
nervous system disease may lead to seizures, coma, and 
central hypoventilation. About 70% o  patients develop 
dyspnea preterminally. However, many months usually 
pass between the diagnosis o  cancer and the occur-
rence o  these complications, and during this period, 
the patient is severely a ected by the possibility o  
death. T e path o  unsuccess ul cancer treatment usu-
ally occurs in three phases. First, there is optimism at 
the hope o  cure; when the tumor recurs, there is the 
acknowledgment o  an incurable disease, and the goal 
o  palliative therapy is embraced in the hope o  being 
able to live with disease;  nally, at the disclosure o  
imminent death, another adjustment in outlook takes 
place. T e patient imagines the worst in preparation 
 or the end o  li e and may go through stages o  adjust-
ment to the diagnosis. T ese stages include denial, iso-
lation, anger, bargaining, depression, acceptance, and 
hope. O  course, patients do not all progress through all 
the stages or proceed through them in the same order 
or at the same rate. Nevertheless, developing an under-
standing o  how the patient has been a ected by the 

diagnosis and is coping with it is an important goal o  
patient management.

It is best to speak  rankly with the patient and the  am-
ily regarding the likely course o  disease. T ese discus-
sions can be dif cult  or the physician as well as  or the 
patient and  amily. T e critical  eatures o  the interaction 
are to reassure the patient and  amily that everything that 
can be done to provide com ort will be done. T ey will 
not be abandoned. Many patients pre er to be cared  or 
in their homes or in a hospice setting rather than a hospi-
tal. T e American College o  Physicians has published a 
book called Home Care Guide for Cancer: How to Care for 
Family and Friends at Home that teaches an approach to 
success ul problem-solving in home care. With appropri-
ate planning, it should be possible to provide the patient 
with the necessary medical care as well as the psychologi-
cal and spiritual support that will prevent the isolation 
and depersonalization that can attend in-hospital death.

T e care o  dying patients may take a toll on the 
physician. A “burnout” syndrome has been described 
that is characterized by  atigue, disengagement  rom 
patients and colleagues, and a loss o  sel - ul llment. 
E orts at stress reduction, maintenance o  a balanced 
li e, and setting realistic goals may combat this disorder.

End-o -li e  decisions

Un ortunately, a smooth transition in treatment goals 
 rom curative to palliative may not be possible in all 
cases because o  the occurrence o  serious treatment-
related complications or rapid disease progression. 
Vigorous and invasive medical support  or a revers-
ible disease or treatment complication is assumed to 
be justi ed. However, i  the reversibility o  the condi-
tion is in doubt, the patient’s wishes determine the level 
o  medical care. T ese wishes should be elicited be ore 
the terminal phase o  illness and reviewed periodically. 
In ormation about advance directives can be obtained 
 rom the American Association o  Retired Persons, 601 
E Street, NW, Washington, DC 20049, 202-434-2277, or 
Choice in Dying, 250 West 57th Street, New York, NY 
10107, 212-366-5540. Some states allow physicians to 
assist patients who choose to end their lives. T is sub-
ject is challenging  rom an ethical and a medical point o  
view. Discussions o  end-o -li e decisions should be can-
did and involve clear in ormed consent, waiting periods, 
second opinions, and documentation. A  ull discussion 
o  end-o -li e management is in Chap. 33.

27_Hematology_ch27_p359-372.indd   372  04/08/16   3:06 PM



373

Jenn ifer M. Croswell   ■   Otis W. Brawley   ■   Barne t t  S. Kram er 

Improved understanding o  carcinogenesis has allowed 
cancer prevention and early detection (also known as 
cancer control) to expand beyond the identi cation and 
avoidance o  carcinogens. Speci c interventions to pre-
vent cancer in those at risk, and e ective screening  or 
early detection o  cancer, are the goals.

Carcinogenesis is not an event but a process, a con-
tinuum o  discrete tissue and cellular changes over time 
resulting in aberrant physiologic processes. Prevention 
concerns the identi cation and manipulation o  the bio-
logic, environmental, social, and genetic  actors in the 
causal pathway o  cancer.

EDUCATION AND HEALTHFUL HABITS

Public education on the avoidance o  identi ed risk 
 actors  or cancer and encouraging healthy habits con-
tributes to cancer prevention and control. T e clinician 
is a power ul messenger in this process. T e patient-
provider encounter provides an opportunity to teach 
patients about the hazards o  smoking, the  eatures o  a 
healthy li estyle, use o  proven cancer screening meth-
ods, and avoidance o  excessive sun exposure.

SMOKING CESSATION
 obacco smoking is a strong, modi able risk  actor  or 
cardiovascular disease, pulmonary disease, and cancer. 
Smokers have an approximately 1 in 3 li etime risk o  
dying prematurely  rom a tobacco-related cancer, car-
diovascular, or pulmonary disease.  obacco use causes 
more deaths  rom cardiovascular disease than  rom 
cancer. Lung cancer and cancers o  the larynx, orophar-
ynx, esophagus, kidney, bladder, pancreas, and stomach 
are all tobacco-related.

PREVENTION AND EARLY DETECTION 
OF CANCER

CHAP TER 2 8

T e number o  cigarettes smoked per day and the 
level o  inhalation o  cigarette smoke are correlated 
with risk o  lung cancer mortality. Light- and low-tar 
cigarettes are not sa er, because smokers tend to inhale 
them more  requently and deeply.

T ose who stop smoking have a 30–50% lower 10-year 
lung cancer mortality rate compared to those who con-
tinue smoking, despite the  act that some carcinogen-
induced gene mutations persist  or years a er smoking 
cessation. Smoking cessation and avoidance would save 
more lives than any other public health activity.

T e risk o  tobacco smoke is not limited to the 
smoker. Environmental tobacco smoke, known as sec-
ondhand or passive smoke, causes lung cancer and 
other cardiopulmonary diseases in nonsmokers.

 obacco use prevention is a pediatric issue. More 
than 80% o  adult American smokers began smoking 
be ore the age o  18 years. Approximately 20% o  Ameri-
cans in grades 9 through 12 have smoked a cigarette in 
the past month. Counseling o  adolescents and young 
adults is critical to prevent smoking. A clinician’s simple 
advice can be o  bene t. Providers should query patients 
on tobacco use and o er smokers assistance in quitting.

Current approaches to smoking cessation recognize 
smoking as an addiction. T e smoker who is quitting 
goes through identi able stages that include contempla-
tion o  quitting, an action phase in which the smoker 
quits, and a maintenance phase. Smokers who quit com-
pletely are more likely to be success ul than those who 
gradually reduce the number o  cigarettes smoked or 
change to lower-tar or lower-nicotine cigarettes. More 
than 90% o  the Americans who have success ully quit 
smoking did so on their own, without participation in 
an organized cessation program, but cessation pro-
grams are help ul  or some smokers. T e Community 
Intervention  rial  or Smoking Cessation (COMMI )  
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374 was a 4-year program showing that light smokers  
(<25 cigarettes per day) were more likely to bene t 
 rom simple cessation messages and cessation programs 
than those who did not receive an intervention. Quit 
rates were 30.6% in the intervention group and 27.5% 
in the control group. T e COMMI  interventions were 
unsuccess ul in heavy smokers (<25 cigarettes per day). 
Heavy smokers may need an intensive broad-based 
cessation program that includes counseling, behavioral 
strategies, and pharmacologic adjuncts, such as nico-
tine replacement (gum, patches, sprays, lozenges, and 
inhalers), bupropion, and/or varenicline.

T e health risks o  cigars are similar to those o  ciga-
rettes. Smoking one or two cigars daily doubles the risk 
 or oral and esophageal cancers; smoking three or  our 
cigars daily increases the risk o  oral cancers more than 
eight old and esophageal cancer  our old. T e risks o  
occasional use are unknown.

Smokeless tobacco also represents a substantial health 
risk. Chewing tobacco is a carcinogen linked to dental 
caries, gingivitis, oral leukoplakia, and oral cancer. T e 
systemic e ects o  smokeless tobacco (including snu ) 
may increase risks  or other cancers. Esophageal cancer 
is linked to carcinogens in tobacco dissolved in saliva 
and swallowed. T e net e ects o  e-cigarettes on health 
are poorly studied. Whether they aid in smoking cessa-
tion or serve as a “gateway”  or nonsmoking children to 
acquire a smoking habit is debated.

PHYSICAL ACTIVITY
Physical activity is associated with a decreased risk o  
colon and breast cancer. A variety o  mechanisms have 
been proposed. However, such studies are prone to con-
 ounding  actors such as recall bias, association o  exer-
cise with other health-related practices, and e ects o  
preclinical cancers on exercise habits (reverse causality).

DIET MODIFICATION
International epidemiologic studies suggest that diets 
high in  at are associated with increased risk  or cancers 
o  the breast, colon, prostate, and endometrium. T ese 
cancers have their highest incidence and mortalities 
in Western cultures, where  at composes an average o  
one-third o  the total calories consumed.

Despite correlations, dietary  at has not been proven 
to cause cancer. Case-control and cohort epidemiologic 
studies give con icting results. In addition, diet is a highly 
complex exposure to many nutrients and chemicals. Low-
 at diets are associated with many dietary changes beyond 
simple subtraction o   at. Other li estyle changes are also 
associated with adherence to a low- at diet.

In observational studies, dietary  ber is associ-
ated with a reduced risk o  colonic polyps and invasive 

cancer o  the colon. However, cancer-protective e ects 
o  increasing  ber and lowering dietary  at have not 
been proven in the context o  a prospective clinical trial. 
T e putative protective mechanisms are complex and 
speculative. Fiber binds oxidized bile acids and gener-
ates soluble  ber products, such as butyrate, that may 
have di erentiating properties. Fiber does not increase 
bowel transit times.  wo large prospective cohort studies 
o  >100,000 health pro essionals showed no association 
between  ruit and vegetable intake and risk o  cancer.

T e Polyp Prevention  rial randomly assigned 2000 
elderly persons, who had polyps removed, to a low- at, 
high- ber diet versus routine diet  or 4 years. No di er-
ences were noted in polyp  ormation.

T e U.S. National Institutes o  Health Women’s 
Health Initiative, launched in 1994, was a long-term 
clinical trial enrolling >100,000 women age 45–69 years. 
It placed women in 22 intervention groups. Participants 
received calcium/vitamin D supplementation; hor-
mone replacement therapy; and counseling to increase 
exercise, eat a low- at diet with increased consumption 
o   ruits, vegetables, and  ber, and cease smoking. T e 
study showed that although dietary  at intake was lower 
in the diet intervention group, invasive breast cancers 
were not reduced over an 8-year  ollow-up period com-
pared to the control group. No reduction was seen in 
the incidence o  colorectal cancer in the dietary inter-
vention arm. T e di erence in dietary  at averaged 
~10% between the two groups. Evidence does not cur-
rently establish the anticarcinogenic value o  vitamin, 
mineral, or nutritional supplements in amounts greater 
than those provided by a balanced diet.

ENERGY BALANCE
Risk o  cancer appears to increase as body mass index 
increases beyond 25 kg/m2. Obesity is associated 
with increased risk  or cancers o  the colon, breast 
( emale postmenopausal), endometrium, kidney (renal 
cell), and esophagus, although causality has not been 
established.

In observational studies, relative risks o  colon cancer 
are increased in obesity by 1.5–2  or men and 1.2–1.5  or 
women. Obese postmenopausal women have a 30–50% 
increased relative risk o  breast cancer. An unproven 
hypothesis  or the association is that adipose tissue 
serves as a depot  or aromatase that  acilitates estrogen 
production.

SUN AVOIDANCE
Nonmelanoma skin cancers (basal cell and squamous 
cell) are induced by cumulative exposure to ultravio-
let (UV) radiation. Intermittent acute sun exposure 
and sun damage have been linked to melanoma, but 
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375the evidence is inconsistent. Sunburns, especially in 
childhood and adolescence, may be associated with an 
increased risk o  melanoma in adulthood. Reduction 
o  sun exposure through use o  protective clothing and 
changing patterns o  outdoor activities can reduce skin 
cancer risk. Sunscreens decrease the risk o  actinic kera-
toses, the precursor to squamous cell skin cancer, but 
melanoma risk may not be reduced. Sunscreens pre-
vent burning, but they may encourage more prolonged 
exposure to the sun and may not  lter out wavelengths 
o  energy that cause melanoma.

Educational interventions to help individuals assess 
their risk o  developing skin cancer have some impact. 
In particular, appearance- ocused behavioral interven-
tions in young women can decrease indoor tanning 
use and other UV exposures. Sel -examination  or skin 
pigment characteristics associated with skin cancer, 
such as  reckling, may be use ul in identi ying people 
at high risk. T ose who recognize themselves as being 
at risk tend to be more compliant with sun-avoidance 
recommendations. Risk  actors  or melanoma include a 
propensity to sunburn, a large number o  benign mela-
nocytic nevi, and atypical nevi.

CANCER CHEMOPREVENTION

Chemoprevention involves the use o  speci c natural 
or synthetic chemical agents to reverse, suppress, or 
prevent carcinogenesis be ore the development o  inva-
sive malignancy.

Cancer develops through an accumulation o  tis-
sue abnormalities associated with genetic and epigen-
etic changes, and growth regulatory pathways that are 
potential points o  intervention to prevent cancer. T e 
initial changes are termed initiation. T e alteration can 
be inherited or acquired through the action o  physical, 
in ectious, or chemical carcinogens. Like most human 
diseases, cancer arises  rom an interaction between 
genetics and environmental exposures (Table 28-1). 
In uences that cause the initiated cell and its sur-
rounding tissue microenvironment to progress through 
the carcinogenic process and change phenotypically are 
termed promoters. Promoters include hormones such 
as androgens, linked to prostate cancer, and estrogen, 
linked to breast and endometrial cancer. T e distinc-
tion between an initiator and promoter is indistinct; 
some components o  cigarette smoke are “complete 
carcinogens,” acting as both initiators and promoters. 
Cancer can be prevented or controlled through inter-
 erence with the  actors that cause cancer initiation, 
promotion, or progression. Compounds o  interest in 
chemoprevention o en have antimutagenic, hormone 
modulation, anti-in ammatory, antiproli erative, or 
proapoptotic activity (or a combination).

TABLE 28 -1  
SUSPECTED CARCINOGENS

CARCINOGENSa
ASSOCIATED CANCER OR 
NEOPLASM

Alkylating agents  Acute myeloid leukemia, blad-
der cancer

Androgens  Prostate cancer
Aromatic amines (dyes)  Bladder cancer
Arsenic  Cancer o  the lung, skin
Asbestos  Cancer o  the lung, pleura, 

peritoneum
Benzene  Acute myelocytic leukemia
Chromium  Lung cancer
Diethylstilbestrol (prenatal)  Vaginal cancer (clear cell)
Epstein-Barr virus  Burkitt’s lymphoma, nasal T cell 

lymphoma
Estrogens  Cancer o  the endometrium, 

liver, breast
Ethyl alcohol  Cancer o  the breast, liver, 

esophagus, head and neck
Helicobacter pylori Gastric cancer, gastric MALT 

lymphoma
Hepatitis B or C virus  Liver cancer
Human immunode ciency 
virus

Non-Hodgkin’s lymphoma, 
Kaposi’s sarcoma, squamous 
cell carcinomas (especially o  
the urogenital tract)

Human papilloma virus  Cancers o  the cervix, anus, 
oropharynx

Human T cell lymphotropic 
virus type 1 (HTLV-1)

Adult T cell leukemia/lymphoma

Immunosuppressive agents 
(azathioprine, cyclospo-
rine, glucocorticoids)

Non-Hodgkin’s lymphoma

Ionizing radiation (thera-
peutic or diagnostic)

Breast, bladder, thyroid, so t  
tissue, bone, hematopoietic, 
and many more

Nitrogen mustard gas  Cancer o  the lung, head and 
neck, nasal sinuses

Nickel dust  Cancer o  the lung, nasal sinuses
Diesel exhaust  Lung cancer (miners)
Phenacetin  Cancer o  the renal pelvis and 

bladder
Polycyclic hydrocarbons  Cancer o  the lung, skin (espe-

cially squamous cell carcinoma 
o  scrotal skin)

Radon gas  Lung cancer
Schistosomiasis  Bladder cancer (squamous cell)
Sunlight (ultraviolet)  Skin cancer (squamous cell and 

melanoma)
Tobacco (including 
smokeless)

Cancer o  the upper aerodiges-
tive tract, bladder

Vinyl chloride  Liver cancer (angiosarcoma)

aAgents that are thought to act as cancer initiators and/or promoters.
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376 CHEMOPREVENTION OF CANCERS OF THE 
UPPER AERODIGESTIVE TRACT
Smoking causes di use epithelial injury in the oral cav-
ity, neck, esophagus, and lung. Patients cured o  squa-
mous cell cancers o  the lung, esophagus, oral cavity, 
and neck are at risk (as high as 5% per year) o  devel-
oping second cancers o  the upper aerodigestive tract. 
Cessation o  cigarette smoking does not markedly 
decrease the cured cancer patient’s risk o  second malig-
nancy, even though it does lower the cancer risk in 
those who have never developed a malignancy. Smok-
ing cessation may halt the early stages o  the carcino-
genic process (such as metaplasia), but it may have no 
e ect on late stages o  carcinogenesis. T is “ eld carci-
nogenesis” hypothesis  or upper aerodigestive tract can-
cer has made “cured” patients an important population 
 or chemoprevention o  second malignancies.

Oral human papilloma virus (HPV) in ection, par-
ticularly HPV-16, increases the risk  or cancers o  the 
oropharynx. T is association exists even in the absence 
o  other risk  actors such as smoking or alcohol use 
(although the magnitude o  increased risk appears 
greater than additive when HPV in ection and smoking 
are both present). Oral HPV in ection is believed to be 
largely sexually acquired. Although no direct evidence 
currently exists to con rm the hypothesis, the introduc-
tion o  the HPV vaccine may eventually reduce oropha-
ryngeal cancer rates.

Oral leukoplakia, a premalignant lesion commonly 
 ound in smokers, has been used as an intermediate 
marker o  chemopreventive activity in smaller shorter-
duration, randomized, placebo-controlled trials. 
Response was associated with upregulation o  retinoic 
acid receptor-β (RAR-β). T erapy with high, relatively 
toxic doses o  isotretinoin (13-cis-retinoic acid) causes 
regression o  oral leukoplakia. However, the lesions 
recur when the therapy is withdrawn, suggesting the 
need  or long-term administration. More tolerable 
doses o  isotretinoin have not shown bene t in the pre-
vention o  head and neck cancer. Isotretinoin also  ailed 
to prevent second malignancies in patients cured o  
early-stage non-small cell lung cancer; mortality rates 
were actually increased in current smokers.

Several large-scale trials have assessed agents in the 
chemoprevention o  lung cancer in patients at high risk. 
In the α-tocopherol/β-carotene (A BC) Lung Cancer 
Prevention  rial, participants were male smokers, age 
50–69 years at entry. Participants had smoked an aver-
age o  one pack o  cigarettes per day  or 35.9 years. 
Participants received α-tocopherol, β-carotene, and/or 
placebo in a randomized, two-by-two  actorial design. 
A er median  ollow-up o  6.1 years, lung cancer inci-
dence and mortality were statistically signi cantly 
increased in those receiving β-carotene. α- ocopherol 
had no e ect on lung cancer mortality, and no evidence 

suggested interaction between the two drugs. Patients 
receiving α-tocopherol had a higher incidence o  hem-
orrhagic stroke.

T e β-Carotene and Retinol Ef cacy  rial (CARE ) 
involved 17,000 American smokers and workers with 
asbestos exposure. Entrants were randomly assigned to 
one o   our arms and received β-carotene, retinol, and/
or placebo in a two-by-two  actorial design. T is trial 
also demonstrated harm  rom β-carotene: a lung cancer 
rate o  5 per 1000 subjects per year  or those taking pla-
cebo and o  6 per 1000 subjects per year  or those taking 
β-carotene.

T e A BC and CARE  results demonstrate the 
importance o  testing chemoprevention hypotheses 
thoroughly be ore their widespread implementation 
because the results contradict a number o  observa-
tional studies. T e Physicians’ Health  rial showed 
no change in the risk o  lung cancer  or those tak-
ing β-carotene; however,  ewer o  its participants were 
smokers than those in the A BC and CARE  studies.

CHEMOPREVENTION OF COLON CANCER
Many colon cancer prevention trials are based on the 
premise that most colorectal cancers develop  rom 
adenomatous polyps. T ese trials use adenoma recur-
rence or disappearance as a surrogate endpoint (not 
yet validated)  or colon cancer prevention. Early clini-
cal trial results suggest that nonsteroidal anti-in am-
matory drugs (NSAIDs), such as piroxicam, sulindac, 
and aspirin, may prevent adenoma  ormation or cause 
regression o  adenomatous polyps. T e mechanism 
o  action o  NSAIDs is unknown, but they are pre-
sumed to work through the cyclooxygenase pathway. 
Although two randomized controlled trials (the Physi-
cians’ Health Study and the Women’s Health Study) did 
not show an e ect o  aspirin on colon cancer or ade-
noma incidence in persons with no previous history 
o  colonic lesions a er 10 years o  therapy, these trials 
did show an approximately 18% relative risk reduc-
tion  or colonic adenoma incidence in persons with a 
previous history o  adenomas a er 1 year. Pooled  nd-
ings  rom observational cohort studies do demonstrate 
a 22% and 28% relative reduction in colorectal cancer 
and adenoma incidence, respectively, with regular aspi-
rin use, and a well-conducted meta-analysis o   our 
randomized controlled trials (albeit primarily designed 
to examine aspirin’s e ects on cardiovascular events) 
 ound that aspirin at doses o  at least 75 mg resulted 
in a 24% relative reduction in colorectal cancer inci-
dence a er 20 years, with no clear increase in ef cacy 
at higher doses. Cyclooxygenase-2 (COX-2) inhibitors 
have also been considered  or colorectal cancer and 
polyp prevention.  rials with COX-2 inhibitors were 
initiated, but an increased risk o  cardiovascular events 
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377in those taking the COX-2 inhibitors was noted, sug-
gesting that these agents are not suitable  or chemopre-
vention in the general population.

Epidemiologic studies suggest that diets high in cal-
cium lower colon cancer risk. Calcium binds bile and 
 atty acids, which cause proli eration o  colonic epithe-
lium. It is hypothesized that calcium reduces intralu-
minal exposure to these compounds. T e randomized 
controlled Calcium Polyp Prevention Study  ound that 
calcium supplementation decreased the absolute risk 
o  adenomatous polyp recurrence by 7% at 4 years; 
extended observational  ollow-up demonstrated a 12% 
absolute risk reduction 5 years a er cessation o  treat-
ment. However, in the Women’s Health Initiative, com-
bined use o  calcium carbonate and vitamin D twice 
daily did not reduce the incidence o  invasive colorectal 
cancer compared with placebo a er 7 years.

T e Women’s Health Initiative demonstrated that 
postmenopausal women taking estrogen plus proges-
tin have a 44% lower relative risk o  colorectal cancer 
compared to women taking placebo. O  >16,600 women 
randomized and  ollowed  or a median o  5.6 years, 43 
invasive colorectal cancers occurred in the hormone 
group and 72 in the placebo group. T e positive e ect 
on colon cancer is mitigated by the modest increase in 
cardiovascular and breast cancer risks associated with 
combined estrogen plus progestin therapy.

A case-control study suggested that statins decrease 
the incidence o  colorectal cancer; however, several 
subsequent case-control and cohort studies have not 
demonstrated an association between regular statin use 
and a reduced risk o  colorectal cancer. No random-
ized controlled trials have addressed this hypothesis. A 
meta-analysis o  statin use showed no protective e ect 
o  statins on overall cancer incidence or death.

CHEMOPREVENTION OF BREAST CANCER
 amoxi en is an antiestrogen with partial estrogen ago-
nistic activity in some tissues, such as endometrium 
and bone. One o  its actions is to upregulate trans orm-
ing growth  actor β, which decreases breast cell proli er-
ation. In randomized placebo-controlled trials to assess 
tamoxi en as adjuvant therapy  or breast cancer, tamox-
i en reduced the number o  new breast cancers in the 
opposite breast by more than a third. In a randomized 
placebo-controlled prevention trial involving >13,000 
pre- and postmenopausal women at high risk, tamoxi-
 en decreased the risk o  developing breast cancer by 
49% ( rom 43.4 to 22 per 1000 women) a er a median 
 ollow-up o  nearly 6 years.  amoxi en also reduced 
bone  ractures; a small increase in risk o  endome-
trial cancer, stroke, pulmonary emboli, and deep vein 
thrombosis was noted. T e International Breast Cancer 
Intervention Study (IBIS-I) and the Italian Randomized 

 amoxi en Prevention  rial also demonstrated a reduc-
tion in breast cancer incidence with tamoxi en use. 
A trial comparing tamoxi en with another selective 
estrogen receptor modulator, raloxi ene, in postmeno-
pausal women showed that raloxi ene is comparable to 
tamoxi en in cancer prevention. T is trial only included 
postmenopausal women. Raloxi ene was associated 
with more invasive breast cancers and a trend toward 
more noninvasive breast cancers, but  ewer thrombo-
embolic events than tamoxi en; the drugs are similar in 
risks o  other cancers,  ractures, ischemic heart disease, 
and stroke. Both tamoxi en and raloxi ene (the latter 
 or postmenopausal women only) have been approved 
by the U.S. Food and Drug Administration (FDA)  or 
reduction o  breast cancer in women at high risk  or 
the disease (1.66% risk at 5 years based on the Gail risk 
model: http://www.cancer.gov/bcrisktool/).

Because the aromatase inhibitors are even more e ec-
tive than tamoxi en in adjuvant breast cancer therapy, it 
has been hypothesized that they would be more e ective 
in breast cancer prevention. A randomized, placebo-
controlled trial o  exemestane reported a 65% relative 
reduction ( rom 5.5 to 1.9 per 1000 women) in the inci-
dence o  invasive breast cancer in women at elevated 
risk a er a median  ollow-up o  about 3 years. Common 
adverse e ects included arthralgias, hot  ashes,  atigue, 
and insomnia. No trial has directly compared aromatase 
inhibitors with selective estrogen receptor modulators 
 or breast cancer chemoprevention.

CHEMOPREVENTION OF PROSTATE 
CANCER
Finasteride and dutasteride are 5-α-reductase inhibitors. 
T ey inhibit conversion o  testosterone to dihydrotestos-
terone (DH ), a potent stimulator o  prostate cell pro-
li eration. T e Prostate Cancer Prevention  rial (PCP ) 
randomly assigned men age 55 years or older at average 
risk o  prostate cancer to  nasteride or placebo. All men 
in the trial were being regularly screened with prostate-
speci c antigen (PSA) levels and digital rectal examina-
tion. A er 7 years o  therapy, the incidence o  prostate 
cancer was 18.4% in the  nasteride arm, compared with 
24.4% in the placebo arm, a statistically signi cant di -
 erence. However, the  nasteride group had more 
patients with tumors o  Gleason score 7 and higher 
compared with the placebo arm (6.4 vs 5.1%). Reassur-
ingly, long-term (10–15 years)  ollow-up did not reveal 
any statistically signi cant di erences in overall mortal-
ity between all men in the  nasteride and placebo arms 
or in men diagnosed with prostate cancer; di erences in 
prostate cancer in  avor o   nasteride persisted.

Dutasteride has also been evaluated as a preventive 
agent  or prostate cancer. T e Reduction by Dutaste-
ride o  Prostate Cancer Events (REDUCE) trial was a 
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378 randomized double-blind trial in which approximately 
8200 men with an elevated PSA (2.5–10 ng/mL  or men 
age 50–60 years and 3–10 ng/mL  or men age 60 years 
or older) and negative prostate biopsy on enrollment 
received daily 0.5 mg o  dutasteride or placebo. T e trial 
 ound a statistically signi cant 23% relative risk reduc-
tion in the incidence o  biopsy-detected prostate cancer 
in the dutasteride arm at 4 years o  treatment (659 cases 
vs 858 cases, respectively). Overall, across years 1 through 
4, there was no di erence between the arms in the num-
ber o  tumors with a Gleason score o  7 to 10; however, 
during years 3 and 4, there was a statistically signi cant 
di erence in tumors with Gleason score o  8 to 10 in the 
dutasteride arm (12 tumors vs 1 tumor, respectively).

T e clinical importance o  the apparent increased 
incidence o  higher-grade tumors in the 5-α-reductase 
inhibitor arms o  these trials is controversial. It may 
likely represent an increased sensitivity o  PSA and digi-
tal rectal exam  or high-grade tumors in men receiving 
these agents. T e FDA has analyzed both trials, and it 
determined that the use o  a 5-α-reductase inhibitor 
 or prostate cancer chemoprevention would result in 
one additional high-grade (Gleason score 8 to 10) pros-
tate cancer  or every three to  our lower-grade (Gleason 
score <6) tumors averted. Although it acknowledged 
that detection bias may have accounted  or the  nding, 
it stated that it could not conclusively dismiss a causative 
role  or 5-α-reductase inhibitors. T ese agents are there-
 ore not FDA-approved  or prostate cancer prevention.

Because all men in both the PCP  and REDUCE tri-
als were being screened and because screening approxi-
mately doubles the rate o  prostate cancer, it is not 
known i   nasteride or dutasteride decreases the risk o  
prostate cancer in men who are not being screened.

Several  avorable laboratory and observational 
studies led to the  ormal evaluation o  selenium and 
α-tocopherol (vitamin E) as potential prostate cancer 
preventives. T e Selenium and Vitamin E Cancer Pre-
vention  rial (SELEC ) assigned 35,533 men to receive 
200 µg/d selenium, 400 IU/d α-tocopherol, selenium 
plus vitamin E, or placebo. A er a median  ollow-up o  
7 years, a trend toward an increased risk o  developing 
prostate cancer was observed  or those men taking vita-
min E alone as compared to the placebo arm (hazard 
ratio 1.17; 95% con dence interval, 1.004–1.36).

VACCINES AND CANCER PREVENTION
A number o  in ectious agents cause cancer. Hepatitis 
B and C are linked to liver cancer; some HPV strains 
are linked to cervical, anal, and head and neck cancer; 
and Helicobacter pylori is associated with gastric adeno-
carcinoma and gastric lymphoma. Vaccines to protect 
against these agents may reduce the risk o  their associ-
ated cancers.

T e hepatitis B vaccine is e ective in preventing hepa-
titis and hepatomas due to chronic hepatitis B in ection.

A quadrivalent HPV vaccine (covering HPV strains 
6, 11, 16, and 18) and a bivalent vaccine (covering HPV 
strains 16 and 18) are available  or use in the United 
States. HPV types 16 and 18 cause cervical and anal 
cancer; reduction in these HPV types could prevent 
>70% o  cervical cancers worldwide. HPV types 6 and 
11 cause genital papillomas. For individuals not pre-
viously in ected with these HPV strains, the vaccines 
demonstrate high ef cacy in preventing persistent strain-
speci c HPV in ections; however, the trials and substud-
ies that evaluated the vaccines’ ability to prevent cervical 
and anal cancer relied on surrogate outcome measures 
(cervical or anal intraepithelial neoplasia [CIN/AIN] I, 
II, and III), and the degree o  durability o  the immune 
response beyond 5 years is not currently known. T e vac-
cines do not appear to impact preexisting in ections and 
the ef cacy appears to be markedly lower  or populations 
that had previously been exposed to vaccine-speci c 
HPV strains. T e vaccine is recommended in the United 
States  or  emales and males age 9–26 years.

SURGICAL PREVENTION OF CANCER

Some organs in some individuals are at such high risk 
o  developing cancer that surgical removal o  the organ 
at risk may be considered. Women with severe cervical 
dysplasia are treated with laser or loop electrosurgical 
excision or conization and occasionally even hyster-
ectomy. Colectomy is used to prevent colon cancer in 
patients with  amilial polyposis or ulcerative colitis.

Prophylactic bilateral mastectomy may be chosen  or 
breast cancer prevention among women with genetic 
predisposition to breast cancer. In a prospective series 
o  139 women with BRCA1 and BRCA2 mutations, 76 
chose to undergo prophylactic mastectomy and 63 chose 
close surveillance. At 3 years, no cases o  breast cancer 
had been diagnosed in those opting  or surgery, but eight 
patients in the surveillance group had developed breast 
cancer. A larger (n = 639) retrospective cohort study 
reported that three patients developed breast cancer a er 
prophylactic mastectomy compared with an expected 
incidence o  30–53 cases: a 90–94% reduction in breast 
cancer risk. Postmastectomy breast cancer–related deaths 
were reduced by 81–94%  or high-risk women com-
pared with sister controls and by 100%  or moderate-risk 
women when compared with expected rates.

Prophylactic oophorectomy may also be employed 
 or the prevention o  ovarian and breast cancers among 
high-risk women. A prospective cohort study evaluating 
the outcomes o  BRCA mutation carriers demonstrated 
a statistically signi cant association between prophylac-
tic oophorectomy and a reduced incidence o  ovarian 
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379or primary peritoneal cancer (36% relative risk reduc-
tion, or a 4.5% absolute di erence). Studies o  prophy-
lactic oophorectomy  or prevention o  breast cancer in 
women with genetic mutations have shown relative risk 
reductions o  approximately 50%; the risk reduction may 
be greatest  or women having the procedure at younger 
(i.e., <50 years) ages.

All o  the evidence concerning the use o  prophy-
lactic mastectomy and oophorectomy  or prevention 
o  breast and ovarian cancer in high-risk women has 
been observational in nature; such studies are prone to 
a variety o  biases, including case selection bias,  amily 
relationships between patients and controls, and inad-
equate in ormation about hormone use. T us, they may 
give an overestimate o  the magnitude o  bene t.

CANCER SCREENING
Screening is a means o  detecting disease early in asymp-
tomatic individuals, with the goal o  decreasing morbid-
ity and mortality. While screening can potentially reduce 
disease-speci c deaths and has been shown to do so in 
cervical, colon, lung, and breast cancer, it is also subject 
to a number o  biases that can suggest a bene t when 
actually there is none. Biases can even mask net harm. 
Early detection does not in itsel  con er bene t. Cause-
speci c mortality, rather than survival a er diagnosis, is 
the pre erred endpoint (see below).

Because screening is done on asymptomatic, healthy 
persons, it should o er substantial likelihood o  bene t 
that outweighs harm. Screening tests and their appro-
priate use should be care ully evaluated be ore their use 
is widely encouraged in screening programs, as a matter 
o  public policy.

A large and increasing number o  genetic mutations 
and nucleotide polymorphisms have been associated 
with an increased risk o  cancer.  esting  or these genetic 
mutations could in theory de ne a high-risk population. 
However, most o  the identi ed mutations have very low 
penetrance and individually provide minimal predic-
tive accuracy. T e ability to predict the development o  
a particular cancer may some day present therapeutic 
options as well as ethical dilemmas. It may eventually 
allow  or early intervention to prevent a cancer or limit 
its severity. People at high risk may be ideal candidates 
 or chemoprevention and screening; however, ef cacy o  
these interventions in the high-risk population should 
be investigated. Currently, persons at high risk  or a par-
ticular cancer can engage in intensive screening. While 
this course is clinically reasonable, it is not known i  it 
reduces mortality in these populations.

The a ccura cy o   screening

A screening test’s accuracy or ability to discriminate dis-
ease is described by  our indices: sensitivity, speci city, 

TABLE 28 -2  
ASSESSMENT OF THE VALUE OF A DIAGNOSTIC 
TESTa

CONDITION 
PRESENT

CONDITION 
ABSENT

Positive test a  b
Negative test c  d
a = true positive
b =  alse positive
c =  alse negative
d = true negative
Sensitivity  The proportion o  persons with the con-

dition who test positive: a /(a + c)
Speci city  The proportion o  persons without the 

condition who test negative: d /(b + d)
Positive predictive 
value (PPV)

The proportion o  persons with a  
positive test who have the condition:  
a /(a + b)

Negative predic-
tive value

The proportion o  persons with a nega-
tive test who do not have the condition: 
d /(c + d)

Prevalence, sensitivity, and speci city determine PPV

PPV prevalence sensitivity
(prevalence sensitivity) (1 prevalence)(1 specificity)

= ×
×  + −  −

aFor diseases o  low prevalence, such as cancer, poor speci city has a 
dramatic adverse e ect on PPV such that only a small  raction o  positive 
tests are true positives.

positive predictive value, and negative predictive value 
(Table 28-2). Sensitivity, also called the true-positive 
rate, is the proportion o  persons with the disease who 
test positive in the screen (i.e., the ability o  the test to 
detect disease when it is present). Speci city, or 1 minus 
the  alse-positive rate, is the proportion o  persons who 
do not have the disease that test negative in the screen-
ing test (i.e., the ability o  a test to correctly identi y that 
the disease is not present). T e positive predictive value is 
the proportion o  persons who test positive that actually 
have the disease. Similarly, negative predictive value is 
the proportion testing negative that do not have the dis-
ease. T e sensitivity and speci city o  a test are indepen-
dent o  the underlying prevalence (or risk) o  the disease 
in the population screened, but the predictive values 
depend strongly on the prevalence o  the disease.

Screening is most bene cial, ef cient, and economi-
cal when the target disease is common in the popula-
tion being screened. Speci city is at least as important 
to the ultimate  easibility and success o  a screening test 
as sensitivity.

Potentia l b ia ses o   screening tests

Common biases o  screening are lead time, length-
biased sampling, and selection. T ese biases can make 
a screening test seem bene cial when actually it is not 
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380 (or even causes net harm). Whether bene cial or not, 
screening can create the  alse impression o  an epi-
demic by increasing the number o  cancers diagnosed. 
It can also produce a shi  in the proportion o  patients 
diagnosed at an early stage and in ate survival statistics 
without reducing mortality (i.e., the number o  deaths 
 rom a given cancer relative to the number o  those at 
risk  or the cancer). In such a case, the apparent duration 
o  survival (measured  rom date o  diagnosis) increases 
without lives being saved or li e expectancy changed.

Lead-time bias occurs whether or not a test in u-
ences the natural history o  the disease; the patient is 
merely diagnosed at an earlier date. Survival appears 
increased even i  li e is not really prolonged. T e 
screening test only prolongs the time the subject is 
aware o  the disease and spends as a patient.

Length-biased sampling occurs because screening 
tests generally can more easily detect slow-growing, less 
aggressive cancers than  ast-growing cancers. Cancers 
diagnosed due to the onset o  symptoms between sched-
uled screenings are on average more aggressive, and 
treatment outcomes are not as  avorable. An extreme 
 orm o  length bias sampling is termed overdiagnosis, 
the detection o  “pseudo disease.” T e reservoir o  some 
undetected slow-growing tumors is large. Many o  these 
tumors  ul ll the histologic criteria o  cancer but will 
never become clinically signi cant or cause death. T is 
problem is compounded by the  act that the most com-
mon cancers appear most  requently at ages when com-
peting causes o  death are more  requent.

Selection bias must be considered in assessing the 
results o  any screening e ort. T e population most 
likely to seek screening may di er  rom the gen-
eral population to which the screening test might be 
applied. In general, volunteers  or studies are more 
health conscious and likely to have a better prognosis or 
lower mortality rate, irrespective o  the screening result. 
T is is termed the healthy volunteer ef ect.

Potentia l dra wba cks o   screening

Risks associated with screening include harm caused by 
the screening intervention itsel , harm due to the  ur-
ther investigation o  persons with positive tests (both 
true and  alse positives), and harm  rom the treatment 
o  persons with a true-positive result, whether or not 
li e is extended by treatment (e.g., even i  a screening 
test reduces relative cause-speci c mortality by 20–30%, 
70–80% o  those diagnosed still go on to die o  the tar-
get cancer). T e diagnosis and treatment o  cancers that 
would never have caused medical problems can lead to 
the harm o  unnecessary treatment and give patients the 
anxiety o  a cancer diagnosis. T e psychosocial impact 
o  cancer screening can also be substantial when applied 
to the entire population.

Assessment o   screening tests

Good clinical trial design can o set some biases o  
screening and demonstrate the relative risks and bene ts 
o  a screening test. A randomized controlled screening 
trial with cause-speci c mortality as the endpoint pro-
vides the strongest support  or a screening intervention. 
Overall mortality should also be reported to detect an 
adverse e ect o  screening and treatment on other dis-
ease outcomes (e.g., cardiovascular disease). In a random-
ized trial, two like populations are randomly established. 
One is given the usual standard o  care (which may be 
no screening at all) and the other receives the screen-
ing intervention being assessed. T e two populations are 
compared over time. Ef cacy  or the population studied 
is established when the group receiving the screening test 
has a better cause-speci c mortality rate than the control 
group. Studies showing a reduction in the incidence o  
advanced-stage disease, improved survival, or a stage shi  
are weaker (and possibly misleading) evidence o  bene t. 
T ese latter criteria are early indicators but not suf cient 
to establish the value o  a screening test.

Although a randomized, controlled screening trial 
provides the strongest evidence to support a screen-
ing test, it is not per ect. Unless the trial is popu-
lation-based, it does not remove the question o  
generalizability to the target population. Screening tri-
als generally involve thousands o  persons and last  or 
years. Less de nitive study designs are there ore o en 
used to estimate the e ectiveness o  screening practices. 
However, every nonrandomized study design is subject 
to strong con ounders. In descending order o  strength, 
evidence may also be derived  rom the  ndings o  inter-
nally controlled trials using intervention allocation 
methods other than randomization (e.g., allocation by 
birth date, date o  clinic visit); the  ndings o  analytic 
observational studies; or the results o  multiple time 
series studies with or without the intervention.

Screening  or specif c ca ncers

Screening  or cervical, colon, and breast cancer is ben-
e cial  or certain age groups. Depending on age and 
smoking history, lung cancer screening can also be 
bene cial in speci c settings. Special surveillance o  
those at high risk  or a speci c cancer because o  a  am-
ily history or a genetic risk  actor may be prudent, but 
 ew studies have assessed the in uence on mortality. A 
number o  organizations have considered whether or 
not to endorse routine use o  certain screening tests. 
Because these groups have not used the same criteria to 
judge whether a screening test should be endorsed, they 
have arrived at di erent recommendations. T e Ameri-
can Cancer Society (ACS) and the U.S. Preventive 
Services  ask Force (USPS F) publish screening guide-
lines (Table 28-3); the American Academy o  Family 
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381TABLE 28 -3  
SCREENING RECOMMENDATIONS FOR ASYMPTOMATIC SUBJECTS NOT KNOWN TO BE AT INCREASED RISK FOR 
THE TARGET CONDITIONa

CANCER 
TYPE

TEST OR 
PROCEDURE  USPSTF  ACS

Breast  Sel -examination  “D”  Women ≥20 years: Breast sel -exam is an option
Clinical 
examination

Women ≥40 years: “I” (as a stand-alone with-
out mammography)

Women 20–39 years: Per orm every 3 years
Women ≥40 years: Per orm annually

Mammography  Women 40–49 years: The decision should be 
an individual one, and take patient context/
values into account (“C”)

Women ≥40 years: Screen annually  or as long as  
the woman is in good health

Women 50–74 years: Every 2 years (“B”)
Women ≥75 years: “I”

Magnetic reso-
nance imaging 
(MRI)

“I”  Women with >20% li etime risk o  breast  
cancer: Screen with MRI plus mammography 
annually

Women with 15–20% li etime risk o  breast cancer: 
Discuss option o  MRI plus mammography annually

Women with <15% li etime risk o  breast cancer: Do 
not screen annually with MRI

Cervical  Pap test (cytology)  Women 21–65 years: Screen every 3 years (“A”)  Women 21–29 years: Screen every 3 years
Women <21 years: “D”
Women >65 years, with adequate, normal 
prior Pap screenings: “D”

Women 30–65 years: Acceptable approach to screen 
with cytology every 3 years (see HPV test below)

Women <21 years: No screening
Women >65 years: No screening  ollowing adequate 
negative prior screening

Women a ter total hysterectomy  or noncan-
cerous causes: “D”

Women a ter total hysterectomy  or noncancerous 
causes: Do not screen

HPV test  Women 30–65 years: Screen in combina-
tion with cytology every 5 years i  woman 
desires to lengthen the screening interval 
(see Pap test, above) (“A”)

Women <30 years: “D”
Women >65 years, with adequate, normal 
prior Pap screenings: “D”

Women a ter total hysterectomy  or noncan-
cerous causes: “D”

Women 30–65 years: Pre erred approach to screen 
with HPV and cytology co-testing every 5 years (see 
Pap test above)

Women <30 years: Do not use HPV testing
Women >65 years: No screening  ollowing adequate 
negative prior screening

Women a ter total hysterectomy  or noncancerous 
causes: Do not screen

Colorectal  Sigmoidoscopy  Adults 50–75 years: every 5 years in combina-
tion with high-sensitivity FOBT every 3 years 
(“A”)b

Adults ≥50 years: Screen every 5 years

Adults 76–85 years: “C”
Adults ≥85 years: “D”

Fecal occult blood 
testing (FOBT)

Adults 50–75 years: Annually,  or high-sensi-
tivity FOBT (“A”)

Adults ≥50 years: Screen every year

Adults 76–85 years: “C”
Adults ≥85 years: “D”

Colonoscopy  Adults 50–75 years: every 10 years (“A”)  Adults ≥50 years: Screen every 10 years
Adults 76–85 years: “C”
Adults ≥85 years: “D”

Fecal DNA testing  “I”  Adults ≥50 years: Screen, but interval uncertain
Fecal immuno-
chemical testing 
(FIT)

“I”  Adults ≥50 years: Screen every year

CT colonography  “I”  Adults ≥50 years: Screen every 5 years

(continued)
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Practitioners (AAFP) generally  ollow/endorse the 
USPS F recommendations; and the American College 
o  Physicians (ACP) develops recommendations based 
on structured reviews o  other organizations’ guidelines.

Breast  cancer
Breast sel -examination, clinical breast examination by 
a caregiver, mammography, and magnetic resonance 
imaging (MRI) have all been variably advocated as use-
 ul screening tools.

A number o  trials have suggested that annual or 
biennial screening with mammography or mammog-
raphy plus clinical breast examination in normal-risk 
women older than age 50 years decreases breast cancer 
mortality. Each trial has been criticized  or design  aws. 

In most trials, breast cancer mortality rate is decreased 
by 15–30%. Experts disagree on whether average-risk 
women age 40–49 years should receive regular screen-
ing ( able 28-3). T e U.K. Age  rial, the only ran-
domized trial o  breast cancer screening to speci cally 
evaluate the impact o  mammography in women age 
40–49 years,  ound no statistically signi cant di erence 
in breast cancer mortality  or screened women ver-
sus controls a er about 11 years o   ollow-up (relative 
risk 0.83; 95% con dence interval 0.66–1.04); however, 
<70% o  women received screening in the intervention 
arm, potentially diluting the observed e ect. A meta-
analysis o  eight large randomized trials showed a 15% 
relative reduction in mortality (relative risk 0.85; 95% 
con dence interval 0.75–0.96)  rom mammography 

Lung  Low-dose com-
puted tomogra-
phy (CT) scan

Adults 55–80 years, with a ≥30 pack-year 
smoking history, still smoking or have quit 
within past 15 years. Discontinue once 
a person has not smoked  or 15 years or 
develops a health problem that substan-
tially limits li e expectancy or the ability to 
have curative lung surgery: “B”

Men and women, 55–74 years, with ≥30 pack-year 
smoking history, still smoking or have quit within 
past 15 years: Discuss bene ts, limitations, and 
potential harms o  screening; only per orm screen-
ing in  acilities with the right type o  CT scanner 
and with high expertise/specialists

Ovarian  CA-125
Transvaginal 
ultrasound

“D”
“D”

There is no suf ciently accurate test proven e ective 
in the early detection o  ovarian cancer. For women 
at high risk o  ovarian cancer and/or who have 
unexplained, persistent symptoms, the combina-
tion o  CA-125 and transvaginal ultrasound with 
pelvic exam may be o ered.

Prostate  Prostate-speci c 
antigen (PSA)

Men, all ages: “D”  Starting at age 50, men should talk to a doctor about 
the pros and cons o  testing so they can decide i  
testing is the right choice  or them. I  A rican Amer-
ican or have a  ather or brother who had prostate 
cancer be ore age 65, men should have this talk 
starting at age 45. How o ten they are tested will 
depend on their PSA level.

Digital rectal 
examination 
(DRE)

No individual recommendation  As  or PSA; i  men decide to be tested, they should 
have the PSA blood test with or without a rectal 
exam

Skin  Complete skin 
examination 
by clinician or 
patient

“I”  Sel -examination monthly; clinical exam as part o  
routine cancer-related checkup

aSummary o  the screening procedures recommended  or the general population by the USPSTF and the ACS. These recommendations re er to asymptom-
atic persons who are not known to have risk  actors, other than age or gender,  or the targeted condition.
bUSPSTF lettered recommendations are de ned as  ollows: “A”: The USPSTF recommends the service, because there is high certainty that the net bene t 
is substantial; “B”: The USPSTF recommends the service, because there is high certainty that the net bene t is moderate or moderate certainty that the 
net bene t is moderate to substantial; “C”: The USPSTF recommends selectively o ering or providing this service to individual patients based on pro es-
sional judgment and patient pre erences; there is at least moderate certainty that the net bene t is small; “D”: The USPSTF recommends against the service 
because there is moderate or high certainty that the service has no net bene t or that the harms outweigh the bene ts; “I”: The USPSTF concludes that the 
current evidence is insuf cient to assess the balance o  bene ts and harms o  the service.
Abbrevia t ions: ACS, American Cancer Society; USPSTF, U.S. Preventive Services Task Force.

TABLE 28-3  
SCREENING RECOMMENDATIONS FOR ASYMPTOMATIC SUBJECTS NOT KNOWN TO BE AT INCREASED RISK FOR 
THE TARGET CONDITIONa (Continued) 

CANCER 
TYPE

TEST OR 
PROCEDURE  USPSTF  ACS

28_Hematology_ch28_p373-385.indd   382  04/08/16   3:47 PM



 

C

H

A

P

T

E

R

 

2

8

P

r

e

v

e

n

t

i

o

n

 

a

n

d

 

E

a

r

l

y

 

D

e

t

e

c

t

i

o

n

 

o

f

 

C

a

n

c

e

r

383screening  or women age 39–49 years a er 11–20 years 
o   ollow-up. T is is equivalent to a number needed 
to invite to screening o  1904 over 10 years to prevent 
one breast cancer death. At the same time, nearly hal  
o  women age 40–49 years screened annually will have 
 alse-positive mammograms necessitating  urther eval-
uation, o en including biopsy. Estimates o  overdiagno-
sis range  rom 10 to 40% o  diagnosed invasive cancers. 
In the United States, widespread screening over the last 
several decades has not been accompanied by a reduc-
tion in incidence o  metastatic breast cancer despite a 
large increase in early-stage disease, suggesting a sub-
stantial amount o  overdiagnosis at the population level.

No study o  breast sel -examination has shown it to 
decrease mortality. A randomized controlled trial o  
approximately 266,000 women in China demonstrated 
no di erence in breast cancer mortality between a 
group that received intensive breast sel -exam instruc-
tion and rein orcement/reminders and controls at 10 
years o   ollow-up. However, more benign breast lesions 
were discovered and more breast biopsies were per-
 ormed in the sel -examination arm.

Genetic screening  or BRCA1 and BRCA2 mutations 
and other markers o  breast cancer risk has identi ed a 
group o  women at high risk  or breast cancer. Un or-
tunately, when to begin and the optimal  requency o  
screening have not been de ned. Mammography is less 
sensitive at detecting breast cancers in women carrying 
BRCA1 and BRCA2 mutations, possibly because such 
cancers occur in younger women, in whom mammog-
raphy is known to be less sensitive. MRI screening may 
be more sensitive than mammography in women at high 
risk due to genetic predisposition or in women with 
very dense breast tissue, but speci city may be lower. 
An increase in overdiagnosis may accompany the higher 
sensitivity. T e impact o  MRI on breast cancer mortal-
ity with or without concomitant use o  mammography 
has not been evaluated in a randomized controlled trial.

Cervical cancer
Screening with Papanicolaou (Pap) smears decreases 
cervical cancer mortality. T e cervical cancer mortal-
ity rate has  allen substantially since the widespread 
use o  the Pap smear. With the onset o  sexual activity 
comes the risk o  sexual transmission o  HPV, the  un-
damental etiologic  actor  or cervical cancer. Screen-
ing guidelines recommend regular Pap testing  or all 
women who have reached the age o  21 (prior to this 
age, even in individuals that have begun sexual activ-
ity, screening may cause more harm than bene t). T e 
recommended interval  or Pap screening is 3 years. 
Screening more  requently adds little bene t but leads 
to important harms, including unnecessary proce-
dures and overtreatment o  transient lesions. Begin-
ning at age 30, guidelines also o er the alternative o  
combined Pap smear and HPV testing  or women. T e 

screening interval  or women who test normal using 
this approach may be lengthened to 5 years.

An upper age limit at which screening ceases to be 
e ective is not known, but women age 65 years with no 
abnormal results in the previous 10 years may choose 
to stop screening. Screening should be discontinued in 
women who have undergone a hysterectomy  or non-
cancerous reasons.

Although the ef cacy o  the Pap smear in reducing 
cervical cancer mortality has never been directly con-
 rmed in a randomized, controlled setting, a clustered 
randomized trial in India evaluated the impact o  one-
time cervical visual inspection and immediate colpos-
copy, biopsy, and/or cryotherapy (where indicated) 
versus counseling on cervical cancer deaths in women 
age 30–59 years. A er 7 years o   ollow-up, the age-
standardized rate o  death due to cervical cancer was 
39.6 per 100,000 person-years in the intervention group 
versus 56.7 per 100,000 person-years in controls.

Colorectal cancer
Fecal occult blood testing (FOB ), digital rectal 
examination (DRE), rigid and  exible sigmoidoscopy, 
colonoscopy, and computed tomography (C ) colo-
nography have been considered  or colorectal cancer 
screening. A meta-analysis o   our randomized con-
trolled trials demonstrated a 15% relative reduction in 
colorectal cancer mortality with FOB . T e sensitiv-
ity  or FOB  is increased i  specimens are rehydrated 
be ore testing, but at the cost o  lower speci city. T e 
 alse-positive rate  or rehydrated FOB  is high; 1–5% o  
persons tested have a positive test. Only 2–10% o  those 
with occult blood in the stool have cancer. T e high 
 alse-positive rate o  FOB  dramatically increases the 
number o  colonoscopies per ormed.

Fecal immunochemical tests appear to have higher 
sensitivity  or colorectal cancer than nonrehydrated 
FOB  tests. Fecal DNA testing is an emerging testing 
modality; it may have increased sensitivity and compa-
rable speci city to FOB  and could potentially reduce 
harms associated with  ollow-up o   alse-positive tests. 
T e body o  evidence on the operating characteris-
tics and e ectiveness o   ecal DNA tests in reducing 
colorectal cancer mortality is limited.

 wo meta-analyses o   ve randomized controlled 
trials o  sigmoidoscopy (i.e., the NORCCAP, SCORE, 
PLCO,  elemark, and U.K. trials)  ound an 18% relative 
reduction in colorectal cancer incidence and a 28% rela-
tive reduction in colorectal cancer mortality. Participant 
ages ranged  rom 50 to 74 years, with  ollow-up ranging 
 rom 6 to 13 years. Diagnosis o  adenomatous polyps by 
sigmoidoscopy should lead to evaluation o  the entire 
colon with colonoscopy. T e most ef cient interval  or 
screening sigmoidoscopy is unknown, but an interval 
o  5 years is o en recommended. Case-control stud-
ies suggest that intervals o  up to 15 years may con er 
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384 bene t; the U.K. trial demonstrated bene t with one-
time screening.

One-time colonoscopy detects ~25% more advanced 
lesions (polyps >10 mm, villous adenomas, adenoma-
tous polyps with high-grade dysplasia, invasive cancer) 
than one-time FOB  with sigmoidoscopy; comparative 
programmatic per ormance o  the two modalities over 
time is not known. Per oration rates are about 3/1000 
 or colonoscopy and 1/1000  or sigmoidoscopy. Debate 
continues on whether colonoscopy is too expensive and 
invasive and whether suf cient provider capacity exists 
to be recommended as the pre erred screening tool in 
standard-risk populations. Some observational studies 
suggest that ef cacy o  colonoscopy to decrease colorec-
tal cancer mortality is primarily limited to the le  side 
o  the colon.

C  colonography, i  done at expert centers, appears 
to have a sensitivity  or polyps ≥6 mm comparable to 
colonoscopy. However, the rate o  extracolonic  ndings 
o  abnormalities o  uncertain signi cance that must 
nevertheless be worked up is high (~15–30%); the long-
term cumulative radiation risk o  repeated colonogra-
phy screenings is also a concern.

Lung  cancer
Chest x-ray and sputum cytology have been evaluated 
in several randomized lung cancer screening trials. T e 
most recent and largest (n = 154,901) o  these, one sub-
study o  the Prostate, Lung, Colorectal, and Ovarian 
(PLCO) cancer screening trial,  ound that, compared 
with usual care, annual chest x-ray did not reduce the 
risk o  dying  rom lung cancer (relative risk 0.99; 95% 
con dence interval 0.87–1.22) a er 13 years. Low-dose 
C  has also been evaluated in several randomized tri-
als. T e largest and longest o  these, the National Lung 
Screening  rial (NLS ), was a randomized controlled 
trial o  screening  or lung cancer in approximately 53,000 
persons age 55–74 years with a 30+ pack-year smoking 
history. It demonstrated a statistically signi cant relative 
reduction o  about 15–20% in lung cancer mortality in 
the C  arm compared to the chest x-ray arm (or about 
3  ewer deaths per 1000 people screened with C ). How-
ever, the harms include the potential radiation risks asso-
ciated with multiple scans, the discovery o  incidental 
 ndings o  unclear signi cance, and a high rate o   alse-
positive test results. Both incidental  ndings and  alse-
positive tests can lead to invasive diagnostic procedures 
associated with anxiety, expense, and complications (e.g., 
pneumo- or hemothorax a er lung biopsy). T e NLS  
was per ormed at experienced screening centers, and the 
balance o  bene ts and harms may di er in the commu-
nity setting at less experienced centers.

Ovarian  cancer
Adnexal palpation, transvaginal ultrasound ( VUS), 
and serum CA-125 assay have been considered  or 

ovarian cancer screening. A large randomized con-
trolled trial has shown that an annual screening pro-
gram o   VUS and CA-125 in average-risk women 
does not reduce deaths  rom ovarian cancer (relative 
risk 1.21; 95% con dence interval 0.99–1.48). Adnexal 
palpation was dropped early in the study because it did 
not detect any ovarian cancers that were not detected 
by either  VUS or CA-125. T e risks and costs asso-
ciated with the high number o   alse-positive results 
are impediments to routine use o  these modalities  or 
screening. In the PLCO trial, 10% o  participants had 
a  alse-positive result  rom  VUS or CA-125, and one-
third o  these women underwent a major surgical pro-
cedure; the ratio o  surgeries to screen-detected ovarian 
cancer was approximately 20:1.

Prostate  cancer
T e most common prostate cancer screening modali-
ties are DRE and serum PSA assay. An emphasis on PSA 
screening has caused prostate cancer to become the most 
common nonskin cancer diagnosed in American males. 
T is disease is prone to lead-time bias, length bias, and 
overdiagnosis, and substantial debate continues among 
experts as to whether screening should be o ered unless 
the patient speci cally asks to be screened. Virtually all 
organizations stress the importance o  in orming men 
about the uncertainty regarding screening ef cacy and 
the harms associated with screening. Prostate cancer 
screening clearly detects many asymptomatic cancers, 
but the ability to distinguish tumors that are lethal but 
still curable  rom those that pose little or no threat to 
health is limited, and randomized trials indicate that 
the e ect o  PSA screening on prostate cancer mortal-
ity across a population is, at best, small. Men older than 
age 50 years have a high prevalence o  indolent, clinically 
insigni cant prostate cancers (about 30–50% o  men, 
increasing  urther as men age).

 wo major randomized controlled trials o  the impact 
o  PSA screening on prostate cancer mortality have been 
published. T e PLCO Cancer Screening  rial was a mul-
ticenter U.S. trial that randomized almost 77,000 men 
age 55–74 years to receive either annual PSA testing  or 
6 years or usual care. At 13 years o   ollow-up, no sta-
tistically signi cant di erence in the number o  prostate 
cancer deaths were noted between the arms (rate ratio 
1.09; 95% con dence interval 0.87–1.36). Approximately 
50% o  men in the control arm received at least one PSA 
test during the trial, which may have potentially diluted 
a small e ect.

T e European Randomized Study o  Screening  or 
Prostate Cancer (ERSPC) was a multinational study 
that randomized approximately 182,000 men between 
age 50 and 74 years (with a prede ned “core” screening 
group o  men age 55–69 years) to receive PSA testing or 
no screening. Recruitment and randomization proce-
dures, as well as actual  requency o  PSA testing, varied 
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385by country. A er a median  ollow-up o  11 years, a 20% 
relative reduction in the risk o  prostate cancer death 
in the screened arm was noted in the “core” screening 
group. T e trial  ound that 1055 men would need to 
be invited to screening, and 37 cases o  prostate cancer 
detected, to avert 1 death  rom prostate cancer. O  the 
seven countries included in the mortality analysis, two 
demonstrated statistically signi cant reductions in pros-
tate cancer deaths, whereas  ve did not. T ere was also 
an imbalance in treatment between the two study arms, 
with a higher proportion o  men with clinically localized 
cancer receiving radical prostatectomy in the screening 
arm and receiving it at experienced re erral centers.

 reatments  or low-stage prostate cancer, such as 
surgery and radiation therapy, can cause signi cant 

morbidity, including impotence and urinary inconti-
nence. In a trial conducted in the United States a er the 
initiation o  widespread PSA testing, random assign-
ment to radical prostatectomy compared with “watch-
 ul waiting” did not result in a statistically signi cant 
decrease in prostate cancer deaths (absolute risk reduc-
tion 2.7%; 95% con dence interval–1.3 to 6.2%).

Skin  cancer
Visual examination o  all skin sur aces by the patient or 
by a health care provider is used in screening  or basal 
and squamous cell cancers and melanoma. No prospec-
tive randomized study has been per ormed to look  or 
a mortality decrease. Un ortunately, screening is associ-
ated with a substantial rate o  overdiagnosis.
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CANCER PRESENTATION

Cancer in a localized or systemic state is a  requent item 
in the di erential diagnosis o  a variety o  common 
complaints. Although not all  orms o  cancer are cur-
able at diagnosis, a ording patients the greatest oppor-
tunity  or cure or meaning ul prolongation o  li e is 
greatly aided by diagnosing cancer at the earliest point 
possible in its natural history and de ning treatments 
that prevent or retard its systemic spread. Indeed, cer-
tain  orms o  cancer, notably breast, colon, and possibly 
lung cancers in certain patients, can be prevented by 
screening appropriately selected asymptomatic patients; 
screening is arguably the earliest point in the spectrum 
o  possible cancer-related interventions where cure is 
possible (Table 29-1).

DETECTION OF A CANCER
T e term cancer, as used here, is synonymous with the 
term tumor, whose original derivation  rom Latin sim-
ply meant “swelling,” not otherwise speci ed. We now 
understand that the swelling that is a common physi-
cal mani estation o  a tumor derives  rom increased 
interstitial  uid pressure and increased cellular and 
stromal mass per volume, compared to normal tissue. 
 umors historically were re erred to as carcinomas, or 
“crab-like” in ltrating tumors, or sarcomas, or “ eshy 
tumors,” derived  rom the Greek terms  or “crab” and 
“ esh,” respectively. Leukemias are a special case o  a 
cancer o  the blood- orming tissues presenting in a dis-
seminated  orm  requently without de nable tumor 
masses. In addition to localized swelling, tumors pres-
ent by altered  unction o  the organ they a ict, such 
as dyspnea on exertion  rom the anemia caused by 
leukemia replacing normal hematopoietic cells, cough 
 rom lung cancers, jaundice  rom tumors disrupting 
the hepatobiliary tree, or seizures and neurologic signs 
 rom brain tumors. Hemorrhage is also a  requent 

PRINCIPLES OF CANCER TREATMENT

CHAP TER 2 9

presenting sign o  tumors involving hollow viscera, as 
are decreases in the number o  platelets and inappropri-
ate inhibition o  blood coagulation. T us, although sta-
tistically the  raction o  patients with cancer underlying 
a particular presenting sign or symptom may be low, 
the implications  or a patient with cancer o  missing an 
early-stage tumor call  or vigilance; there ore, persis-
tent signs or symptoms should be evaluated as possibly 
coming  rom an early-stage tumor.

Evidence o  a tumor’s existence can objectively be 
established by care ul physical examination, such as 
enlarged lymph nodes in lymphomas or a palpable 
mass in a breast or so  tissue site. A mass may also 
be detected or con rmed by an imaging modality, 
such as plain x-ray, computed tomography (C ) scan, 
ultrasound, positron emission tomography (PE ) 
imaging, or nuclear magnetic resonance approaches. 
Sensitivity o  these technologies varies considerably, 
and the index o  suspicion  or a tumor should match 

TABLE 29 -1  
SPECTRUM OF CANCER-RELATED INTERVENTIONS
 • Screening  or cancer in an asymptomatic patient
 • Consideration o  cancer in a di erential diagnosis
 • Physical examination, imaging, or endoscopy to de ne a  

possible tumor
 • Diagnosis o  cancer by biopsy or removal:
○  Routine histology

 ○ Specialized histology: immunohistochemistry
 ○ Molecular studies
 ○ Cytogenetic studies

 • Staging the cancer: Where has it spread?
 • Treatment

 ○ Localized
 ○ Systemic

 • Supportive care
 ○ During treatment: related to tumor e ects on patient
 ○ During treatment to counteract side e ects o  treatment

 • Palliative and end o  li e
 ○ When use ul treatments are not  easible or desired
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surgery i  certain diagnoses are established should in orm 
the actual approach taken. Core-needle biopsy usually 
obtains considerably less tissue, but this procedure o en 
provides enough in ormation to plan a de nitive surgical 
procedure. Fine-needle aspiration generally obtains only 
a suspension o  cells  rom within a mass. T is procedure 
is minimally invasive, and i  positive  or cancer, it may 
allow inception o  systemic treatment when metastatic 
disease is evident, or it can provide a basis  or planning a 
more meticulous and extensive surgical procedure. How-
ever, a negative  ne-needle aspiration  or a neoplastic 
diagnosis cannot be taken as de nitive evidence that a 
tumor is absent or make a de nitive diagnosis in some-
one not known to have a cancer.

CANCER STAGING
An essential component o  correct patient management 
in many cancer types is de ning the extent o  disease, 
because this in ormation critically in orms whether 
localized treatments, “combined-modality” approaches, 
or systemic treatments should initially be considered. 
Radiographic and other imaging tests can be help-
 ul in de ning the clinical stage; however, pathologic 
staging requires de ning the extent o  involvement by 
documenting the histologic presence o  tumor in tissue 

TABLE 29 -2  
DIAGNOSTIC BIOPSY: STANDARD OF CARE 
MOLECULAR AND SPECIAL STUDIES
 • Breast cancer: primary and suspected metastatic

 ○ Hormone receptors: estrogen, progesterone
 ○ HER2/neu oncoprotein

 • Lung cancer: primary and suspected metastatic
 ○ I  nonsquamous non-small cell: epidermal growth  actor 

receptor  mutation; alk oncoprotein gene  usion
 • Colon cancer: suspected metastatic

 ○ Ki-ras mutation
 • Gastrointestinal stromal tumor

 ○ c-kit oncoprotein mutation
 • Melanoma

 ○ B-ra  oncoprotein mutation
 ○ c-kit expression and mutation

 • Leukemia (peripheral blood mononuclear cells and/or  
bone marrow)

 ○ Cytogenetics
 ○ Flow cytometry
 ○ Treatment-de ning chromosomal translocations

 ■ Bcr-Abl  usion protein
 ■ t(15,17)
 ■ inversion 16
 ■ t(8,21)

 • Lymphoma
 ○ Immunohistochemistry  or CD20, CD30, T cell markers
 ○ Treatment de ning chromosomal translocations:

 ■ t(14,18)
 ■ t(8,14)

the technology chosen. For example, low-dose heli-
cal C  scans are superior to plain chest radiographs in 
detecting lung cancers. Another way o  initially estab-
lishing the existence o  a possible tumor is through 
direct visualization o  an a icted organ by endoscopy.

ESTABLISHING A CANCER DIAGNOSIS
Once the existence o  a likely tumor is de ned, unequivo-
cally establishing the diagnosis is the next step in the 
spectrum o  correctly addressing a patient’s needs. T is 
is usually accomplished by a biopsy procedure and the 
emergence a er pathologic examination o  an unequivo-
cal statement that cancer is present. T e underlying prin-
ciple in cancer diagnosis is to obtain as much tissue as 
sa ely as possible. Due to tumor heterogeneity, patholo-
gists are better able to make the diagnosis when they have 
more tissue to examine. In addition to light microscopic 
inspection o  a tumor  or pattern o  growth, degree o  
cellular atypia, invasiveness, and morphologic  eatures 
that aid in the  di erential diagnosis, su cient tissue is o  
value in searching  or genetic abnormalities and protein 
expression patterns, such as hormone receptor expression 
in breast cancers, that may aid in the di erential diag-
nosis or provide in ormation about prognosis or likely 
response to treatment. E orts to de ne “personalized” 
in ormation  rom the biology o  each patient’s tumor and 
pertinent to each patient’s treatment plan are becoming 
increasingly important in selecting treatment options. 
T e general internist should make sure that a patient’s 
cancer biopsy is appropriately re erred  rom the surgical 
suite  or important molecular studies that can advise the 
best treatment (Table 29-2).

Similar-appearing tumors by microscopic morphology 
may have very di erent gene expression patterns when 
assessed by such techniques as microarray analysis  or 
gene expression patterns using gene chips, with impor-
tant di erences in biology and response to treatment. 
Such testing requires that the tissue be handled properly 
(e.g., immunologic detection o  proteins is more e ec-
tive in  resh- rozen tissue rather than in  ormalin- xed 
tissue). Coordination among the surgeon, pathologist, 
and primary care physician is essential to ensure that the 
amount o  in ormation learned  rom the biopsy mate-
rial is maximized. T ese goals are best met by an exci-
sional biopsy in which the entire tumor mass is removed 
with a small margin o  normal tissue surrounding it. I  an 
excisional biopsy cannot be per ormed, incisional biopsy 
is the procedure o  second choice. A wedge o  tissue 
is removed, and an e ort is made to include the major-
ity o  the cross-sectional diameter o  the tumor in the 
biopsy to minimize sampling error. Biopsy techniques 
that involve cutting into tumor carry with them a risk 
o   acilitating the spread o  the tumor, and consideration 
o  whether the biopsy might be the prelude to a curative 
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biopsies obtained through a surgical procedure. Axil-
lary lymph node sampling in breast cancer and lymph 
node sampling at laparotomy  or testicular, colon, and 
other intraabdominal cancers may provide crucial 
in ormation  or treatment planning and may determine 
the extent and nature o  primary cancer treatment.

For tumors associated with a potential “primary site,” 
staging systems have evolved to de ne a “ ” component 
related to the size o  the tumor or its invasion into local 
structures, an “N” component related to the number 
and nature o  lymph node groups adjacent to the tumor 
with evidence o  tumor spread, and an “M” component, 
based on the presence o  local or distant metastatic sites. 
T e various “ NM” components are then aggregated 
to stages, usually stage I to III or IV, depending on the 
anatomic site. T e numerical stages re ect similar long-
term survival outcomes o  the aggregated  NM group-
ings in a numeric stage a er treatment tailored to the 
stage. In general, stage I tumors are  1 (re ecting small 
size), N0 or N1 (re ecting no or minimal node spread), 
and M0 (no metastases). Such early-stage tumors are 
amenable to curative approaches with local treatments. 
On the other hand, stage IV tumors usually have metas-
tasized to distant sites or locally invaded viscera in a 
nonresectable way and are dealt with using techniques 
that have palliative intent, except  or those diseases with 
exceptional sensitivity to systemic treatments such as 
chemotherapy or immunotherapy. Also, the  NM stag-
ing system is not use ul in diseases such as leukemia, 
where bone marrow in ltration is never really localized, 
or central nervous system tumors, where tumor histol-
ogy and the extent o  anatomically  easible resection are 
more important in driving prognosis.

CANCER TREATMENT

T e goal o  cancer treatment is  rst to eradicate the 
cancer. I  this primary goal cannot be accomplished, 
the goal o  cancer treatment shi s to palliation, the 
amelioration o  symptoms, and preservation o  quality 
o  li e while striving to extend li e. T e dictum primum 
non nocere may not always be the guiding principle o  
cancer therapy. When cure o  cancer is possible, can-
cer treatments may be considered despite the certainty 
o  severe and perhaps li e-threatening toxicities. Every 
cancer treatment has the potential to cause harm, and 
treatment may be given that produces toxicity with no 
bene t. T e therapeutic index o  many interventions 
may be quite narrow, with treatments given to the point 
o  toxicity. Conversely, when the clinical goal is pal-
liation, care ul attention to minimizing the toxicity o  
potentially toxic treatments becomes a signi cant goal.

Cancer treatments are divided into two main types: 
local and systemic. Local treatments include surgery, 
radiation therapy (including photodynamic therapy), 

and ablative approaches, including radio requency and 
cryosurgical approaches. Systemic treatments include 
chemotherapy (including hormonal therapy and molec-
ularly targeted therapy) and biologic therapy (including 
immunotherapy). T e modalities are o en used in com-
bination, and agents in one category can act by several 
mechanisms. For example, cancer chemotherapy agents 
can induce di erentiation, and antibodies (a  orm o  
immunotherapy) can be used to deliver radiation ther-
apy. Oncology, the study o  tumors including treatment 
approaches, is a multidisciplinary e ort with surgical, 
radiation, and internal medicine–related areas o  onco-
logic expertise.  reatments  or patients with hemato-
logic malignancies are o en shared by hematologists 
and medical oncologists.

In many ways, cancer mimics an organ attempting to 
regulate its own growth. However, cancers have not set 
an appropriate limit on how much growth should be 
permitted. Normal organs and cancers share the prop-
erty o  having (1) a population o  cells actively progress-
ing through the cell cycle with their division providing a 
basis  or tumor growth, and (2) a population o  cells not 
in cycle. In cancers, cells that are not dividing are hetero-
geneous; some have sustained too much genetic dam-
age to replicate but have de ects in their death pathways 
that permit their survival, some are starving  or nutri-
ents and oxygen, and some are out o  cycle but poised 
to be recruited back into cycle and expand i  needed 
(i.e., reversibly growth-arrested). Severely damaged and 
starving cells are unlikely to kill the patient. T e prob-
lem is that the cells that are reversibly not in cycle are 
capable o  replenishing tumor cells physically removed 
or damaged by radiation and chemotherapy. T ese 
include cancer stem cells, whose properties are being 
elucidated, as they may serve as a basis  or giving rise to 
tumor initiating or repopulating cells. T e stem cell  rac-
tion may de ne new targets  or therapies that will retard 
their ability to reenter the cell cycle.

 umors  ollow a Gompertzian growth curve (Fig. 29-1),  
with the apparent growth  raction o  a neoplasm being 
high with small tumor burdens and declining until, at 
the time o  diagnosis, with a tumor burden o  1–5 × 109 
tumor cells, the growth  raction is usually 1–4%  or 
many solid tumors. By this view, the most rapid growth 
rate occurs be ore the tumor is detectable. An alterna-
tive explanation  or such growth properties may also 
emerge  rom the ability o  tumors at metastatic sites to 
recruit circulating tumor cells  rom the primary tumor 
or other metastases. An additional key  eature o  a suc-
cess ul tumor is the ability to stimulate the development 
o  a new supporting stroma through angiogenesis and 
production o  proteases to allow invasion through base-
ment membranes and normal tissue barriers (Chap. 26). 
Speci c cellular mechanisms promote entry or with-
drawal o  tumorcells  rom the cell cycle. For example, 
when a tumor recurs a er surgery or chemotherapy, 
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389metastatic disease that is not accessible  or removal. 
However, even when the disease is not curable by sur-
gery alone, the removal o  tumor can obtain important 
bene ts, including local control o  tumor, preservation 
o  organ  unction, debulking that permits subsequent 
therapy to work better, and staging in ormation on 
extent o  involvement. Cancer surgery aiming  or cure 
is usually planned to excise the tumor completely with 
an adequate margin o  normal tissue (the margin varies 
with the tumor and the anatomy), touching the tumor 
as little as possible to prevent vascular and lymphatic 
spread, and minimizing operative risk. Such a resection 
is de ned as an R0 resection. R1 and R2 resections, in 
contrast, are imprecisely de ned pathologically as hav-
ing microscopic or macroscopic tumor at resection mar-
gins. Such outcomes may be necessitated by proximity o  
the tumor to vital structures or recognition only in the 
resected specimen o  the extent o  tumor involvement, 
and may be the basis  or reoperation to obtain optimal 
margins i   easible. Extending the procedure to resect 
draining lymph nodes obtains prognostic in ormation 
and may, in some anatomic locations, improve survival.

Increasingly, laparoscopic approaches are being 
used to address primary abdominal and pelvic tumors. 
Lymph node spread may be assessed using the sentinel 
node approach, in which the  rst draining lymph node 
a spreading tumor would encounter is de ned by inject-
ing a dye or radioisotope into the tumor site at opera-
tion and then resecting the  rst node to turn blue or 
collect label. T e sentinel node assessment is continuing 
to undergo clinical evaluation but appears to provide 
reliable in ormation without the risks (lymphedema, 
lymphangiosarcoma) associated with resection o  all 
the regional nodes. Advances in adjuvant chemother-
apy (chemotherapy given systemically a er removal o  
all disease by operation and without evidence o  active 
metastatic disease) and radiation therapy  ollowing 
surgery have permitted a substantial decrease in the 
extent o  primary  surgery necessary to obtain the best 
outcomes. T us, lumpectomy with radiation therapy is 
as e ective as modi ed radical mastectomy  or breast 
cancer, and limb-sparing surgery  ollowed by adjuvant 
radiation therapy and chemotherapy has replaced radi-
cal primary surgical procedures involving amputation 
and disarticulation  or childhood rhabdomyosarcomas 
and osteosarcomas. More limited surgery is also being 
used to spare organ  unction, as in larynx and bladder 
cancer. T e magnitude o  operations necessary to opti-
mally control and cure cancer has also been diminished 
by technical advances;  or example, the circular anasto-
motic stapler has allowed narrower (<2 cm) margins in 
colon cancer without compromise o  local control rates, 
and many patients who would have had colostomies are 
able to maintain normal anatomy.

In some settings (e.g., bulky testicular cancer 
or stage III breast cancer), surgery is not the  rst 
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FIGURE 29 -1
Gom p ertzian  tum or g rowth . The growth  raction o  a tumor 
declines exponentially over time (top). The growth rate o  a 
tumor peaks be ore it is clinically detectable (middle). Tumor size 
increases slowly, goes through an exponential phase, and slows 
again as the tumor reaches the size at which limitation o  nutri-
ents or autoregulatory or host regulatory in uences can occur. 
The maximum growth rate occurs at 1/e, the point at which the 
tumor is about 37% o  its maximum size (marked with an X). Tumor 
becomes detectable at a burden o  about 109 (1 cm3) cells and 
kills the patient at a tumor cell burden o  about 1012 (1 kg). E orts 
to treat the tumor and reduce its size can result in an increase in 
the growth  raction and an increase in growth rate.

 requently its growth is accelerated and the growth  rac-
tion o  the tumor is increased. T is pattern is similar to 
that seen in regenerating organs. Partial resection o  the 
liver results in the recruitment o  cells into the cell cycle, 
and the resected liver volume is replaced. Similarly, che-
motherapy-damaged bone marrow increases its growth 
to replace cells killed by chemotherapy. However, cancers 
do not recognize a limit on their expansion. Monoclonal 
gammopathy o  uncertain signi cance may be an example 
o  a clonal neoplasm with intrinsic  eatures that stop its 
growth be ore a lethal tumor burden is reached. A  rac-
tion o  patients with this disorder go on to develop  atal 
multiple myeloma, but probably this occurs because o  the 
accumulation o  additional genetic lesions. Elucidation o  
the mechanisms that regulate this “organ-like” behavior 
o  tumors may provide additional clues to cancer control 
and treatment.

LOCALIZED CANCER TREATMENTS

SURGERY
Surgery is unquestionably the most e ective means o  
treating cancer.  oday at least 40% o  cancer patients 
are cured by surgery. Un ortunately, a large  rac-
tion o  patients with solid tumors (perhaps 60%) have 
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treatment modality used. A er an initial diagnos-
tic biopsy, chemotherapy and/or radiation therapy is 
delivered to reduce the size o  the tumor and clinically 
control undetected metastatic disease. Such therapy 
is  ollowed by a surgical procedure to remove residual 
masses; this is called neoadjuvant therapy. Because the 
sequence o  treatment is critical to success and is di -
 erent  rom the standard surgery- rst approach, coor-
dination among the surgical oncologist, radiation 
oncologist, and medical oncologist is crucial.

Surgery may be curative in a subset o  patients with 
metastatic disease. Patients with lung metastases  rom 
osteosarcoma may be cured by resection o  the lung 
lesions. In patients with colon cancer who have  ewer 
than  ve liver metastases restricted to one lobe and no 
extrahepatic metastases, hepatic lobectomy may pro-
duce long-term disease- ree survival in 25% o  selected 
patients. Surgery can also be associated with systemic 
antitumor e ects. In the setting o  hormonally responsive 
tumors, oophorectomy and/or adrenalectomy may elimi-
nate estrogen production, and orchiectomy may reduce 
androgen production, hormones that drive certain breast 
and all prostate cancers, respectively; both procedures 
can have use ul e ects on metastatic tumor growth. I  
resection o  the primary lesion takes place in the pres-
ence o  metastases, acceleration o  metastatic growth has 
also been described in certain cases, perhaps based on 
the removal o  a source o  angiogenesis inhibitors and 
mass-related growth regulators in the tumor.

In selecting a surgeon or center  or primary cancer 
treatment, consideration must be given to the volume 
o  cancer surgeries undertaken by the site. Studies in 
a variety o  cancers have shown that increased annual 
procedure volume appears to correlate with outcome. In 
addition,  acilities with extensive support systems—e.g., 
 or joint thoracic and abdominal surgical teams with car-
diopulmonary bypass, i  needed—may allow resection o  
certain tumors that would otherwise not be possible.

Surgery is used in a number o  ways  or palliative or 
supportive care o  the cancer patient, not related to the 
goal o  curing the cancer. T ese include insertion and 
care o  central venous catheters, control o  pleural and 
pericardial e usions and ascites, caval interruption  or 
recurrent pulmonary emboli, stabilization o  cancer-
weakened weight-bearing bones, and control o  hemor-
rhage, among others. Surgical bypass o  gastrointestinal, 
urinary tract, or biliary tree obstruction can alleviate 
symptoms and prolong survival. Surgical procedures 
may provide relie  o  otherwise intractable pain or 
reverse neurologic dys unction (cord decompression). 
Splenectomy may relieve symptoms and reverse hyper-
splenism. Intrathecal or intrahepatic therapy relies on 
surgical placement o  appropriate in usion portals. Sur-
gery may correct other treatment-related toxicities such 
as adhesions or strictures. Surgical procedures are also 
valuable in rehabilitative e orts to restore health or 

 unction. Orthopedic procedures may be necessary to 
ensure proper ambulation. Breast reconstruction can 
make an enormous impact on the patient’s perception 
o  success ul therapy. Plastic and reconstructive surgery 
can correct the e ects o  dis guring primary treatment.

Surgery is also a tool valuable in the prevention o  
cancers in high-risk populations. Prophylactic mastec-
tomy, colectomy, oophorectomy, and thyroidectomy are 
mainstays o  prevention o  genetic cancer syndromes. 
Resection o  premalignant skin and uterine cervix 
lesions and colonic polyps prevents progression to  rank 
malignancy.

RADIATION
Ra dia tion bio logy a nd medicine

T erapeutic radiation is ionizing; it damages any tis-
sue in its path. T e selectivity o  radiation  or causing 
cancer cell death may be due to de ects in a cancer cell’s 
ability to repair sublethal DNA and other damage. Ion-
izing radiation causes breaks in DNA and generates  ree 
radicals  rom cell water that may damage cell mem-
branes, proteins, and organelles. Radiation damage is 
augmented by oxygen; hypoxic cells are more resistant. 
Augmentation o  oxygen presence is one basis  or radia-
tion sensitization. Sulf ydryl compounds inter ere with 
 ree radical generation and may act as radiation protec-
tors. X-rays and gamma rays are the  orms o  ionizing 
radiation most commonly used to treat cancer. T ey are 
both electromagnetic, nonparticulate waves that cause 
the ejection o  an orbital electron when absorbed. T is 
orbital electron ejection is called ionization. X-rays are 
generated by linear accelerators; gamma rays are gener-
ated  rom decay o  atomic nuclei in radioisotopes such 
as cobalt and radium. T ese waves behave biologically 
as packets o  energy, called photons. Particulate ionizing 
radiation using protons has also become available. Most 
radiation-induced cell damage is due to the  ormation 
o  hydroxyl radicals  rom tissue water:

Ionizing radiation + H2O → H3O+ + e–

H2O+ + H2O → H3O+ + OH*

OH* → cell damage

Radiation is quantitated based on the amount o  
radiation absorbed by the tumor in the patient; it is 
not based on the amount o  radiation generated by the 
machine. T e International System (SI) unit  or radia-
tion absorbed is the Gray (Gy): 1 Gy re ers to 1 J/kg o  
tissue; 1 Gy equals 100 centigrays (cGy) o  absorbed 
dose. A historically used unit appearing in the oncology 
literature, the rad (radiation absorbed dose), is de ned 
as 100 ergs o  energy absorbed per gram o  tissue and 
is equivalent to 1 cGy. Radiation dosage is de ned by 
the energy absorbed per mass o  tissue. Radiation dose 
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391is measured by placing detectors at the body sur ace 
or based on radiating phantoms that resemble human 
 orm and substance, containing internal detectors. T e 
 eatures that make a particular cell more sensitive or 
more resistant to the biologic e ects o  radiation are not 
completely de ned and critically involve DNA repair 
proteins that, in their physiologic role, protect against 
environmentally related DNA damage.

Loca lized ra dia tion thera py

Radiation e ect is in uenced by three determinants: 
total absorbed dose, number o   ractions, and time o  
treatment. A  requent error is to omit the number o  
 ractions and the duration o  treatment. T is is analo-
gous to saying that a runner completed a race in 20 s; 
without knowing how  ar he or she ran, the result is 
di cult to interpret. T e time could be very good  or a 
200-m race or very poor  or a 100-m race. T us, a typi-
cal course o  radiation therapy should be described as 
4500 cGy delivered to a particular target (e.g., mediasti-
num) over 5 weeks in 180-cGy  ractions. Most curative 
radiation treatment programs are delivered once a day, 
5 days a week, in 150- to 200-cGy  ractions.

A number o  parameters in uence the damage done 
to tissue (normal and tumor) by radiation. Hypoxic 
cells are relatively resistant. Nondividing cells are more 
resistant than dividing cells, and this is one rationale 
 or delivering radiation in repeated  ractions, to ulti-
mately expose a larger number o  tumor cells that have 
entered the division cycle. In addition to these biologic 
parameters, physical parameters o  the radiation are also 
crucial. T e energy o  the radiation determines its abil-
ity to penetrate tissue. Low-energy orthovoltage beams 
(150–400 kV) scatter when they strike the body, much 
like light di uses when it strikes particles in the air. Such 
beams result in more damage to adjacent normal tissues 
and less radiation delivered to the tumor. Megavoltage 
radiation (>1 MeV) has very low lateral scatter; this pro-
duces a skin-sparing e ect, more homogeneous distribu-
tion o  the radiation energy, and greater deposit o  the 
energy in the tumor, or target volume. T e tissues that 
the beam passes through to get to the tumor are called 
the transit volume. T e maximum dose in the target vol-
ume is o en the cause o  complications to tissues in the 
transit volume, and the minimum dose in the target vol-
ume  in uences the  likelihood o  tumor recurrence. Dose 
homogeneity in the target volume is the goal. Computa-
tional approaches and delivery o  many beams to con-
verge on a target lesion are the basis  or “gamma kni e” 
and related approaches to deliver high doses to small 
volumes o  tumor, sparing normal tissue.

T erapeutic radiation is delivered in three ways: 
(1) teletherapy, with  ocused beams o  radiation gen-
erated at a distance and aimed at the tumor within the 
patient; (2) brachytherapy, with encapsulated sources o  

radiation implanted directly into or adjacent to tumor 
tissues; and (3) systemic therapy, with radionuclides 
administered,  or example, intravenously but targeted by 
some means to a tumor site.  eletherapy with x-ray or 
gamma-ray photons is the most commonly used  orm 
o  radiation therapy. Particulate  orms o  radiation are 
also used in certain circumstances, such as the use o  
proton beams. T e di erence between photons and pro-
tons relates to the volume in which the greatest delivery 
o  energy occurs.  ypically protons have a much nar-
rower range o  energy deposition, theoretically resulting 
in more precise delivery o  radiation with improvement 
in the degree to which adjacent structures may be 
a ected, in comparison to photons. Electron beams are 
a particulate  orm o  radiation that, in contrast to pho-
tons and protons, have a very low tissue penetrance and 
are used to treat cutaneous tumors. Apart  rom sparing 
adjacent structures, particulate  orms o  radiation are in 
most applications not superior to x-rays or gamma rays 
in clinical studies reported thus  ar, but this is an active 
area o  investigation.

Certain drugs used in cancer treatment may also act 
as radiation sensitizers. For example, compounds that 
incorporate into DNA and alter its stereochemistry 
(e.g., halogenated pyrimidines, cisplatin) augment radi-
ation e ects at local sites, as does hydroxyurea, another 
DNA synthesis inhibitor. T ese are important adjuncts 
to the local treatment o  certain tumors, such as squa-
mous head and neck, uterine cervix, and rectal cancers.

Toxicity of ra dia tion thera py

Although radiation therapy is most o en administered to 
a local region, systemic e ects, including  atigue, anorexia, 
nausea, and vomiting, may develop that are related in part 
to the volume o  tissue irradiated, dose  ractionation, radi-
ation  elds, and individual susceptibility. Injured tissues 
release cytokines that act systemically to produce these 
e ects. Bone is among the most radioresistant organs, 
with radiation e ects being mani ested mainly in children 
through premature  usion o  the epiphyseal growth plate. 
By contrast, the male testis,  emale ovary, and bone mar-
row are the most sensitive organs. Any bone marrow in 
a radiation  eld will be eradicated by therapeutic irradia-
tion. Organs with less need  or cell renewal, such as heart, 
skeletal muscle, and nerves, are more resistant to radiation 
e ects. In radiation-resistant organs, the vascular endo-
thelium is the most sensitive component. Organs with 
more sel -renewal as a part o  normal homeostasis, such 
as the hematopoietic system and mucosal lining o  the 
intestinal tract, are more sensitive. Acute toxicities include 
mucositis, skin erythema (ulceration in severe cases), and 
bone marrow toxicity. O en these can be alleviated by 
interruption o  treatment.

Chronic toxicities are more serious. Radiation o  the 
head and neck region o en produces thyroid  ailure. 
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Cataracts and retinal damage can lead to blindness. 
Salivary glands stop making saliva, which leads to den-
tal caries and poor dentition.  aste and smell can be 
a ected. Mediastinal irradiation leads to a three old 
increased risk o   atal myocardial in arction. Other late 
vascular e ects include chronic constrictive pericardi-
tis, lung  brosis, viscus stricture, spinal cord transec-
tion, and radiation enteritis. A serious late toxicity is 
the development o  second solid tumors in or adjacent 
to the radiation  elds. Such tumors can develop in any 
organ or tissue and occur at a rate o  about 1% per year 
beginning in the second decade a er treatment. Some 
organs vary in susceptibility to radiation carcinogenesis. 
A woman who receives mantle  eld radiation therapy 
 or Hodgkin’s disease at age 25 years has a 30% risk o  
developing breast cancer by age 55 years. T is is com-
parable in magnitude to genetic breast cancer syn-
dromes. Women treated a er age 30 years have little or 
no increased risk o  breast cancer. No data suggest that 
a threshold dose o  therapeutic radiation exists below 
which the incidence o  second cancers is decreased. 
High rates o  second tumors occur in people who 
receive as little as 1000 cGy.

OTHER LOCALIZED CANCER TREATMENTS
Endoscopy techniques may allow the placement o  
stents to unblock viscera by mechanical means, palli-
ating,  or example, gastrointestinal or biliary obstruc-
tions. Radio requency ablation (RFA) re ers to the 
use o   ocused microwave radiation to induce thermal 
injury within a volume o  tissue. RFA can be use ul in 
the control o  metastatic lesions, particularly in liver, 
that may threaten biliary drainage (as one example) and 
threaten quality and duration o  use ul li e in patients 
with otherwise unresectable disease. Cryosurgery uses 
extreme cold to sterilize lesions in certain sites, such as 
prostate and kidney, when at a very early stage, elimi-
nating the need  or modalities with more side e ects 
such as surgery or radiation.

Some chemicals (porphyrins, phthalocyanines) 
are pre erentially taken up by cancer cells by mecha-
nisms not  ully de ned. When light, usually delivered 
by a laser, is shone on cells containing these com-
pounds,  ree radicals are generated and the cells die. 
Hematoporphyrins and light (phototherapy) are being 
used with increasing  requency to treat skin cancer; 
ovarian cancer; and cancers o  the lung, colon, rec-
tum, and esophagus. Palliation o  recurrent locally 
advanced disease can sometimes be dramatic and last 
many months.

In usion o  chemotherapeutic or biologic agents 
or radiation-bearing delivery devices such as isotope-
coated glass spheres into local sites through catheters 
inserted into speci c vascular sites such as liver or an 

extremity have been used in an e ort to control disease 
limited to that site; in selected cases, prolonged control 
o  truly localized disease has been possible.

SYSTEMIC CANCER TREATMENTS

T e concept that systemically administered agents may 
have a use ul e ect on cancers was historically derived 
 rom three sets o  observations. Paul Ehrlich in the 
nineteenth century observed that di erent dyes reacted 
with di erent cell and tissue components. He hypothe-
sized the existence o  compounds that would be “magic 
bullets” that might bind to tumors, owing to the a n-
ity o  the agent  or the tumor. A second observation 
was the toxic e ects o  certain mustard gas derivatives 
on the bone marrow during World War I, leading to the 
idea that smaller doses o  these agents might be used to 
treat tumors o  marrow-derived cells. Finally, the obser-
vation that certain tumors  rom hormone-responsive 
tissues, e.g., breast tumors, could shrink a er oophorec-
tomy led to the idea that endogenous substances pro-
moting the growth o  a tumor might be antagonized. 
Chemicals achieving each o  the goals are actually or 
intellectually the  orbearers o  the currently used cancer 
chemotherapy agents.

Systemic cancer treatments are o   our broad types. 
Conventional “cytotoxic” chemotherapy agents were 
historically derived by the empirical observation that 
these “small molecules” (generally with molecular mass 
<1500 Da) could cause major regression o  experimen-
tal tumors growing in animals. T ese agents mainly 
target DNA structure or segregation o  DNA as chro-
mosomes in mitosis. Targeted agents re er to small mol-
ecules or “biologics” (generally macromolecules such 
as antibodies or cytokines) designed and developed 
to interact with a de ned molecular target important 
in maintaining the malignant state or expressed by 
the tumor cells. As described in Chap. 26, success ul 
tumors have activated biochemical pathways that lead 
to uncontrolled proli eration through the action o , e.g., 
oncogene products, loss o  cell cycle inhibitors, or loss 
o  cell death regulation, and have acquired the capacity 
to replicate chromosomes inde nitely, invade, metasta-
size, and evade the immune system.  argeted therapies 
seek to capitalize on the biology behind the aberrant 
cellular behavior as a basis  or therapeutic e ects. Hor-
monal therapies (the  rst  orm o  targeted therapy) capi-
talize on the biochemical pathways underlying estrogen 
and androgen  unction and action as a therapeutic basis 
 or approaching patients with tumors o  breast, prostate, 
uterus, and ovarian origin. Biologic therapies are o en 
macromolecules that have a particular target (e.g., anti-
growth  actor or cytokine antibodies) or may have the 
capacity to regulate growth o  tumor cells or induce a 
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393host immune response to kill tumor cells. T us, biologic 
therapies include not only antibodies but also cytokines 
and gene therapies.

CANCER CHEMOTHERAPY
Principles

T e use ulness o  any drug is governed by the extent 
to which a given dose causes a use ul result (therapeu-
tic e ect; in the case o  anticancer agents, toxicity to 
tumor cells) as opposed to a toxic e ect to the host. T e 
therapeutic index is the degree o  separation between 
toxic and therapeutic doses. Really use ul drugs have 
large therapeutic indices, and this usually occurs when 
the drug target is expressed in the disease-causing 
compartment as opposed to the normal compartment. 
Classically, selective toxicity o  an agent  or a tissue or 
cell type is governed by the di erential expression o  a 
drug’s target in the “sensitive” cell type or by di erential 
drug accumulation into or elimination  rom compart-
ments where greater or lesser toxicity is experienced, 
respectively. Currently used chemotherapeutic agents 
have the un ortunate property that their targets are 
present in both normal and tumor tissues. T ere ore, 
they have relatively narrow therapeutic indices.

Figure 29-2 illustrates steps in cancer drug devel-
opment. Following demonstration o  antitumor activ-
ity in animal models, potentially use ul anticancer 
agents are  urther evaluated to de ne an optimal sched-
ule o  administration and arrive at a drug  ormula-
tion designed  or a given route o  administration and 
schedule. Sa ety testing in two species on an analogous 
schedule o  administration de nes the starting dose 
 or a phase 1 trial in humans, usually but not always 
in patients with cancer who have exhausted “standard” 
(already approved) treatments. T e initial dose is usu-
ally one-sixth to one-tenth o  the dose just causing 
easily reversible toxicity in the more sensitive animal 
species. Escalating doses o  the drug are then given dur-
ing the human phase 1 trial until reversible toxicity is 
observed. Dose-limiting toxicity (DL ) de nes a dose 
that conveys greater toxicity than would be acceptable 
in routine practice, allowing de nition o  a lower maxi-
mum-tolerated dose (M D). T e occurrence o  toxicity 
is, i  possible, correlated with plasma drug concentra-
tions. T e M D or a dose just lower than the M D is 
usually the dose suitable  or phase 2 trials, where a  xed 
dose is administered to a relatively homogeneous set 
o  patients with a particular tumor type in an e ort to 
de ne whether the drug causes regression o  tumors. 
In a phase 3 trial, evidence o  improved overall survival 
or improvement in the time to progression o  disease 
on the part o  the new drug is sought in comparison 
to an appropriate control population, which is usually 
receiving an acceptable “standard o  care” approach. 
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FIGURE 29 -2
Step s in  cancer d rug  d iscovery and  d evelop m ent. Preclinical 
activity (top) in animal models o  cancers may be used as evidence 
to support the entry o  the drug candidate into phase 1 trials in 
humans to de ne a correct dose and observe any clinical antitumor 
e ect that may occur. The drug may then be advanced to phase 2 
trials directed against speci c cancer types, with rigorous quantita-
tion o  antitumor e ects (middle). Phase 3 trials then may reveal 
activity superior to standard or no treatment (bottom).

A  avorable outcome o  a phase 3 trial is the basis  or 
application to a regulatory agency  or approval o  the 
new agent  or commercial marketing as sa e and pos-
sessing a measure o  clinical e ectiveness.

Response, de ned as tumor shrinkage, is the most 
immediate indicator o  drug e ect.  o be clinically 
valuable, responses must translate into clinical bene t. 
T is is conventionally established by a bene cial e ect 
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on overall survival, or at least an increased time to  ur-
ther progression o  disease. Karno sky was among the 
 rst to champion the evaluation o  a chemotherapeu-
tic agent’s bene t by care ully quantitating its e ect on 
tumor size and using these measurements to objectively 
decide the basis  or  urther treatment o  a particular 
patient or  urther clinical evaluation o  a drug’s poten-
tial. A partial response (PR) is de ned conventionally 
as a decrease by at least 50% in a tumor’s bidimensional 
area; a complete response (CR) connotes disappearance 
o  all tumor; progression o  disease signi es an increase 
in size o  existing lesions by >25%  rom baseline or best 
response or development o  new lesions; and stable dis-
ease  ts into none o  the above categories. Newer evalu-
ation systems, such as Response Evaluation Criteria 
in Solid  umors (RECIS ), use unidimensional mea-
surement, but the intent is similar in rigorously de n-
ing evidence  or the activity o  the agent in assessing 
its value to the patient. An active chemotherapy agent 
conventionally has PR rates o  at least 20–25% with 
reversible non-li e-threatening side e ects, and it may 
then be suitable  or study in phase 3 trials to assess e -
cacy in comparison to standard or no therapy. Active 
e orts are being made to quantitate e ects o  antican-
cer agents on quality o  li e. Cancer drug clinical trials 
conventionally use a toxicity grading scale where grade 
1 toxicities do not require treatment, grade 2 tox-
icities may require symptomatic treatment but are not 
li e-threatening, grade 3 toxicities are potentially li e-
threatening i  untreated, grade 4 toxicities are actually 
li e-threatening, and grade 5 toxicities are those that 
result in the patient’s death.

Development o  targeted agents may proceed quite 
di erently. While phase 1–3 trials are still conducted, 
molecular analysis o  human tumors may allow the pre-
cise de nition o  target expression in a patient’s tumor 
that is necessary  or or relevant to the drug’s action. 
T is in ormation might then allow selection o  patients 
expressing the drug target  or participation in all trial 
phases. T ese patients may then have a greater chance 
o  developing a use ul response to the drug by virtue o  
expressing the target in the tumor. Clinical trials may be 
designed to incorporate an assessment o  the behavior 
o  the target in relation to the drug (pharmacodynamic 
studies). Ideally, the plasma concentration that a ects 
the drug target is known, so escalation to M D may 
not be necessary. Rather, the correlation o  host toxic-
ity while achieving an “optimal biologic dose” becomes 
a more relevant endpoint  or phase 1 and early phase 2 
trials with targeted agents.

Use ul cancer drug treatment strategies using con-
ventional chemotherapy agents, targeted agents, hor-
monal treatments, or biologics have one o  two valuable 
outcomes. T ey can induce cancer cell death, resulting 
in tumor shrinkage with corresponding improvement 

in patient survival, or increase the time until the disease 
progresses. Another potential outcome is to induce can-
cer cell dif erentiation or dormancy with loss o  tumor 
cell replicative potential and reacquisition o  pheno-
typic properties resembling normal cells. A blocking in 
normal cellular di erentiation may be a key  eature in 
the pathogenesis o  certain leukemias.

Cell death is a closely regulated process. Necrosis 
re ers to cell death induced,  or example, by physical 
damage with the hallmarks o  cell swelling and mem-
brane disruption. Apoptosis, or programmed cell death, 
re ers to a highly ordered process whereby cells respond 
to de ned stimuli by dying, and it recapitulates the nec-
essary cell death observed during the ontogeny o  the 
organism. Cancer chemotherapeutic agents can cause 
both necrosis and apoptosis. Apoptosis is character-
ized by chromatin condensation (giving rise to “apop-
totic bodies”), cell shrinkage, and, in living animals, 
phagocytosis by surrounding stromal cells without evi-
dence o  in ammation. T is process is regulated either 
by signal transduction systems that promote a cell’s 
demise a er a certain level o  insult is achieved or in 
response to speci c cell-sur ace receptors that medi-
ate physiologic cell death responses, such as occurs in 
the developing organism or in the normal  unction o  
immune cells. In uencing apoptosis by manipulation 
o  signal transduction pathways has emerged as a basis 
 or understanding the actions o  drugs and designing 
new strategies to improve their use. Autophagy is a cel-
lular response to injury where the cell does not initially 
die but catabolizes itsel  in a way that can lead to loss 
o  replicative potential. A general view o  how cancer 
treatments work is that the interaction o  a chemo-
therapeutic drug with its target induces a “cascade” o  
 urther signaling steps. T ese signals ultimately lead to 
cell death by triggering an “execution phase” where pro-
teases, nucleases, and endogenous regulators o  the cell 
death pathway are activated (Fig. 29-3).

 argeted agents di er  rom chemotherapy agents in 
that they do not indiscriminately cause macromolecular 
lesions but regulate the action o  particular pathways. 
For example, the p210bcr-abl  usion protein tyrosine 
kinase drives chronic myeloid leukemia (CML), and 
HER2/neu stimulates the proli eration o  certain breast 
cancers. T e tumor has been described as “addicted” 
to the  unction o  these molecules in the sense that 
without the pathway’s continued action, the tumor cell 
cannot survive. In this way, targeted agents directed 
at p210bcr-abl or HER2/neu may alter the “threshold” 
tumors driven by these molecules may have  or under-
going apoptosis without actually creating any molecular 
lesions such as direct DNA strand breakage or altered 
membrane  unction.

While apoptotic mechanisms are important in regu-
lating cellular proli eration and the behavior o  tumor 
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cells in vitro, in vivo it is unclear whether all o  the 
actions o  chemotherapeutic agents to cause cell death 
can be attributed to apoptotic mechanisms. However, 
changes in molecules that regulate apoptosis are corre-
lated with clinical outcomes (e.g., bcl2 overexpression in 
certain lymphomas conveys poor prognosis; proapop-
totic bax expression is associated with a better outcome 
a er chemotherapy  or ovarian carcinoma). A better 
understanding o  the relationship o  cell death and cell 
survival mechanisms is needed.

Chemotherapy agents may be used  or the treat-
ment o  active, clinically apparent cancer. T e goal o  
such treatment in some cases is cure o  the cancer, that 
is, elimination o  all clinical and pathologic evidence o  

cancer and return o  the patient to an expected survival 
no di erent than the general population. Table 29-3A 
lists those tumors considered curable by convention-
ally available chemotherapeutic agents when used to 
address disseminated or metastatic cancers. I  a tumor 
is localized to a single site, serious consideration o  
surgery or primary radiation therapy should be given, 
because these treatment modalities may be curative 
as local treatments. Chemotherapy may then be used 
a er the  ailure o  these modalities to eradicate a local 
tumor or as part o  multimodality approaches to o er 
primary treatment to a clinically localized tumor. In 
this event, it can allow organ preservation when given 
with radiation, as in the larynx or other upper airway 

Targe ted therapy and biologica l ta rge ts
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FIGURE 29 -3
In teg ra t ion  o f ce ll d ea th  re sp onses. Cell death through an 
apoptotic mechanism requires active participation o  the cell. In 
response to interruption o  growth  actor (GF) or propagation o  
certain cytokine death signals (e.g., tumor necrosis  actor recep-
tor [TNF-R]), there is activation o  “upstream” cysteine aspartyl 
proteases (caspases), which then directly digest cytoplasmic and 
nuclear proteins, resulting in activation o  “downstream” caspases; 
these cause activation o  nucleases, resulting in the characteris-
tic DNA  ragmentation that is a hallmark o  apoptosis. Chemo-
therapy agents that create lesions in DNA or alter mitotic spindle 
 unction seem to activate aspects o  this process by damage ulti-
mately conveyed to the mitochondria, perhaps by activating the 
transcription o  genes whose products can produce or modu-
late the toxicity o   ree radicals. In addition, membrane damage 
with activation o  sphingomyelinases results in the production 
o  ceramides that can have a direct action at mitochondria. The 

antiapoptotic protein bcl2 attenuates mitochondrial toxicity, 
while proapoptotic gene products such as bax antagonize the 
action o  bcl2. Damaged mitochondria release cytochrome C and 
apoptosis-activating  actor (APAF), which can directly activate cas-
pase 9, resulting in propagation o  a direct signal to other down-
stream caspases through protease activation. Apoptosis-inducing 
 actor (AIF) is also released  rom the mitochondrion and then can 
translocate to the nucleus, bind to DNA, and generate  ree radicals 
to  urther damage DNA. An additional proapoptotic stimulus is 
the bad protein, which can heterodimerize with bcl2 gene  amily 
members to antagonize apoptosis. Importantly, though, bad pro-
tein  unction can be retarded by its sequestration as phospho-bad 
through the 14-3-3 adapter proteins. The phosphorylation o  bad 
is mediated by the action o  the AKT kinase in a way that de nes 
how growth  actors that activate this kinase can retard apoptosis 
and promote cell survival.
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TABLE 29-3  
CURABILITY OF CANCERS WITH CHEMOTHERAPY
 • A.  Ad van ced  Can cers 

with  Po ssib le  Cu re
Acute lymphoid and 
acute myeloid leukemia 
(pediatric/adult)

Hodgkin’s disease 
(pediatric/adult)

Lymphomas—certain 
types (pediatric/adult)

Germ cell neoplasms
 Embryonal carcinoma
 Teratocarcinoma
 Seminoma or  
  dysgerminoma

 Choriocarcinoma
Gestational trophoblastic 
neoplasia

Pediatric neoplasms
 Wilms’ tumor
 Embryonal  
  rhabdomyosarcoma

 Ewing’s sarcoma
 Peripheral  
  neuroepithelioma

 Neuroblastoma
Small-cell lung carcinoma
Ovarian carcinoma

 • B.  Ad vanced  Cancers Pos 
sib ly Cured  b y Chem o  
therap y and  Rad ia t ion
Squamous carcinoma 
(head and neck)

Squamous carcinoma 
(anus)

Breast carcinoma
Carcinoma o  the uterine 
cervix

Non-small-cell lung  
carcinoma (stage III)

Small-cell lung carcinoma
 • C.  Cancers Possib ly Cured  

with  Chem otherap y as  
Ad juvant  to  Surgery
Breast carcinoma
Colorectal carcinomaa

Osteogenic sarcoma
So t tissue sarcoma

 • D.  Cancers Possib ly Cured  
with  “High  Dose”  
Chemotherap y with  
Stem  Cell Sup p ort
Relapsed leukemias,  
lymphoid and myeloid

Relapsed lymphomas,  
Hodgkin’s and 
non-Hodgkin’s

Chronic myeloid leukemia
Multiple myeloma

 • E.  Can cers Resp on sive  
with  Use fu l Pa llia  
t io n , Bu t  No t  Cu re, b y 
Ch em oth erap y
Bladder carcinoma
Chronic myeloid leukemia
Hairy cell leukemia
Chronic lymphocytic 
leukemia

Lymphoma—certain 
types

Multiple myeloma
Gastric carcinoma
Cervix carcinoma
Endometrial carcinoma
So t tissue sarcoma
Head and neck cancer
Adrenocortical carcinoma
Islet cell neoplasms
Breast carcinoma
Colorectal carcinoma
Renal carcinoma

 • F.  Tumors Poorly Resp on 
sive in  Ad vanced  Stages 
to  Chemotherapy
Pancreatic carcinoma
Biliary tract neoplasms
Thyroid carcinoma
Carcinoma o  the vulva
Non-small-cell lung 
carcinoma

Prostate carcinoma
Melanoma (subsets)
Hepatocellular carcinoma
Salivary gland cancer

aRectum also receives radiation therapy.

noted above, small tumors  requently have high growth 
 ractions and there ore may be intrinsically more sus-
ceptible to the action o  antiproli erative agents. Neo-
adjuvant chemotherapy re ers to administration o  
chemotherapy prior to any surgery or radiation to a 
local tumor in an e ort to enhance the e ect o  the local 
treatment.

Chemotherapy is routinely used in “conventional” 
dose regimens. In general, these doses produce revers-
ible acute side e ects, primarily consisting o  transient 
myelosuppression with or without gastrointestinal 
toxicity (usually nausea), which are readily managed. 
“High-dose” chemotherapy regimens are predicated on 
the observation that the dose-response curve  or many 
anticancer agents is rather steep, and increased dose can 
produce markedly increased therapeutic e ect, although 
at the cost o  potentially li e-threatening complications 
that require intensive support, usually in the  orm o  
hematopoietic stem cell support  rom the patient (autol-
ogous) or  rom donors matched  or histocompatibility 
loci (allogeneic), or pharmacologic “rescue” strategies to 
repair the e ect o  the high-dose chemotherapy on nor-
mal tissues. High-dose regimens have de nite curative 
potential in de ned clinical settings (Table 29-3D).

I  cure is not possible, chemotherapy may be under-
taken with the goal o  palliating some aspect o  the 
tumor’s e ect on the host. In this usage, value is per-
ceived by the demonstration o  improved symptom 
relie , progression- ree survival, or overall survival at 
a certain time  rom the inception o  treatment in the 
treated population, compared to a relevant control 
population established as the result o  clinical research 
protocol or other organized comparative study. Such 
clinical research protocols are the basis  or U.S. Food 
and Drug Administration (FDA) approval o  a partic-
ular cancer treatment as sa e and e ective and are the 
benchmark  or an evidence-based approach to the use 
o  chemotherapeutic agents. Common tumors that may 
be meaning ully addressed by chemotherapy with pal-
liative intent are listed in Table 29-3E.

Usually, tumor-related symptoms mani est as pain, 
weight loss, or some local symptom related to the 
tumor’s e ect on normal structures. Patients treated 
with palliative intent should be aware o  their diagno-
sis and the limitations o  the proposed treatments, have 
access to supportive care, and have suitable “per or-
mance status,” according to assessment algorithms such 
as the one developed by Karno sky (see Table 27-4) or 
by the Eastern Cooperative Oncology Group (ECOG) 
(see Table 27-5). ECOG per ormance status 0 (PS0) 
patients are without symptoms; PS1 patients are ambu-
latory but restricted in strenuous physical activity; PS2 
patients are ambulatory but unable to work and are up 
and about 50% or more o  the time; PS3 patients are 
capable o  limited sel -care and are up <50% o  the time; 
and PS4 patients are totally con ned to bed or chair and 

sites, or sensitize tumors to radiation when given, e.g., 
to patients concurrently receiving radiation  or lung 
or cervix cancer (Table 29-3B). Chemotherapy can be 
administered as an adjuvant, i.e., in addition to sur-
gery or radiation (Table 29-3C), even a er all clinically 
apparent disease has been removed. T is use o  chemo-
therapy has curative potential in breast and colorectal 
neoplasms, as it attempts to eliminate clinically unap-
parent tumor that may have already disseminated. As 
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397incapable o  sel -care. Only PS0, PS1, and PS2 patients 
are generally considered suitable  or palliative (non-
curative) treatment. I  there is curative potential, even 
poor–per ormance status patients may be treated, but 
their prognosis is usually in erior to that o  good–per-
 ormance status patients treated with similar regimens.

An important perspective the primary care provider 
may bring to patients and their  amilies  acing incurable 
cancer is that, given the limited value o  chemothera-
peutic approaches at some point in the natural history 
o  most metastatic cancers, palliative care or hospice-
based approaches, with meticulous and ongoing atten-
tion to symptom relie  and with  amily, psychological, 
and spiritual support, should receive prominent atten-
tion as a valuable therapeutic plan (Chaps. 27 and 33). 
Optimizing the quality o  li e rather than attempting 
to extend it becomes a valued intervention. Patients 
 acing the impending progression o  disease in a li e-
threatening way  requently choose to undertake toxic 
treatments o  little to no potential value, and support 
provided by the primary caregiver in accessing pallia-
tive and hospice-based options in contrast to receiving 
toxic and ine ective regimen can be critical in provid-
ing a basis  or patients to make sensible choices.

Cyto toxic chemothera py a gents

Table 29-4 lists commonly used cytotoxic cancer che-
motherapy agents and pertinent clinical aspects o  their 
use, with particular re erence to adverse e ects that 
might be encountered by the generalist in the care o  
patients. T e drugs listed may be use ully grouped into 
two general categories: those a ecting DNA and those 
a ecting microtubules.

Direct  DNA-in te ract ive  agen ts
DNA replication occurs during the synthesis or S-phase 
o  the cell cycle, with chromosome segregation o  the 
replicated DNA occurring in the M, or mitosis, phase. 
T e G1 and G2 “gap phases” precede S and M, respec-
tively. Historically, chemotherapeutic agents have been 
divided into “phase-nonspeci c” agents, which can 
act in any phase o  the cell cycle, and “phase-speci c” 
agents, which require the cell to be at a particular cell 
cycle phase to cause greatest e ect. Once the agent has 
acted, cells may progress to “checkpoints” in the cell 
cycle where the drug-related damage may be assessed 
and either repaired or allowed to initiate apoptosis. An 
important  unction o  certain tumor-suppressor genes 
such as p53 may be to modulate checkpoint  unction.

Alkylating agents as a class are cell cycle phase–non-
speci c agents. T ey break down, either spontane-
ously or a er normal organ or tumor cell metabolism, 
to reactive intermediates that covalently modi y bases 
in DNA. T is leads to cross-linkage o  DNA strands or 
the appearance o  breaks in DNA as a result o  repair 

e orts. “Broken” or cross-linked DNA is intrinsically 
unable to complete normal replication or cell division; 
in addition, it is a potent activator o  cell cycle check-
points and  urther activates cell-signaling pathways that 
can precipitate apoptosis. As a class, alkylating agents 
share similar toxicities: myelosuppression, alopecia, 
gonadal dys unction, mucositis, and pulmonary  bro-
sis. T ey di er greatly in a spectrum o  normal organ 
toxicities. As a class, they share the capacity to cause 
“second” neoplasms, particularly leukemia, many years 
a er use, particularly when used in low doses  or pro-
tracted periods.

Cyclophosphamide is inactive unless metabolized 
by the liver to 4-hydroxy-cyclophosphamide, which 
decomposes into an alkylating species, as well as to 
chloroacetaldehyde and acrolein. T e latter causes 
chemical cystitis; there ore, excellent hydration must 
be maintained while using cyclophosphamide. I  
severe, the cystitis may be prevented  rom progress-
ing or prevented altogether (i  expected  rom the dose 
o  cyclophosphamide to be used) by mesna (2-mercap-
toethanesul onate). Liver disease impairs cyclophos-
phamide activation. Sporadic interstitial pneumonitis 
leading to pulmonary  brosis can accompany the use 
o  cyclophosphamide, and high doses used in condi-
tioning regimens  or bone marrow transplant can cause 
cardiac dys unction. I os amide is a cyclophosphamide 
analogue also activated in the liver, but more slowly, 
and it requires coadministration o  mesna to prevent 
bladder injury. Central nervous system (CNS) e ects, 
including somnolence, con usion, and psychosis, can 
 ollow i os amide use; the incidence appears related to 
low body sur ace area or decreased creatinine clearance.

Several alkylating agents are less commonly used. 
Nitrogen mustard (mechlorethamine) is the prototypic 
agent o  this class, decomposing rapidly in aqueous 
solution to potentially yield a bi unctional carbonium 
ion. It must be administered shortly a er preparation 
into a rapidly  owing intravenous line. It is a power ul 
vesicant, and in ltration may be symptomatically ame-
liorated by in ltration o  the a ected site with 1/6 M 
thiosul ate. Even without in ltration, aseptic thrombo-
phlebitis is  requent. It can be used topically as a dilute 
solution or ointment in cutaneous lymphomas, with a 
notable incidence o  hypersensitivity reactions. It causes 
moderate nausea a er intravenous administration. 
Bendamustine is a nitrogen mustard derivative with 
evidence o  activity in chronic lymphocytic leukemia 
and certain lymphomas.

Chlorambucil causes predictable myelosuppres-
sion, azoospermia, nausea, and pulmonary side e ects. 
Busul an can cause pro ound myelosuppression, alope-
cia, and pulmonary toxicity but is relatively “lymphocyte 
sparing.” Its routine use in treatment o  CML has been 
curtailed in  avor o  imatinib (Gleevec) or dasatinib, 
but it is still used in transplant preparation regimens. 
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TABLE 29-4  
CYTOTOXIC CHEMOTHERAPY AGENTS

DRUG  TOXICITY  INTERACTIONS, ISSUES

Direct  DNA In te ract in g  Ag en ts

Alkyla to r
Cyclophospha-
mide

Marrow (relative platelet sparing)
Cystitis
Common alkylatora

Cardiac (high dose)

Liver metabolism required to activate to phosphoramide mustard + acrolein
Mesna protects against “high-dose” bladder damage

Mechlorethamine  Marrow
Vesicant
Nausea

Topical use in cutaneous lymphoma

Chlorambucil  Marrow
Common alkylatora

Melphalan  Marrow (delayed nadir)
GI (high dose)

Decreased renal  unction delays clearance

Carmustine 
(BCNU)

Marrow (delayed nadir)
GI, liver (high dose)
Renal

Lomustine (CCNU)  Marrow (delayed nadir)
I os amide  Myelosuppressive

Bladder
Neurologic
Metabolic acidosis

Analogue o  cyclophosphamide
Must use mesna
Greater activity vs testicular neoplasms and sarcomas

Procarbazine  Marrow
Nausea
Neurologic
Common alkylatora

Liver and tissue metabolism required
Disul ram-like e ect with ethanol
Acts as MAOI
HBP a ter tyrosinase-rich  oods

Dacarbazine 
(DTIC)

Marrow
Nausea
Flulike

Metabolic activation

Temozolomide  Nausea/vomiting
Headache/ atigue
Constipation

In requent myelosuppression

Altretamine 
( ormerly 
hexamethyl-
melamine)

Nausea
Neurologic (mood swing)
Neuropathy
Marrow (less)

Liver activation
Barbiturates enhance/cimetidine diminishes

Cisplatin  Nausea
Neuropathy
Auditory
Marrow platelets > WBCs
Renal Mg2+, Ca2+

Maintain high urine  ow; osmotic diuresis, monitor intake/output K+, Mg2+

Emetogenic—prophylaxis needed
Full dose i  CrCl >60 mL/min and tolerate  uid push

Carboplatin  Marrow platelets > WBCs
Nausea
Renal (high dose)

Reduce dose according to CrCl: to AUC o  5–7 mg/mL per min  
(AUC = dose/[CrCl + 25])

Oxaliplatin  Nausea
Anemia

Acute reversible neurotoxicity; chronic sensory neurotoxicity  cumulative with 
dose; reversible laryngopharyngeal spasm

Ant itu m o r Ant ib io t ics an d  To p o iso m era se  Po iso n s

Bleomycin  Pulmonary
Skin e ects
Raynaud’s
Hypersensitivity

Inactivate by bleomycin hydrolase (decreased in lung/skin)
O2 enhances pulmonary toxicity
Cisplatin-induced decrease in CrCl may increase skin/lung toxicity
Reduce dose i  CrCl <60 mL/min

Dactinomycin  Marrow
Nausea
Mucositis
Vesicant
Alopecia

Radiation recall

(continued)
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Etoposide 
(VP16-213)

Marrow (WBCs > platelet)
Alopecia
Hypotension
Hypersensitivity (rapid IV)
Nausea
Mucositis (high dose)

Hepatic metabolism—renal 30%
Reduce doses with renal  ailure
Schedule-dependent (5-day schedule better than 1-day)
Late leukemogenic
Accentuate antimetabolite action

Topotecan  Marrow
Mucositis
Nausea
Mild alopecia

Reduce dose with renal  ailure
No liver toxicity

Irinotecan  Diarrhea: “early onset” with 
cramping,  ushing, vomiting; 
“late onset” a ter several doses

Marrow
Alopecia
Nausea
Vomiting
Pulmonary

Prodrug requires enzymatic clearance to active drug “SN 38”
Early diarrhea likely due to biliary excretion
Late diarrhea, use “high-dose” loperamide (2 mg q2–4 h)

Doxorubicin and 
daunorubicin

Marrow
Mucositis
Alopecia
Cardiovascular acute/chronic
Vesicant

Heparin aggregate; coadministration increases clearance
Acetaminophen, BCNU increase liver toxicity
Radiation recall

Idarubicin  Marrow
Cardiac (less than doxorubicin)

None established

Epirubicin  Marrow
Cardiac

None established

Mitoxantrone  Marrow
Cardiac (less than doxorubicin)
Vesicant (mild)
Blue urine, sclerae, nails

Interacts with heparin
Less alopecia, nausea than doxorubicin
Radiation recall
Less alopecia, nausea than doxorubicin

Ind irect ly DNA In te ract ing  Ag en ts

Antimetabolites
Deoxyco ormycin  Nausea

Immunosuppression
Neurologic
Renal

Excretes in urine
Reduce dose  or renal  ailure
Inhibits adenosine deaminase
Reduce dose  or renal  ailure

6-Mercaptopurine 
(6-MP)

Marrow
Liver
Nausea

Variable bioavailability
Metabolize by xanthine oxidase
Decrease dose with allopurinol
Increased toxicity with thiopurine methyltrans erase de ciency

6-Thioguanine  Marrow
Liver
Nausea

Variable bioavailability
Increased toxicity with thiopurine methyltrans erase de ciency

Azathioprine  Marrow
Nausea
Liver

Metabolizes to 6-MP; there ore, reduce dose with allopurinol
Increase toxicity with thiopurine methyltrans erase de ciency

2-Chlorodeoxy-
adenosine

Marrow
Renal
Fever

Notable use in hairy cell leukemia

Hydroxyurea  Marrow
Nausea
Mucositis
Skin changes
Rare renal, liver, lung, CNS

Decrease dose with renal  ailure
Augments antimetabolite e ect

(continued)

TABLE 29-4  
CYTOTOXIC CHEMOTHERAPY AGENTS (Continued)

DRUG  TOXICITY  INTERACTIONS, ISSUES
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Methotrexate  Marrow
Liver/lung
Renal tubular
Mucositis

Toxicity lessened by “rescue” with leucovorin
Excreted in urine
Decrease dose in renal  ailure; NSAIDs increase renal toxicity

5-Fluorouracil 
(5FU)

Marrow
Mucositis
Neurologic
Skin changes

Toxicity enhanced by leucovorin by increasing “ternary complex” with thy-
midylate synthase; dihydropyrimidine dehydrogenase de ciency increases 
toxicity; metabolism in tissue

Capecitabine  Diarrhea
Hand- oot syndrome

Prodrug o  5FU due to intratumoral metabolism

Cytosine 
arabinoside

Marrow
Mucositis
Neurologic (high dose)
Conjunctivitis (high dose)
Noncardiogenic pulmonary 
edema

Enhances activity o  alkylating agents
Metabolizes in tissues by deamination but renal excretion prominent at 
doses >500 mg; there ore, dose reduce in “high-dose” regimens in patients 
with decreased CrCl

Azacitidine  Marrow
Nausea
Liver
Neurologic
Myalgia

Use limited to leukemia
Altered methylation o  DNA alters gene expression

Gemcitabine  Marrow
Nausea
Hepatic
Fever/” u syndrome”

Fludarabine 
phosphate

Marrow
Neurologic
Lung

Dose reduction with renal  ailure
Metabolized to F-ara converted to F-ara ATP in cells by deoxycytidine kinase

Clo arabine  Myelosuppression
Mucositis
Rare cardiac/in ammatory

Nelarabine  Myelosuppression
Neurologic

T cell ALL; T cell lymphoblastic lymphoma

Asparaginase  Protein synthesis; indirect inhi-
bition o  DNA synthesis by 
decreased histone synthesis

Clotting  actors
Glucose
Albumin
Hypersensitivity
CNS
Pancreatitis
Hepatic

Blocks methotrexate action

Pemetrexed  Anemia
Neutropenia
Thrombocytopenia

Supplement  olate/B12
Caution in renal  ailure

Pralatrexate  Myelosuppression
Mucositis

Active in peripheral T cell lymphoma

Ant im ito t ic Ag en ts

Vincristine  Vesicant
Marrow
Neurologic
GI: ileus/constipation; bladder 
hypotoxicity; SIADH

Cardiovascular

Hepatic clearance
Dose reduction  or bilirubin >1.5 mg/dL
Prophylactic bowel regimen

TABLE 29-4  
CYTOTOXIC CHEMOTHERAPY AGENTS (Continued)

DRUG  TOXICITY  INTERACTIONS, ISSUES

(continued)
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Melphalan shows variable oral bioavailability and 
undergoes extensive binding to albumin and α1-acidic 
glycoprotein. Mucositis appears more prominently; 
however, it has prominent activity in multiple myeloma.

Nitrosoureas break down to carbamylating spe-
cies that not only cause a distinct pattern o  DNA base 
pair–directed toxicity but also can covalently modi y 
proteins. T ey share the  eature o  causing relatively 
delayed bone marrow toxicity, which can be cumula-
tive and long-lasting. Procarbazine is metabolized in 
the liver and possibly in tumor cells to yield a vari-
ety o   ree radical and alkylating species. In addition 

to myelosuppression, it causes hypnotic and other 
CNS e ects, including vivid nightmares. It can cause 
a disul ram-like syndrome on ingestion o  ethanol. 
Altretamine ( ormerly hexa-methylmelamine) and 
thiotepa can chemically give rise to alkylating spe-
cies, although the nature o  the DNA damage has not 
been well characterized in either case. Dacarbazine 
(D IC) is activated in the liver to yield the highly reac-
tive methyl diazonium cation. It causes only modest 
myelosuppression 21–25 days a er a dose but causes 
prominent nausea on day 1.  emozolomide is struc-
turally related to dacarbazine but was designed to be 

Vinblastine  Vesicant
Marrow
Neurologic (less common but 
similar spectrum to other vincas)

Hypertension
Raynaud’s

Hepatic clearance
Dose reduction as with vincristine

Vinorelbine  Vesicant
Marrow
Allergic/bronchospasm 
(immediate)

Dyspnea/cough (subacute)
Neurologic (less prominent but 
similar spectrum to other vincas)

Hepatic clearance

Paclitaxel  Hypersensitivity
Marrow
Mucositis
Alopecia
Sensory neuropathy
CV conduction disturbance
Nausea—in requent

Premedicate with steroids, H1 and H2 blockers
Hepatic clearance
Dose reduction as with vincas

Docetaxel  Hypersensitivity
Fluid retention syndrome
Marrow
Dermatologic
Sensory neuropathy
Nausea in requent
Some stomatitis

Premedicate with steroids, H1 and H2 blockers

Estramustine 
phosphate

Nausea
Vomiting
Diarrhea
CHF
Thrombosis
Gynecomastia

Nab-paclitaxel 
(protein bound)

Neuropathy
Anemia
Neutropenia
Thrombocytopenia

Caution in hepatic insuf ciency

Ixabepilone  Myelosuppression
Neuropathy

aCommon allkylator: alopecia, pulmonary, in ertility, plus teratogenesis.
Abbrevia t ions: ALL, acute lymphocytic leukemia; AUC, area under the curve; CHF, congestive heart  ailure; CNS, central nervous system; CrCl, creatinine 
clearance; CV, cardiovascular; GI, gastrointestinal; HBP, high blood pressure; MAOI, monoamine oxidase inhibitor; NSAID, nonsteroidal anti-in ammatory 
drug; SIADH, syndrome o  inappropriate antidiuretic hormone secretion.

TABLE 29-4  
CYTOTOXIC CHEMOTHERAPY AGENTS (Continued)

DRUG  TOXICITY  INTERACTIONS, ISSUES
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activated by nonenzymatic hydrolysis in tumors and is 
bioavailable orally.

Cisplatin was discovered  ortuitously by observing 
that bacteria present in electrolysis solutions with plati-
num electrodes could not divide. Only the cis diamine 
con guration is active as an antitumor agent. It is 
hypothesized that in the intracellular environment, a 
chloride is lost  rom each position, being replaced by a 
water molecule. T e resulting positively charged species 
is an e cient bi unctional interactor with DNA,  orm-
ing Pt-based cross-links. Cisplatin requires administra-
tion with adequate hydration, including  orced diuresis 
with mannitol to prevent kidney damage; even with the 
use o  hydration, gradual decrease in kidney  unction 
is common, along with noteworthy anemia. Hypomag-
nesemia  requently attends cisplatin use and can lead 
to hypocalcemia and tetany. Other common toxicities 
include neurotoxocity with stocking-and-glove sen-
sorimotor neuropathy. Hearing loss occurs in 50% o  
patients treated with conventional doses. Cisplatin is 
intensely emetogenic, requiring prophylactic antiemet-
ics. Myelosuppression is less evident than with other 
alkylating agents. Chronic vascular toxicity (Rayn-
aud’s phenomenon, coronary artery disease) is a more 
unusual toxicity. Carboplatin displays less nephro-, oto-, 
and neurotoxicity. However, myelosuppression is more 
 requent, and because the drug is exclusively cleared 
through the kidney, adjustment o  dose  or creatinine 
clearance must be accomplished through use o  various 
dosing nomograms. Oxaliplatin is a platinum analogue 
with noteworthy activity in colon cancers re ractory to 
other treatments. It is prominently neurotoxic.

 Antitum or an tib io tics and   
top o isom erase  p o isons

Antitumor antibiotics are substances produced by 
bacteria that in nature appear to provide a chemi-
cal de ense against other hostile microorganisms. As 
a class, they bind to DNA directly and can  requently 
undergo electron trans er reactions to generate  ree 
radicals in close proximity to DNA, leading to DNA 
damage in the  orm o  single-strand breaks or cross-
links.  opoisomerase poisons include natural products 
or semisynthetic species derived ultimately  rom plants, 
and they modi y enzymes that regulate the capacity o  
DNA to unwind to allow normal replication or tran-
scription. T ese include topoisomerase I, which cre-
ates single-strand breaks that then rejoin  ollowing the 
passage o  the other DNA strand through the break. 
 opoisomerase II creates double-strand breaks through 
which another segment o  DNA duplex passes be ore 
rejoining. DNA damage  rom these agents can occur in 
any cell cycle phase, but cells tend to arrest in S-phase 
or G2 o  the cell cycle in cells with p53 and Rb pathway 
lesions as the result o  de ective checkpoint mechanisms 
in cancer cells. Owing to the role o  topoisomerase I in 

the procession o  the replication  ork, topoisomerase I 
poisons cause lethality i  the topoisomerase I–induced 
lesions are made in S-phase.

Doxorubicin can intercalate into DNA, thereby alter-
ing DNA structure, replication, and topoisomerase II 
 unction. It can also undergo reduction reactions by 
accepting electrons into its quinone ring system, with 
the capacity to undergo reoxidation to  orm reactive 
oxygen radicals a er reoxidation. It causes predictable 
myelosuppression, alopecia, nausea, and mucositis. In 
addition, it causes acute cardiotoxicity in the  orm o  
atrial and ventricular dysrhythmias, but these are rarely 
o  clinical signi cance. In contrast, cumulative doses 
>550 mg/m2 are associated with a 10% incidence o  
chronic cardiomyopathy. T e incidence o  cardiomy-
opathy appears to be related to schedule (peak serum 
concentration), with low-dose,  requent treatment or 
continuous in usions better tolerated than intermittent 
higher-dose exposures. Cardiotoxicity has been related 
to iron-catalyzed oxidation and reduction o  doxorubi-
cin, and not to topoisomerase action. Cardiotoxicity is 
related to peak plasma dose; thus, lower doses and con-
tinuous in usions are less likely to cause heart damage. 
Doxorubicin’s cardiotoxicity is increased when given 
together with trastuzumab (Herceptin), the anti-HER2/
neu antibody. Radiation recall or interaction with con-
comitantly administered radiation to cause local site 
complications is  requent. T e drug is a power ul vesi-
cant, with necrosis o  tissue apparent 4–7 days a er an 
extravasation; there ore, it should be administered into 
a rapidly  owing intravenous line. Dexrazoxane is an 
antidote to doxorubicin-induced extravasation. Doxo-
rubicin is metabolized by the liver, so doses must be 
reduced by 50–75% in the presence o  liver dys unc-
tion. Daunorubicin is closely related to doxorubicin and 
was actually introduced  rst into leukemia treatment, 
where it remains part o  curative regimens and has been 
shown pre erable to doxorubicin owing to less mucosi-
tis and colonic damage. Idarubicin is also used in acute 
myeloid leukemia treatment and may be pre erable to 
daunorubicin in activity. Encapsulation o  daunoru-
bicin into a liposomal  ormulation has attenuated car-
diac toxicity and antitumor activity in Kaposi’s sarcoma, 
other sarcomas, multiple myeloma, and ovarian cancer.

Bleomycin re ers to a mixture o  glycopeptides that 
have the unique  eature o   orming complexes with 
Fe2+ while also bound to DNA. It remains an important 
component o  curative regimens  or Hodgkin’s disease 
and germ cell neoplasms. Oxidation o  Fe2+ gives rise to 
superoxide and hydroxyl radicals. T e drug causes little, 
i  any, myelosuppression. T e drug is cleared rapidly, 
but augmented skin and pulmonary toxicity in the pres-
ence o  renal  ailure has led to the recommendation that 
doses be reduced by 50–75% in the  ace o  a creatinine 
clearance <25 mL/min. Bleomycin is not a vesicant and 
can be administered intravenously, intramuscularly, or 
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403subcutaneously. Common side e ects include  ever and 
chills,  acial  ush, and Raynaud’s phenomenon. Hyper-
tension can  ollow rapid intravenous administration, 
and the incidence o  anaphylaxis with early prepara-
tions o  the drug has led to the practice o  administer-
ing a test dose o  0.5–1 unit be ore the rest o  the dose. 
T e most  eared complication o  bleomycin treatment is 
pulmonary  brosis, which increases in incidence at >300 
cumulative units administered and is minimally respon-
sive to treatment (e.g., glucocorticoids). T e earliest 
indicator o  an adverse e ect is usually a decline in the 
carbon monoxide di using capacity (DLco) or cough-
ing, although cessation o  drug immediately upon docu-
mentation o  a decrease in DLco may not prevent  urther 
decline in pulmonary  unction. Bleomycin is inactivated 
by a bleomycin hydrolase, whose concentration is dimin-
ished in skin and lung. Because bleomycin-dependent 
electron transport is dependent on O2, bleomycin tox-
icity may become apparent a er exposure to transient 
very high  raction o  inspired oxygen (Fio2). T us, dur-
ing surgical procedures, patients with prior exposure to 
bleomycin should be maintained on the lowest Fio2 con-
sistent with maintaining adequate tissue oxygenation.

Mitoxantrone is a synthetic compound that was 
designed to recapitulate  eatures o  doxorubicin but 
with less cardiotoxicity. It is quantitatively less car-
diotoxic (comparing the ratio o  cardiotoxic to thera-
peutically e ective doses) but is still associated with 
a 10% incidence o  cardiotoxicity at cumulative doses 
o  >150 mg/m2. It also causes alopecia. Cases o  acute 
promyelocytic leukemia (APL) have arisen shortly 
a er exposure o  patients to mitoxantrone, particularly 
in the adjuvant treatment o  breast cancer. Although 
chemotherapy-associated leukemia is generally o  the 
acute myeloid type, APL arising in the setting o  prior 
mitoxantrone treatment had the typical t(15;17) chro-
mosome translocation associated with APL, but the 
breakpoints o  the translocation appeared to be at 
topoisomerase II sites that would be pre erred sites o  
mitoxantrone action, clearly linking the action o  the 
drug to the generation o  the leukemia.

Etoposide was synthetically derived  rom the plant 
product podophyllotoxin; it binds directly to topoi-
somerase II and DNA in a reversible ternary complex. 
It stabilizes the covalent intermediate in the enzyme’s 
action where the enzyme is covalently linked to DNA. 
T is “alkali-labile” DNA bond was historically a  rst 
hint that an enzyme such as a topoisomerase might 
exist. T e drug there ore causes a prominent G2 arrest, 
re ecting the action o  a DNA damage checkpoint. 
Prominent clinical e ects include myelosuppression, 
nausea, and transient hypotension related to the speed 
o  administration o  the agent. Etoposide is a mild vesi-
cant but is relatively  ree  rom other large-organ tox-
icities. When given at high doses or very  requently, 
topoisomerase II inhibitors may cause acute leukemia 

associated with chromosome 11q23 abnormalities in up 
to 1% o  exposed patients.

Camptothecin was isolated  rom extracts o  a 
Chinese tree and had notable antileukemia activity in 
preclinical mouse models. Early human clinical stud-
ies with the sodium salt o  the hydrolyzed campto-
thecin lactone showed evidence o  toxicity with little 
antitumor activity. Identi cation o  topoisomerase I as 
the target o  camptothecins and the need to preserve 
lactone structure allowed additional e orts to iden-
ti y active members o  this series.  opoisomerase I is 
responsible  or unwinding the DNA strand by intro-
ducing single-strand breaks and allowing rotation o  
one strand about the other. In S-phase, topoisomerase 
I–induced breaks that are not promptly resealed lead 
to progress o  the replication  ork o  the end o  a DNA 
strand. T e DNA damage is a potent signal  or induc-
tion o  apoptosis. Camptothecins promote the stabili-
zation o  the DNA linked to the enzyme in a so-called 
cleavable complex, analogous to the action o  etoposide 
with topoisomerase II.  opotecan is a camptothecin 
derivative approved  or use in gynecologic tumors and 
small-cell lung cancer.  oxicity is limited to myelo-
suppression and mucositis. CP -11, or irinotecan, is 
a camptothecin with evidence o  activity in colon car-
cinoma. In addition to myelosuppression, it causes a 
secretory diarrhea related to the toxicity o  a metabolite 
called SN-38. Levels o  SN-38 are particularly high in 
the setting o  Gilbert’s disease, characterized by de ec-
tive glucuronyl trans erase and indirect hyperbilirubi-
nemia, a condition that a ects about 10% o  the white 
population in the United States. T e diarrhea can be 
treated e ectively with loperamide or octreotide.

 Ind irect  m od ulato rs o f nucle ic acid   
function : an t im etab o lites

A broad de nition o  antimetabolites would include 
compounds with structural similarity to precursors o  
purines or pyrimidines, or compounds that inter ere 
with purine or pyrimidine synthesis. Some antime-
tabolites can cause DNA damage indirectly, through 
misincorporation into DNA, abnormal timing or pro-
gression through DNA synthesis, or altered  unction o  
pyrimidine and purine biosynthetic enzymes. T ey tend 
to convey greatest toxicity to cells in S-phase, and the 
degree o  toxicity increases with duration o  exposure. 
Common toxic mani estations include stomatitis, diar-
rhea, and myelosuppression. Second malignancies are 
not associated with their use.

Methotrexate inhibits dihydro olate reductase, which 
regenerates reduced  olates  rom the oxidized  olates 
produced when thymidine monophosphate is  ormed 
 rom deoxyuridine monophosphate. Without reduced 
 olates, cells die a “thymine-less” death. N5- etrahydro-
 olate or N5- ormyltetrahydro olate (leucovorin) can 
bypass this block and rescue cells  rom methotrexate, 
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which is maintained in cells by polyglutamylation. T e 
drug and other reduced  olates are transported into 
cells by the  olate carrier, and high concentrations o  
drug can bypass this carrier and allow di usion o  drug 
directly into cells. T ese properties have suggested the 
design o  “high-dose” methotrexate regimens with leu-
covorin rescue o  normal marrow and mucosa as part 
o  curative approaches to osteosarcoma in the adjuvant 
setting and hematopoietic neoplasms o  children and 
adults. Methotrexate is cleared by the kidney via both 
glomerular  ltration and tubular secretion, and toxic-
ity is augmented by renal dys unction and drugs such 
as salicylates, probenecid, and nonsteroidal anti-in am-
matory agents that undergo tubular secretion. With 
normal renal  unction, 15 mg/m2 leucovorin will res-
cue 10−8 to 10−6 M methotrexate in three to  our doses. 
However, with decreased creatinine clearance, doses o  
50–100 mg/m2 are continued until methotrexate levels 
are <5 × 10−8 M. In addition to bone marrow suppres-
sion and mucosal irritation, methotrexate can cause 
renal  ailure itsel  at high doses owing to crystallization 
in renal tubules; there ore, high-dose regimens require 
alkalinization o  urine with increased  ow by hydration. 
Methotrexate can be sequestered in third-space collec-
tions and di use back into the general circulation, caus-
ing prolonged myelosuppression. Less  requent adverse 
e ects include reversible increases in transaminases and 
hypersensitivity-like pulmonary syndrome. Chronic 
low-dose methotrexate can cause hepatic  brosis. When 
administered to the intrathecal space, methotrexate can 
cause chemical arachnoiditis and CNS dys unction.

Pemetrexed is a novel  olate-directed antimetabolite. 
It is “multitargeted” in that it inhibits the activity o  sev-
eral enzymes, including thymidylate synthetase, dihy-
dro olate reductase, and glycinamide ribonucleotide 
 ormyltrans erase, thereby a ecting the synthesis o  both 
purine and pyrimidine nucleic acid precursors.  o avoid 
signi cant toxicity to the normal tissues, patients receiv-
ing pemetrexed should also receive low-dose  olate and 
vitamin B12 supplementation. Pemetrexed has notable 
activity against certain lung cancers and, in combination 
with cisplatin, also against mesotheliomas. Pralatrexate 
is an anti olate approved  or use in   cell lymphoma that 
is very e ciently transported into cancer cells.

5-Fluorouracil (5FU) represents an early example 
o  “rational” drug design in that it originated  rom the 
observation that tumor cells incorporate radiolabeled 
uracil more e ciently into DNA than normal cells, 
especially gut. 5FU is metabolized in cells to 5´FdUMP, 
which inhibits thymidylate synthetase ( S). In addition, 
misincorporation can lead to single-strand breaks, and 
RNA can aberrantly incorporate FUMP. 5FU is metabo-
lized by dihydropyrimidine dehydrogenase, and de -
ciency o  this enzyme can lead to excessive toxicity  rom 
5FU. Oral bioavailability varies unreliably, but orally 

administered analogues o  5FU such as capecitabine 
have been developed that allow at least equivalent activ-
ity to many parenteral 5FU-based approaches. Intra-
venous administration o  5FU leads to bone marrow 
suppression a er short in usions but to stomatitis a er 
prolonged in usions. Leucovorin augments the activity 
o  5FU by promoting  ormation o  the ternary covalent 
complex o  5FU, the reduced  olate, and  S. Less  re-
quent toxicities include CNS dys unction, with promi-
nent cerebellar signs, and endothelial toxicity mani ested 
by thrombosis, including pulmonary embolus and myo-
cardial in arction.

Cytosine arabinoside (ara-C) is incorporated into 
DNA a er  ormation o  ara-C P, resulting in S-phase–
related toxicity. Continuous in usion schedules allow 
maximal e ciency, with uptake maximal at 5–7 µM. 
Ara-C can be administered intrathecally. Adverse 
e ects include nausea, diarrhea, stomatitis, chemi-
cal conjunctivitis, and cerebellar ataxia. Gemcitabine 
is a cytosine derivative that is similar to ara-C in that 
it is incorporated into DNA a er anabolism to the tri-
phosphate, rendering DNA susceptible to breakage and 
repair synthesis, which di ers  rom that in ara-C in 
that gemcitabine-induced lesions are very ine ciently 
removed. In contrast to ara-C, gemcitabine appears to 
have use ul activity in a variety o  solid tumors, with 
limited nonmyelosuppressive toxicities.

6-T ioguanine and 6-mercaptopurine (6MP) are 
used in the treatment o  acute lymphoid leukemia. 
Although administered orally, they display variable 
bioavailability. 6MP is metabolized by xanthine oxi-
dase and there ore requires dose reduction when used 
with allopurinol. 6MP is also metabolized by thiopu-
rine methyltrans erase; genetic de ciency o  thiopurine 
methyltrans erase results in excessive toxicity.

Fludarabine phosphate is a prodrug o  F-adenine 
arabinoside (F-ara-A), which in turn was designed 
to diminish the susceptibility o  ara-A to adenosine 
deaminase. F-ara-A is incorporated into DNA and can 
cause delayed cytotoxicity even in cells with low growth 
 raction, including chronic lymphocytic leukemia and 
 ollicular B cell lymphoma. CNS and peripheral nerve 
dys unction and   cell depletion leading to opportunis-
tic in ections can occur in addition to myelosuppres-
sion. 2-Chlorodeoxyadenosine is a similar compound 
with activity in hairy cell leukemia. 2-Deoxyco or-
mycin inhibits adenosine deaminase, with resulting 
increase in dA P levels. T is causes inhibition o  ribo-
nucleotide reductase as well as augmented susceptibil-
ity to apoptosis, particularly in   cells. Renal  ailure and 
CNS dys unction are notable toxicities in addition to 
immunosuppression. Hydroxyurea inhibits ribonucleo-
tide reductase, resulting in S-phase block. It is orally 
bioavailable and use ul  or the acute management o  
myeloproli erative states.
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405Asparaginase is a bacterial enzyme that causes break-
down o  extracellular asparagine required  or protein 
synthesis in certain leukemic cells. T is e ectively stops 
tumor cell DNA synthesis, as DNA synthesis requires 
concurrent protein synthesis. T e outcome o  asparagi-
nase action is there ore very similar to the result o  the 
small-molecule antimetabolites. Because asparaginase 
is a  oreign protein, hypersensitivity reactions are com-
mon, as are e ects on organs such as pancreas and liver 
that normally require continuing protein synthesis. T is 
may result in decreased insulin secretion with hypergly-
cemia, with or without hyperamylasemia and clotting 
 unction abnormalities. Close monitoring o  clotting 
 unctions should accompany use o  asparaginase. Para-
doxically, owing to depletion o  rapidly turning over 
anticoagulant  actors, thromboses particularly a ecting 
the CNS may also be seen with asparaginase.

Mito t ic sp ind le  inh ib ito rs
Microtubules are cellular structures that  orm the 
mitotic spindle, and in interphase cells, they are respon-
sible  or the cellular “sca olding” along which various 
motile and secretory processes occur. Microtubules 
are composed o  repeating noncovalent multimers o  a 
heterodimer o  α and β iso orm o  the protein tubulin. 
Vincristine binds to the tubulin dimer with the result 
that microtubules are disaggregated. T is results in 
the block o  growing cells in M-phase; however, toxic 
e ects in G1 and S-phase are also evident, re ecting 
e ects on normal cellular activities o  microtubules. 
Vincristine is metabolized by the liver, and dose adjust-
ment in the presence o  hepatic dys unction is required. 
It is a power ul vesicant, and in ltration can be treated 
by local heat and in ltration o  hyaluronidase. At clini-
cally used intravenous doses, neurotoxicity in the  orm 
o  glove-and-stocking neuropathy is  requent. Acute 
neuropathic e ects include jaw pain, paralytic ileus, 
urinary retention, and the syndrome o  inappropri-
ate antidiuretic hormone secretion. Myelosuppression 
is not seen. Vinblastine is similar to vincristine, except 
that it tends to be more myelotoxic, with more  requent 
thrombocytopenia and also mucositis and stomatitis. 
Vinorelbine is a vinca alkaloid that appears to have di -
 erences in resistance patterns in comparison to vincris-
tine and vinblastine; it may be administered orally.

T e taxanes include paclitaxel and docetaxel. T ese 
agents di er  rom the vinca alkaloids in that the tax-
anes stabilize microtubules against depolymerization. 
T e “stabilized” microtubules   unction abnormally and 
are not able to undergo the normal dynamic changes 
o  microtubule structure and  unction necessary  or 
cell cycle completion.  axanes are among the most 
broadly active antineoplastic agents  or use in solid 
tumors, with evidence o  activity in ovarian cancer, 
breast cancer, Kaposi’s sarcoma, and lung tumors. T ey 

are administered intravenously, and paclitaxel requires 
use o  a Cremophor-containing vehicle that can cause 
hypersensitivity reactions. Premedication with dexa-
methasone (8–16 mg orally or intravenously 12 and 6 h 
be ore treatment) and diphenhydramine (50 mg) and 
cimetidine (300 mg), both 30 min be ore treatment, 
decreases but does not eliminate the risk o  hypersen-
sitivity reactions to the paclitaxel vehicle. Docetaxel 
uses a polysorbate 80  ormulation, which can cause 
 uid retention in addition to hypersensitivity reac-
tions, and dexamethasone premedication with or with-
out antihistamines is  requently used. A protein-bound 
 ormulation o  paclitaxel (called nab-paclitaxel) has at 
least equivalent antineoplastic activity and decreased 
risk o  hypersensitivity reactions. Paclitaxel may also 
cause hypersensitivity reactions, myelosuppression, 
neurotoxicity in the  orm o  glove-and-stocking numb-
ness, and paresthesia. Cardiac rhythm disturbances 
were observed in phase 1 and 2 trials, most commonly 
asymptomatic bradycardia but also, much more rarely, 
varying degrees o  heart block. T ese have not emerged 
as clinically signi cant in the majority o  patients. 
Docetaxel causes comparable degrees o  myelosup-
pression and neuropathy. Hypersensitivity reactions, 
including bronchospasm, dyspnea, and hypotension, 
are less  requent but occur to some degree in up to 25% 
o  patients. Fluid retention appears to result  rom a vas-
cular leak syndrome that can aggravate preexisting e u-
sions. Rash can complicate docetaxel administration, 
appearing prominently as a pruritic maculopapular rash 
a ecting the  orearms, but it has also been associated 
with  ngernail ridging, breakdown, and skin discolor-
ation. Stomatitis appears to be somewhat more  requent 
than with paclitaxel. Cabazitaxel is a taxane with some-
what better activity in prostate cancers than earlier gen-
erations o  taxanes, perhaps due to superior delivery to 
sites o  disease.

Resistance to taxanes has been related to the emer-
gence o  e cient e ux o  taxanes  rom tumor cells 
through the p170 P-glycoprotein (mdr gene product) 
or the presence o  variant or mutant  orms o  tubu-
lin. Epothilones represent a class o  novel microtu-
bule-stabilizing agents that have been conscientiously 
optimized  or activity in taxane-resistant tumors. Ixa-
bepilone has clear evidence o  activity in breast cancers 
resistant to taxanes and anthracyclines such as doxoru-
bicin. It retains acceptable expected side e ects, includ-
ing myelosuppression, and can also cause peripheral 
sensory neuropathy. Eribulin is a microtubule-directed 
agent with activity in patients who have had progres-
sion o  disease on taxanes and is more similar to vinca 
alkaloids in its action but has similar side e ects as 
vinca alkaloids and taxanes.

Estramustine was originally synthesized as a mus-
tard derivative that might be use ul in neoplasms that 
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possessed estrogen receptors. However, no evidence o  
interaction with DNA was observed. Surprisingly, the 
drug caused metaphase arrest, and subsequent study 
revealed that it binds to microtubule-associated pro-
teins, resulting in abnormal microtubule  unction. 
Estramustine binds to estramustine-binding proteins 
(EMBPs), which are notably present in prostate tumor 
tissue, where the drug is used. Gastrointestinal and car-
diovascular adverse e ects related to the estrogen moi-
ety occur in up to 10% o  patients, including worsened 
heart  ailure and thromboembolic phenomena. Gyne-
comastia and nipple tenderness can also occur.

Ta rgeted chemothera py
Horm one  recep tor–d irected  therap y

Steroid hormone receptor–related molecules have 
emerged as prominent targets  or small molecules use-
 ul in cancer treatment. When bound to their cognate 
ligands, these receptors can alter gene transcription 
and, in certain tissues, induce apoptosis. T e pharmaco-
logic e ect is a  mirror or parody o  the normal e ects 
o  the agents acting on nontrans ormed normal tissues, 
although the e ects on tumors are mediated by indi-
rect e ects in some cases. While in some cases, such 
as breast cancer, demonstration o  the target hormone 
receptor is necessary, in other cases such prostate cancer 
(androgen receptor) and lymphoid neoplasms (gluco-
corticoid receptor), the relevant receptor is always pres-
ent in the tumor.

Glucocorticoids are generally given in “pulsed” high 
doses in leukemias and lymphomas, where they induce 
apoptosis in tumor cells. Cushing’s syndrome and inad-
vertent adrenal suppression on withdrawal  rom high-
dose glucocorticoids can be signi cant complications, 
along with in ections common in immunosuppressed 
patients, in particular Pneumocystis pneumonia, which 
classically appears a  ew days a er completing a course o  
high-dose glucocorticoids.

 amoxi en is a partial estrogen receptor antagonist; 
it has a 10- old greater antitumor activity in breast can-
cer patients whose tumors express estrogen receptors 
than in those who have low or no levels o  expression. 
It might be considered the prototypic “molecularly tar-
geted” agent. Owing to its agonistic activities in vascu-
lar and uterine tissue, side e ects include a somewhat 
increased risk o  cardiovascular complications, such as 
thromboembolic phenomena, and a small increased 
incidence o  endometrial carcinoma, which appears 
a er chronic use (usually >5 years). Progestational 
agents—including medroxyprogesterone acetate, andro-
gens including  uoxymesterone (Halotestin), and, par-
adoxically, estrogens—have approximately the same 
degree o  activity in primary hormonal treatment o  
breast cancers that have elevated expression o  estrogen 

receptor protein. Estrogen itsel  is not used o en owing 
to prominent cardiovascular and uterotropic activity.

Aromatase re ers to a  amily o  enzymes that catalyze 
the  ormation o  estrogen in various tissues, includ-
ing the ovary and peripheral adipose tissue and some 
tumor cells. Aromatase inhibitors are o  two types, the 
irreversible steroid analogues such as exemestane and 
the reversible inhibitors such as anastrozole or letrozole. 
Anastrozole is superior to tamoxi en in the adjuvant 
treatment o  breast cancer in postmenopausal patients 
with estrogen receptor–positive tumors. Letrozole treat-
ment a ords bene t  ollowing tamoxi en treatment. 
Adverse e ects o  aromatase inhibitors may include an 
increased risk o  osteoporosis.

Prostate cancer is classically treated by androgen 
deprivation. Diethylstilbestrol (DES) acting as an estro-
gen at the level o  the hypothalamus to downregulate 
hypothalamic luteinizing hormone (LH) production 
results in decreased elaboration o  testosterone by the 
testicle. For this reason, orchiectomy is equally as e ec-
tive as moderate-dose DES, inducing responses in 80% 
o  previously untreated patients with prostate cancer 
but without the prominent cardiovascular side e ects 
o  DES, including thrombosis and exacerbation o  coro-
nary artery disease. In the event that orchiectomy is not 
accepted by the patient, testicular androgen suppression 
can also be e ected by luteinizing hormone–releasing 
hormone (LHRH) agonists such as leuprolide and gose-
relin. T ese agents cause tonic stimulation o  the LHRH 
receptor, with the loss o  its normal pulsatile activa-
tion resulting in decreased output o  LH by the anterior 
pituitary. T ere ore, as primary hormonal manipula-
tion in prostate cancer, one can choose orchiectomy 
or leuprolide, but not both. T e addition o  androgen 
receptor blockers, including  utamide or bicalutamide, 
is o  uncertain additional bene t in extending overall 
response duration; the combined use o  orchiectomy or 
leuprolide plus  utamide is re erred to as total andro-
gen blockade. Enzalutamide also binds to the androgen 
receptor and antagonizes androgen action in a mecha-
nistically distinct way. Somewhat analogous to inhibi-
tors o  aromatase, agents have been derived that inhibit 
testosterone and other androgen synthesis in the testis, 
adrenal gland, and prostate tissue. Abiraterone inhib-
its 17 α-hydroxylase/C17,20 lyase (CYP 17A1) and has 
been shown to be active in prostate cancer patients 
experiencing progression despite androgen blockade.

 umors that respond to a primary hormonal manip-
ulation may  requently respond to second and third 
hormonal manipulations. T us, breast tumors that had 
previously responded to tamoxi en have, on relapse, 
notable response rates to withdrawal o  tamoxi en itsel  
or to subsequent addition o  an aromatase inhibitor or 
progestin. Likewise, initial treatment o  prostate can-
cers with leuprolide plus  utamide may be  ollowed 
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407a er disease progression by response to withdrawal o  
 utamide. T ese responses may result  rom the removal 
o  antagonists  rom mutant steroid hormone receptors 
that have come to depend on the presence o  the antag-
onist as a growth-promoting in uence.

Additional strategies to treat re ractory breast and 
prostate cancers that possess steroid hormone receptors 
may also address adrenal capacity to produce androgens 
and estrogens, even a er orchiectomy or oophorectomy, 
respectively. T us, aminoglutethimide or ketoconazole 
can be used to block adrenal synthesis by inter ering with 
the enzymes o  steroid hormone metabolism. Adminis-
tration o  these agents requires concomitant hydrocor-
tisone replacement and additional glucocorticoid doses 
administered in the event o  physiologic stress.

Humoral mechanisms can also result in complica-
tions  rom an underlying malignancy producing the 
hormone. Adrenocortical carcinomas can cause Cush-
ing’s syndrome as well as syndromes o  androgen or 
estrogen excess. Mitotane can counteract these by 
decreasing synthesis o  steroid hormones. Islet cell neo-
plasms can cause debilitating diarrhea, treated with the 
somatostatin analogue octreotide. Prolactin-secreting 
tumors can be e ectively managed by the dopaminergic 
agonist bromocriptine.

Diagnost ically gu id ed  therap y
T e basis  or discovery o  drugs o  this type was the prior 
knowledge o  the importance o  the drugs’ molecular 
target to drive tumors in di erent contexts. Figure 29-4 
summarizes how FDA-approved targeted agents act. In 
the case o  diagnostically guided targeted chemotherapy, 
prior demonstration o  a speci c target is necessary to 
guide the rational use o  the agent, while in the case o  
targeted agents directed at oncogenic pathways, speci c 
diagnosis o  pathway activation is not yet necessary or in 
some cases  easible, although this is an area o  ongoing 
clinical research. Table 29-5 lists currently approved tar-
geted chemotherapy agents, with  eatures o  their use.

In hematologic tumors, the prototypic agent o  this 
type is imatinib, which targets the A P binding site o  
the p210bcr-abl protein tyrosine kinase that is  ormed as 
the result o  the chromosome 9;22 translocation produc-
ing the Philadelphia chromosome in CML. Imatinib is 
superior to inter eron plus chemotherapy in the initial 
treatment o  the chronic phase o  this disorder. It has 
lesser activity in the blast phase o  CML, where the cells 
may have acquired additional mutations in p210bcr-abl 
itsel  or other genetic lesions. Its side e ects are relatively 
tolerable in most patients and include hepatic dys unc-
tion, diarrhea, and  uid retention. Rarely, patients 
receiving imatinib have decreased cardiac  unction, 
which may persist a er discontinuation o  the drug. T e 
quality o  response to imatinib enters into the decision 
about when to re er patients with CML  or consideration 
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FIGURE 29 -4
Targ e ted  ch e m o th e ra p eu t ic a g en ts act  in  m o st  in sta n ces 
b y in te rru p t in g  ce ll g rowth  facto r m e d ia ted  sig n a lin g  
p a thways. A ter a growth  actor binds to its cognate receptor 
(1), in many cases there is activation o  tyrsosine kinase activ-
ity particularly a ter dimerization o  the receptors (2). This leads 
to autophosphorylation o  the receptor and docking o  “adap-
tor” proteins. One important pathway activated occurs a ter 
exchange o  GDP  or GTP in the RAS  amily o  proto-oncogene 
products (3). GTP-RAS activates the RAF proto-oncogene kinase 
(4), leading to a phosphorylation cascade o  kinases (5, 6) that 
ultimately impart signals to regulators o  gene  unction to 
produce transcripts which activate cell cycle progression and 
increase protein synthesis. In parallel, tyrosine phosphorylated 
receptors can activate the phosphatidylinositol-3-kinase to pro-
duce the phosphorylated lipid phosphatidyl-inositol-3- phos-
phate (7). This leads to the activation o  the AKT kinase (8) which 
in turn stimulates the mammalian “Target o  Rapamycin” kinase 
(mTOR), which directly increases the translation o  key mRNAs 
 or gene products regulating cell growth. Erlotinib and a atinib, 
are examples o  Epidermal Growth Factor receptor tyrosine 
kinase inhibitors; imatinib can act on the nonreceptor tyrosine 
kinase bcr-abl or c-KIT membrane bound tyrosine kinase. Vemu-
ra enib and Dabra enib act on the B iso orm o  RAF uniquely in 
melanoma, and c-RAF is inhibited by sora enib. Trametinib acts 
on MEK. Temsirolimus and everolimus inhibit mTOR kinase to 
downregulate translation o  oncogenic mRNAs.
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TABLE 29-5  
MOLECULARLY TARGETED AGENTS

DRUG  TARGET  ADVERSE EVENTS  NOTES

Dia g n o st ica lly Gu id ed  Pro te in  Kin ase  An tag o n ist s

Imatinib  Bcr-Abl  usion protein (CML/ALL); 
c-kit mutants, PDGFR variants 
(GI stromal tumor; eosinophilic 
syndromes)

Nausea
Periorbital edema
Rare CHF
QTc prolongation

Myelosuppression not  requent in solid 
tumor indications

Nilotinib  Bcr-Abl  usion protein (CML) and 
some imatinib-resistant variants

Interaction with CYP3A4-
metabolized drugs

CHF
Hepatotoxicity
Hypothyroidism

Chronic phase and in patients resistant 
to imatinib

Dasatinib  Bcr-Abl  usion protein (CML/ALL); 
wild-type and imatinib-resistant 
mutants

Myelosuppression (bleeding, 
in ection)

Pulmonary hypertension
CHF
Fluid retention
QTc prolongation

Chronic phase and imatinib or nilotinib 
resistant

Bosutinib  Bcr-Abl  usion protein (CML); 
wild-type and imatinib-resistant 
mutants

Myelosuppression
Hepatic
QTc prolongation

Chronic phase and imatinib or nilotinib 
resistant

Ponatinib  T315I mutation o  Bcr-Abl  usion 
protein (CML)

Clotting
Hepatic
CHF
Pancreatitis
Neuropathy
Rash

Ge tinib  First-line treatment o  NSCLC with 
ATP site mutation o  EGFR

Diarrhea
Interstitial pneumonitis

In United States, only with prior docu-
mented bene t in second-line treat-
ment o  NSCLC

Erlotinib  First-line treatment o  NSCLC with 
ATP site mutation o  EGFR; sec-
ond-line treatment o  wild-type 
EGFR NSCLC

Rash
Diarrhea
Rare interstitial pneumonitis

1 h be ore, 2 h a ter meals

A atinib  First-line treatment o  NSCLC with 
ATP site mutation o  EGFR

Diarrhea
Cutaneous

Interacts with Pgp inhibitors

Crizotinib  EML4-Alk  usion protein  Interstitial pneumonitis
Hepatic
QTc prolongation
Bradycardia

Vemura enib BRAF V600E in melanoma  Nausea
Rash
Cutaneous
Second cutaneous neoplasms

Dabra enib BRAF V600E in melanoma  Cutaneous
Second cutaneous neoplasms

Trametinib BRAF V600E in melanoma (both as 
single agent and in combination 
with dabra enib)

Rash
Diarrhea
Lymphedema

In combination with dabra enib, 
second neoplasms, hemorrhage, 
venous thrombosis, CHF, ocular, 
hyperglycemia

DRUG  INDICATION  ADVERSE EVENTS  NOTES

Dia g n o st ica lly Gu id ed  Re t in o id

Tretinoin  APL t(15,17)  Teratogenic
Cutaneous

APL di erentiation syndrome: pulmo-
nary dys unction/in ltrate, pleural/
pericardial e usion,  ever

(continued)
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NONDIAGNOSTICALLY GUIDED AGENTS

Ret in o id

Bexarotene  Cutaneous T cell lymphoma  Hypercholesterolemia
Hypertriglyceridemia
Cutaneous
Teratogenic

Central hypothyroidism

Multikinase inhibitors

Sora enib  Renal cell, hepatocellular, di eren-
tiated thyroid carcinoma

Diarrhea
Hand- oot syndrome
Other rash
Hypertension
CHF

Targets c-ra , VEGFR

Pazopanib  Renal cell carcinoma, so t tissue 
sarcoma

Fatigue
Diarrhea/GI
Hypertension
Thromboses
QTc

Target VEGFR, c-kit, PDGFR

Regora enib  Second-line colorectal cancer; GI 
stromal tumor

Hypertension
Hand- oot syndrome
Thromboses
Per orations

VEGFR/TIE2

Sunitinib  Renal cell carcinoma, pancreatic 
neuroendocrine tumor, GI stro-
mal tumor

Fatigue
Diarrhea
Neutropenia

Target VEGFR

Vandetanib  Medullary thyroid cancer  Diarrhea
Rash
Hypertension
Prolonged QTc
Thromboses

Target VEGFR, ret, EGFR

Cabozantinib  Medullary thyroid cancer  Hypertension
Wound healing
Fistulas
Osteonecrosis
Proteinuria

Target VEGFR, c-met

Axitinib  Renal cell carcinoma, second line  Diarrhea/other GI
Fatigue
Hand- oot syndrome

Target VEGFR, PDGFR, c-kit

Pro teaso m e  In h ib ito rs

Bortezomib  Multiple myeloma, mantle cell 
lymphoma

Neuropathy
Thrombocytopenia
GI

Car lzomib  Multiple myeloma, second line  In usion reaction
CHF
Thrombocytopenia
Pulmonary
Tumor lysis

Histon e  Deace tyla se  In h ib ito rs

Vorinostat  Cutaneous T cell lymphoma, sec-
ond line

Fatigue
Diarrhea
Thrombocytopenia
Embolism

Romidepsin  Cutaneous T cell lymphoma, sec-
ond line

Nausea
Vomiting
Cytopenias
Cardiac conduction

TABLE 29-5  
MOLECULARLY TARGETED AGENTS (Continued)

DRUG  INDICATION  ADVERSE EVENTS  NOTES

(continued)
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mTOR Inh ib ito rs

Temsirolimus  Renal cell carcinoma, second line 
or poor prognosis

Stomatitis
Thrombocytopenia
Nausea
Anorexia,  atigue
Metabolic (glucose, lipid)

Everolimus  Renal cell carcinoma, advanced; 
subependymal  giant-cell astro-
cytoma; breast cancer, hormone 
 receptor positive, resistant 
to antiestrogen; pancreatic 
neuroendocrine

Stomatitis
Fatigue

Misce llaneou s

Arsenic trioxide  APL ↑  QTc APL di erentiation syndrome (see under 
tretinoin)

Vismodegib  Metastatic basal cell carcinoma  GI
Hair loss
Fatigue
Muscle spasm
Dysgeusia

Target smoothened receptor in hedge-
hog pathway

Abbrevia t ions: APL, acute promyelocytic leukemia; ALL, acute lymphocytic leukemia; CHF, congestive heart  ailure; CML, chronic myeloid leukemia; EGFR, 
epidermal growth  actor  receptor; GI, gastrointestinal; mTOR, mammalian target o  rapamycin kinase; NSCLC, non-small-cell lung cancer; PDGFR, platelet-
derived growth  actor receptor; Pgp, P-glycoprotein; VEGFR, vascular endothelial growth  actor receptor.

TABLE 29-5  
MOLECULARLY TARGETED AGENTS (Continued)

DRUG INDICATION ADVERSE EVENTS  NOTES

o  transplant approaches. Nilotinib is a tyrosine protein 
kinase inhibitor with a similar spectrum o  activity to 
imatinib, but with increased potency and perhaps better 
tolerance by certain patients. Dasatinib, another inhibi-
tor o  the p210bcr-abl oncoproteins, is active in certain 
mutant variants o  p210bcr-abl that are re ractory to ima-
tinib and arise during therapy with imatinib or are pres-
ent de novo. Dasatinib also has inhibitory action against 
kinases belonging to the src tyrosine protein kinase  am-
ily; this activity may contribute to its e ects in hemato-
poietic tumors and suggest a role in solid tumors where 
src kinases are active. T e  315I mutant o  p210bcr-abl is 
resistant to imatinib, nilotinib, bosutinib, and dasatinib; 
ponatinib has activity in patients with this p210bcr-abl 
variant, but ponatinib has noteworthy associated throm-
boembolic toxicity. Use o  this class o  targeted agents 
is thus critically guided not only by the presence o  the 
p210bcr-abl tyrosine kinase, but also by the presence o  di -
 erent mutations in the A P binding site.

All-trans-retinoic acid (A RA) targets the PML-
retinoic acid receptor (RAR) α  usion protein, which 
is the result o  the chromosome 15;17 translocation 
pathogenic  or most  orms o  APL. Administered 
orally, it causes di erentiation o  the neoplastic promy-
elocytes to mature granulocytes and attenuates the rate 
o  hemorrhagic complications. Adverse e ects include 
headache with or without pseudotumor cerebri and 
gastrointestinal and cutaneous toxicities.

In epithelial solid tumors, the small-molecule epi-
dermal growth  actor (EGF) antagonists act at the 
A P binding site o  the EGF receptor tyrosine kinase. 
In early clinical trials, ge tinib showed evidence o  
responses in a small  raction o  patients with non-small-
cell lung cancer (NSCLC). Side e ects were generally 
acceptable, consisting mostly o  rash and diarrhea. Sub-
sequent analysis o  responding patients revealed a high 
 requency o  activating mutations in the EGF receptor. 
Patients with such activating mutations who initially 
responded to ge tinib but who then had progression o  
the disease then acquired additional mutations in the 
enzyme, analogous  unctionally to mutational variants 
responsible  or imatinib resistance in CML. Erlotinib is 
another EGF receptor tyrosine kinase antagonist with a 
superior outcome in clinical trials in NSCLC; an over-
all survival advantage was demonstrated in subsets o  
patients who were treated a er demonstrating progres-
sion o  disease and who also had not been preselected 
 or the presence o  activating mutations. T us, although 
even patients with wild-type EGF receptors may bene t 
 rom erlotinib treatment, the presence o  EGF recep-
tor tyrosine kinase mutations has recently been shown 
to be a basis  or recommending erlotinib and a atinib 
 or  rst-line treatment o  advanced NSCLC. Likewise, 
crizotinib targeting the alk protooncogene  usion pro-
tein has value in the initial treatment o  alk-positive 
NSCLC. Lapatinib is a tyrosine kinase inhibitor with 
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411both EGF receptor and HER2/neu antagonist activity, 
which is important in the treatment o  breast cancers 
expressing the HER2/neu oncoprotein.

In addition to the p210bcr-abl kinase, imatinib also 
has activity against the c-kit tyrosine kinase (the recep-
tor  or the steel growth  actor, also called stem cell  ac-
tor) and the platelet-derived growth  actor receptor 
(PDGFR), both o  which can be expressed in gastroin-
testinal stromal sarcoma (GIS ). Imatinib has  ound 
clinical utility in GIS , a tumor previously notable  or 
its re ractoriness to chemotherapeutic approaches. Ima-
tinib’s degree o  activity varies with the speci c muta-
tional variant o  kit or PDGFR present in a particular 
patient’s tumor.

T e BRAF V600E mutation has been detected in a 
notable  raction o  melanomas, thyroid tumors, and 
hairy cell leukemia, and preclinical models supported 
the concept that BRAF V600E drives oncogenic signal-
ing in these tumors. Vemura enib and dabra enib, with 
selective capacity to inhibit the BRAF V600E serine 
kinase activity, were each shown to cause noteworthy 
responses in patients with BRAF V600E–mutated mela-
nomas, although early relapse occurred in many patients 
treated with the drugs as single agents.  rametinib, act-
ing downstream o  BRAF V600E by directly inhibiting 
the MEK serine kinase by a non-A P binding site mech-
anism, also displayed noteworthy responses in BRAF 
V600E–mutated melanomas, and the combination o  
trametinib and dabra enib is even more active, by target-
ing the BRAF V600E–driven pathway at two points in 
the pathway leading to gene activation.

Oncogen ically act ivated  p athways
T is group o  agents also targets speci c regulatory 
molecules in promoting the viability o  tumor cells, but 
they do not require the diagnostically veri ed presence 
o  a particular target or target variant at this time.

“Multitargeted” kinase antagonists are small-molecule 
A P site-directed antagonists that inhibit more than 
one protein kinase and have value in the treatment o  
several solid tumors. Drugs o  this type with promi-
nent activity against the vascular endothelial growth 
 actor receptor (VEGFR) tyrosine kinase have activity 
in renal cell carcinoma. Sora enib is a VEGFR antago-
nist with activity against the ra  serine-threonine pro-
tein kinase, and regora enib is a closely related drug 
with value in relapsed advanced colon cancer. Pazo-
panib also prominently targets VEGFR and has activity 
in renal carcinoma and so  tissue sarcomas. Sunitinib 
has anti-VEGFR, anti-PDGFR, and anti-c-kit activity. It 
causes prominent responses and stabilization o  disease 
in renal cell cancers and GIS s. Side e ects  or agents 
with anti-VEGFR activity prominently include hyper-
tension, proteinuria, and, more rarely, bleeding and clot-
ting disorders and per oration o  scarred gastrointestinal 
lesions. Also encountered are  atigue, diarrhea, and the 

hand- oot syndrome, with erythema and desquamation 
o  the distal extremities, in some cases requiring dose 
modi cation, particularly with sora enib.

 emsirolimus and everolimus are mammalian target 
o  rapamycin (m OR) inhibitors with activity in renal 
cancers. T ey produce stomatitis,  atigue, and some 
hyperlipidemia (10%), myelosuppression (10%), and 
rare lung toxicity. Everolimus is also use ul in patients 
with hormone receptor–positive breast cancers display-
ing resistance to hormonal inhibition and in certain 
neuroendocrine and brain tumors, the latter arising in 
patients with sporadic or inherited mutations in the 
pathway activating m OR.

In hematologic neoplasms, bortezomib is an inhibitor 
o  the proteasome, the multisubunit assembly o  prote-
ase activities responsible  or the selective degradation o  
proteins important in regulating activation o  transcrip-
tion  actors, including nuclear  actor-κB (NF-κB) and 
proteins regulating cell cycle progression. It has activity 
in multiple myeloma and certain lymphomas. Adverse 
e ects include neuropathy, orthostatic hypotension with 
or without hyponatremia, and reversible thrombocyto-
penia. Car lzomib is a proteasome inhibitor chemically 
unrelated to bortezomib without prominent neuropathy, 
but with evidence o  a cytokine release syndrome, which 
can be a cardiopulmonary stress. Other agents active in 
multiple myeloma and certain other hematologic neo-
plasms include the immunomodulatory agents related to 
thalidomide, including lenalidomide and pomalidomide. 
All these agents collectively inhibit aberrant angiogenesis 
in the bone marrow microenvironment, as well as in u-
ence stromal cell immune  unctions to alter the cytokine 
milieu supporting the growth o  myeloma cells. T alido-
mide, although clinically active, has prominent cytope-
nic, neuropathic, procoagulant, and CNS toxicities that 
have been somewhat attenuated in the other drugs o  the 
class, although use o  these agents  requently entails con-
comitant anticoagulant prophylaxis.

Ibrutinib is representative a novel class o  inhibitors 
directed at Bruton’s tyrosine kinase, which is impor-
tant in the  unction o  B cells. Initially approved  or use 
in mantle cell lymphoma, it is potentially applicable 
to a number o  B cell neoplasms that depend on sig-
nals through the B cell antigen receptor. Janus kinases 
likewise  unction downstream o  a variety o  cytokine 
receptors to ampli y cytokine signals, and Janus kinase 
inhibitors including ruxolitinib have approved activity 
in myelo brosis to ameliorate splenomegaly and sys-
temic symptoms.

Vorinostat is an inhibitor o  histone deacetylases, 
which are responsible  or maintaining the proper ori-
entation o  histones on DNA, with resulting capacity 
 or transcriptional readiness. Acetylated histones allow 
access o  transcription  actors to target genes and there-
 ore increase expression o  genes that are selectively 
repressed in tumors. T e result can be di erentiation 
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with the emergence o  a more normal cellular phenotype, 
or cell cycle arrest with expression o  endogenous regula-
tors o  cell cycle progression. Vorinostat is approved  or 
clinical use in cutaneous   cell lymphoma, with dramatic 
skin clearing and very  ew side e ects. Romidepsin is a 
distinct molecular class o  histone deacetylase inhibi-
tor also active in cutaneous   cell lymphoma. An active 
retinoid in cutaneous   cell lymphoma is the synthetic 
retinoid X receptor ligand bexarotene.

DNA methyltrans erase inhibitors, including 
5-azacytidine and 2´-deoxy-5-azacytidine (decitabine), 
can also increase transcription o  genes “silenced” 
during the pathogenesis o  a tumor by causing demeth-
ylation o  the methylated cytosines that are acquired 
as an “epigenetic” (i.e., a er the DNA is replicated) 
modi cation o  DNA. T ese drugs were originally 
considered antimetabolites but have clinical value in 
myelodysplastic syndromes and certain leukemias when 
administered at low doses.

CANCER BIOLOGIC THERAPY
Principles

T e goal o  biologic therapy is to manipulate the host–
tumor interaction in  avor o  the host, potentially at an 
optimum  biologic dose that might be di erent than the 
M D. As a class, biologic therapies may be distinguished 
 rom molecularly targeted agents in that many biologic 
therapies require an active response (e.g., reexpression o  
silenced genes or antigen expression) on the part o  the 
tumor cell or on the part o  the host (e.g., immunologic 
e ects) to allow therapeutic e ect. T is may be con-
trasted with the more narrowly de ned antiproli erative 
or apoptotic response that is the ultimate goal o  molec-
ularly targeted agents discussed above. However, there is 
much commonality in the strategies to evaluate and use 
molecularly targeted and biologic therapies.

Immune cell–media ted thera pies

 umors have a variety o  means o  avoiding the immune 
system: (1) they are o en only subtly di erent  rom 
their normal counterparts; (2) they are capable o  down-
regulating their major histocompatibility complex anti-
gens, e ectively masking them  rom recognition by   
cells; (3) they are ine cient at presenting antigens to the 
immune system; (4) they can cloak themselves in a pro-
tective shell o   brin to minimize contact with surveil-
lance mechanisms; and (5) they can produce a range o  
soluble molecules, including potential immune targets, 
that can distract the immune system  rom recognizing 
the tumor cell or can kill or inactivate the immune e ec-
tor cells. Some o  the cell products initially polarize the 
immune response away  rom cellular immunity (shi -
ing  rom  H1 to  H2 responses) and ultimately lead to 

de ects in   cells that prevent their activation and cyto-
toxic activity. Cancer treatment  urther suppresses host 
immunity. A variety o  strategies are being tested to 
overcome these barriers.

Cell-media ted  immunity

T e strongest evidence that the immune system can 
exert clinically meaning ul antitumor e ects comes 
 rom allogeneic bone marrow transplantation. Adop-
tively trans erred   cells  rom the donor expand in the 
tumor-bearing host, recognize the tumor as being  or-
eign, and can mediate impressive antitumor e ects 
(gra -versus-tumor e ects). T ree types o  experimen-
tal interventions are being developed to take advantage 
o  the ability o    cells to kill tumor cells.

1. Trans er o  allogeneic T cells. T is occurs in three 
major settings: in allogeneic bone marrow trans-
plantation; as puri ed lymphocyte trans usions  ol-
lowing bone marrow recovery a er allogeneic bone 
marrow transplantation; and as pure lymphocyte 
trans usions  ollowing immunosuppressive (non-
myeloablative) therapy (also called minitransplants). 
In each o  these settings, the e ector cells are donor 
  cells that recognize the tumor as being  oreign, 
probably through minor histocompatibility di er-
ences. T e main risk o  such therapy is the devel-
opment o  gra -versus-host disease because o  the 
minimal di erence between the cancer and the nor-
mal host cells. T is approach has been highly e ec-
tive in certain hematologic cancers.

2. Trans er o  autologous T cells. In this approach, the 
patient’s own   cells are removed  rom the tumor-
bearing host, manipulated in several ways in vitro, 
and given back to the patient. T ere are three major 
classes o  autologous  -cell manipulation. First, 
tumor antigen–speci c   cells can be developed and 
expanded to large numbers over many weeks ex vivo 
be ore administration. Second, the patient’s   cells 
can be activated by exposure to polyclonal stimula-
tors such as anti-CD3 and anti-CD28 a er a short 
period ex vivo, and then ampli ed in the host a er 
trans er by stimulation with IL-2,  or example. Short 
periods removed  rom the patient permit the cells to 
overcome the tumor-induced   cell de ects, and such 
cells tra c and home to sites o  disease better than 
cells that have been in culture  or many weeks. In a 
third approach, genes that encode  or a   cell recep-
tor speci c  or an antigen expressed by the tumor 
along with genes that  acilitate   cell activation can be 
introduced into subsets o  a patient’s   cells, which, 
a er trans er back into the patient, allow homing o  
cytotoxic   cells to tumor cells expressing the antigen.

3. Tumor vaccines aimed at boosting T cell immunity. T e 
 nding that mutant oncogenes that are expressed 
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413only intracellularly can be recognized as targets o  
  cell killing greatly expanded the possibilities  or 
tumor vaccine development. No longer is it di -
cult to  nd something di erent about tumor cells. 
However, major di culties remain in getting the 
tumor-speci c peptides presented in a  ashion to 
prime the   cells.  umors themselves are very poor 
at presenting their own antigens to   cells at the  rst 
antigen exposure (priming). Priming is best accom-
plished by pro essional antigen-presenting cells 
(dendritic cells). T us, a number o  experimental 
strategies are aimed at priming host   cells against 
tumor-associated peptides. Vaccine adjuvants such 
as granulocyte-macrophage colony-stimulating  ac-
tor (GM-CSF) appear capable o  attracting antigen-
presenting cells to a skin site containing a tumor 
antigen. Such an approach has been documented 
to eradicate microscopic residual disease in  ol-
licular lymphoma and give rise to tumor-speci c   
cells. Puri ed antigen-presenting cells can be pulsed 
with tumor, its membranes, or particular tumor 
antigens and delivered as a vaccine. One such vac-
cine, Sipuleucel- , is approved  or use in patients 
with hormone-independent prostate cancer. In this 
approach, the patient undergoes leukapheresis, 
wherein mononuclear cells (that include antigen-
presenting cells) are removed  rom the patient’s 
blood. T e cells are pulsed in a laboratory with an 
antigenic  usion protein comprising a protein  re-
quently expressed by prostate cancer cells, prostate 
acid phosphatase,  used to GM-CSF, and matured 
to increase their capacity to present the antigen to 
immune e ector cells. T e cells are then returned to 
the patient in a well-tolerated treatment. Although 
no objective tumor response was documented in 
clinical trials, median survival was increased by 
about 4 months.  umor cells can also be trans ected 
with genes that attract antigen-presenting cells.

Another important vaccine strategy is directed at 
in ectious agents whose action ultimately is tied to the 
development o  human cancer. Hepatitis B vaccine in 
an epidemiologic sense prevents hepatocellular carci-
noma, and a tetravalent human papillomavirus vaccine 
prevents in ection by virus types currently accounting 
 or 70% o  cervical cancer. Un ortunately, these vaccines 
are ine ective at treating patients who have developed a 
virus-induced cancer.

Antibody-media ted  thera peutic a pproa ches

In general, antibodies are not very e ective at kill-
ing cancer cells. Because the tumor seems to in uence 
the host toward making antibodies rather than gen-
erating cellular immunity, it is in erred that antibod-
ies are easier  or the tumor to  end o . Many patients 

can be shown to have serum antibodies directed at 
their tumors, but these do not appear to in uence dis-
ease progression. However, the ability to grow very 
large quantities o  high-a nity antibody directed at a 
tumor by the hybridoma technique has led to the appli-
cation o  antibodies in the treatment o  cancer. In this 
approach, antibodies are derived where the antigen-
combining regions are gra ed onto human immuno-
globulin gene products (chimerized or humanized) 
or derived de novo  rom mice bearing human immu-
noglobulin gene loci. T ree general strategies have 
emerged using antibodies. Tumor-regulatory antibod-
ies target tumor cells directly or indirectly to modulate 
intracellular  unctions or attract immune or stromal 
cells. Immunoregulatory antibodies target antigens 
expressed on the tumor cells or host immune cells to 
modulate primarily the host’s immune responsiveness 
to the tumor. Finally, antibody conjugates can be made 
with the antibody linked to drugs, toxins, or radioiso-
topes to target these “warheads”  or delivery to the 
tumor. Table 29-6 lists  eatures o  currently used or 
promising antibodies  or cancer treatment.

Tum or-regu lato ry an tib od ies
Humanized antibodies against the CD20 molecule 
expressed on B cell lymphomas (rituximab and o atu-
mumab) are exemplary o  antibodies that a ect both 
signaling events driving lymphomagenesis as well as 
activating immune responses against B cell neoplasms. 
T ey are used as single agents and in combination 
with chemotherapy and radiation in the treatment o  B 
cell neoplasms. Obinutuzumab is an antibody with an 
altered glycosylation that enhances its ability to  x com-
plement; it is also directed against CD20 and is o  value 
in chronic lymphocytic leukemia. It seems to be more 
e ective in this setting than rituximab.

T e HER2/neu receptor overexpressed on epithelial 
cancers, especially breast cancer, was initially targeted 
by trastuzumab, with noteworthy activity in potentiat-
ing the action o  chemotherapy in breast cancer as well 
as some evidence o  single-agent activity.  rastuzumab 
also appears to interrupt intracellular signals derived 
 rom HER2/neu and to stimulate immune mecha-
nisms. T e anti-HER2 antibody pertuzumab, speci -
cally targeting the domain o  HER2/neu responsible  or 
dimerization with other HER2  amily members, is more 
speci cally directed against HER2 signaling  unction 
and augments the action o  trastuzumab.

EGF receptor (EGFR)-directed antibodies (such as 
cetuximab and panitumumab) have activity in colorec-
tal cancer re ractory to chemotherapy, particularly 
when used to augment the activity o  an additional 
chemotherapy program, and in the primary treatment 
o  head and neck cancers treated with radiation ther-
apy. T e mechanism o  action is unclear. Direct e ects 
on the tumor may mediate an antiproli erative e ect 
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TABLE 29-6  
ANTIBODIES USED IN CANCER TREATMENT

DRUG  TARGET  INDICATIONS AND FEATURES OF USE

Tu m or Reg u la to ry An t ib o d ies

Rituximab  CD20  B cell neoplasms (also emerging role in autoimmune disease); chimeric antibody
with  requent mouse-derived sequences;  requent in usion reactions, particularly on initial doses; 
reactivation o  in ections, particularly hepatitis; progressive multi ocal leukoencephalopathy; tumor 
lysis syndrome

O atumumab  CD20  active in CLL;  ully human antibody with distinct binding site compared to rituximab; decreased 
intensity in usion reactions;

Trastuzumab  HER2/neu  Active in breast cancer and GI cancers expressing HER2/neu; cardiotoxicity, particularly in setting o  
prior anthracyclines, requires monitoring; in usion reactions

Pertuzumab  HER2/neu  Breast cancer; targets distinct binding site  rom trastuzumab, inhibiting dimerization o  HER2  amily 
members; in usion  reactions; cardiac toxicity

Cetuximab  EGFR  Colorectal cancers with wild-type Ki-ras oncoprotein; head and neck cancers with radiation; rash, diar-
rhea, in usion reactions

Panitumumab  EGFR  Colorectal cancers with wild-type Ki-ras oncoprotein;  ully humanized; decreased in usion reactions; 
di erent IgG subtype than cetuximab

Bevacizumab  VEGF  Metastatic colorectal cancer and non-small-cell lung cancer (nonsquamous) with chemotherapy; 
renal cancer and  glioblastoma as single agents; prominent HBP, proteinuria, GI per orations, hemor-
rhage, thrombosis (venous and arterial)

Im m u noreg u la to ry An t ib o d ies

Alemtuzumab  CD52  CLL, T cell lymphomas; activates complement a ter binding to cell sur ace; in usion reactions, hyper-
sensitivity, tumor lysis, activation o  in ections, cytopenias

Ipilimumab  CTLA4  Melanoma; inhibits the negative proli erative signal to T cells acting through CTLA4, resulting in 
prominent T cell activation; side e ects include immune-mediated toxicity to liver, skin, pituitary, 
gut, which i  severe calls  or steroids, which inhibit  antineoplastic e ect

Pembrolizumab  PD-1  Melanoma unresectable or metastatic and i  B-RAF V600 mutated, re ractory to a B-RAF inhibitor; also 
can cause immune related colitis, hepatitis, hypophysitis, nephritis, and altered thyroid  unction; also 
consider steroids  or treatment o  severe adverse events

Abbrevia t ions: CLL, chronic lymphocytic leukemia; EGFR, epidermal growth  actor receptor; GI, gastrointestinal; HBP, high blood pressure; VEGF, vascular 
endothelial growth  actor.

as well as stimulate the participation o  host mecha-
nisms involving immune cell or complement-mediated 
response to tumor cell–bound antibody. Alternatively, 
the antibody may alter the release o  paracrine  actors 
promoting tumor cell survival.

T e anti-VEGF antibody bevacizumab shows little 
evidence o  antitumor e ect when used alone, but when 
combined with chemotherapeutic agents, it improves the 
magnitude o  tumor shrinkage and time to disease pro-
gression in colorectal and nonsquamous lung cancers. T e 
mechanism  or the e ect is unclear and may relate to the 
capacity o  the antibody to alter delivery and tumor uptake 
o  the active chemotherapeutic agent. Ziv-a ibercept is not 
an antibody, but a solubilized VEGF receptor VEGF bind-
ing domain, and there ore may have a distinct mechanism 
o  action with comparable side e ects.

Unintended side e ects o  any antibody use include 
in usion-related hypersensitivity reactions, usually lim-
ited to the  rst in usion, which can be managed with 
glucocorticoid and/or antihistamine prophylaxis. In 
addition, distinct syndromes have emerged with di -
 erent antibodies. Anti-EGFR antibodies produce an 
acnei orm rash that poorly responds to glucocorticoid 

cream treatment.  rastuzumab (anti-HER2) can inhibit 
cardiac  unction, particularly in patients with prior 
exposure to anthracyclines. Bevacizumab has a number 
o  side e ects o  medical signi cance, including hyper-
tension, thrombosis, proteinuria, hemorrhage, and 
gastrointestinal per orations with or without prior sur-
geries; these adverse events also occur with small-mole-
cule drugs modulating VEGFR  unction.

Im m unoregu lato ry an tib od ies
Purely immunoregulatory antibodies stimulate immune 
responses to mediate tumor-directed cytotoxicity. First-
generation approaches sought to activate complement 
and are exempli ed by antibodies to CD52; these are 
active in chronic lymphoid leukemia and   cell malig-
nancies. A more re ned understanding o  the tumor–
host inter ace has de ned that cytotoxic tumor-directed 
  cells are  requently inhibited by ligands upregulated in 
the tumor cells. T e programmed death ligand 1 (PD-L1; 
also known as B7-homolog 1) was initially recognized 
as an entity that induced   cell death through a recep-
tor present on   cells, termed the PD receptor (Fig 29-5), 
which physiologically exists to regulate the intensity o  
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the immune response. T e PD  amily o  ligands and 
receptors also regulates macrophage  unction, present in 
tumor stroma. T ese actions raised the hypothesis that 
antibodies directed against the PD signaling axis (both 
anti-PD-L1 and anti-PD) might be use ul in cancer treat-
ment by allowing reactivation o  the immune response 
against tumors. Indeed, nivolumab and lambrolizumab, 
both anti-PD antibodies, have shown evidence o  impor-
tant immune-mediated actions against  certain solid 
tumors, including melanoma and lung cancers.

Already approved  or clinical use in melanoma is ipi-
limumab, an antibody directed against the anti-C LA4 
(cytotoxic   lymphocyte antigen 4), which is expressed 
on   cells (not tumor cells), responds to signals  rom 
antigen-presenting cells (Fig. 29-5), and also downregu-
lates the intensity o  the   cell proli erative response to 

antigens derived  rom tumor cells. Indeed, manipula-
tion o  the C LA4 axis was the  rst demonstration that 
purely immunoregulatory antibody strategies directed at 
  cell physiology could be sa e and e ective in the treat-
ment o  cancer, although it acts at a very early stage in   
cell activation and can be considered somewhat nonspe-
ci c in its basis  or   cell stimulation. Pembrolizumab, 
an anti-PD ligand blocking agent was also approved  or 
melanoma, with a similar spectrum o  potential adverse 
events, but acting in the tumor microenvironment. 
Indeed, prominent activation o  autoimmune hepatic, 
endocrine, cutaneous, neurologic, and gastrointestinal 
responses is a basis  or adverse events with the use o  
ipilimumab; the emergent use o  glucocorticoids may be 
required to attenuate severe toxicities, which un ortu-
nately can cause potential attenuation o  antitumor e ect. 
Importantly  or the general internist, these events may 
occur late a er exposure to ipilimumab while the patient 
may otherwise be enjoying sustained control o  tumor 
growth owing to the bene cial actions o  ipilimumab.

Another class o  immunoregulatory antibody is the 
“bispeci c” antibody blinatumomab, which was con-
structed to have an anti-CD19 antigen combining site 
as one valency o  an antibody with anti-CD3 binding 
site as the other valency. T is antibody thus can bring   
cells (with its anti-CD3 activity) close to B cells bearing 
the CD19 determinant. Blinatumomab is active in B cell 
neoplasms such as acute lymphocytic leukemia, which 
may not have prominent expression o  the CD20 tar-
geted by rituximab.

Antib od y con jugates
Conjugates o  antibodies with drugs and isotopes have 
also been shown to be e ective in the treatment o  can-
cer and have the intent o  increasing the therapeutic 
index o  the drug or isotope by delivering the toxic “war-
head” directly to the tumor cell or tumor microenviron-
ment. Ado-trastuzumab is a conjugate o  the HER2/
neu-directed trastuzumab and a highly toxic microtu-
bule targeted drug (emtansine), which by itsel  is too 
toxic  or human use; the antibody-drug conjugate shows 
valuable activity in patients with breast cancer who have 
developed resistance to the “naked” antibody. Brentux-
imab vedotin is an anti-CD30 antibody drug conjugate 
with a distinct microtubule poison with activity in neo-
plasms such as Hodgkin’s lymphoma where the tumor 
cells  requently express CD30. Radioconjugates targeting 
CD20 on lymphomas have been approved  or use (ibritu-
momab tiuxetan [Zevalin], using yttrium-90 or 131I-tosi-
tumomab).  oxicity concerns have limited their use.

Cytokines

T ere are >70 separate proteins and glycoproteins with 
biologic e ects in humans: inter eron (IFN) α, β, and 
γ; interleukin (IL) 1 through 29 (so  ar); the tumor 
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FIGURE 29 -5
Tum ors p ossess a  m icroenvironm ent  tum or strom a  
with  im mune ce lls includ ing  b oth  help er T ce lls, sup p res 
sor T ce lls  b o th  “regulatory” of o ther im mune ce ll func 
tion  , macrop hages, and  cytotoxic T ce lls. Cytokines  ound 
in the stroma and deriving  rom macrophages and regulatory T 
cells modulate the activities o  cytotoxic T cells, which have the 
potential to kill tumor cells. Antigens released by tumor cells are 
taken up by Antigen Presenting Cells (APCs), also in the stroma. 
Antigens are processed by the APCs to peptides presented by 
the Major Histocompatibility Complex to T-cell antigen receptors, 
thus providing an (+) activation signal  or the cytotoxic tumor 
cells to kill tumor cells bearing that antigen. Negative (–) signals 
inhibiting cytotoxic T cell action include the CTLA4 receptor (on 
T cells), interacting with the B7  amily o  negative regulatory sig-
nals  rom APCs, and the PD receptor (on T cells), interacting with 
the PD-L1 (–) signal coming  rom tumor cells expressing the PD-1 
ligand (PD-l1). As both CTLA4 and PD1 signals attenuate the anti-
tumor T cell response, strategies which inhibit CTLA4 and PD1 
 unction are a means o  stimulating cytotoxic T cell activity to 
kill tumor cells. Cytokines  rom other immune cells and macro-
phages can provide both (+) and (–) signals  or T cell action, and 
are under investigation as novel immunoregulatory therapeutics.
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necrosis  actor ( NF)  amily (including lymphotoxin, 
 NF-related apoptosis-inducing ligand [ RAIL], CD40 
ligand, and others); and the chemokine  amily. Only a 
 raction o  these has been tested against cancer; only 
IFN-α and IL-2 are in routine clinical use.

About 20 di erent genes encode IFN-α, and their 
biologic e ects are indistinguishable. IFN induces the 
expression o  many genes, inhibits protein synthesis, and 
exerts a number o  di erent e ects on diverse cellular 
processes. T e two recombinant  orms that are commer-
cially available are IFN-α2a and -α2b. Inter eron is not 
curative  or any tumor but can induce partial responses 
in  ollicular lymphoma, hairy cell leukemia, CML, mela-
noma, and Kaposi’s sarcoma. It has been used in the adju-
vant setting in stage II melanoma, multiple myeloma, and 
 ollicular lymphoma, with uncertain e ects on survival. 
It produces  ever,  atigue, a  ulike syndrome, malaise, 
myelosuppression, and depression and can induce clini-
cally signi cant autoimmune disease. IFN-α is not gener-
ally the treatment o  choice  or any cancer.

IL-2 exerts its antitumor e ects indirectly through 
augmentation o  immune  unction. Its biologic activ-
ity is to promote the growth and activity o    cells and 
natural killer (NK) cells. High doses o  IL-2 can pro-
duce tumor regression in certain patients with meta-
static melanoma and renal cell cancer. About 2–5% o  
patients may experience complete remissions that are 
durable, unlike any other treatment  or these tumors. 
IL-2 is associated with myriad clinical side e ects, 
including intravascular volume depletion, capillary leak 
syndrome, adult respiratory distress syndrome, hypo-
tension,  ever, chills, skin rash, and impaired renal and 
liver  unction. Patients may require blood pressure sup-
port and intensive care to manage the toxicity. However, 
once the agent is stopped, most o  the toxicities reverse 
completely within 3–6 days.

Liga nd receptor–directed  constructs

High-a nity receptors  or cytokines have led to the 
design o  cytokine-toxin recombinant  usion proteins, 
such as IL-2 expressed in  rame with a  ragment o  
diphtheria toxin. A commercially available construct 
has activity against certain   cell lymphomas. Likewise, 
the high-a nity  olate receptor is the target  or  olate 
conjugated to chemotherapeutic agents. In both cases, 
the drug’s utility derives  rom the internalization o  
the targeted receptor and cleavage o  the active drug or 
toxin moiety.

SYSTEMIC RADIATION THERAPY
Although total-body irradiation has a role in preparing 
a patient to receive allogeneic stem cells, and antibodies 
as described above can speci cally target radioisotopes, 
systemically administered isotopes o  iodide salts have 

an important role in the treatment o  thyroid neoplasms, 
owing to the selective upregulation o  the iodide trans-
porter in the tumor cell compartment. Likewise, isotopes 
o  samarium and radium have been  ound use ul in the 
palliation o  symptoms  rom advanced bony metastases 
o  prostate cancer owing to their selective deposition at 
the tumor–bone matrix inter ace, thereby potentially 
a ecting the  unction o  both tumor and stromal cells in 
the progressive growth o  the metastatic deposit.

RESISTANCE TO CANCER TREATMENTS

Resistance mechanisms to the conventional cytotoxic 
agents were initially characterized in the late twentieth 
century as de ects in drug uptake, metabolism, or export 
by tumor cells. T e multidrug resistance (mdr) gene 
de ned in vitro in cell lines exposed to increasing con-
centrations o  drugs led to the de nition o  a  amily o  
transport proteins that, when overexpressed, result in the 
 acile transport o  a variety o  hydrophobic drugs out o  
the cancer cell. Although e orts to manipulate this trans-
porter to promote drug residence in tumor cells have been 
pursued, none are clinically use ul at this time. Drug-
metabolizing enzymes such as cytidine deaminase are 
upregulated in resistant tumor cells, and this is the basis 
 or so-called “high-dose cytarabine” regimens in the treat-
ment o  leukemia. Another resistance mechanism de ned 
during this era involved increased expression o  a drug’s 
target, exempli ed by ampli cation o  the dihydro olate 
reductase gene, in patients who had lost responsiveness to 
methotrexate, or mutation o  topoisomerase II in tumors 
that relapsed a er topoisomerase II modulator treatment.

A second class o  resistance mechanisms involves loss 
o  the cellular apoptotic mechanism activated a er the 
engagement o  a drug’s target by the drug. T is occurs 
in a way that is heavily in uenced by the biology o  the 
particular tumor type. For example, decreased alkylgua-
nine alkyltrans erase de nes a subset o  glioblastoma 
patients with the prospect o  greatest bene t  rom treat-
ment with temozolomide, but has no predictive value  or 
bene t  rom temozolomide in epithelial neoplasms. Like-
wise, ovarian cancers resistant to platinating agents have 
decreased expression o  the proapoptotic gene bax. T ese 
types o   ndings have prompted the idea that responsive 
tumors to chemotherapeutic agents are populated by cells 
that express drug-related cell death controlling genes, 
creating in e ect a state o  “synthetic lethality” o  the 
drug (Chap. 26) with the genes expressed in responsive 
tumors, analogous to the existence in yeast o  mutations 
that are well tolerated in the absence o  a physiologic 
stressor but become lethal in the presence o  that stressor. 
In the case o  tumors, the chemotherapy inducing the cell 
death response is the analogous physiologic stressor.

A third class o  resistance mechanisms emerged  rom 
sequencing o  the targets o  agents directed at oncogenic 

29_Hematology_ch29_p386-421.indd   416  04/08/16   2:28 PM



 

C

H

A

P

T

E

R

 

2

9

P

r

i

n

c

i

p

l

e

s

 

o

f

 

C

a

n

c

e

r

 

T

r

e

a

t

m

e

n

t

417kinases. T us, patients with CML resistant to imatinib 
have acquired mutations in the A P binding domain o  
p210bcr-abl in some cases, leading to the screening and 
design o  agents with activity against the mutant pro-
teins. Entirely analogous resistance mechanisms have 
emerged in patients with lung cancer treated with the 
EGFR antagonists ge tinib and erlotinib.

A  nal category o  tumor resistance mechanisms 
to targeted agents includes the upregulation o  alter-
nate means o  activating the pathway targeted by the 
agent. T us melanomas initially responsive to BRAF 
V600E antagonists such as vemura enib may reactivate 
ra  signaling by upregulating iso orms that can bypass 
the variant blocked by the drug. Likewise, inhibition 
o  HER2/neu signaling in breast cancer cells can lead 
to the emergence o  variants with distinct oncogenic 
signaling pathways such as PI3 kinase. Analogously in 
NSCLC, EGFR inhibitor treatment leads to the emer-
gence o  cells with a predominance o  c-met protoonco-
gene–dependent signaling in the resistant tumors.

T e susceptibility o  a tumor to di erent treatments 
as a  unction o  its expression o  potential drug targets 
or their mutational pro le has led to e orts to de ne 
the dominant pathways driving a patient’s tumor by 
genomic techniques including whole exome sequenc-
ing. T e di culty with applying such data to patient 
treatment is recognizing that these pathways may 
change during the natural history o  a tumor and that 
di erent sites in a single patient may have tumors with 
di erent patterns o  gene mutation.

SUPPORTIVE CARE DURING CANCER 
TREATMENT

MYELOSUPPRESSION
T e common cytotoxic chemotherapeutic agents 
almost invariably a ect bone marrow  unction.  itra-
tion o  this e ect determines the M D o  the agent on a 
given schedule. T e normal kinetics o  blood cell turn-
over in uences the sequence and sensitivity o  each o  
the  ormed elements. Polymorphonuclear leukocytes 
(PMNs; t1/2 = 6–8 h), platelets (t1/2 = 5–7 days), and 
red blood cells (RBCs; t1/2 = 120 days) have most, less, 
and least susceptibility, respectively, to usually adminis-
tered cytotoxic agents. T e nadir count o  each cell type 
in response to classes o  agents is characteristic. Maxi-
mal neutropenia occurs 6–14 days a er conventional 
doses o  anthracyclines, anti olates, and antimetabolites. 
Alkylating agents di er  rom each other in the timing o  
cytopenias. Nitrosoureas, D IC, and procarbazine can 
display delayed marrow toxicity,  rst appearing 6 weeks 
a er dosing.

Complications o  myelosuppression result  rom 
the predictable sequelae o  the missing cells’  unction. 

Febrile neutropenia re ers to the clinical presentation o  
 ever (one temperature ≥38.5°C or three readings ≥38°C 
but ≤38.5°C per 24 h) in a neutropenic patient with an 
uncontrolled neoplasm involving the bone marrow or, 
more usually, in a patient undergoing treatment with 
cytotoxic agents. Mortality  rom uncontrolled in ec-
tion varies inversely with the neutrophil count. I  the 
nadir neutrophil count is >1000/µL, there is little risk; i  
<500/µL, risk o  death is markedly increased. Manage-
ment o   ebrile neutropenia has conventionally included 
empirical coverage with antibiotics  or the duration o  
neutropenia (Chap. 30). Selection o  antibiotics is gov-
erned by the expected association o  in ections with cer-
tain underlying neoplasms; care ul physical examination 
(with scrutiny o  catheter sites, dentition, mucosal sur-
 aces, and perirectal and genital ori ces by gentle palpa-
tion); chest x-ray; and Gram stain and culture o  blood, 
urine, and sputum (i  any) to de ne a putative site o  
in ection. In the absence o  any originating site, a broadly 
acting β-lactam with anti-Pseudomonas activity, such as 
ce azidime, is begun empirically. T e addition o  vanco-
mycin to cover potential cutaneous sites o  origin (until 
these are ruled out or shown to originate  rom methicil-
lin-sensitive organisms) or metronidazole or imipenem 
 or abdominal or other sites  avoring anaerobes re ects 
modi cations tailored to individual patient presenta-
tions. T e coexistence o  pulmonary compromise raises 
a distinct set o  potential pathogens, including Legionella, 
Pneumocystis, and  ungal agents that may require  urther 
diagnostic evaluations, such as bronchoscopy with bron-
choalveolar lavage. Febrile neutropenic patients can be 
strati ed broadly into two prognostic groups. T e  rst, 
with expected short duration o  neutropenia and no evi-
dence o  hypotension or abdominal or other localizing 
symptoms, may be expected to do well even with oral 
regimens, e.g., cipro oxacin or moxi oxacin, or amoxi-
cillin plus clavulanic acid. A less  avorable prognostic 
group is patients with expected prolonged neutropenia, 
evidence o  sepsis, and end organ compromise, particu-
larly pneumonia. T ese patients require tailoring o  their 
antibiotic regimen to their underlying presentation, with 
 requent empirical addition o  anti ungal agents i   ever 
and neutropenia persists  or 7 days without identi cation 
o  an adequately treated organism or site.

 rans usion o  granulocytes has no role in the man-
agement o   ebrile neutropenia, owing to their exceed-
ingly short hal -li e, mechanical  ragility, and clinical 
syndromes o  pulmonary compromise with leukosta-
sis a er their use. Instead, colony-stimulating  actors 
(CSFs) are used to augment bone marrow production 
o  PMNs. Early-acting  actors such as IL-1, IL-3, and 
stem cell  actor have not been as use ul clinically as 
late-acting, lineage-speci c  actors such as granulocyte 
colony-stimulating  actor (G-CSF) or GM-CSF, eryth-
ropoietin (EPO), thrombopoietin, IL-6, and IL-11. CSFs 
may easily become overused in oncology practice. T e 
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TABLE 29-7  
INDICATIONS FOR THE CLINICAL USE OF G-CSF OR 
GM-CSF
Preven t ive  Uses

With the  rst cycle o  chemotherapy (so-called primary CSF 
administration)

 Not needed on a routine basis
 Use i  the probability o   ebrile neutropenia is ≥20%
 Use i  patient has preexisting neutropenia or active in ection
  Age >65 years treated  or lymphoma with curative intent  

 or other tumor treated by similar regimens
 Poor per ormance status
 Extensive prior chemotherapy
  Dose-dense regimens in a clinical trial or with strong  

 evidence o  bene t
With subsequent cycles i   ebrile neutropenia has previously 
occurred (so-called secondary CSF administration)

 Not needed a ter short-duration neutropenia without  ever
 Use i  patient had  ebrile neutropenia in previous cycle
  Use i  prolonged neutropenia (even without  ever) delays  

 therapy
Th erap e u t ic Uses

A ebrile neutropenic patients
 No evidence o  bene t
Febrile neutropenic patients
 No evidence o  bene t
  May  eel compelled to use in the  ace o  clinical deterioration  

   rom sepsis, pneumonia, or  ungal in ection, but bene t 
unclear

In bone marrow or peripheral blood stem cell transplantation
 Use to mobilize stem cells  rom marrow
 Use to hasten myeloid recovery
In acute myeloid leukemia
 G-CSF o  minor or no bene t
 GM-CSF o  no bene t and may be harm ul
In myelodysplastic syndromes
 Not routinely bene cial
  Use intermittently in subset with neutropenia and  

 recurrent in ection
Wh at  Dose  and  Sch ed u le  Shou ld  Be  Used ?

G-CSF: 5 mg/kg per day subcutaneously
GM-CSF: 250 mg/m2 per day subcutaneously
Peg lgrastim: one dose o  6 mg 24 h a ter chemotherapy
Wh en  Shou ld  The rap y Beg in  and  End ?

When indicated, start 24–72 h a ter chemotherapy
Continue until absolute neutrophil count is 10,000/µL
Do not use concurrently with chemotherapy or radiation 
therapy

Abbrevia tions: CSF, cerebrospinal  uid; G-CSF, granulocyte colony-stimulat-
ing  actor;  GM-CSF, granulocyte-macrophage colony-stimulating  actor.
Source: From the American Society o  Clinical Oncology: J Clin Oncol 
24:3187, 2006.

Primary prophylaxis (i.e., shortly a er completing 
chemotherapy to reduce the nadir) administers G-CSF 
to patients receiving cytotoxic regimens associated 
with a 20% incidence o   ebrile neutropenia. “Dose-
dense” regimens, where cycling o  chemotherapy is 
intended to be completed without delay o  adminis-
tered doses, may also bene t, but such patients should 
be on a clinical trial. Administration o  G-CSF in these 
circumstances has reduced the incidence o   ebrile neu-
tropenia in several studies by about 50%. Most patients, 
however, receive regimens that do not have such a high 
risk o  expected  ebrile neutropenia, and there ore most 
patients initially should not receive G-CSF or GM-CSF. 
Special circumstances—such as a documented history 
o   ebrile neutropenia with the regimen in a particular 
patient or categories o  patients at increased risk, such 
as patients older than age 65 years with aggressive lym-
phoma treated with curative chemotherapy regimens; 
extensive compromise o  marrow by prior radiation 
or chemotherapy; or active, open wounds or deep-
seated in ection—may support primary treatment with 
G-CSF or GM-CSF. Administration o  G-CSF or GM-
CSF to a ebrile neutropenic patients or to patients with 
low-risk  ebrile neutropenia is not recommended, and 
patients receiving concomitant chemoradiation treat-
ment, particularly those with thoracic neoplasms, like-
wise are not generally recommended  or treatment. In 
contrast, administration o  G-CSF to high-risk patients 
with  ebrile neutropenia and evidence o  organ com-
promise including sepsis syndrome, invasive  ungal 
in ection, concurrent hospitalization at the time  ever 
develops, pneumonia, pro ound neutropenia (<0.1 × 
109/L), or age >65 years is reasonable.

Secondary prophylaxis re ers to the administration 
o  CSFs in patients who have experienced a neutrope-
nic complication  rom a prior cycle o  chemotherapy; 
dose reduction or delay may be a reasonably considered 
alternative. G-CSF or GM-CSF is conventionally started 
24–72 h a er completion o  chemotherapy and contin-
ued until a PMN count o  10,000/µL is achieved, unless 
a “depot” preparation o  G-CSF such as peg lgrastim 
is used, where one dose is administered at least 14 days 
be ore the next scheduled administration o  chemo-
therapy. Also, patients with myeloid leukemias under-
going induction therapy may have a slight reduction in 
the duration o  neutropenia i  G-CSF is commenced 
a er completion o  therapy and may be o  particular 
value in elderly patients, but the in uence on long-term 
outcome has not been de ned. GM-CSF probably has a 
more restricted utility than G-CSF, with its use currently 
limited to patients a er autologous bone marrow trans-
plants, although proper head-to-head comparisons with 
G-CSF have not been conducted in most instances. GM-
CSF may be associated with more systemic side e ects.

Dangerous degrees o  thrombocytopenia do not  re-
quently complicate the management o  patients with 

settings in which their use has been proved e ective are 
limited. G-CSF, GM-CSF, EPO, and IL-11 are currently 
approved  or use. T e American Society o  Clinical 
Oncology has developed practice guidelines  or the use 
o  G-CSF and GM-CSF (Table 29-7).
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419solid tumors receiving cytotoxic chemotherapy (with 
the possible exception o  certain carboplatin-containing 
regimens), but they are  requent in patients with cer-
tain hematologic neoplasms where marrow is in ltrated 
with tumor. Severe bleeding related to thrombocytope-
nia occurs with increased  requency at platelet counts 
<20,000/µL and is very prevalent at counts <5000/µL.

T e precise “trigger” point at which to trans use 
patients has been de ned as a platelet count o  10,000/µL 
or less in patients without medical comorbidities that 
may increase the risk o  bleeding. T is issue is important 
not only because o  the costs o   requent trans usion, but 
unnecessary platelet trans usions expose the patient to 
the risks o  allosensitization and loss o  value  rom sub-
sequent trans usion owing to rapid platelet clearance, as 
well as the in ectious and hypersensitivity risks inher-
ent in any trans usion. Prophylactic trans usions to keep 
platelets >20,000/µL are reasonable in patients with leu-
kemia who are stressed by  ever or concomitant medical 
conditions (the threshold  or trans usion is 10,000/µL in 
patients with solid tumors and no other bleeding diathe-
sis or physiologic stressors such as  ever or hypotension, a 
level that might also be reasonably considered  or leuke-
mia patients who are thrombocytopenic but not stressed 
or bleeding). In contrast, patients with myeloproli erative 
states may have  unctionally altered platelets despite nor-
mal platelet counts, and trans usion with normal donor 
platelets should be considered  or evidence o  bleeding in 
these patients. Care ul review o  medication lists to pre-
vent exposure to nonsteroidal anti-in ammatory agents 
and maintenance o  clotting  actor levels adequate to 
support near-normal prothrombin and partial thrombo-
plastin time tests are important in minimizing the risk o  
bleeding in the thrombocytopenic patient.

Certain cytokines in clinical investigation have 
shown an ability to increase platelets (e.g., IL-6, IL-1, 
thrombopoietin), but clinical bene t and sa ety are not 
yet proven. IL-11 (oprelvekin) is approved  or use in the 
setting o  expected thrombocytopenia, but its e ects on 
platelet counts are small, and it is associated with side 
e ects such as headache,  ever, malaise, syncope, car-
diac arrhythmias, and  uid retention. Eltrombopag and 
romiplostim are thrombopoietin agonists with demon-
strated e cacy in certain thrombocytopenic states, but 
they have not been systematically studied in chemo-
therapy-induced thrombocytopenia.

Anemia associated with chemotherapy can be man-
aged by trans usion o  packed RBCs.  rans usion is not 
undertaken until the hemoglobin  alls to <80 g/L (8 g/
dL), compromise o  end organ  unction occurs, or an 
underlying condition (e.g., coronary artery disease) 
calls  or maintenance o  hemoglobin >90 g/L (9 g/dL). 
Patients who are to receive therapy  or >2 months on 
a “stable” regimen and who are likely to require con-
tinuing trans usions are also candidates  or erythro-
poietin (EPO). Randomized trials in certain tumors 

have raised the possibility that EPO use may promote 
tumor-related adverse events. T is in ormation should 
be considered in the care o  individual patients. In the 
event EPO treatment is undertaken, maintenance o  
hemoglobin o  90–100 g/L (9–10 g/dL) should be the 
target. In the setting o  adequate iron stores and serum 
EPO levels <100 ng/mL, EPO, 150 U three times a week, 
can produce a slow increase in hemoglobin over about 
2 months o  administration. Depot  ormulations can be 
administered less  requently. It is unclear whether higher 
hemoglobin levels, up to 110–120 g/L (11–12 g/dL), are 
associated with improved quality o  li e to a degree that 
justi es the more intensive EPO use. E orts to achieve 
levels at or above 120 g/L (12 g/dL) have been associated 
with increased thromboses and mortality rates. EPO 
may rescue hypoxemic cells  rom death and contribute 
to tumor radioresistance.

NAUSEA AND VOMITING
T e most common side e ect o  chemotherapy admin-
istration is nausea, with or without vomiting. Nausea 
may be acute (within 24 h o  chemotherapy), delayed 
(>24 h), or anticipatory o  the receipt o  chemotherapy. 
Patients may be likewise strati ed  or their risk o  sus-
ceptibility to nausea and vomiting, with increased risk in 
young,  emale, heavily pretreated patients without a his-
tory o  alcohol or drug use but with a history o  motion 
or morning sickness. Antineoplastic agents vary in their 
capacity to cause nausea and vomiting. Highly emeto-
genic drugs (>90%) include mechlorethamine, strepto-
zotocin, D IC, cyclophosphamide at >1500 mg/m2, and 
cisplatin; moderately emetogenic drugs (30–90% risk) 
include carboplatin, cytosine arabinoside (>1 mg/m2), 
i os amide, conventional-dose cyclophosphamide, and 
anthracyclines; low-risk (10–30%) agents include 5FU, 
taxanes, etoposide, and bortezomib, with minimal risk 
(<10%) a orded by treatment with antibodies, bleomy-
cin, busul an,  udarabine, and vinca alkaloids. Emesis is 
a re ex caused by stimulation o  the vomiting center in 
the medulla. Input to the vomiting center comes  rom 
the chemoreceptor trigger zone (C Z) and a erents 
 rom the peripheral gastrointestinal tract, cerebral cor-
tex, and heart. T e di erent emesis “syndromes” require 
distinct management approaches. In addition, a con-
ditioned re ex may contribute to anticipatory nausea 
arising a er repeated cycles o  chemotherapy. Accord-
ingly, antiemetic agents di er in their locus and timing 
o  action. Combining agents  rom di erent classes or 
the sequential use o  di erent classes o  agent is the cor-
nerstone o  success ul management o  chemotherapy-
induced nausea and vomiting. O  great importance are 
the prophylactic administration o  agents and such psy-
chological techniques as the maintenance o  a support-
ive milieu, counseling, and relaxation to augment the 
action o  antiemetic agents.
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Serotonin antagonists (5-H 3) and neurokinin 1 
(NK1) receptor antagonists are use ul in “high-risk” 
chemotherapy regimens. T e combination acts at both 
peripheral gastrointestinal and CNS sites that control 
nausea and vomiting. For example, the 5-H 3 blocker 
 dolasetron, 100 mg intravenously or orally; dexametha-
sone, 12 mg; and the NK1 antagonist aprepitant, 125 
mg orally, are combined on the day o  administration o  
severely emetogenic regimens, with repetition o  dexa-
methasone (8 mg) and aprepitant (80 mg) on days 2 
and 3  or delayed nausea. Alternate 5-H 3 antagonists 
include ondansetron, given as 0.15 mg/kg intravenously 
 or three doses just be ore and at 4 and 8 h a er chemo-
therapy; palonosetron at 0.25 mg over 30 s, 30 min be ore 
chemotherapy; and granisetron, given as a single dose o  
0.01 mg/kg just be ore chemotherapy. Emesis  rom mod-
erately emetic chemotherapy regimens may be prevented 
with a 5-H 3 antagonist and dexamethasone alone  or 
patients not receiving doxorubicin and cyclophospha-
mide combinations; the latter combination requires the 
5-H 3/dexamethasone/aprepitant on day 1 but aprepi-
tant alone on days 2 and 3. Emesis  rom low-emetic-risk 
regimens may be prevented with 8 mg o  dexametha-
sone alone or with non-5-H 3, non-NK1 antagonist 
approaches including the  ollowing.

Antidopaminergic phenothiazines act directly at the 
C Z and include prochlorperazine (Compazine), 10 mg 
intramuscularly or intravenously, 10–25 mg orally, or 
25 mg per rectum every 4–6 h  or up to  our doses; and 
thiethylperazine, 10 mg by potentially all o  the above 
routes every 6 h. Haloperidol is a butyrophenone dopa-
mine antagonist given at 1 mg intramuscularly or orally 
every 8 h. Antihistamines such as diphenhydramine 
have little intrinsic antiemetic capacity but are  requently 
given to prevent or treat dystonic reactions that can 
complicate use o  the antidopaminergic agents. Loraz-
epam is a short-acting benzodiazepine that provides an 
anxiolytic e ect to augment the e ectiveness o  a variety 
o  agents when used at 1–2 mg intramuscularly, intrave-
nously, or orally every 4–6 h. Metoclopramide acts on 
peripheral dopamine receptors to augment gastric emp-
tying and is used in high doses  or highly emetogenic 
regimens (1–2 mg/kg intravenously 30 min be ore che-
motherapy and every 2 h  or up to three additional doses 
as needed); intravenous doses o  10–20 mg every 4–6 h 
as needed or 50 mg orally 4 h be ore and 8 and 12 h a er 
chemotherapy are used  or moderately emetogenic regi-
mens. 5-9- etrahydrocannabinol (Marinol) is a rather 
weak antiemetic compared to other available agents, but 
it may be use ul  or persisting nausea and is used orally 
at 10 mg every 3–4 h as needed.

DIARRHEA
Regimens that include 5FU in usions and/or irinotecan 
may produce severe diarrhea. Similar to the vomiting 

syndromes, chemotherapy-induced diarrhea may be 
immediate or can occur in a delayed  ashion up to 
48–72 h a er the drugs. Care ul attention to maintained 
hydration and electrolyte repletion, intravenously i  
necessary, along with antimotility treatments such as 
“high-dose” loperamide, commenced with 4 mg at the 
 rst occurrence o  diarrhea, with 2 mg repeated every 
2 h until 12 h without loose stools, not to exceed a total 
daily dose o  16 mg. Octreotide (100–150 µg), a soma-
tostatin analogue, or opiate-based preparations may be 
considered  or patients not responding to loperamide.

MUCOSITIS
Irritation and in ammation o  the mucous membranes 
particularly a icting the oral and anal mucosa, but 
potentially involving the gastrointestinal tract, may 
accompany cytotoxic chemotherapy. Mucositis is due to 
damage to the proli erating cells at the base o  the muco-
sal squamous epithelia or in the intestinal crypts.  opi-
cal therapies, including anesthetics and barrier-creating 
preparations, may provide symptomatic relie  in mild 
cases. Pali ermin or keratinocyte growth  actor, a mem-
ber o  the  broblast growth  actor  amily, is e ective in 
preventing severe mucositis in the setting o  high-dose 
chemotherapy with stem cell transplantation  or hema-
tologic malignancies. It may also prevent or ameliorate 
mucositis  rom radiation.

ALOPECIA
Chemotherapeutic agents vary widely in causing alope-
cia, with anthracyclines, alkylating agents, and topoi-
somerase inhibitors reliably causing near-total alopecia 
when given at therapeutic doses. Antimetabolites are 
more variably associated with alopecia. Psychologi-
cal support and the use o  cosmetic resources are to be 
encouraged, and “chemo caps” that reduce scalp tem-
perature to decrease the degree o  alopecia should be 
discouraged, particularly during treatment with curative 
intent o  neoplasms, such as leukemia or lymphoma, or 
in adjuvant breast cancer therapy. T e richly vascular-
ized scalp can certainly harbor micrometastatic or dis-
seminated disease.

GONADAL DYSFUNCTION AND 
PREGNANCY
Cessation o  ovulation and azoospermia reliably result 
 rom alkylating agent– and topoisomerase poison–con-
taining regimens. T e duration o  these e ects varies 
with age and sex. Males treated  or Hodgkin’s disease 
with mechlorethamine- and procarbazine-containing 
regimens are e ectively sterile, whereas  ertility usu-
ally returns a er regimens that include cisplatin, vin-
blastine, or etoposide and a er bleomycin  or testicular 
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421cancer. Sperm banking be ore treatment may be consid-
ered to support patients likely to be sterilized by treat-
ment. Females experience amenorrhea with anovulation 
a er alkylating agent therapy; they are likely to recover 
normal menses i  treatment is completed be ore age 
30 but unlikely to recover menses a er age 35. Even 
those who regain menses usually experience prema-
ture menopause. Because the magnitude and extent o  
decreased  ertility can be di cult to predict, patients 
should be counseled to maintain e ective contraception, 
pre erably by barrier means, during and a er therapy. 
Resumption o  e orts to conceive should be considered 
in the context o  the patient’s likely prognosis. Hormone 
replacement therapy should be undertaken in women 
who do not have a hormonally responsive tumor. For 
patients who have had a hormone-sensitive tumor pri-
marily treated by a local modality, conventional practice 
would counsel against hormone replacement, but this 
issue is under investigation.

Chemotherapy agents have variable e ects on the 
success o  pregnancy. All agents tend to have increased 
risk o  adverse outcomes when administered during the 
 rst trimester, and strategies to delay chemotherapy, i  
possible, until a er this milestone should be considered 
i  the pregnancy is to continue to term. Patients in their 
second or third trimester can be treated with most regi-
mens  or the common neoplasms a icting women in 
their childbearing years, with the exception o  antime-
tabolites, particularly anti olates, which have notable ter-
atogenic or  etotoxic e ects throughout pregnancy. T e 
need  or anticancer chemotherapy per se is in requently 
a clear basis to recommend termination o  a concurrent 
pregnancy, although each treatment strategy in this cir-
cumstance must be tailored to the individual needs o  
the patient.

SPECIAL ISSUES WITH TARGETED 
TREATMENTS
 reatment with EGFR-directed small molecules (e.g., 
erlotinib, a atinib, lapatinib), antibodies (e.g., cetuximab, 
panitumumab), and m OR antagonists (e.g., everoli-
mus, temsirolimus) reliably produces an acnei orm rash 

that can be a source o  distress to patients and can be 
ameliorated with topically applied clindamycin gels and 
low-potency corticosteroid creams. Diarrhea  requently 
accompanies tyrosine kinase inhibitor administration 
and may respond to antimotility agents such as loper-
amide or stool-bulking agents.

Anti-VEGFR-directed treatments, including the 
speci c antibody bevacizumab, and the “multikinase” 
inhibitors with anti VEGFR activity, such as sora enib, 
sunitinib, and pazopanib, reliably produce hyperten-
sion in a signi cant  raction o  patients that typically 
can be treated with lisinopril, amlodipine, or clonidine 
alone or in combination. More di cult to treat is pro-
teinuria with resultant azotemia; this can be a basis 
 or discontinuing treatment depending on the clinical 
context. T yroid  unction is prominently a ected by 
chronic exposure to this group o  multikinase inhibi-
tors including sora enib and pazopanib, and periodic 
surveillance o  thyroid-stimulating hormone and thy-
roxine ( 4) levels during treatment is reasonable. Gas-
trointestinal per orations, arterial thromboses, and 
hemorrhage likewise have no speci c treatments and 
may be a basis to avoid this class o  agents. Palmar-
plantar dysesthesia (“hand- oot syndrome”) can be 
seen a er administration o  these agents (as well as 
some cytotoxic agents including gemcitabine and lipo-
somal preparations o  doxorubicin) and is a basis  or 
considering dose reduction i  not responsive to topical 
emollients and analgesics.

Protein kinase antagonists as a class have been asso-
ciated with poorly predicted hepatic and cardiac tox-
icities (imatinib, dasatinib, sora enib, pazopanib) or 
cardiac conduction de cits including prolonged Q  
interval (pazopanib). T e occurrence o  new cardiac or 
liver abnormalities in a patient receiving treatment with 
a protein kinase antagonist should lead to a consider-
ation o  the risk versus bene t and the possible relation 
o  the agent to the new adverse event. T e existence o  
prior cardiac dys unction is a relative contraindication 
to the use o  certain targeted therapies (e.g., trastu-
zumab), although each patient’s needs should be indi-
vidualized. Chronic ef ects o  cancer treatment are 
reviewed in Chap. 57.
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In ections are a common cause o   eath an  an even 
more common cause o  morbi ity in patients with a 
wi e variety o  neoplasms. Autopsy stu ies show that 
most  eaths  rom acute leukemia an  hal  o   eaths 
 rom lymphoma are cause   irectly by in ection. With 
more intensive chemotherapy, patients with soli  
tumors have also become more likely to  ie o  in ec-
tion. Fortunately, an evolving approach to prevention 
an  treatment o  in ectious complications o  cancer has 
 ecrease  in ection-associate  mortality rates an  will 
probably continue to  o so. T is accomplishment has 
resulte   rom three major steps:

1. T e practice o  using “early empirical” antibiotics 
re uce  mortality rates among patients with leu-
kemia an  bacteremia  rom 84% in 1965 to 44% 
in 1972. Recent stu ies suggest that the mortality 
rate  ue to in ection in  ebrile neutropenic patients 
 roppe  to <10% by 2013. T is  ramatic improve-
ment is attribute  to early intervention with appro-
priate antimicrobial therapy.

2. “Empirical” anti ungal therapy has also lowere  the 
inci ence o   isseminate   ungal in ection, with 
 ramatic  ecreases in mortality rates. An anti ungal 
agent is a ministere —on the basis o  likely  ungal 
in ection—to neutropenic patients who, a er 4–7 
 ays o  antibiotic therapy, remain  ebrile but have no 
positive cultures.

3. Use o  antibiotics  or a ebrile neutropenic patients as 
broa -spectrum prophylaxis against in ections has 
 ecrease  both mortality an  morbi ity even  ur-
ther. T e current approach to treatment o  severely 
neutropenic patients (e.g., those receiving high-
 ose chemotherapy  or leukemia or high-gra e 
lymphoma) is base  on initial prophylactic therapy 
at the onset o  neutropenia, subsequent “empiri-
cal” antibacterial therapy targeting the organisms 
whose involvement is likely in light o  physical  n -
ings (most o en  ever alone), an   nally “empirical” 

INFECTIONS IN PATIENTS WITH CANCER

CHAP TER 3 0

anti ungal therapy base  on the known likelihoo  
that  ungal in ection will become a serious issue a er 
4–7  ays o  broa -spectrum antibacterial therapy.

A physical pre isposition to in ection in patients with 
cancer (Table 30-1) can be a result o  the neoplasm’s pro-
 uction o  a break in the skin. For example, a squamous 
cell carcinoma may cause local invasion o  the epi er-
mis, which allows bacteria to gain access to subcutane-
ous tissue an  permits the  evelopment o  cellulitis. T e 
arti cial closing o  a normally patent ori ce can also 
pre ispose to in ection;  or example, obstruction o  a 
ureter by a tumor can cause urinary tract in ection, an  
obstruction o  the bile  uct can cause cholangitis. Part o  
the host’s normal  e ense against in ection  epen s on 
the continuous emptying o  a viscus; without emptying, 
a  ew bacteria that are present as a result o  bacteremia or 
local transit can multiply an  cause  isease.

A similar problem can a ect patients whose lymph 
no e integrity has been  isrupte  by ra ical surgery, 
particularly patients who have ha  ra ical no e  is-
sections. A common clinical problem  ollowing ra i-
cal mastectomy is the  evelopment o  cellulitis (usually 
cause  by streptococci or staphylococci) because o  
lymphe ema an /or ina equate lymph  rainage. In 
most cases, this problem can be a  resse  by local mea-
sures  esigne  to prevent  ui  accumulation an  breaks 
in the skin, but antibiotic prophylaxis has been neces-
sary in re ractory cases.

A li e-threatening problem common to many cancer 
patients is the loss o  the reticuloen othelial capacity to 
clear microorganisms a er splenectomy, which may be 
per orme  as part o  the management o  hairy cell leuke-
mia, chronic lymphocytic leukemia (CLL), an  chronic 
myelogenous leukemia (CML) an  in Ho gkin’s  isease. 
Even a er curative therapy  or the un erlying  isease, 
the lack o  a spleen pre isposes such patients to rapi ly 
 atal in ections. T e loss o  the spleen through trauma 
similarly pre isposes the normal host to overwhelming 
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in ection throughout li e. T e splenectomize  patient 
shoul  be counsele  about the risks o  in ection with 
certain organisms, such as the protozoan Babesia an  
Capnocytophaga canimorsus, a bacterium carrie  in 
the mouths o  animals. Because encapsulate  bacteria 
(Streptococcus pneumoniae, Haemophilus in uenzae, an  
Neisseria meningitidis) are the organisms most com-
monly associate  with postsplenectomy sepsis, splenec-
tomize  persons shoul  be vaccinate  (an  revaccinate ; 
Table 30-2) against the capsular polysacchari es o  these 
organisms. Many clinicians recommen  giving splenec-
tomize  patients a small supply o  antibiotics e ective 
against S. pneumoniae, N. meningitidis, an  H. in uenzae 
to avert rapi , overwhelming sepsis in the event that they 
cannot present  or me ical attention imme iately a er 
the onset o   ever or other signs or symptoms o  bacterial 
in ection. A  ew tablets o  amoxicillin/clavulanic aci  (or 
levo oxacin i  resistant strains o  S. pneumoniae are prev-
alent locally) are a reasonable choice  or this purpose.

T e level o  suspicion o  in ections with certain 
organisms shoul   epen  on the type o  cancer  iag-
nose  (Table 30-3). Diagnosis o  multiple myeloma 
or CLL shoul  alert the clinician to the possibility o  
hypogammaglobulinemia. While immunoglobulin 

replacement therapy can be e ective, in most cases 
prophylactic antibiotics are a cheaper, more conve-
nient metho  o  eliminating bacterial in ections in CLL 
patients with hypogammaglobulinemia. Patients with 
acute lymphocytic leukemia (ALL), patients with non-
Ho gkin’s lymphoma, an  all cancer patients treate  
with high- ose glucocorticoi s (or glucocorticoi -con-
taining chemotherapy regimens) shoul  receive antibi-
otic prophylaxis  or Pneumocystis in ection ( able 30-3) 
 or the  uration o  their chemotherapy. In a  ition to 
exhibiting susceptibility to certain in ectious organisms, 
patients with cancer are likely to mani est their in ec-
tions in characteristic ways. For example,  ever—gener-
ally a sign o  in ection in normal hosts—continues to be 
a reliable in icator in neutropenic patients. In contrast, 
patients receiving glucocorticoi s an  agents that impair 
  cell  unction an  cytokine secretion may have serious 
in ections in the absence o   ever. Similarly, neutrope-
nic patients commonly present with cellulitis without 
purulence an  with pneumonia without sputum or even 
x-ray  n ings (see below).

T e use o  monoclonal antibo ies that target B an    
cells as well as  rugs that inter ere with lymphocyte sig-
nal trans uction events is associate  with reactivation 

TABLE 30-1  
DISRUPTION OF NORMAL BARRIERS THAT MAY PREDISPOSE TO INFECTIONS IN PATIENTS WITH CANCER

TYPE OF 
DEFENSE

SPECIFIC 
LESION

CELLS 
INVOLVED  ORGANISM

CANCER  
ASSOCIATION  DISEASE

Physical barrier  Breaks in skin  Skin epithelial 
cells

Staphylococci, 
streptococci

Head and neck, squa-
mous cell carcinoma

Cellulitis, extensive 
skin in ection

Emptying o   uid 
collections

Occlusion o  
ori ces:  
ureters, bile 
duct, colon

Luminal epithe-
lial cells

Gram-negative bacilli  Renal, ovarian, bili-
ary tree, metastatic 
diseases o  many 
cancers

Rapid, overwhelming 
bacteremia; urinary 
tract in ection

Lymphatic 
 unction

Node dissection  Lymph nodes  Staphylococci, 
streptococci

Breast cancer surgery  Cellulitis

Splenic  
clearance o  
microorganisms

Splenectomy  Splenic reticu-
loendothelial 
cells

Streptococcus pneu-
moniae, Haemophilus 
inf uenzae, Neisseria men-
ingitidis, Babesia, Capno-
cytophaga canimorsus

Hodgkin’s disease, 
leukemia

Rapid, overwhelming 
sepsis

Phagocytosis  Lack o  
granulocytes

Granulocytes 
(neutrophils)

Staphylococci, strepto-
cocci, enteric organisms, 
 ungi

Acute myeloid and 
acute lymphocytic 
leukemias, hairy cell 
leukemia

Bacteremia

Humoral 
immunity

Lack o  
antibody

B cells S. pneumoniae,  
H. inf uenzae,  
N. meningitidis

Chronic lymphocytic 
leukemia, multiple 
myeloma

In ections with encap-
sulated organisms, 
sinusitis, pneumonia

Cellular 
immunity

Lack o  T cells  T cells and 
macrophages

Mycobacterium tubercu-
losis, Listeria, herpesvi-
ruses,  ungi, intracellular 
parasites

Hodgkin’s disease, 
leukemia, T cell 
lymphoma

In ections with intra-
cellular bacteria, 
 ungi, parasites; virus 
reactivation
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TABLE 30-2  
VACCINATION OF CANCER PATIENTS RECEIVING CHEMOTHERAPYa

USE IN INDICATED PATIENTS

VACCINE  INTENSIVE CHEMOTHERAPY  HODGKIN’S DISEASE
HEMATOPOIETIC STEM CELL 
TRANSPLANTATION

Diphtheria-tetanusb Primary series and boosters as 
necessary

No special recommendation  3 doses given 6–12 months a ter 
transplantation

Poliomyelitisc Complete primary series and 
boosters

No special recommendation  3 doses given 6–12 months a ter 
transplantation

Haemophilus inf uen-
zae type b conjugate

Primary series and booster  or 
children

Single dose  or adults  3 doses given 6–12 months a ter trans-
plantation (separated by 1 month)

Human papillomavi-
rus (HPV)

Quadrivalent HPV vaccine 
is approved  or males and 
 emales 9–26 years o  age. 
Check Centers  or Disease Con-
trol and Prevention (CDC) web-
site (www.cdc.gov/vaccines)  or 
updated recommendations.

Quadrivalent HPV vaccine is 
approved  or males and  emales 
9–26 years o  age. Check CDC 
website (www.cdc.gov/vaccines) 
 or updated recommendations.

Quadrivalent HPV vaccine is approved 
 or males and  emales 9–26 years o  
age. Check CDC website (www.cdc 
.gov/vaccines)  or updated 
recommendations.

Hepatitis A  As indicated  or normal hosts 
on the basis o  occupation and 
li estyle

As indicated  or normal hosts 
on the basis o  occupation and 
li estyle

As indicated  or normal hosts on the 
basis o  occupation and li estyle

Hepatitis B  Same as  or normal hosts  As indicated  or normal hosts 
on the basis o  occupation and 
li estyle

3 doses given 6–12 months a ter 
transplantation

Pneumococcal conju-
gate vaccine (PCV13)

Pneumococcal poly-
saccharide vaccine 
(PPSV23)d

Finish series prior to chemo-
therapy i  possible

Patients with splenectomy 
should receive PPSV23.

Three doses o  PCV13, beginning  
3–6 months a ter transplantation, are 
 ollowed by a dose o  PPSV23 at least 
8 weeks later. A second PPSV23 dose 
can be given 5 years later.

Quadrivalent menin-
gococcal vaccinee

Should be administered to 
splenectomized patients and 
to patients living in endemic 
areas, including college stu-
dents in dormitories

Should be administered to sple-
nectomized patients and to 
patients living in endemic areas, 
including college students in 
dormitories. An additional dose 
can be given a ter 5 years.

Should be administered to splenecto-
mized patients and to patients living 
in endemic areas, including college 
students in dormitories. An additional 
dose can be given a ter 5 years.

In uenza  Seasonal immunization  Seasonal immunization  Seasonal immunization (A seasonal 
dose is recommended and can be 
given as early as 4 months a ter trans-
plantation; i  given <6 months a ter 
transplantation, an additional dose is 
recommended.)

Measles/mumps/
rubella

Contraindicated  Contraindicated during 
chemotherapy

A ter 24 months in patients without 
gra t-versus-host disease

Varicella-zoster virus Contraindicatedg Contraindicated  Contraindicated (CDC recommends 
use on a case-by-case basis  ollowing 
reevaluation.)

a The latest recommendations by the Advisory Committee on Immunization Practices and the CDC guidelines can be  ound at http://www.cdc.gov/vaccines.
bA single dose o  TDaP (tetanus–diphtheria–acellular pertussis),  ollowed by a booster dose o  Td (tetanus-diphtheria) every 10 years, is recommended  or 
adults.
cLive-virus vaccine is contraindicated; inactivated vaccine should be used. 
d Two types o  vaccine are used to prevent pneumococcal disease. A conjugate vaccine active against 13 serotypes (13-valent pneumococcal conjugate vac-
cine, or PCV13) is currently administered in three separate doses to all children. A polysaccharide vaccine active against 23 serotypes (23-valent pneumococ-
cal polysaccharide vaccine, or PPSV23) elicits titers o  antibody lower than those achieved with the conjugate vaccine, and immunity may wane more rapidly. 
Because the ablative chemotherapy given to recipients o  hematopoietic stem cell transplants (HSCTs) eradicates immunologic memory, revaccination is rec-
ommended  or all such patients. Vaccination is much more e ective once immunologic reconstitution has occurred; however, because o  the need to prevent 
serious disease, pneumococcal vaccine should be administered 6–12 months a ter transplantation in most cases. Because PPSV23 includes serotypes not 
present in PCV13, HSCT recipients should receive a dose o  PPSV23 at least 8 weeks a ter the last dose o  PCV13. Although antibody titers  rom PPSV23 clearly 
decay, experience with multiple doses o  PPSV23 is limited, as are data on the sa ety, toxicity, or ef cacy o  such a regimen. For this reason, the CDC currently 
recommends the administration o  one additional dose o  PPSV23 at least 5 years a ter the last dose to immunocompromised patients, including transplant 
recipients, as well as patients with Hodgkin’s disease, multiple myeloma, lymphoma, or generalized malignancies. Beyond this single additional dose,  urther 
doses are not recommended at this time.
eMeningococcal conjugate vaccine MenACWY is recommended  or adults ≤55 years old, and meningococcal polysaccharide vaccine (MPSV4) is recom-
mended  or those ≥56 years old.
  Includes both varicella vaccine  or children and zoster vaccine  or adults.
gContact the manu acturer  or more in ormation on use in children with acute lymphocytic leukemia.
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o  latent in ections. T e use o  rituximab, the antibo y 
to CD20 (a B cell sur ace protein), is associate  with 
the  evelopment o  reactivation tuberculosis as well as 
other latent viral in ections, inclu ing hepatitis B an  
cytomegalovirus (CMV) in ection. Like organ trans-
plant recipients, patients with latent bacterial  isease 
(like tuberculosis) an  latent viral  isease (like herpes 
simplex or zoster) shoul  be care ully monitore   or 
reactivation  isease.

SYSTEM-SPECIFIC SYNDROMES

SKIN-SPECIFIC SYNDROMES
Skin lesions are common in cancer patients, an  the 
appearance o  these lesions may permit the  iagnosis 
o  systemic bacterial or  ungal in ection. While cellu-
litis cause  by skin organisms such as Streptococcus or 
Staphylococcus is common, neutropenic patients—i.e., 
those with <500  unctional polymorphonuclear leuko-
cytes (PMNs)/µL—an  patients with impaire  bloo  or 
lymphatic  rainage may  evelop in ections with unusual 
organisms. Innocent-looking macules or papules may 
be the  rst sign o  bacterial or  ungal sepsis in immuno-
compromise  patients (Fig. 30-1). In the neutropenic 
host, a macule progresses rapi ly to ecthyma gangreno-
sum (see Fig. 25e-35), a usually painless, roun , necrotic 
lesion consisting o  a central black or gray-black eschar 
with surroun ing erythema. Ecthyma gangrenosum, 
which is locate  in nonpressure areas (as  istinguishe  
 rom necrotic lesions associate  with lack o  circula-
tion), is o en associate  with Pseudomonas aeruginosa 
bacteremia, but may be cause  by other bacteria.

Can i emia is also associate  with a variety o  skin 
con itions an  commonly presents as a maculopapular 

TABLE 30-3  
INFECTIONS ASSOCIATED WITH SPECIFIC TYPES OF CANCER

CANCER
UNDERLYING IMMUNE 
ABNORMALITY  ORGANISMS CAUSING INFECTION

Multiple myeloma  Hypogammaglobulinemia Streptococcus pneumoniae, Haemophilus inf uenzae, Neisseria 
meningitidis

Chronic lymphocytic leukemia  Hypogammaglobulinemia S. pneumoniae, H. inf uenzae, N. meningitidis
Acute myeloid or lymphocytic 
leukemia

Granulocytopenia, skin and 
mucous membrane lesions

Extracellular gram-positive and gram-negative bacteria,  ungi

Hodgkin’s disease  Abnormal T cell  unction  Intracellular pathogens (Mycobacterium tuberculosis, Listeria, Sal-
monella, Cryptococcus, Mycobacterium avium); herpesviruses

Non-Hodgkin’s lymphoma and 
acute lymphocytic leukemia

Glucocorticoid chemotherapy, T 
and B cell dys unction

Pneumocystis

Colon and rectal tumors  Local abnormalitiesa Streptococcus bovis biotype 1 (bacteremia)
Hairy cell leukemia  Abnormal T cell  unction  Intracellular pathogens (M. tuberculosis, Listeria, Cryptococcus, 

M. avium)

aThe reason  or this association is not well de ned.

FIGURE 30 -1
A. Papules related to Escherichia coli bacteremia in a patient with 
acute lymphocytic leukemia. B. The same lesions on the  ollowing 
day.

A

B
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rash. Punch biopsy o  the skin may be the best metho  
 or  iagnosis.

Cellulitis, an acute sprea ing in ammation o  the 
skin, is most o en cause  by in ection with group A 
Streptococcus or Staphylococcus aureus, virulent organ-
isms normally  oun  on the skin. Although cellulitis 
ten s to be circumscribe  in normal hosts, it may sprea  
rapi ly in neutropenic patients. A tiny break in the skin 
may lea  to sprea ing cellulitis, which is characterize  
by pain an  erythema; in the a ecte  patients, signs o  
in ection (e.g., purulence) are o en lacking. What might 
be a  uruncle in a normal host may require amputation 
because o  uncontrolle  in ection in a patient present-
ing with leukemia. A  ramatic response to an in ection 
that might be trivial in a normal host can mark the  rst 
sign o  leukemia. Fortunately, granulocytopenic patients 
are likely to be in ecte  with certain types o  organisms 
(Table 30-4); thus the selection o  an antibiotic regi-
men is somewhat easier than it might otherwise be (see 
“Antibacterial T erapy,” below). It is essential to recog-
nize cellulitis early an  to treat it aggressively. Patients 
who are neutropenic or who have previously receive  
antibiotics  or other reasons may  evelop cellulitis with 
unusual organisms (e.g., Escherichia coli, Pseudomonas, 
or  ungi). Early treatment, even o  innocent-looking 
lesions, is essential to prevent necrosis an  loss o  tis-
sue. Debri ement to prevent sprea  may sometimes be 
necessary early in the course o   isease, but it can o en 
be per orme  a er chemotherapy, when the PMN count 
increases.

Sweet syndrome, or  ebrile neutrophilic dermato-
sis, was originally  escribe  in women with elevate  
white bloo  cell (WBC) counts. T e  isease is char-
acterize  by the presence o  leukocytes in the lower 

TABLE 30-4  
ORGANISMS LIKELY TO CAUSE INFECTIONS IN 
GRANULOCYTOPENIC PATIENTS
Gram  Posit ive  Co cci

Staphylococcus epidermidis  Staphylococcus aureus
Viridans Streptococcus  Enterococcus  aecalis
Streptococcus pneumoniae
Gram  Neg at ive  Bacilli

Escherichia coli  Serratia spp.
Klebsiella spp. Acinetobacter spp.a
Pseudomonas aeruginosa  Stenotrophomonas spp.
Enterobacter spp. Citrobacter spp.
Non-aeruginosa Pseudomonas spp.a

Gram  Posit ive  Bacilli

Diphtheroids  JK bacillusa

Fu n g i

Candida spp. Mucor/Rhizopus
Aspergillus spp.

aO ten associated with intravenous catheters.

 ermis, with e ema o  the papillary bo y. Ironically, 
this  isease now is usually seen in neutropenic patients 
with cancer, most o en in association with acute 
myeloi  leukemia (AML) but also in association with 
a variety o  other malignancies. Sweet syn rome usu-
ally presents as re  or bluish-re  papules or no ules 
that may coalesce an   orm sharply bor ere  plaques. 
T e e ema may suggest vesicles, but on palpation the 
lesions are soli , an  vesicles probably never arise in 
this  isease. T e lesions are most common on the  ace, 
neck, an  arms. On the legs, they may be con use  
with erythema no osum. T e  evelopment o  lesions 
is o en accompanie  by high  evers an  an elevate  
erythrocyte se imentation rate. Both the lesions an  
the temperature elevation respon   ramatically to 
glucocorticoi  a ministration.  reatment begins with 
high  oses o  glucocorticoi s (pre nisone, 60 mg/ ) 
 ollowe  by tapere   oses over the next 2–3 weeks.

Data in icate that erythema multi orme with mucous 
membrane involvement is o en associate  with herpes 
simplex virus (HSV) in ection an  is  istinct  rom Stevens-
Johnson syn rome, which is associate  with  rugs an  
ten s to have a more wi esprea   istribution. Because 
cancer patients are both immunosuppresse  (an  there-
 ore susceptible to herpes in ections) an  heavily treate  
with  rugs (an  there ore subject to Stevens-Johnson 
syn rome), both o  these con itions are common in this 
population.

Cytokines, which are use  as a juvants or primary 
treatments  or cancer, can themselves cause charac-
teristic rashes,  urther complicating the  i erential 
 iagnosis. T is phenomenon is a particular problem in 
bone marrow transplant recipients, who, in a  ition to 
having the usual chemotherapy-, antibiotic-, an  cyto-
kine-in uce  rashes, are plague  by gra -versus-host 
 isease.

CATHETER-RELATED INFECTIONS
Because IV catheters are commonly use  in cancer 
chemotherapy an  are prone to cause in ection, they 
pose a major problem in the care o  patients with can-
cer. Some catheter-associate  in ections can be treate  
with antibiotics, whereas in others the catheter must be 
remove  (Table 30-5). I  the patient has a “tunnele ” 
catheter (which consists o  an entrance site, a subcu-
taneous tunnel, an  an exit site), a re  streak over the 
subcutaneous part o  the line (the tunnel) is groun s  or 
imme iate  evice removal. Failure to remove catheters 
un er these circumstances may result in extensive cel-
lulitis an  tissue necrosis.

More common than tunnel in ections are exit-site 
in ections, o ten with erythema aroun  the area 
where the line penetrates the skin. Most authorities 
recommen  treatment (usually with vancomycin)  or 
an exit-site in ection cause  by coagulase-negative 
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Staphylococcus.  reatment o  coagulase-positive staphy-
lococcal in ection is associate  with a poorer outcome, 
an  it is a visable to remove the catheter i  possible. 
Similarly, most clinicians remove catheters associate  
with in ections  ue to P. aeruginosa an  Candida spe-
cies, because such in ections are  i cult to treat an  
bloo stream in ections with these organisms are likely 
to be  ea ly. Catheter in ections cause  by Burkhold-
eria cepacia, Stenotrophomonas species, Agrobacterium 
species, Acinetobacter baumannii, Pseudomonas spe-
cies other than aeruginosa, an  carbapenem-resistant 
Enterobacteriaceae are likely to be very  i cult to 
era icate with antibiotics alone. Similarly, isolation o  
Bacillus, Corynebacterium, an  Mycobacterium species 
shoul  prompt removal o  the catheter.

GASTROINTESTINAL TRACT–SPECIFIC 
SYNDROMES
Upper ga strointest ina l tra ct  d isea se

Infect ions o f the  m outh
T e oral cavity is rich in aerobic an  anaerobic bacte-
ria that normally live in a commensal relationship with 
the host. T e antimetabolic e ects o  chemotherapy 
cause a break own o  mucosal host  e enses, lea ing to 

ulceration o  the mouth an  the potential  or invasion by 
resi ent bacteria. Mouth ulcerations af ict most patients 
receiving cytotoxic chemotherapy an  have been asso-
ciate  with viri ans streptococcal bacteremia. Candida 
in ections o  the mouth are very common. Fluconazole 
is clearly e ective in the treatment o  both local in ec-
tions (thrush) an  systemic in ections (esophagitis)  ue 
to Candida albicans. Other azoles (e.g., voriconazole) 
as well as echinocan ins o er similar e cacy as well as 
activity against the  uconazole-resistant organisms that 
are associate  with chronic  uconazole treatment.

Noma (cancrum oris), commonly seen in malnour-
ishe  chil ren, is a penetrating  isease o  the so  an  
har  tissues o  the mouth an  a jacent sites, with 
resulting necrosis an  gangrene. It has a counterpart 
in immunocompromise  patients an  is thought to be 
 ue to invasion o  the tissues by Bacteroides, Fusobac-
terium, an  other normal inhabitants o  the mouth. 
Noma is associate  with  ebility, poor oral hygiene, an  
immunosuppression.

Viruses, particularly HSV, are a prominent cause o  
morbi ity in immunocompromise  patients, in whom 
they are associate  with severe mucositis. T e use o  
acyclovir, either prophylactically or therapeutically, is 
o  value.

TABLE 30-5  
APPROACH TO CATHETER INFECTIONS IN IMMUNOCOMPROMISED PATIENTS

CLINICAL PRESENTATION 
OR ISOLATED PATHOGEN  CATHETER REMOVAL  ANTIBIOTICS  COMMENTS

Evid en ce  o   In  ect io n , Neg a t ive  Blo o d  Cu ltu res

Exit-site erythema  Not necessary i  in ection 
responds to treatment

Usually, begin treatment  or 
gram-positive cocci.

Coagulase-negative staphylococci are most 
common.

Tunnel-site erythema  Required  Treat  or gram-positive 
cocci pending culture 
results.

Failure to remove the catheter may lead to 
necrosis o  the involved area requiring skin 
gra ts in the  uture.

Blo od  Cu ltu re  Posit ive  In  ect ion s

Coagulase-negative 
staphylococci

Line removal optimal but 
may be unnecessary 
i  patient is clinically 
stable and responds to 
antibiotics

Usually, start with vanco-
mycin. Linezolid, quinu-
pristin/dal opristin, and 
daptomycin are alterna-
tive agents.

I  there are no contraindications to line 
removal, this course o  action is optimal. I  
the line is removed, antibiotics may not be 
necessary.

Other gram-positive cocci 
(e.g., Staphylococcus 
aureus, Enterococcus); 
gram-positive rods 
(Bacillus, Corynebacte-
rium spp.)

Recommended  Treat with antibiotics to 
which the organism is sen-
sitive, with duration based 
on the clinical setting.

The incidence o  metastatic in ections  ol-
lowing S. aureus in ection and the dif culty 
o  treating enterococcal in ection make line 
removal the recommended course o  action. 
In addition, gram-positive rods do not 
respond readily to antibiotics alone.

Gram-negative bacteria  Recommended  Use an agent to which the 
organism is shown to be 
sensitive.

Organisms like Stenotrophomonas, Pseudo-
monas, and Burkholderia are notoriously 
hard to treat, as are carbapenem-resistant 
organisms.

Fungi  Recommended  —  Fungal in ections o  catheters are extremely 
dif cult to treat.
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Esop hageal in fections
T e  i erential  iagnosis o  esophagitis (usually pre-
senting as substernal chest pain upon swallowing) 
inclu es herpes simplex an  can i iasis, both o  which 
are rea ily treatable.

Lower ga stro intest ina l tra ct  d isea se

Hepatic can i iasis results  rom see ing o  the liver 
(usually  rom a gastrointestinal source) in neutrope-
nic patients. It is most common among patients being 
treate   or AML an  usually presents symptomatically 
aroun  the time the neutropenia resolves. T e char-
acteristic picture is that o  persistent  ever unrespon-
sive to antibiotics, ab ominal pain an  ten erness or 
nausea, an  elevate  serum levels o  alkaline phospha-
tase in a patient with hematologic malignancy who 
has recently recovere   rom neutropenia. T e  iag-
nosis o  this  isease (which may present in an in o-
lent manner an  persist  or several months) is base  
on the  n ing o  yeasts or pseu ohyphae in granulo-
matous lesions. Hepatic ultrasoun  or C  may reveal 
bull’s-eye lesions. MRI scans reveal small lesions not 
visible by other imaging mo alities. T e pathology (a 
granulomatous response) an  the timing (with reso-
lution o  neutropenia an  an elevation in granulocyte 
count) suggest that the host response to Candida is an 
important component o  the mani estations o   isease. 
In many cases, although organisms are visible, cul-
tures o  biopsie  material may be negative. T e  esig-
nation hepatosplenic candidiasis or hepatic candidiasis 
is a misnomer because the  isease o en involves the 
ki neys an  other tissues; the term chronic dissemi-
nated candidiasis may be more appropriate. Because 
o  the risk o  blee ing with liver biopsy,  iagnosis is 
o en base  on imaging stu ies (MRI, C ).  reatment 
shoul  be  irecte  to the causative agent (usually C. 
albicans but sometimes Candida tropicalis or other less 
common Candida species).

Typhlit is

Typhlitis (also re erre  to as necrotizing colitis, neutro-
penic colitis, necrotizing enteropathy, ileocecal syn-
 rome, an  cecitis) is a clinical syn rome o   ever an  
right-lower-qua rant (or generalize  ab ominal) ten-
 erness in an immunosuppresse  host. T is syn rome 
is classically seen in neutropenic patients a er chemo-
therapy with cytotoxic  rugs. It may be more common 
among chil ren than among a ults an  appears to be 
much more common among patients with AML or ALL 
than among those with other types o  cancer. Physical 
examination reveals right-lower-qua rant ten erness, 
with or without reboun  ten erness. Associate   iar-
rhea (o en bloo y) is common, an  the  iagnosis can 
be con rme  by the  n ing o  a thickene  cecal wall on 

C , MRI, or ultrasonography. Plain  lms may reveal a 
right-lower-qua rant mass, but C  with contrast or MRI 
is a much more sensitive means o   iagnosis. Although 
surgery is sometimes attempte  to avoi  per oration 
 rom ischemia, most cases resolve with me ical therapy 
alone. T e  isease is sometimes associate  with posi-
tive bloo  cultures (which usually yiel  aerobic gram-
negative bacilli), an  therapy is recommen e   or a 
broa  spectrum o  bacteria (particularly gram-negative 
bacilli, which are likely to be  oun  in the bowel  ora). 
Surgery is in icate  in the case o  per oration.

Clost rid iu m  d if cile–Induced dia rrhea

Patients with cancer are pre ispose  to the  evelopment 
o  C. dif cile  iarrhea as a consequence o  chemotherapy 
alone. T us, they may test positive  or C. dif cile even 
without receiving antibiotics. Obviously, such patients 
are also subject to C. dif cile–in uce   iarrhea as a 
result o  antibiotic pressure. C. dif cile shoul  always 
be consi ere  as a possible cause o   iarrhea in can-
cer patients who have receive  either chemotherapy or 
antibiotics.

CENTRAL NERVOUS SYSTEM–SPECIFIC 
SYNDROMES
Meningitis

T e presentation o  meningitis in patients with lym-
phoma or CLL an  in patients receiving chemotherapy 
(particularly with glucocorticoi s)  or soli  tumors sug-
gests a  iagnosis o  cryptococcal or listerial in ection. As 
note  previously, splenectomize  patients are suscep-
tible to rapi , overwhelming in ection with encapsulate  
bacteria (inclu ing S. pneumoniae, H. in uenzae, an  
N. meningitidis). Similarly, patients who are antibo y-
 e cient (e.g., those with CLL, those who have receive  
intensive chemotherapy, or those who have un ergone 
bone marrow transplantation) are likely to have in ec-
tions cause  by these bacteria. Other cancer patients, 
however, because o  their  e ective cellular immunity, are 
likely to be in ecte  with other pathogens ( able 30-3). 
Central nervous system (CNS) tuberculosis shoul  be 
consi ere , especially in patients  rom countries where 
tuberculosis is highly prevalent in the population.

Encepha lit is

T e spectrum o   isease resulting  rom viral encephalitis 
is expan e  in immunocompromise  patients. A pre is-
position to in ections with intracellular organisms simi-
lar to those encountere  in patients with AIDS is seen in 
cancer patients receiving (1) high- ose cytotoxic chemo-
therapy, (2) chemotherapy a ecting   cell  unction (e.g., 
 u arabine), or (3) antibo ies that eliminate   cells (e.g., 
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anti-CD3, alemtuzumab, anti-CD52) or cytokine activ-
ity (anti–tumor necrosis  actor agents or interleukin 1 
receptor antagonists). In ection with varicella-zoster 
virus (VZV) has been associate  with encephalitis that 
may be cause  by VZV-relate  vasculitis. Chronic viral 
in ections may also be associate  with  ementia an  
encephalitic presentations. A  iagnosis o  progressive 
multi ocal leukoencephalopathy shoul  be consi ere  
when a patient who has receive  chemotherapy (ritux-
imab in particular) presents with  ementia (Table 30-6). 
Other abnormalities o  the CNS that may be con use  
with in ection inclu e normal-pressure hy rocephalus 
an  vasculitis resulting  rom CNS irra iation. It may be 
possible to  i erentiate these con itions by MRI.

Bra in  Ma sses

Mass lesions o  the brain most o en present as hea -
ache with or without  ever or neurologic abnormalities. 
In ections associate  with mass lesions may be cause  
by bacteria (particularly Nocardia),  ungi (particularly 
Cryptococcus or Aspergillus), or parasites (Toxoplasma). 
Epstein-Barr virus (EBV)–associate  lymphoma may 
also present as single—or sometimes multiple—mass 
lesions o  the brain. A biopsy may be require   or a 
 e nitive  iagnosis.

PULMONARY INFECTIONS
Pneumonia in immunocompromise  patients may be 
 i cult to  iagnose because conventional metho s 
o   iagnosis  epen  on the presence o  neutrophils. 
Bacterial pneumonia in neutropenic patients may pres-
ent without purulent sputum—or, in  act, without any 
sputum at all—an  may not pro uce physical  n ings 
suggestive o  chest consoli ation (rales or egophony).

TABLE 30-6  
DIFFERENTIAL DIAGNOSIS OF CENTRAL NERVOUS 
SYSTEM INFECTIONS IN PATIENTS WITH CANCER

UNDERLYING PREDISPOSITION

FINDINGS ON 
CT OR MRI

PROLONGED 
NEUTROPENIA

DEFECTS IN CELLULAR 
IMMUNITYa

Mass lesions Aspergillus, Nocar-
dia, or Cryptococ-
cus brain abscess

Toxoplasmosis, 
Epstein-Barr virus 
lymphoma (rare)

Di use 
encephalitis

Progressive multi o-
cal leukoencepha-
lopathy (JC virus)

In ection with varicella-
zoster virus, cyto-
megalovirus, herpes 
simplex virus, human 
herpesvirus type 6, JC 
virus, Listeria

aHigh-dose glucocorticoid therapy, cytotoxic chemotherapy.

In granulocytopenic patients with persistent or recur-
rent  ever, the chest x-ray pattern may help to localize an 
in ection an  thus to  etermine which investigative tests 
an  proce ures shoul  be un ertaken an  which thera-
peutic options shoul  be consi ere  (Table 30-7). In this 
setting, a simple chest x-ray is a screening tool; because 
the impaire  host response results in less evi ence o  
consoli ation or in ltration, high-resolution C  is rec-
ommen e   or the  iagnosis o  pulmonary in ections. 
T e  i culties encountere  in the management o  pul-
monary in ltrates relate in part to the  i culties o  per-
 orming  iagnostic proce ures on the patients involve . 
When platelet counts can be increase  to a equate levels 
by trans usion, microscopic an  microbiologic evalu-
ation o  the  ui  obtaine  by en oscopic bronchial 
lavage is o en  iagnostic. Lavage  ui  shoul  be cul-
ture   or Mycoplasma, Chlamydia, Legionella, Nocardia, 
more common bacterial pathogens,  ungi, an  viruses. 
In a  ition, the possibility o  Pneumocystis pneumo-
nia shoul  be consi ere , especially in patients with 
ALL or lymphoma who have not receive  prophylactic 
trimethoprim-sul amethoxazole ( MP-SMX). T e char-
acteristics o  the in ltrate may be help ul in  ecisions 
about  urther  iagnostic an  therapeutic maneuvers. 
No ular in ltrates suggest  ungal pneumonia (e.g., that 
cause  by Aspergillus or Mucor). Such lesions may best be 
approache  by visualize  biopsy proce ures. It is worth 
noting that while bacterial pneumonias classically pres-
ent as lobar in ltrates in normal hosts, bacterial pneumo-
nias in granulocytopenic hosts present with a paucity o  
signs, symptoms, or ra iographic abnormalities; thus, the 
 iagnosis is  i cult.

Aspergillus species can colonize the skin an  respira-
tory tract or cause  atal systemic illness. Although this 
 ungus may cause aspergillomas in a previously exist-
ing cavity or may pro uce allergic bronchopulmonary 

TABLE 30 -7  
DIFFERENTIAL DIAGNOSIS OF CHEST INFILTRATES IN 
IMMUNOCOMPROMISED PATIENTS

CAUSE OF PNEUMONIA

INFILTRATE  INFECTIOUS  NONINFECTIOUS

Localized  Bacteria (includ-
ing Legionella, 
mycobacteria)

Local hemorrhage or 
embolism, tumor

Nodular  Fungi (e.g., Aspergillus 
or Mucor), Nocardia

Recurrent tumor

Di use  Viruses (especially 
cytomegalovirus), 
Chlamydia, Pneumo-
cystis, Toxoplasma 
gondii, mycobacteria

Congestive heart  ail-
ure, radiation pneu-
monitis, drug-induced 
lung injury, lymphan-
gitic spread o  cancer
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 isease in some patients, the major problem pose  by 
this genus in neutropenic patients is invasive  isease, pri-
marily  ue to Aspergillus  umigatus or Aspergillus  avus. 
T e organisms enter the host  ollowing colonization o  
the respiratory tract, with subsequent invasion o  bloo  
vessels. T e  isease is likely to present as a thrombotic 
or embolic event because o  this ability o  the  ungi to 
inva e bloo  vessels. T e risk o  in ection with Aspergil-
lus correlates  irectly with the  uration o  neutropenia. 
In prolonge  neutropenia, positive surveillance cultures 
 or nasopharyngeal colonization with Aspergillus may 
pre ict the  evelopment o   isease.

Patients with Aspergillus in ection o en present with 
pleuritic chest pain an   ever, which are sometimes 
accompanie  by cough. Hemoptysis may be an omi-
nous sign. Chest x-rays may reveal new  ocal in ltrates 
or no ules. Chest C  may reveal a characteristic halo 
consisting o  a mass-like in ltrate surroun e  by an area 
o  low attenuation. T e presence o  a “crescent sign” on 
chest x-ray or chest C , in which the mass progresses to 
central cavitation, is characteristic o  invasive Aspergillus 
in ection but may  evelop as the lesions are resolving.

In a  ition to causing pulmonary  isease, Aspergillus 
may inva e through the nose or palate, with  eep sinus 
penetration. T e appearance o  a  iscolore  area in the 
nasal passages or on the har  palate shoul  prompt a 
search  or invasive Aspergillus. T is situation is likely to 
require surgical  ebri ement. Catheter in ections with 
Aspergillus usually require both removal o  the catheter 
an  anti ungal therapy.

Di use interstitial in ltrates suggest viral, parasitic, 
or Pneumocystis pneumonia. I  the patient has a  i -
 use interstitial pattern on chest x-ray, it may be reason-
able, while consi ering invasive  iagnostic proce ures, 
to institute empirical treatment  or Pneumocystis with 
 MP-SMX an   or Chlamydia, Mycoplasma, an  Legio-
nella with a quinolone or azithromycin. Noninvasive 
proce ures, such as staining o  in uce  sputum smears 
 or Pneumocystis, serum cryptococcal antigen tests, an  
urine testing  or Legionella antigen, may be help ul. 
Serum galactomannan an  β-d-glucan tests may be o  
value in  iagnosing Aspergillus in ection, but their util-
ity is limite  by their lack o  sensitivity an  speci city. 
T e presence o  an elevate  level o  β-d-glucan in the 
serum o  a patient being treate   or cancer who is not 
receiving prophylaxis against Pneumocystis suggests the 
 iagnosis o  Pneumocystis pneumonia. In ections with 
viruses that cause only upper respiratory symptoms in 
immunocompetent hosts, such as respiratory syncy-
tial virus (RSV), in uenza viruses, an  parain uenza 
viruses, may be associate  with  atal pneumonitis in 
immunocompromise  hosts. CMV reactivation occurs 
in cancer patients receiving chemotherapy, but CMV 
pneumonia is most common among HSC  recipients. 
Polymerase chain reaction testing now allows rapi  

 iagnosis o  viral pneumonia, which can lea  to treat-
ment in some cases (e.g., in uenza). Multiplex stu ies 
that can  etect a wi e array o  viruses in the lung an  
upper respiratory tract are now available an  will lea  
to speci c  iagnoses o  viral pneumonias.

Bleomycin is the most common cause o  chemo-
therapy-in uce  lung  isease. Other causes inclu e 
alkylating agents (such as cyclophosphami e, chlo-
rambucil, an  melphalan), nitrosoureas (carmustine 
[BCNU], lomustine [CCNU], an  methyl-CCNU), 
busul an, procarbazine, methotrexate, an  hy roxyurea. 
Both in ectious an  nonin ectious ( rug- an /or ra ia-
tion-in uce ) pneumonitis can cause  ever an  abnor-
malities on chest x-ray; thus, the  i erential  iagnosis o  
an in ltrate in a patient receiving chemotherapy encom-
passes a broa  range o  con itions ( able 30-7). T e 
treatment o  ra iation pneumonitis (which may respon  
 ramatically to glucocorticoi s) or  rug-in uce  pneu-
monitis is  i erent  rom that o  in ectious pneumonia, 
an  a biopsy may be important in the  iagnosis. Un or-
tunately, no  e nitive  iagnosis can be ma e in ~30% o  
cases, even a er bronchoscopy.

Open-lung biopsy is the gol  stan ar  o   iagnos-
tic techniques. Biopsy via a visualize  thoracostomy can 
replace an open proce ure in many cases. When a biopsy 
cannot be per orme , empirical treatment can be un er-
taken; a quinolone or an erythromycin  erivative (azithro-
mycin) an   MP-SMX are use  in the case o   i use 
in ltrates, an  an anti ungal agent is a ministere  in the 
case o  no ular in ltrates. T e risks shoul  be weighe  
care ully in these cases. I  inappropriate  rugs are a min-
istere , empirical treatment may prove toxic or ine ective; 
either o  these outcomes may be riskier than biopsy.

CARDIOVASCULAR INFECTIONS
Patients with Ho gkin’s  isease are prone to persistent 
in ections by Salmonella, sometimes (an  particularly 
o en in el erly patients) a ecting a vascular site. T e use 
o  IV catheters  eliberately lo ge  in the right atrium is 
associate  with a high inci ence o  bacterial en ocar i-
tis, presumably relate  to valve  amage  ollowe  by bac-
teremia. Nonbacterial thrombotic en ocar itis (marantic 
en ocar itis) has been  escribe  in association with a 
variety o  malignancies (most o en soli  tumors) an  
may  ollow bone marrow transplantation as well. T e 
presentation o  an embolic event with a new car iac 
murmur suggests this  iagnosis. Bloo  cultures are nega-
tive in this  isease o  unknown pathogenesis.

ENDOCRINE SYNDROMES
In ections o  the en ocrine system have been  escribe  
in immunocompromise  patients. Candida in ection 
o  the thyroi  may be  i cult to  iagnose  uring the 
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431neutropenic perio . It can be  e ne  by in ium-labele  
WBC scans or gallium scans a er neutrophil counts 
increase. CMV in ection can cause a renalitis with or 
without resulting a renal insu ciency. T e presenta-
tion o  a su  en en ocrine anomaly in an immuno-
compromise  patient can be a sign o  in ection in the 
involve  en  organ.

MUSCULOSKELETAL INFECTIONS
In ection that is a consequence o  vascular compromise, 
resulting in gangrene, can occur when a tumor restricts 
the bloo  supply to muscles, bones, or joints. T e pro-
cess o   iagnosis an  treatment o  such in ection is sim-
ilar to that in normal hosts, with the  ollowing caveats:

1. In terms o  diagnosis, a lack o  physical  n ings 
resulting  rom a lack o  granulocytes in the granu-
locytopenic patient shoul  make the clinician more 
aggressive in obtaining tissue rather than more will-
ing to rely on physical signs.

2. In terms o  therapy, aggressive  ebri ement o  
in ecte  tissues may be require . However, it is 
usually  i cult to operate on patients who have 
recently receive  chemotherapy, both because o  a 
lack o  platelets (which results in blee ing compli-
cations) an  because o  a lack o  WBCs (which may 
lea  to secon ary in ection). A bloo  culture posi-
tive  or Clostridium per ringens—an organism com-
monly associate  with gas gangrene—can have a 
number o  meanings. Clostridium septicum bactere-
mia is associate  with the presence o  an un erlying 
malignancy. Bloo stream in ections with intestinal 
organisms such as Streptococcus bovis biotype 1 an  
C. per ringens may arise spontaneously  rom lower 
gastrointestinal lesions (tumor or polyps); alterna-
tively, these lesions may be harbingers o  invasive 
 isease. T e clinical setting must be consi ere  in 
or er to  e ne the appropriate treatment  or each 
case.

RENAL AND URETERAL INFECTIONS
In ections o  the urinary tract are common among 
patients whose ureteral excretion is compromise  
( able 30-1). Candida, which has a pre ilection  or 
the ki ney, can inva e either  rom the bloo stream or 
in a retrogra e manner (via the ureters or bla  er) in 
immunocompromise  patients. T e presence o  “ un-
gus balls” or persistent can i uria suggests invasive 
 isease. Persistent  unguria (with Aspergillus as well as 
Candida) shoul  prompt a search  or a ni us o  in ec-
tion in the ki ney.

Certain viruses are typically seen only in immuno-
suppresse  patients. BK virus (polyomavirus hominis 1) 

has been  ocumente  in the urine o  bone marrow 
transplant recipients an , like a enovirus, may be asso-
ciate  with hemorrhagic cystitis.

ABNORMALITIES THAT PREDISPOSE  
TO INFECTION

THE LYMPHOID SYSTEM
It is beyon  the scope o  this chapter to  etail how all 
the immunologic abnormalities that result  rom can-
cer or  rom chemotherapy  or cancer lea  to in ec-
tions ( able 30-1). Disor ers o  the immune system 
are  iscusse  in other sections o  this book. As has 
been note , patients with antibo y  e ciency are pre-
 ispose  to overwhelming in ection with encapsulate  
bacteria (inclu ing S. pneumoniae, H. in uenzae, an  
N. meningitidis). In ections that result  rom the lack o  
a  unctional cellular immune system are  escribe  in. 
It is worth mentioning, however, that patients un ergo-
ing intensive chemotherapy  or any  orm o  cancer will 
have not only  e ects  ue to granulocytopenia but also 
lymphocyte  ys unction, which may be pro oun . T us, 
these patients—especially those receiving glucocorti-
coi -containing regimens or  rugs that inhibit either 
  cell activation (calcineurin inhibitors or  rugs like 
 u arabine, which a ect lymphocyte  unction) or cyto-
kine in uction—shoul  be given prophylaxis  or Pneu-
mocystis pneumonia.

Patients receiving treatment that eliminates B cells 
(e.g., with anti-CD20 antibo ies or rituximab) are espe-
cially vulnerable to intercurrent viral in ections. T e 
inci ence o  progressive multi ocal leukoencephalopa-
thy (cause  by JC virus) is elevate  in these patients.

THE HEMATOPOIETIC SYSTEM
Initial stu ies in the 1960s reveale  a  ramatic 
increase in the inci ence o  in ections ( atal an  
non atal) among cancer patients with a granulo-

cyte count o  <500/µL. T e use o  prophylactic antibacte-
rial agents has re uce  the number o  bacterial 
in ections, but 35–78% o   ebrile neutropenic patients 
being treate   or hematologic malignancies  evelop 
in ections at some time  uring chemotherapy. Aerobic 
pathogens (both gram-positive an  gram-negative) pre-
 ominate in all series, but the exact organisms isolate  
vary  rom center to center. In ections with anaerobic 
organisms are uncommon. Geographic patterns a ect 
the types o   ungi isolate .  uberculosis an  malaria are 
common causes o   ever in the  eveloping worl  an  
may present in this setting as well.

Neutropenic patients are unusually susceptible to 
in ection with a wi e variety o  bacteria; thus, antibiotic 
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I  the patient remains  ebrile, a search  or viral  iseases 
or unusual pathogens is con ucte  while unnecessary 
cytokines an  other  rugs are systematically eliminate  
 rom the regimen.

TREATMENT Infections in Cancer Patients

ANTIBACTERIAL THERAPY Hun re s o  antibacterial regimens 
have been teste   or use in patients with cancer. T e major 
risk o  in ection is relate  to the  egree o  neutropenia seen 
as a consequence o  either the  isease or the therapy. Many 
o  the relevant stu ies have involve  small populations in 
which the outcomes have generally been goo , an  most have 
lacke  the statistical power to  etect  i erences among the 
regimens stu ie . Each  ebrile neutropenic patient shoul  be 
approache  as a unique problem, with particular attention 
given to previous in ections an  recent antibiotic exposures. 
Several general gui elines are use ul in the initial treatment 
o  neutropenic patients with  ever (Fig. 30-2):

1. In the initial regimen, it is necessary to use antibiotics 
active against both gram-negative an  gram-positive bac-
teria ( able 30-4).

2. Monotherapy with an aminoglycosi e or an antibiotic lack-
ing goo  activity against gram-positive organisms (e.g., 
cipro oxacin or aztreonam) is not a equate in this setting.

3. T e agents use  shoul  re ect both the epi emiology an  
the antibiotic resistance pattern o  the hospital.

4. I  the pattern o  resistance justi es its use, a single thir -
generation cephalosporin constitutes an appropriate ini-
tial regimen in many hospitals.

5. Most stan ar  regimens are  esigne   or patients who 
have not previously receive  prophylactic antibiotics. T e 
 evelopment o   ever in a patient who has receive  anti-
biotics a ects the choice o  subsequent therapy, which 
shoul  target resistant organisms an  organisms known 
to cause in ections in patients being treate  with the anti-
biotics alrea y a ministere .

6. Ran omize  trials have in icate  the sa ety o  oral antibi-
otic regimens in the treatment o  “low-risk” patients with 
 ever an  neutropenia. Outpatients who are expecte  to 
remain neutropenic  or <10  ays an  who have no con-
current me ical problems (such as hypotension, pulmo-
nary compromise, or ab ominal pain) can be classi e  as 
low risk an  treate  with a broa -spectrum oral regimen.

7. Several large-scale stu ies in icate that prophylaxis with a 
 uoroquinolone (cipro oxacin or levo oxacin)  ecreases 
morbi ity an  mortality rates among a ebrile patients 
who are anticipate  to have neutropenia o  long  uration.

Commonly use  antibiotic regimens  or the treatment o  
 ebrile patients in whom prolonge  neutropenia (>7  ays) is 
anticipate  inclu e (1) ce azi ime or ce epime, (2) piperacillin/
tazobactam, or (3) imipenem/cilastatin or meropenem. All 
three regimens have shown equal e cacy in large trials. All 

Continue  trea tment until neutropenia  resolves  (granulocyte  count > 500/ L).

Add a  broad-
  spectrum
  antifunga l
  agent.

FebrileAfebrile

Initial
evaluation

Initial
therapy

Follow-up

Subs equent
therapy

Phys ica l examination: skin le s ions, mucous
  membranes, IV ca the ter s ite s , pe rirecta l a rea
Granulocyte  count: absolute  count < 500/ L; expected
  dura tion of neutropenia
Blood cultures ; ches t radiogram; othe r appropria te
  s tudies  based on his tory (sputum, urine, skin biopsy)

Trea t with antibiotic(s ) e ffective
  aga ins t both gram-nega tive  and
  gram-pos itive  ae robes.

Trea t the  infection with
  the  bes t ava ilable
  antibiotics . Do not
  na rrow the  spectrum
  unnecessa rily. Continue
  to trea t for both
  gram-pos itive  and
  gram-nega tive  ae robes.

Obvious  infectious
  s ite  found

No obvious
  infectious  s ite

Continue
  regimen.

FIGURE 30 -2
Alg o rith m   o r th e  d iag n osis an d  t rea tm en t  o   ever and 
neutropenia.

therapy shoul  be initiate  promptly to cover likely 
pathogens i  in ection is suspecte . In ee , early ini-
tiation o  antibacterial agents is man atory to prevent 
 eaths. Like most immunocompromise  patients, neu-
tropenic patients are threatene  by their own micro-
bial  ora, inclu ing gram-positive an  gram-negative 
organisms  oun  commonly on the skin an  mucous 
membranes an  in the bowel ( able 30-4). Because 
treatment with narrow-spectrum agents lea s to in ec-
tion with organisms not covere  by the antibiotics 
use , the initial regimen shoul  target all pathogens 
likely to be the initial causes o  bacterial in ection in 
neutropenic hosts. As note  in the algorithm shown 
in Fig. 30-2, a ministration o  antimicrobial agents is 
routinely continue  until neutropenia resolves—i.e., 
the granulocyte count is sustaine  above 500 µL  or 
at least 2  ays. In some cases, patients remain  ebrile 
a er resolution o  neutropenia. In these instances, the 
risk o  su  en  eath  rom overwhelming bacteremia is 
greatly re uce , an  the  ollowing  iagnoses shoul  be 
seriously consi ere : (1)  ungal in ection, (2) bac-
terial abscesses or un raine   oci o  in ection, an  
(3)  rug  ever (inclu ing reactions to antimicrobial 
agents as well as to chemotherapy or cytokines). In the 
proper setting, viral in ection or gra -versus-host  is-
ease shoul  be consi ere . In clinical practice, antibac-
terial therapy is usually  iscontinue  when the patient 
is no longer neutropenic an  all evi ence o  bacterial 
 isease has been eliminate . Anti ungal agents are then 
 iscontinue  i  there is no evi ence o   ungal  isease. 
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433three are active against P. aeruginosa an  a broa  spectrum o  
aerobic gram-positive an  gram-negative organisms. Imipe-
nem/cilastatin has been associate  with an elevate  rate o  C. 
dif cile  iarrhea, an  many centers reserve carbapenem anti-
biotics  or treatment o  gram-negative bacteria that pro uce 
exten e -spectrum β-lactamases; these limitations make 
carbapenems less attractive as an initial regimen. Despite the 
 requent involvement o  coagulase-negative staphylococci, 
the initial use o  vancomycin or its automatic a  ition to the 
initial regimen has not resulte  in improve  outcomes, an  
the antibiotic  oes exert toxic e ects. For these reasons, only 
ju icious use o  vancomycin is recommen e — or exam-
ple, when there is goo  reason to suspect the involvement 
o  coagulase-negative staphylococci (e.g., the appearance o  
erythema at the exit site o  a catheter or a positive culture  or 
methicillin-resistant S. aureus or coagulase-negative staphy-
lococci). Because the sensitivities o  bacteria vary  rom hos-
pital to hospital, clinicians are a vise  to check their local 
sensitivities an  to be aware that resistance patterns can 
change quickly, necessitating a change in approach to patients 
with  ever an  neutropenia. Similarly, in ection control ser-
vices shoul  monitor  or basic antibiotic resistance an   or 
 ungal in ections. T e appearance o  a large number o  Asper-
gillus in ections, in particular, suggests the possibility o  an 
environmental source that requires  urther investigation an  
reme iation.

T e initial antibacterial regimen shoul  be re ne  on the 
basis o  culture results (Fig. 30-2). Bloo  cultures are the 
most relevant basis  or selection o  therapy; sur ace cultures 
o  skin an  mucous membranes may be mislea ing. In the 
case o  gram-positive bacteremia or another gram-positive 
in ection, it is important that the antibiotic be optimal  or 
the organism isolate . Once treatment with broa -spectrum 
antibiotics has begun, it is not  esirable to  iscontinue all 
antibiotics because o  the risk o   ailing to treat a potentially 
 atal bacterial in ection; the a  ition o  more an  more anti-
bacterial agents to the regimen is not appropriate unless there 
is a clinical or microbiologic reason to  o so. Planne  pro-
gressive therapy (the serial, empirical a  ition o  one  rug 
a er another without culture  ata) is not e cacious in most 
settings an  may have un ortunate consequences. Simply 
a  ing another antibiotic  or  ear that a gram-negative in ec-
tion is present is a  ubious practice. T e synergy exhibite  
by β-lactams an  aminoglycosi es against certain gram-
negative organisms (especially P. aeruginosa) provi es the 
rationale  or using two antibiotics in this setting, but recent 
analyses suggest that e cacy is not enhance  by the a  i-
tion o  aminoglycosi es, while toxicity may be increase . 
Mere “ ouble coverage,” with the a  ition o  a quinolone or 
another antibiotic that is not likely to exhibit synergy, has not 
been shown to be o  bene t an  may cause a  itional toxici-
ties an  si e e ects. Cephalosporins can cause bone marrow 
suppression, an  vancomycin is associate  with neutropenia 
in some healthy in ivi uals. Furthermore, the a  ition o  
multiple cephalosporins may in uce β-lactamase pro uc-
tion by some organisms; cephalosporins an   ouble β-lactam 

combinations shoul  probably be avoi e  altogether in 
Enterobacter in ections.

ANTIFUNGAL THERAPY Fungal in ections in cancer patients are 
most o en associate  with neutropenia. Neutropenic patients 
are pre ispose  to the  evelopment o  invasive  ungal in ec-
tions, most commonly those  ue to Candida an  Aspergillus 
species an  occasionally those cause  by Mucor, Rhizopus, 
Fusarium, Trichosporon, Bipolaris, an  others. Cryptococcal 
in ection, which is common among patients taking immu-
nosuppressive agents, is uncommon among neutropenic 
patients receiving chemotherapy  or AML. Invasive can i al 
 isease is usually cause  by C. albicans or C. tropicalis but can 
be cause  by C. krusei, C. parapsilosis, an  C. glabrata.

For  eca es, it has been common clinical practice to a   
amphotericin B to antibacterial regimens i  a neutropenic 
patient remains  ebrile  espite 4–7  ays o  treatment with 
antibacterial agents. T e rationale  or this empirical a  i-
tion is that it is  i cult to culture  ungi be ore they cause 
 isseminate   isease an  that mortality rates  rom  issemi-
nate   ungal in ections in granulocytopenic patients are high. 
Be ore the intro uction o  newer azoles into clinical practice, 
amphotericin B was the mainstay o  anti ungal therapy. T e 
insolubility o  amphotericin B has resulte  in the market-
ing o  several lipi   ormulations that are less toxic than the 
amphotericin B  eoxycholate complex. Echinocan ins (e.g., 
caspo ungin) are use ul in the treatment o  in ections cause  
by azole-resistant Candida strains as well as in therapy  or 
aspergillosis an  have been shown to be equivalent to lipo-
somal amphotericin B  or the empirical treatment o  patients 
with prolonge   ever an  neutropenia. Newer azoles have also 
been  emonstrate  to be e ective in this setting. Although 
 uconazole is e cacious in the treatment o  in ections  ue 
to many Candida species, its use against serious  ungal in ec-
tions in immunocompromise  patients is limite  by its nar-
row spectrum: it has no activity against Aspergillus or against 
several non-albicans Candida species. T e broa -spectrum 
azoles (e.g., voriconazole an  posaconazole) provi e another 
option  or the treatment o  Aspergillus in ections, inclu ing 
CNS in ection. Clinicians shoul  be aware that the spectrum 
o  each azole is somewhat  i erent an  that no  rug can be 
assume  to be e cacious against all  ungi. Aspergillus ter-
reus is resistant to amphotericin B. Although voriconazole is 
active against Pseudallescheria boydii, amphotericin B is not; 
however, voriconazole has no activity against Mucor. Posacon-
azole, which is a ministere  orally, is use ul as a prophylactic 
agent in patients with prolonge  neutropenia. Stu ies in prog-
ress are assessing the use o  these agents in combinations.

ANTIVIRAL THERAPY T e availability o  a variety o  agents 
active against herpes-group viruses, inclu ing some new 
agents with a broa er spectrum o  activity, has heightene  
 ocus on the treatment o  viral in ections, which pose a 
major problem in cancer patients. Viral  iseases cause  by 
the herpes group are prominent. Serious (an  sometimes 
 atal) in ections  ue to HSV an  VZV are well  ocumente  
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in patients receiving chemotherapy. CMV may also cause 
serious  isease, but  atalities  rom CMV in ection are more 
common in HSC  recipients. T e roles o  human herpesvi-
rus (HHV)-6, HHV-7, an  HHV-8 (Kaposi’s sarcoma–asso-
ciate  herpesvirus) in cancer patients are still being  e ne . 
EBV lymphoproli erative  isease (LPD) can occur in patients 
receiving chemotherapy but is much more common among 
transplant recipients. While clinical experience is most exten-
sive with acyclovir, which can be use  therapeutically or pro-
phylactically, a number o   erivative  rugs o er a vantages 
over this agent.

In a  ition to the herpes group, several respiratory viruses 
(especially RSV) may cause serious  isease in cancer patients. 
Although in uenza vaccination is recommen e  (see below), 
it may be ine ective in this patient population. T e availabil-
ity o  antiviral  rugs with activity against in uenza viruses 
gives the clinician a  itional options  or the prophylaxis an  
treatment o  these patients.

OTHER THERAPEUTIC MODALITIES Another way to a  ress the 
problems pose  by the  ebrile neutropenic patient is to 
replenish the neutrophil population. Although granulocyte 
trans usions may be e ective in the treatment o  re ractory 
gram-negative bacteremia, they  o not have a  ocumente  
role in prophylaxis. Because o  the expense, the risk o  leu-
koagglutinin reactions (which has probably been  ecrease  
by improve  cell-separation proce ures), an  the risk o  
transmission o  CMV  rom unscreene   onors (which has 
been re uce  by the use o   lters), granulocyte trans usion is 
reserve   or patients whose con ition is unresponsive to anti-
biotics. T is mo ality is e cacious  or  ocumente  gram-
negative bacteremia re ractory to antibiotics, particularly in 
situations where granulocyte numbers will be  epresse   or 
only a short perio . T e  emonstrate  use ulness o  granulo-
cyte colony-stimulating  actor in mobilizing neutrophils an  
a vances in preservation techniques may make this option 
more use ul than in the past.

A variety o  cytokines, inclu ing granulocyte colony-
stimulating  actor an  granulocyte-macrophage colony-
stimulating  actor, enhance granulocyte recovery a er 
chemotherapy an  consequently shorten the perio  o  max-
imal vulnerability to  atal in ections. T e role o  these cyto-
kines in routine practice is still a matter o  some  ebate. Most 
authorities recommen  their use only when neutropenia is 
both severe an  prolonge . T e cytokines themselves may 
have a verse e ects, inclu ing  ever, hypoxemia, an  pleural 
e usions or serositis in other areas.

Once neutropenia has resolve , the risk o  in ection 
 ecreases  ramatically. However,  epen ing on what  rugs 
they receive, patients who continue on chemotherapeutic 
protocols remain at high risk  or certain  iseases. Any patient 
receiving more than a maintenance  ose o  glucocorticoi s 
(e.g., in many treatment regimens  or  i use lymphoma) 
shoul  also receive prophylactic  MP-SMX because o  the 
risk o  Pneumocystis in ection; those with ALL shoul  receive 
such prophylaxis  or the  uration o  chemotherapy.

PREVENTION OF INFECTION IN  
CANCER PATIENTS

EFFECT OF THE ENVIRONMENT
Outbreaks o   atal Aspergillus in ection have been asso-
ciate  with construction projects an  materials in sev-
eral hospitals. T e association between spore counts an  
risk o  in ection suggests the nee   or a high-e ciency 
air-han ling system in hospitals that care  or large num-
bers o  neutropenic patients. T e use o  laminar- ow 
rooms an  prophylactic antibiotics has  ecrease  the 
number o  in ectious episo es in severely neutropenic 
patients. However, because o  the expense o  such a pro-
gram an  the  ailure to show that it  ramatically a ects 
mortality rates, most centers  o not routinely use lami-
nar  ow to care  or neutropenic patients. Some centers 
use “reverse isolation,” in which health care provi ers 
an  visitors to a patient who is neutropenic wear gowns 
an  gloves. Since most o  the in ections these patients 
 evelop are  ue to organisms that colonize the patients’ 
own skin an  bowel, the vali ity o  such schemes is 
 ubious, an  limite  clinical  ata  o not support their 
use. Han  washing by all sta  caring  or neutropenic 
patients shoul  be require  to prevent the sprea  o  
resistant organisms.

T e presence o  large numbers o  bacteria (particu-
larly P. aeruginosa) in certain  oo s, especially  resh veg-
etables, has le  some authorities to recommen  a special 
“low-bacteria”  iet. A  iet consisting o  cooke  an  
canne   oo  is satis actory to most neutropenic patients 
an   oes not involve elaborate  isin ection or steriliza-
tion protocols. However, there are no stu ies to sup-
port even this type o   ietary restriction. Counseling o  
patients to avoi  le overs,  eli  oo s, un ercooke  meat, 
an  unpasteurize   airy pro ucts is recommen e .

PHYSICAL MEASURES
Although  ew stu ies a  ress this issue, patients with 
cancer are pre ispose  to in ections resulting  rom ana-
tomic compromise (e.g., lymphe ema resulting  rom 
no e  issections a er ra ical mastectomy). Surgeons 
who specialize in cancer surgery can provi e speci c 
gui elines  or the care o  such patients, an  patients 
bene t  rom common-sense a vice about how to pre-
vent in ections in vulnerable areas.

IMMUNOGLOBULIN REPLACEMENT
Many patients with multiple myeloma or CLL have 
immunoglobulin  e ciencies as a result o  their  isease, 
an  all allogeneic bone marrow transplant recipients 
are hypogammaglobulinemic  or a perio  a er trans-
plantation. However, current recommen ations reserve 
intravenous immunoglobulin replacement therapy  or 
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435those patients with severe (<400 mg o  total IgG/ L), 
prolonge  hypogammaglobulinemia an  a history o  
repeate  in ections. Antibiotic prophylaxis has been 
shown to be cheaper an  is e cacious in preventing 
in ections in most CLL patients with hypogammaglob-
ulinemia. Routine use o  immunoglobulin replacement 
is not recommen e .

SEXUAL PRACTICES
T e use o  con oms is recommen e   or severely 
immunocompromise  patients. Any sexual practice that 
results in oral exposure to  eces is not recommen e . 
Neutropenic patients shoul  be a vise  to avoi  any 
practice that results in trauma, as even microscopic cuts 
may result in bacterial invasion an   atal sepsis.

ANTIBIOTIC PROPHYLAXIS
Several stu ies in icate that the use o  oral  uoroquino-
lones prevents in ection an   ecreases mortality rates 
among severely neutropenic patients. Prophylaxis  or 
Pneumocystis is man atory  or patients with ALL an  
 or all cancer patients receiving glucocorticoi -contain-
ing chemotherapy regimens.

VACCINATION OF CANCER PATIENTS
In general, patients un ergoing chemotherapy respon  
less well to vaccines than  o normal hosts. T eir greater 
nee   or vaccines thus lea s to a  ilemma in their man-
agement. Puri e  proteins an  inactivate  vaccines are 
almost never contrain icate  an  shoul  be given to 
patients even  uring chemotherapy. For example, all 
a ults shoul  receive  iphtheria–tetanus toxoi  boost-
ers at the in icate  times as well as seasonal in uenza 
vaccine. However, i  possible, vaccination shoul  not be 
un ertaken concurrent with cytotoxic chemotherapy. I  
patients are expecte  to be receiving chemotherapy  or 
several months an  vaccination is in icate  (e.g., in u-
enza vaccination in the  all), the vaccine shoul  be given 
mi cycle—as  ar apart in time as possible  rom the anti-
metabolic agents that will prevent an immune response. 
T e meningococcal an  pneumococcal polysacchari e 
vaccines shoul  be given to patients be ore splenectomy, 
i  possible. T e H. in uenzae type b conjugate vaccine 
shoul  be a ministere  to all splenectomize  patients.

In general, live virus (or live bacterial) vaccines 
shoul  not be given to patients  uring intensive che-
motherapy because o  the risk o   isseminate  in ec-
tion. Recommen ations on vaccination are summarize  
in  able 30-2 (see www.cdc.gov/vaccine  or up ate  
recommen ations).
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Bone marrow transplantation was the original term used 
to describe the collection and transplantation o  hema-
topoietic stem cells, but with the demonstration that 
peripheral blood and umbilical cord blood are also use-
 ul sources o  stem cells, hematopoietic cell transplan-
tation has become the pre erred generic term  or this 
process. T e procedure is usually carried out  or one o  
two purposes: (1) to replace an abnormal but nonma-
lignant lymphohematopoietic system with one  rom 
a normal donor or (2) to treat malignancy by allowing 
the administration o  higher doses o  myelosuppres-
sive therapy than would otherwise be possible. T e use 
o  hematopoietic cell transplantation has been increas-
ing, both because o  its e cacy in selected diseases 
and because o  increasing availability o  donors. T e 
Center  or International Blood and Marrow  ransplant 
Research (http://www.cibmtr.org) estimates that about 
65,000 transplants are per ormed each year.

THE HEMATOPOIETIC STEM CELL

Several  eatures o  the hematopoietic stem cell make 
transplantation clinically  easible, including its remark-
able regenerative capacity, its ability to home to the mar-
row space  ollowing intravenous injection, and the ability 
o  the stem cell to be cryopreserved (Chap. 1).  rans-
plantation o  a single stem cell can replace the entire lym-
phohematopoietic system o  an adult mouse. In humans, 
transplantation o  a small percentage o  a donor’s bone 
marrow volume regularly results in complete and sus-
tained replacement o  the recipient’s entire lymphohe-
matopoietic system, including all red cells, granulocytes, 
B and   lymphocytes, and platelets, as well as cells 
comprising the  xed macrophage population, includ-
ing Kup er cells o  the liver, pulmonary alveolar mac-
rophages, osteoclasts, Langerhans cells o  the skin, and 
brain microglial cells. T e ability o  the hematopoietic 
stem cell to home to the marrow  ollowing intravenous 

HEMATOPOIETIC CELL TRANSPLANTATION

CHAP TER 3 1

injection is mediated, in part, by an interaction between 
CXCL12, also known as stromal cell–derived  actor 
1, produced by marrow stromal cells and the alpha-
chemokine receptor CXCR4  ound on stem cells. Hom-
ing is also in uenced by the interaction o  cell-sur ace 
molecules, termed selectins, including E- and L-selectin, 
on bone marrow endothelial cells with ligands, termed 
integrins, such as VLA-4, on early hematopoietic cells. 
Human hematopoietic stem cells can survive  reezing 
and thawing with little, i  any, damage, making it possible 
to remove and store a portion o  the patient’s own bone 
marrow  or later rein usion  ollowing treatment o  the 
patient with high-dose myelotoxic therapy.

CATEGORIES OF HEMATOPOIETIC CELL 
TRANSPLANTATION

Hematopoietic cell transplantation can be described 
according to the relationship between the patient and 
the donor and by the anatomic source o  stem cells. 
In ~1% o  cases, patients have identical twins who can 
serve as donors. With the use o  syngeneic donors, there 
is no risk o  gra -versus-host disease (GVHD), which 
o en complicates allogeneic transplantation, and unlike 
the use o  autologous marrow, there is no risk that the 
stem cells are contaminated with tumor cells.

Allogeneic transplantation involves a donor and a 
recipient who are not genetically identical. Following 
allogeneic transplantation, immune cells transplanted 
with the stem cells or developing  rom them can react 
against the patient, causing GVHD. Alternatively, i  the 
immunosuppressive preparative regimen used to treat 
the patient be ore transplant is inadequate, immuno-
competent cells o  the patient can cause gra  rejection. 
T e risks o  these complications are greatly in uenced 
by the degree o  matching between donor and recipient 
 or antigens encoded by genes o  the major histocom-
patibility complex.
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437T e human leukocyte antigen (HLA) molecules are 
responsible  or binding antigenic proteins and present-
ing them to   cells. T e antigens presented by HLA 
molecules may derive  rom exogenous sources (e.g., 
during active in ections) or may be endogenous pro-
teins. I  individuals are not HLA-matched,   cells  rom 
one individual will react strongly to the mismatched 
HLA, or “major antigens,” o  the second. Even i  the 
individuals are HLA-matched, the   cells o  the donor 
may react to di ering endogenous or “minor antigens” 
presented by the HLA o  the recipient. Reactions to 
minor antigens tend to be less vigorous. T e genes o  
major relevance to transplantation include HLA-A, -B, 
-C, and -D; they are closely linked and there ore tend 
to be inherited as haplotypes, with only rare crossovers 
between them. T us, the odds that any one  ull sibling 
will match a patient are one in  our, and the probabil-
ity that the patient has an HLA-identical sibling is 1 − 
(0.75)n, where n equals the number o  siblings.

With current techniques, the risk o  gra  rejection 
is 1–3%, and the risk o  severe, li e-threatening acute 
GVHD is ~15%  ollowing transplantation between 
HLA-identical siblings. T e incidence o  gra  rejection 
and GVHD increases progressively with the use o   am-
ily member donors mismatched  or one, two, or three 
antigens. Although survival  ollowing a one-antigen 
mismatched transplant is not markedly altered, survival 
 ollowing two- or three-antigen mismatched trans-
plants is signi cantly reduced. Since the  ormation o  
the National Marrow Donor Program and other regis-
tries, it has become possible to identi y HLA-matched 
unrelated donors  or many patients. T e genes encod-
ing HLA antigens are highly polymorphic, and thus the 
odds o  any two unrelated individuals being HLA iden-
tical are extremely low, somewhat less than 1 in 10,000. 
However, by identi ying and typing >20 million volun-
teer donors, HLA-matched donors can now be  ound 
 or ~60% o  patients  or whom a search is initiated, 
with higher rates among whites and lower rates among 
minorities and patients o  mixed race. It takes, on aver-
age, 3–4 months to complete a search and schedule and 
initiate an unrelated donor transplant. With improve-
ments in HLA typing and supportive care measures, 
survival  ollowing matched unrelated donor transplan-
tation is essentially the same as that seen with HLA-
matched siblings.

Autologous transplantation involves the removal and 
storage o  the patient’s own stem cells with subsequent 
rein usion a er the patient receives high-dose myeloab-
lative therapy. Unlike allogeneic transplantation, there 
is no risk o  GVHD or gra  rejection with autologous 
transplantation. On the other hand, autologous trans-
plantation lacks a gra -versus-tumor (GV ) e ect, and 
the autologous stem cell product can be contaminated 
with tumor cells, which could lead to relapse. A variety 

o  techniques have been developed to “purge” autolo-
gous products o  tumor cells. Some use antibodies 
directed at tumor-associated antigens plus complement, 
antibodies linked to toxins, or antibodies conjugated 
to immunomagnetic beads. Another technique is posi-
tive selection o  stem cells using antibodies to CD34, 
with subsequent column adherence or  ow techniques 
to select normal stem cells while leaving tumor cells 
behind. All o  these approaches can reduce the number 
o  tumor cells  rom 1000- to 10,000- old and are clini-
cally  easible; however, no prospective randomized tri-
als have yet shown that any o  these approaches results 
in a decrease in relapse rates or improvements in dis-
ease- ree or overall survival.

Bone marrow aspirated  rom the posterior and ante-
rior iliac crests initially was the source o  hematopoietic 
stem cells  or transplantation.  ypically, anywhere  rom 
1.5 to 5 × 108 nucleated marrow cells per kilogram are 
collected  or allogeneic transplantation. Several stud-
ies have  ound improved survival in the settings o  both 
matched sibling and unrelated transplantation by trans-
planting higher numbers o  bone marrow cells.

Hematopoietic stem cells circulate in the periph-
eral blood but in very low concentrations. Following 
the administration o  certain hematopoietic growth 
 actors, including granulocyte colony-stimulating 
 actor (G-CSF) or granulocyte-macrophage colony-
stimulating  actor (GM-CSF), and during recovery  rom 
intensive chemotherapy, the concentration o  hema-
topoietic progenitor cells in blood, as measured either 
by colony- orming units or expression o  the CD34 
antigen, increases markedly. T is has made it possible 
to harvest adequate numbers o  stem cells  rom the 
peripheral blood  or transplantation. Donors are typi-
cally treated with 4 or 5 days o  hematopoietic growth 
 actor,  ollowing which stem cells are collected in one 
or two 4-h pheresis sessions. In the autologous setting, 
transplantation o  >2.5 × 106 CD34 cells per kilogram, 
a number that can be collected in most circumstances, 
leads to rapid and sustained engra ment in virtually 
all cases. In the 10–20% o  patients who  ail to mobi-
lize su cient CD34+ cells with growth  actor alone, the 
addition o  plerixa or, an antagonist o  CXCR4, may 
be use ul. Compared to the use o  autologous marrow, 
use o  peripheral blood stem cells results in more rapid 
hematopoietic recovery, with granulocytes recovering to 
500/µL by day 12 and platelets recovering to 20,000/µL 
by day 14. Although this more rapid recovery dimin-
ishes the morbidity rate o  transplantation, no studies 
show improved survival.

Hesitation in studying the use o  peripheral blood 
stem cells  or allogeneic transplantation occurred 
because peripheral blood stem cell products con-
tain as much as 1 log more   cells than are contained 
in the typical marrow harvest; in animal models, the 
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438 incidence o  GVHD is related to the number o    cells 
transplanted. Nonetheless, clinical trials have shown 
that the use o  growth  actor–mobilized peripheral 
blood stem cells  rom HLA-matched  amily members 
leads to  aster engra ment without an increase in acute 
GVHD. Chronic GVHD may be increased with periph-
eral blood stem cells, but in trials conducted so  ar, this 
has been more than balanced by reductions in relapse 
rates and nonrelapse mortality rates, with the use o  
peripheral blood stem cells resulting in improved over-
all survival. However, in the setting o  matched unre-
lated donor transplantation, use o  peripheral blood 
results in more chronic GVHD without a compensatory 
survival advantage,  avoring the use o  bone marrow in 
this setting.

Umbilical cord blood contains a high concentration 
o  hematopoietic progenitor cells, allowing  or its use 
as a source o  stem cells  or transplantation. Cord blood 
transplantation  rom  amily members has been explored 
in the setting where the immediate need  or transplan-
tation precludes waiting the 9 or so months generally 
required  or the baby to mature to the point o  donating 
marrow. Use o  cord blood results in slower engra ment 
and peripheral count recovery than seen with mar-
row but a lower incidence o  GVHD, perhaps re ecting 
the low number o    cells in cord blood. Multiple cord 
blood banks have been developed to harvest and store 
cord blood  or possible transplantation to unrelated 
patients  rom material that would otherwise be dis-
carded. Currently more than 500,000 units are cryopre-
served and available  or use. T e advantages o  unrelated 
cord blood are rapid availability and decreased immune 
reactivity allowing  or the use o  partially matched 
units, which is o  particular importance  or those with-
out matched unrelated donors. T e risks o  gra   ailure 
and transplant-related mortality are related to the dose 
o  cord blood cells per kilogram, which previously lim-
ited the application o  single cord blood transplantation 
to pediatric and smaller adult patients. Subsequent tri-
als have  ound that the use o  double cord transplants 
diminishes the risk o  gra   ailure and early mortality 
even though only one o  the donors ultimately engra s. 
Survival rates are now similar with unrelated donor and 
cord blood transplantation.

THE TRANSPLANT PREPARATIVE 
REGIMEN

T e treatment regimen administered to patients imme-
diately preceding transplantation is designed to eradi-
cate the patient’s underlying disease and, in the setting 
o  allogeneic transplantation, immunosuppress the 
patient adequately to prevent rejection o  the trans-
planted marrow. T e appropriate regimen there ore 

depends on the disease setting and source o  marrow. 
For example, when transplantation is per ormed to treat 
severe combined immunode ciency and the donor 
is a histocompatible sibling, no treatment is needed 
because no host cells require eradication and the patient 
is already too immunoincompetent to reject the trans-
planted marrow. For aplastic anemia, there is no large 
population o  cells to eradicate, and high-dose cyclo-
phosphamide plus antithymocyte globulin are su cient 
to immunosuppress the patient adequately to accept the 
marrow gra . In the setting o  thalassemia and sickle 
cell anemia, high-dose busul an is  requently added 
to cyclophosphamide in order to eradicate hyperplas-
tic host hematopoiesis. A variety o  di erent regimens 
have been developed to treat malignant diseases. Most 
o  these regimens include agents that have high activ-
ity against the tumor in question at conventional doses 
and have myelosuppression as their predominant dose-
limiting toxicity. T ere ore, these regimens commonly 
include busul an, cyclophosphamide, melphalan, thio-
tepa, carmustine, etoposide, and total-body irradiation 
in various combinations.

Although high-dose treatment regimens have 
typically been used in transplantation, the under-
standing that much o  the antitumor e ect o  trans-
plantation derives  rom an immunologically mediated 
GV  response has led investigators to ask i  reduced-
intensity conditioning regimens might be e ective 
and more tolerable. Evidence  or a GV  e ect comes 
 rom studies showing that posttransplant relapse rates 
are lowest in patients who develop acute and chronic 
GVHD, higher in those without GVHD, and higher still 
in recipients o    cell–depleted allogeneic or syngeneic 
marrow. T e demonstration that complete remissions 
can be obtained in many patients who have relapsed 
a er transplant by simply administering viable lympho-
cytes  rom the original donor  urther strengthens the 
argument  or a potent GV  e ect. Accordingly, a vari-
ety o  reduced-intensity regimens have been studied, 
ranging  rom the very minimum required to achieve 
engra ment (e.g.,  udarabine plus 200 cGy total-body 
irradiation) to regimens o  more immediate intensity 
(e.g.,  udarabine plus melphalan). Studies to date docu-
ment that engra ment can be readily achieved with less 
toxicity than seen with conventional transplantation. 
Furthermore, the severity o  acute GVHD appears to 
be somewhat decreased. Complete sustained responses 
have been documented in many patients, particularly 
those with more indolent hematologic malignancies. 
In general, relapse rates are higher  ollowing reduced-
intensity conditioning, but transplant-related mor-
tality is lower,  avoring the use o  reduced-intensity 
conditioning in older patients and those with signi -
cant comorbidities. High-dose regimens are  avored in 
younger,  tter patients.
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FIGURE 31 -1
Majo r synd rom es com p lica t ing  m arrow tran sp lan ta t ion . 
CMV, cytomegalovirus; GVHD, gra t-versus-host disease; HSV, her-
pes simplex virus; SOS, sinusoidal obstructive syndrome ( ormerly 
venoocclusive disease); VZV, varicella-zoster virus. The size o  the 
shaded area roughly re ects the period o  risk o  the complication.

THE TRANSPLANT PROCEDURE
Marrow is usually collected  rom the donor’s pos-
terior and sometimes anterior iliac crests, with the 
donor under general or spinal anesthesia.  ypically, 
10–15 mL/kg o  marrow is aspirated, placed in hepa-
rinized media, and  ltered through 0.3- and 0.2-mm 
screens to remove  at and bony spicules. T e collected 
marrow may undergo  urther processing depending on 
the clinical situation, such as the removal o  red cells to 
prevent hemolysis in ABO-incompatible transplants, 
the removal o  donor   cells to prevent GVHD, or 
attempts to remove possible contaminating tumor cells 
in autologous transplantation. Marrow donation is sa e, 
with only very rare complications reported.

Peripheral blood stem cells are collected by leuka-
pheresis a er the donor has been treated with hemato-
poietic growth  actors or, in the setting o  autologous 
transplantation, sometimes a er treatment with a com-
bination o  chemotherapy and growth  actors. Stem 
cells  or transplantation are in used through a large-
bore central venous catheter. Such in usions are usually 
well tolerated, although occasionally patients develop 
 ever, cough, or shortness o  breath. T ese symptoms 
typically resolve with slowing o  the in usion. When 
the stem cell product has been cryopreserved using 
dimethyl sul oxide, patients more o en experience 
short-lived nausea or vomiting due to the odor and 
taste o  the cryoprotectant.

ENGRAFTMENT
Peripheral blood counts usually reach their nadir sev-
eral days to a week a er transplant as a consequence 
o  the preparative regimen; then cells produced by the 
transplanted stem cells begin to appear in the periph-
eral blood. T e rate o  recovery depends on the source 
o  stem cells, the use o  posttransplant growth  actors, 
and the  orm o  GVHD prophylaxis used. I  marrow is 
the source o  stem cells, recovery to 100 granulocytes/µL 
occurs on average by day 16 and to 500/µL by day 22. 
Use o  G-CSF–mobilized peripheral blood stem cells 
speeds the rate o  recovery by ~1 week when com-
pared to marrow, whereas engra ment  ollowing cord 
blood transplantation is typically delayed by ~1 week 
compared to marrow. Use o  a myeloid growth  ac-
tor (G-CSF or GM-CSF) a er transplant can accelerate 
recovery by 3–5 days, whereas use o  methotrexate to 
prevent GVHD delays engra ment by a similar period. 
Following allogeneic transplantation, engra ment can 
be documented using  uorescence in situ hybridiza-
tion o  sex chromosomes i  donor and recipient are 
sex-mismatched or by analysis o  a variable number o  
tandem repeats or short tandem repeat polymorphisms 
a er DNA ampli cation.

COMPLICATIONS FOLLOWING 
HEMATOPOIETIC CELL TRANSPLANT
Ea rly direct  chemora dio toxicit ies

T e transplant preparative regimen may cause a spec-
trum o  acute toxicities that vary according to inten-
sity o  the regimen and the speci c agents used, but 
 requently results in nausea, vomiting, and mild skin 
erythema (Fig. 31-1). Regimens that include high-dose 
cyclophosphamide can result in hemorrhagic cystitis, 
which can usually be prevented by bladder irrigation 
or with the sulf ydryl compound mercaptoethanesul-
 onate (MESNA); rarely, acute hemorrhagic carditis is 
seen. Most high-dose preparative regimens will result in 
oral mucositis, which typically develops 5–7 days a er 
transplant and o en requires narcotic analgesia. Use o  
a patient-controlled analgesic pump provides the great-
est patient satis action and results in a lower cumulative 
dose o  narcotic. Keratinocyte growth  actor (pali er-
min) can shorten the duration o  mucositis by several 
days  ollowing autologous transplantation. Patients 
begin losing their hair 5–6 days a er transplant and by 
1 week are usually pro oundly pancytopenic.

Depending on the intensity o  the conditioning regi-
men, 3–10% o  patients will develop sinusoidal obstruc-
tion syndrome (SOS) o  the liver ( ormerly called 
venoocclusive disease), a syndrome that results  rom 
direct cytotoxic injury to hepatic-venular and sinu-
soidal endothelium, with subsequent deposition o  
 brin and the development o  a local hypercoagulable 
state. T is chain o  events leads to the clinical symp-
toms o  tender hepatomegaly, ascites, jaundice, and 
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440  uid retention. T ese symptoms can develop any time 
during the  rst month a er transplant, with the peak 
incidence at day 16. Predisposing  actors include prior 
exposure to intensive chemotherapy, pretransplant hep-
atitis o  any cause, and use o  more intense conditioning 
regimens. T e mortality rate o  sinusoidal obstruction 
syndrome is ~30%, with progressive hepatic  ailure 
culminating in a terminal hepatorenal syndrome. Both 
thrombolytic and antithrombotic agents, such as tis-
sue plasminogen activator, heparin, and prostaglandin 
E, have been studied as therapy, but none has proven 
o  consistent major bene t in controlled trials, and all 
have signi cant toxicity. Studies with de brotide, a 
polydeoxyribonucleotide, seem encouraging.

Although most pneumonias developing early a er 
transplant are caused by in ectious agents, in ~5% o  
patients a di use interstitial pneumonia will develop 
that is thought to be the result o  direct toxicity o  high-
dose preparative regimens. Bronchoalveolar lavage 
usually shows alveolar hemorrhage, and biopsies are 
typically characterized by di use alveolar damage, 
although some cases may have a more clearly interstitial 
pattern. High-dose glucocorticoids or antitumor necro-
sis  actor therapies are sometimes used as treatment, 
although randomized trials testing their utility have not 
been reported.

La te direct  chemora dio toxicit ies

Late complications o  the preparative regimen include 
decreased growth velocity in children and delayed 
development o  secondary sex characteristics. T ese 
complications can be partly ameliorated with the use 
o  appropriate growth and sex hormone replacement. 
Most men become azoospermic, and most postpuber-
tal women will develop ovarian  ailure, which should 
be treated. However, pregnancy is possible a er trans-
plantation, and patients should be counseled accord-
ingly. T yroid dys unction, usually well compensated, 
is sometimes seen. Cataracts develop in 10–20% o  
patients and are most common in patients treated with 
total-body irradiation and those who receive glucocor-
ticoid therapy a er transplant  or treatment o  GVHD. 
Aseptic necrosis o  the  emoral head is seen in 10% o  
patients and is particularly  requent in those receiv-
ing chronic glucocorticoid therapy. Both acute and late 
chemoradiotoxicities (except those due to glucocorti-
coids and other agents used to treat GVHD) are con-
siderably less  requent in recipients o  reduced-intensity 
compared to high-dose preparative regimens.

Gra ft  fa ilure

Although complete and sustained engra ment is usu-
ally seen a er transplant, occasionally marrow  unc-
tion either does not return or, a er a brie  period o  

engra ment, is lost. Gra   ailure a er autologous 
transplantation can be the result o  inadequate num-
bers o  stem cells being transplanted, damage during ex 
vivo treatment or storage, or exposure o  the patient to 
myelotoxic agents a er transplant. In ections with cyto-
megalovirus (CMV) or human herpesvirus type 6 have 
also been associated with loss o  marrow  unction. Gra  
 ailure a er allogeneic transplantation can also be due 
to immunologic rejection o  the gra  by immunocom-
petent host cells. Immunologically based gra  rejection 
is more common  ollowing use o  less immunosup-
pressive preparative regimens, in recipients o    cell–
depleted stem cell products, and in patients receiving 
gra s  rom HLA-mismatched donors or cord blood.

 reatment o  gra   ailure usually involves removing all 
potentially myelotoxic agents  rom the patient’s regimen 
and attempting a short trial o  a myeloid growth  actor. 
Persistence o  lymphocytes o  host origin in allogeneic 
transplant recipients with gra   ailure indicates immu-
nologic rejection. Rein usion o  donor stem cells in such 
patients is usually unsuccess ul unless preceded by a sec-
ond immunosuppressive preparative regimen. Standard 
high-dose preparative regimens are generally tolerated 
poorly i  administered within 100 days o  a  rst trans-
plant because o  cumulative toxicities. However, use o  
regimens combining,  or example,  udarabine plus low-
dose total-body irradiation, or cyclophosphamide plus 
antithymocyte globulin, has been e ective in some cases.

Gra ft-versus-host  d isea se

GVHD is the result o  allogeneic   cells that are trans-
 erred with the donor’s stem cell inoculum reacting 
with antigenic targets on host cells. Acute GVHD usu-
ally occurs within the  rst 3 months a er transplant 
with a peak onset around 4 weeks and is characterized 
by an erythematous maculopapular rash; by persis-
tent anorexia or diarrhea, or both; and by liver disease 
with increased serum levels o  bilirubin, alanine and 
aspartate aminotrans erase, and alkaline phosphatase. 
Because many conditions can mimic acute GVHD, the 
diagnosis usually requires skin, liver, or endoscopic 
biopsy  or con rmation. In all these organs, endothelial 
damage and lymphocytic in ltrates are seen. In skin, 
the epidermis and hair  ollicles are damaged; in liver, 
the small bile ducts show segmental disruption; and in 
intestines, destruction o  the crypts and mucosal ulcer-
ation may be noted. A commonly used rating system 
 or acute GVHD is shown in Table 31-1. Grade I acute 
GVHD is o  little clinical signi cance, does not a ect 
the likelihood o  survival, and does not require treat-
ment. In contrast, grades II to IV GVHD are associated 
with signi cant symptoms and a poorer probability o  
survival, and they require aggressive therapy. T e inci-
dence o  acute GVHD is higher in recipients o  stem 
cells  rom mismatched or unrelated donors, in older 
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441TABLE 31 -1  
CLINICAL STAGING AND GRADING OF ACUTE GRAFT-VERSUS-HOST DISEASE

CLINICAL STAGE  SKIN
LIVER—BILIRUBIN,  
µm ol/L (m g /d L)  GUT

1  Rash <25% body sur ace  34–51 (2–3)  Diarrhea 500–1000 mL/d
2  Rash 25–50% body sur ace  51–103 (3–6)  Diarrhea 1000–1500 mL/d
3  Generalized erythroderma  103–257 (6–15)  Diarrhea >1500 mL/d
4  Desquamation and bullae  >257 (>15)  Ileus

OVERALL CLINICAL GRADE  SKIN STAGE  LIVER STAGE  GUT STAGE

I  1–2  0  0
II  1–3  1  1
III  1–3  2–3  2–3
IV  2–4  2–4  2–4

patients, and in patients unable to receive  ull doses o  
drugs used to prevent the disease.

One general approach to the prevention o  GVHD is 
the administration o  immunosuppressive drugs early 
a er transplant. Combinations o  methotrexate and 
either cyclosporine or tacrolimus are among the most 
e ective and widely used regimens. Prednisone, anti–  
cell antibodies, mycophenolate mo etil, sirolimus, and 
other immunosuppressive agents have also been or are 
being studied in various combinations. A second gen-
eral approach to GVHD prevention is removal o    cells 
 rom the stem cell inoculum. While e ective in prevent-
ing GVHD,   cell depletion has been associated with an 
increased incidence o  gra   ailure, in ectious complica-
tions, and tumor recurrence a er transplant; as yet, it is 
unsettled whether   cell depletion improves cure rates 
in any speci c setting.

Despite prophylaxis, signi cant acute GVHD will 
develop in ~30% o  recipients o  stem cells  rom 
matched siblings and in as many as 60% o  those receiv-
ing stem cells  rom unrelated donors. T e disease is 
usually treated with glucocorticoids, additional immu-
nosuppressants, or monoclonal antibodies targeted 
against   cells or   cell subsets.

Chronic GVHD occurs most commonly between  
3 months and 2 years a er allogeneic transplant, devel-
oping in 20–50% o  recipients. T e disease is more 
common in older patients, in recipients o  mismatched 
or unrelated stem cells, and in those with a preced-
ing episode o  acute GVHD. T e disease resembles an 
autoimmune disorder with malar rash, sicca syndrome, 
arthritis, obliterative bronchiolitis, and bile duct degen-
eration and cholestasis. Single-agent prednisone or 
cyclosporine is standard treatment at present, although 
trials o  other agents are under way. Mortality rates 
 rom chronic GVHD average around 15%, but range 
 rom 5–50% depending on severity. In most patients, 

chronic GVHD resolves, but it may require 1–3 years o  
immunosuppressive treatment be ore these agents can 
be withdrawn without the disease recurring. Because 
patients with chronic GVHD are susceptible to signi -
cant in ection, they should receive prophylactic trime-
thoprim-sul amethoxazole, and all suspected in ections 
should be investigated and treated aggressively.

Although onset be ore or a er 3 months a er trans-
plant is o en used to discriminate between acute and 
chronic GVHD, occasional patients will develop signs 
and symptoms o  acute GVHD a er 3 months (late-
onset acute GVHD), whereas others will exhibit signs 
and symptoms o  both acute and chronic GVHD (over-
lap syndrome). T ere are as yet no data to suggest that 
these patients should be treated di erently than those 
with classic acute or chronic GVHD.

From 3–5% o  patients will develop an autoimmune 
disorder  ollowing allogeneic HC , most commonly 
autoimmune hemolytic anemia or idiopathic thrombo-
cytopenic purpura. Unrelated donor source and chronic 
GVHD are risk  actors, but autoimmune disorders have 
been reported in patients with no obvious GVHD.  reat-
ment is with prednisone, cyclosporine, or rituximab.

Infection

Posttransplant patients, particularly recipients o  allo-
geneic transplantation, require unique approaches to 
the problem o  in ection. Early a er transplantation, 
patients are pro oundly neutropenic, and because the 
risk o  bacterial in ection is so great, most centers ini-
tiate antibiotic treatment once the granulocyte count 
 alls to <500/µL. Fluconazole prophylaxis at a dose 
o  200–400 mg/d reduces the risk o  candidal in ec-
tions. Patients seropositive  or herpes simplex should 
receive acyclovir prophylaxis. One approach to in ec-
tion prophylaxis is shown in Table 31-2. Despite these 
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442 TABLE 31-2  
APPROACH TO INFECTION PROPHYLAXIS IN ALLOGENEIC TRANSPLANT RECIPIENTS

ORGANISM  AGENT  APPROACH

Bacterial  Levo oxacin  750 mg PO or IV daily
Fungal  Fluconazole  400 mg PO qd to day 75 posttransplant
Pneumocystis carinii Trimethoprim-sul amethoxazole  1 double-strength tablet PO bid 2 days/week until day 180 or o  

immunosuppression
Viral
 Herpes simplex  Acyclovir  800 mg PO bid to day 30
 Varicella-zoster  Acyclovir  800 mg PO bid to day 365
 Cytomegalovirus  Ganciclovir  5 mg/kg IV bid  or 7 days, then 5 (mg/kg)/d 5 days/week to day 100

prophylactic measures, most patients will develop  ever 
and signs o  in ection a er transplant. T e management 
o  patients who become  ebrile despite bacterial and 
 ungal prophylaxis is a di cult challenge and is guided 
by individual aspects o  the patient and by the institu-
tion’s experience.

Once patients engra , the incidence o  bacterial 
in ection diminishes; however, patients, particularly 
allogeneic transplant recipients, remain at signi cant 
risk o  in ection. During the period  rom engra ment 
until about 3 months a er transplant, the most com-
mon causes o  in ection are gram-positive bacteria, 
 ungi (particularly Aspergillus), and viruses including 
CMV. CMV in ection, which in the past was  requently 
seen and o en  atal, can be prevented in seronegative 
patients transplanted  rom seronegative donors by the 
use o  either seronegative blood products or products 
 rom which the white blood cells have been removed. In 
seropositive patients or patients transplanted  rom sero-
positive donors, the use o  ganciclovir, either as prophy-
laxis beginning at the time o  engra ment or initiated 
when CMV  rst reactivates as evidenced by devel-
opment o  antigenemia or viremia, can signi cantly 
reduce the risk o  CMV disease. Foscarnet is e ective 
 or some patients who develop CMV antigenemia or 
in ection despite the use o  ganciclovir or who cannot 
tolerate the drug.

Pneumocystis jiroveci pneumonia, once seen in 
5–10% o  patients, can be prevented by treating patients 
with oral trimethoprim-sul amethoxazole  or 1 week 
be ore transplant and resuming the treatment once 
patients have engra ed.

T e risk o  in ection diminishes considerably beyond 
3 months a er transplant unless chronic GVHD devel-
ops, requiring continuous immunosuppression. Most 
transplant centers recommend continuing trime-
thoprim-sul amethoxazole prophylaxis while patients 
are receiving any immunosuppressive drugs and also 
recommend care ul monitoring  or late CMV reactiva-
tion. In addition, many centers recommend prophy-
laxis against varicella-zoster, using acyclovir  or 1 year 

a er transplant. Patients should be revaccinated against 
tetanus, diphtheria, Haemophilus inf uenzae, polio, and 
pneumococcal pneumonia starting at 12 months a er 
transplant and against measles, mumps, and rubella 
(MMR), varicella-zoster virus, and possibly pertussis at 
24 months.

TREATMENT OF SPECIFIC DISEASES 
USING HEMATOPOIETIC CELL 
TRANSPLANTATION

TREATMENT Nonmalignant Diseases

IMMUNODEFICIENCY DISORDERS By replacing abnormal stem 
cells with cells  rom a normal donor, hematopoietic cell trans-
plantation can cure patients o  a variety o  immunode ciency 
disorders including severe combined immunode ciency, 
Wiskott-Aldrich syndrome, and Chédiak-Higashi syndrome. 
T e widest experience has been with severe combined immu-
node ciency disease, where cure rates o  90% can be expected 
with HLA-identical donors and success rates o  50–70% have 
been reported using haplotype-mismatched parents as donors 
(Table 31-3).

APLASTIC ANEMIA  ransplantation  rom matched siblings a er 
a preparative regimen o  high-dose cyclophosphamide and 
antithymocyte globulin can cure up to 90% o  patients age 
<40 years with severe aplastic anemia. Results in older patients 
and in recipients o  mismatched  amily member or unrelated 
marrow are less  avorable; there ore, a trial o  immunosup-
pressive therapy is generally recommended  or such patients 
be ore considering transplantation.  ransplantation is e ec-
tive in all  orms o  aplastic anemia including,  or example, 
the syndromes associated with paroxysmal nocturnal hemo-
globinuria and Fanconi’s anemia. Patients with Fanconi’s ane-
mia are abnormally sensitive to the toxic e ects o  alkylating 
agents, and so less intensive preparative regimens must be 
used in their treatment (Chap. 11).
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443TABLE 31 -3  
ESTIMATED 5-YEAR SURVIVAL RATES FOLLOWING 
TRANSPLANTATIONa

DISEASE  ALLOGENEIC, %  AUTOLOGOUS, %

Severe combined 
immunode ciency

90  N/A

Aplastic anemia  90  N/A
Thalassemia  90  N/A
Acute myeloid  
leukemia

 First remission  55–60  50
 Second remission  40  30
Acute lymphocytic  
leukemia

 First remission  50  40
 Second remission  40  30
Chronic myeloid  
leukemia

 Chronic phase  70  ID
 Accelerated phase  40  ID
 Blast crisis  15  ID
Chronic lymphocytic 
leukemia

50  ID

Myelodysplasia  45  ID
Multiple myeloma  30  35
Non-Hodgkin’s  
lymphoma

 First relapse/ 
second remission

40  40

Hodgkin’s disease
 First relapse/ 
second remission

40  50

aThese estimates are generally based on data reported by the Inter-
national Bone Marrow Transplant Registry. The analysis has not been 
reviewed by their Advisory Committee.
Abbrevia t ions: ID, insuf cient data; N/A, not applicable.

HEMOGLOBINOPATHIES Marrow transplantation  rom an HLA-
identical sibling  ollowing a preparative regimen o  busul an 
and cyclophosphamide can cure 80–90% o  patients with 
thalassemia major. T e best outcomes can be expected i  
patients are transplanted be ore they develop hepatomegaly 
or portal  brosis and i  they have been given adequate iron 
chelation therapy. Among such patients, the probabilities 
o  5-year survival and disease- ree survival are 95 and 90%, 
respectively. Although prolonged survival can be achieved 
with aggressive chelation therapy, transplantation is the only 
curative treatment  or thalassemia.  ransplantation is being 
studied as a curative approach to patients with sickle cell ane-
mia.  wo-year survival and disease- ree survival rates o  90 
and 80%, respectively, have been reported  ollowing matched 

sibling or cord blood transplantation. Decisions about patient 
selection and the timing o  transplantation remain di cult, 
but transplantation represents a reasonable option  or younger 
patients who su er repeated crises or other signi cant com-
plications and who have not responded to other interventions 
(Chap. 8).

OTHER NONMALIGNANT DISEASES T eoretically, hematopoietic cell 
transplantation should be able to cure any disease that results 
 rom an inborn error o  the lymphohematopoietic system. 
 ransplantation has been used success ully to treat congenital 
disorders o  white blood cells such as Kostmann’s syndrome, 
chronic granulomatous disease, and leukocyte adhesion de -
ciency. Congenital anemias such as Black an-Diamond ane-
mia can also be cured with transplantation. In antile malignant 
osteopetrosis is due to an inability o  the osteoclast to resorb 
bone, and because osteoclasts derive  rom the marrow, trans-
plantation can cure this rare inherited disorder.

Hematopoietic cell transplantation has been used as treat-
ment  or a number o  storage diseases caused by enzymatic 
de ciencies, such as Gaucher’s disease, Hurler’s syndrome, 
Hunter’s syndrome, and in antile metachromatic leukodys-
trophy.  ransplantation  or these diseases has not been uni-
 ormly success ul, but treatment early in the course o  these 
diseases, be ore irreversible damage to extramedullary organs 
has occurred, increases the chance  or success.

 ransplantation is being explored as a treatment  or severe 
acquired autoimmune disorders. T ese trials are based on 
studies demonstrating that transplantation can reverse auto-
immune disorders in animal models and on the observation 
that occasional patients with coexisting autoimmune disor-
ders and hematologic malignancies have been cured o  both 
with transplantation.

TREATMENT Malignant Diseases

ACUTE LEUKEMIA Allogeneic hematopoietic cell transplanta-
tion cures 15–20% o  patients who do not achieve complete 
response  rom induction chemotherapy  or acute myeloid 
leukemia (AML) and is the only  orm o  therapy that can 
cure such patients. Cure rates o  30–35% are seen when 
patients are transplanted in second remission or in  rst 
relapse. T e best results with allogeneic transplantation are 
achieved when applied during  rst remission, with disease-
 ree survival rates averaging 55–60%. Meta-analyses o  stud-
ies comparing matched related donor transplantation to 
chemotherapy  or adult AML patients age <60 years show 
a survival advantage with transplantation. T is advantage 
is greatest  or those with un avorablerisk AML and is lost 
in those with  avorable-risk disease. T e role o  autologous 
transplantation in the treatment o  AML is less well de ned. 
T e rates o  disease recurrence with autologous transplanta-
tion are higher than those seen a er allogeneic transplanta-
tion, and cure rates are somewhat less.
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444 Similar to patients with AML, adults with acute lympho-
cytic leukemia who do not achieve a complete response to 
induction chemotherapy can be cured in 15–20% o  cases 
with immediate transplantation. Cure rates improve to 
30–50% in second remission, and there ore transplanta-
tion can be recommended  or adults who have persistent 
disease a er induction chemotherapy or who have subse-
quently relapsed.  ransplantation in  rst remission results 
in cure rates about 55%.  ransplantation appears to o er 
a clear advantage over chemotherapy  or patients with 
high-risk disease, such as those with Philadelphia chromo-
some–positive disease. Debate continues about whether 
adults with standard-risk disease should be transplanted 
in  rst remission or whether transplantation should be 
reserved until relapse. Autologous transplantation is asso-
ciated with a higher relapse rate but a somewhat lower 
risk o  nonrelapse mortality when compared to allogeneic 
transplantation. T ere is no obvious role o  autologous 
transplantation  or acute lymphocytic leukemia in  rst 
remission, and  or second-remission patients, most experts 
recommend use o  allogeneic stem cells i  an appropriate 
donor is available.

CHRONIC LEUKEMIA Allogeneic hematopoietic cell transplanta-
tion is the only therapy shown to cure a substantial portion o  
patients with chronic myeloid leukemia (CML). Five-year dis-
ease- ree survival rates are 15–20%  or patients transplanted 
 or blast crisis, 25–50%  or accelerated-phase patients, and 
60–70%  or chronic-phase patients, with cure rates as high as 
80% at selected centers. However, with the availability o  ima-
tinib mesylate and other highly active tyrosine kinase inhibi-
tors ( KIs), transplantation is generally reserved  or those 
who  ail to achieve a complete cytogenetic response with a 
 KI, relapse a er an initial response, or are intolerant o  the 
drugs (Chap. 15).

Allogeneic transplantation using a high-dose prepara-
tive regimen has rarely been used  or chronic lymphocytic 
leukemia (CLL), in large part because o  the chronic nature 
o  the disease and because o  the age pro le o  patients. In 
those cases where it was studied, complete remissions were 
achieved in the majority o  patients, with disease- ree sur-
vival rates o  ~50% at 3 years, despite the advanced stage o  
the disease at the time o  transplant. T e marked antitumor 
e ects have resulted in the increased use and study o  allo-
geneic transplantation using reduced-intensity conditioning 
 or the treatment o  CLL.

MYELODYSPLASIA Between 20 and 65% o  patients with myelo-
dysplasia appear to be cured with allogeneic transplantation. 
Results are better among younger patients and those with less 
advanced disease. However, patients with early-stage myelo-
dysplasia can live  or extended periods without intervention, 
and so transplantation is generally reserved  or patients with 
an International Prognostic Scoring System (IPSS) score o  
Int-2 or  or selected patients with an IPSS score o  Int-1 who 
have other poor prognostic  eatures (Chap. 11).

LYMPHOMA Patients with disseminated intermediate- or high-
grade non-Hodgkin’s lymphoma who have not been cured by 
 rst-line chemotherapy and are transplanted in  rst relapse or 
second remission can still be cured in 40–50% o  cases. T is 
represents a clear advantage over results obtained with con-
ventional-dose salvage chemotherapy. It is unsettled whether 
patients with high-risk disease bene t  rom transplantation in 
 rst remission. Most experts  avor the use o  autologous rather 
than allogeneic transplantation  or patients with intermedi-
ate- or high-grade non-Hodgkin’s lymphoma, because  ewer 
complications occur with this approach and survival appears 
equivalent. For patients with recurrent disseminated indolent 
non-Hodgkin’s lymphoma, autologous transplantation results 
in high response rates and improved progression- ree survival 
compared to salvage chemotherapy. However, late relapses are 
seen a er transplantation. T e role o  autologous transplan-
tation in the initial treatment o  patients is debated. It may 
be indicated in the small subset o  patients presenting with 
high-risk prognostic  actors but is not clearly more e ective 
in those in lower risk groups. Reduced-intensity conditioning 
regimens  ollowed by allogeneic transplantation result in high 
response rates in patients with indolent lymphomas, but the 
exact role o  this approach remains to be de ned.

T e role o  transplantation in Hodgkin’s disease is similar 
to that in intermediate- and high-grade non-Hodgkin’s lym-
phoma. With transplantation, 5-year disease- ree survival is 
20–30% in patients who never achieve a  rst remission with 
standard chemotherapy and up to 70%  or those transplanted 
in second remission.  ransplantation has no de ned role in 
 rst remission in Hodgkin’s disease.

MYELOMA Patients with myeloma who have progressed on 
 rst-line therapy can sometimes bene t  rom allogeneic or 
autologous transplantation. Prospective randomized studies 
demonstrate that the inclusion o  autologous transplantation 
as part o  the initial therapy o  patients results in improved 
disease- ree survival and overall survival. Further bene t is 
seen with the use o  lenalidomide maintenance therapy  ol-
lowing transplantation. T e use o  autologous transplantation 
 ollowed by nonmyeloablative allogeneic transplantation has 
yielded mixed results.

SOLID TUMORS Randomized trials evaluating autologous trans-
plantation as treatment  or primary or metastatic breast can-
cer have  ailed to show a consistent survival advantage with 
this approach, and there ore, there is no established role  or 
transplantation in this disease.

Patients with testicular cancer in whom  rst-line plati-
num-containing chemotherapy has  ailed can still be cured in 
~50% o  cases i  treated with high-dose chemotherapy with 
autologous stem cell support, an outcome better than that 
seen with low-dose salvage chemotherapy.

T e use o  high-dose chemotherapy with autologous stem 
cell support is being studied  or several other solid tumors, 
including neuroblastoma and pediatric sarcomas. As in most 
other settings, the best results have been obtained in patients 
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445with limited amounts o  disease and where the remaining 
tumor remains sensitive to conventional-dose chemotherapy. 
Few randomized trials o  transplantation in these diseases 
have been completed.

Partial and complete responses have been reported  ol-
lowing nonmyeloablative allogeneic transplantation  or some 
solid tumors, most notably renal cell cancers. T e GV  e ect, 
well documented in the treatment o  hematologic malig-
nancies, may apply to selected solid tumors under certain 
circumstances.

POSTTRANSPLANT RELAPSE Patients who relapse  ollowing 
autologous transplantation sometimes respond to  urther 
chemotherapy and may be candidates  or possible allogeneic 

transplantation, particularly i  the remission  ollowing the 
initial autologous transplant was long. Several options are 
available  or patients who relapse  ollowing allogeneic trans-
plantation. O  particular interest are the response rates seen 
with in usion o  unirradiated donor lymphocytes. Complete 
responses in as many as 75% o  patients with chronic myeloid 
leukemia, 40% in myelodysplasia, 25% in AML, and 15% in 
myeloma have been reported. Major complications o  donor 
lymphocyte in usions include transient myelosuppression and 
the development o  GVHD. T ese complications depend on 
the number o  donor lymphocytes given and the schedule o  
in usions, with less GVHD seen with lower dose,  ractionated 
schedules.
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Michae l F. Greene   ■   Dan  L. Longo  

Can er   mpli ates ~1 in every 1000 pregnan ies. O  all 
the  an ers that    ur in w men, less than 1%   mpli-
 ate pregnan ies. T e   ur  an ers that m st   mm nly 
  mpli ate pregnan ies are  ervi al  an er, breast  an-
 er, melan ma, and lymph mas (parti ularly H dgkin’s 
lymph ma); h wever, virtually every   rm     an er 
has been rep rted in pregnant w men (Table 32-1). 
In additi n t   an ers devel ping in  ther  rgans    
the m ther, gestati nal tr ph blasti  tum rs  an arise 
 r m the pla enta. T e pr blem     an er in a pregnant 
w man is   mplex. One must take int  a   unt (1) the 
p ssible in uen e    the pregnan y  n the natural his-
t ry    the  an er, (2) e e ts  n the m ther and  etus 
     mpli ati ns  r m the malignan y (e.g., an rexia, 
nausea, v miting, malnutriti n), (3) p tential e e ts 
   diagn sti  and staging pr  edures, and (4) p tential 
e e ts     an er treatments  n b th the m ther and 
the devel ping  etus. Generally, the management that 
 ptimizes maternal physi l gy is als  best   r the  etus. 
H wever, the dilemma    asi nally arises that what is 
best   r the m ther may be harm ul t  the  etus, and 
what is best   r the  etus may   mpr mise the ultimate 
pr gn sis   r the m ther. T e best way t  appr a h 
management    a pregnant w man with  an er is t  ask, 
“What w uld we d    r this w man in this  lini al situa-
ti n i  she was n t pregnant? N w, whi h, i  any,    th se 
plans need t  be m di ed be ause she is pregnant?”

Pregnan y is ass  iated with a number    physi-
 l gi   hanges that  requently result in sympt ms that 
may make it di  ult t  re  gnize sympt ms  r physi al 
 ndings suggestive    a ne plasm. In reased sensitivity 
    entral  hem re ept rs t  Pco2 drives an in rease in 
minute ventilati n that many w men per eive as dys-
pnea at rest  r with minimal exerti n. T e   mbinati n 
   in reased t tal b dy water, de reased   ll id  n  ti  
pressure, and s me  bstru ti n    ven us return  r m 
the l wer extremities  auses dem nstrable depen-
dent edema in m re than 50%    pregnant w men. 
De reased gastr intestinal m tility due t  high serum 

NEOPLASIA DURING PREGNANCY

CHAP TER 3 2

pr gester ne levels and me hani al   mpressi n  r m 
an enlarging uterus  ause early satiety, gastr es pha-
geal re ux, nausea, v miting, and   nstipati n. Hem-
 rrh ids devel p and   en bleed. Breasts enlarge and 
in rease in density and “lumpiness.” T ese  hanges may 
result in delayed re  gniti n and m re advan ed dis-
ease at diagn sis.

Physi l gi   hanges in the maternal immune sys-
tem ne essary t   a ilitate retenti n    the  etal semi-
all gra  raise   n erns that the relati nship    a 
 an er with its h st may be altered t  the detriment    
the maternal h st. One hal     all the genes ne essary 
t   reate a new individual by sexual repr du ti n   me 
 r m ea h parent. T is pr vides the  pp rtunity   r 
many antigeni  di eren es between the   n eptus and 
the m ther. Mammalian pla entati n has been a very 
su  ess ul meth d    repr du ti n, but it has ne essi-
tated s me   mbinati n    b th  etal and maternal ev -
luti nary immune adaptati ns. T ese me hanisms are 
in  mpletely underst  d and remain an area    a tive 
investigati n. It d es seem likely, h wever, that this has 
been a   mplished with ut a general, n nspe i   blunt-
ing    the maternal immune resp nse, whi h w uld be 
maladaptive t  the m ther. T e multiple me hanisms 
likely in lude s me “masking”     etal antigens  r m 
re  gniti n by the maternal immune system, blunting 
the maternal in ammat ry resp nse l  ally at the pla-
 ental–maternal inter a e and indu ti n     etal-spe i   
maternal immune t leran e t  av id reje ti n. Attenti n 
has turned t  a subset    CD4+ indu ed, peripherally 
pr du ed regulat ry    ells that express the X  hr m -
s me en  ded trans ripti n  a t r F xp3 (s - alled 
 regs). When these F xp3  ells devel p  entrally in the 
thymus, they are termed “ regs.” When F xp3-express-
ing  ells devel p peripherally, they are  alled “Pregs.” 
T ese regulat ry  ells suppress the immune resp nse 
against “sel  ” and   reign antigens. T ey seem t  be 
 apable    suppressing the maternal resp nse t  pater-
nal antigens expressed by the  etus and  reating mem ry 
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447TABLE 32 -1  
INCIDENCE OF MALIGNANT TUMORS DURING 
GESTATION

TUMOR TYPE

INCIDENCE 
PER 10,000 
PREGNANCIESa % OF CASESb

Breast cancer  1–3  25%
Cervical cancer  1.2–4.5  25%
Thyroid cancer  1.2  15%
Hodgkin’s disease  1.6  10%
Melanoma  1–2.6  8%
Ovarian cancer  0.8  2%
All sites  10  100%

aThese are estimates based on extrapolations  rom a review o  more than  
3 million pregnancies (LH Smith et al: Am J Obstet Gynecol 184:1504, 2001).
bBased on accumulating case reports  rom the literature; the precision o  
these data is not high.

 ells that retain t leran e t  the same paternal antigens 
in subsequent pregnan ies. Un  rtunately, in a m use 
m del, the interleukin (IL) 10 pr du ed by these  ells 
enhan ed sus eptibility t  in e ti n by Listeria and Sal-
monella, while ir ni ally n t pr ving essential   r retain-
ing the  etal gra . Und ubtedly mu h remains t  be 
learned ab ut this  riti al immune balan e.

RADIATION IN PREGNANCY
Exp sure    devel ping  etuses t  i nizing radiati n 
may  ause adverse  etal e e ts; awareness am ng physi-
 ians    this p tential t xi ity has resulted in a dispr -
p rti nate aversi n t  diagn sti  imaging in pregnan y. 
First, it must be stated that there are very use ul imag-
ing m dalities (i.e., ultras und and magneti  res -
nan e imaging [MRI]) that d  n t use any i nizing 
radiati n and are n t ass  iated with any dem nstrable 
adverse  etal e e ts. T ere are three p tential adverse 
 etal e e ts    i nizing radiati n: terat genesis (indu -
ti n    anat mi  birth de e ts), mutagenesis, and  ar-
 in genesis. T e  etus is m st sensitive t  terat genesis 
during  rgan genesis in the  rst trimester. T e d se    
i nizing radiati n ne essary t  indu e birth de e ts in 
human  etuses is derived  r m studies    the surviv rs 
   the at mi  b mb expl si ns and by extrap lati n 
 r m   ntr lled experiments in n nhuman mammals. 
Fr m these data s ur es, it is  lear that a minimum    
5 rem and m re likely greater than 10 rem exp sure 
is needed t  indu e birth de e ts in the  rst trimester. 
T e  etal d ses    radiati n ass  iated with s me   m-
m n diagn sti  radi l gi  pr  edures are displayed 
in Table 32-2. T e data in  able 32-2 sh w that n  
single pr  edure  r sele tive   mbinati n    diagn s-
ti  pr  edures will ex eed the very   nservative 5 rem 

TABLE 32 -2  
ESTIMATED FETAL EXPOSURE FROM SOME 
COMMON RADIOLOGIC PROCEDURES

PROCEDURE  FETAL EXPOSURE

Chest x-ray (2 views)  0.02–0.07 mrad
Abdominal f lm (single view)  100 mrad
Intravenous pyelography  ≥1 rada

Hip f lm (single view)  7–20 mrad
Barium enema or small bowel series  2–4 rad
CT scan o  head or chest  <1 rad
CT scan o  abdomen and lumbar spine  3.5 rad
CT pelvimetry  250 mrad

aExposure depends on the number o  f lms.
Abbrevia t ion: CT, computed tomography.
Source: Data  rom FG Cunningham et al: General considerations and 
maternal evaluation. In Williams Obstetrics, 21st ed. New York: McGraw-
Hill; 2001, pp. 1143–1158.

terat geni  thresh ld.  erat geni  e e ts later in preg-
nan y are largely limited t  mi r  ephaly and require 
exp sures ex eeding 25 rem. T e reas n   r the dis-
pr p rti nate   n ern ab ut radiati n exp sure and 
birth de e ts is that 2.5%    all  etuses are a e ted with 
birth de e ts with ut radiati n exp sure and, there  re, 
2.5%    w men underg ing any diagn sti  imaging 
pr  edure will deliver mal  rmed  etuses. Sp ntane us 
mutati ns    ur relatively in requently, and high d ses 
   radiati n (>150 rem) are required t   ause a dem n-
strable in rease in that rate. T e magnitude    the risk 
    ar in genesis in   spring exp sed as  etuses t  
diagn sti  d ses    radiati n has been very di  ult t  
measure due t  the relative rarity     an er in  hildren 
and the l ng durati n      ll w-up that might  red-
ibly be needed t  see the e e t. T e in  nsistent results 
and small e e t sizes  bserved  r m diagn sti  exp -
sures make it likely that, i  there is an e e t, it is very 
small and, i  there is n t a signi  ant e e t, it will be 
imp ssible t  pr ve that  a t t  every ne’s satis a ti n. 
N  imaging using i nizing radiati n sh uld be d ne 
with ut a   mpelling reas n and due   nsiderati n t  
 btaining the ne essary in  rmati n by  ther imag-
ing m dalities. Exp sure t  diagn sti  and therapeu-
ti  radi nu lides, espe ially radi a tive i dine, p ses 
unique risks, but a  ull dis ussi n    these is bey nd the 
s  pe    this  hapter. Radiati n therapy uses radiati n 
d ses three  rders    magnitude greater than diagn sti  
pr  edures, entails substantial risks i  the  etus is in the 
radiati n  eld, and is rarely appr priate in pregnan y. 
Finally, alth ugh di  ult t  pr ve, it is likely that m re 
harm has   me t  pregnant w men  r m  ailing t  per-
  rm appr priate diagn sti  pr  edures than has been 
d ne t  their   spring  r m per  rming appr priate 
diagn sti  pr  edures.
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448 CHEMOTHERAPY IN PREGNANCY
T ere are a number    reas ns why it is imp ssible t  
make many de nitive statements regarding the sa ety 
and e  a y     hem therapy in pregnan y. All    the 
available data in the literature are published as  ase 
rep rts  r  ase series. T e quality and   mpleteness    
the data are in  nsistent and   en p  r. Rep rts may 
  me  r m medi al  n  l gists,  bstetri ians, pedia-
tri ians,  r  ther treating physi ians  amiliar with the 
in  rmati n imp rtant t  the rep rt  r m their  wn 
perspe tive but missing in  rmati n imp rtant   r 
 ther spe ialty areas. Rep rts  requently la k  riti al 
details    drug administrati n, su h as d se, durati n, 
 umulative d se, and timing    exp sure in gestati n, 
and  ut  mes, in luding birth weight and gestati nal 
age at delivery, indi ati n   r  r  ause    premature 
delivery, and   ll w-up      spring bey nd the imme-
diate ne natal peri d. T ere are a wide variety    agents 
available t  treat  an er, and they are usually used in 
  mbinati ns. T is results in the  a t that every patient 
is alm st unique (an experiment     ne) in the   mbi-
nati n    agents, d ses, durati ns, and gestati nal ages 
   administrati n, making it very di  ult t  attribute 
what bene t  r t xi ity a  rues t  whi h agent. F r-
tunately,  an er in pregnant w men is su  iently rare 
that it takes quite a while t  a  umulate en ugh in  r-
mati n   r any  ne agent  r   mbinati n    agents t  
be   n dent ab ut what t xi ities (in luding   ngenital 
mal  rmati ns) are truly ass  iated with whi h agents. 
T ere is su h rapid pr gress in  an er  hem therapy 
that by the time there may seem t  be en ugh in  rma-
ti n ab ut the agents  urrently in use t  use them intel-
ligently and   unsel patients meaning ully, the  an er 
  mmunity has m ved  n t  newer, m re e  a i us, 
and h pe ully less t xi  agents   r whi h there is little 
 r n  experien e in pregnan y. Finally,   r  bvi us rea-
s ns, there are n  untreated   ntr ls   r   mparis n. 
It may be very di  ult t  s rt  ut the maternal   nse-
quen es (nausea, v miting,  ever, weight l ss, dehydra-
ti n) that might result dire tly  r m the malignan y 
and  ause adverse pregnan y  ut  mes  r m s me    
the t xi ities    the  hem therapeuti  agents used t  
treat the malignan y.

Generally, t xi   hem therapy sh uld be av ided 
during pregnan y, i  at all p ssible. It sh uld virtually 
never be given in the  rst trimester. H wever, a vari-
ety    single agents and   mbinati ns have been given 
in the se  nd and third trimesters, with ut a high 
  requen y    t xi  e e ts t  the pregnan y  r the  etus, 
but data  n sa ety are sparse. Maternal  a t rs that may 
in uen e the pharma  l gy     hem therapeuti  agents 
in lude the 50% in rease in plasma v lume, altered 
abs rpti n and pr tein binding, in reased gl merular 
 ltrati n rate, in reased hepati  mixed  un ti n  xidase 
a tivity, and third spa e  reated by amni ti   uid. T e 

 etus is pr te ted  r m s me agents by pla ental expres-
si n    drug ef ux pumps, but de reased  etal hepati  
mixed  un ti n  xidase and glu ur nidati n a tiv-
ity may pr l ng the hal -li e    agents that d   r ss the 
pla enta. A database  n the risks ass  iated with indi-
vidual  hem therapy agents is available  n the Internet  
(http://ntp.niehs.nih.gov/ntp/ohat/cancer_chemo_preg/
chemopregnancy_monof nal_508.pd ).

Optimal management strategies have n t been devel-
 ped based  n pr spe tive  lini al trials. Management 
   a malignan y   mpli ating pregnan y will be  riti-
 ally determined by the gestati nal age when the malig-
nan y is diagn sed and the anti ipated natural hist ry 
   the lesi n, i  le  untreated. On  ne extreme, i  the 
malignan y is sl wly pr gressive, the patient is near her 
delivery date, and waiting until delivery t  begin treat-
ment w uld n t be anti ipated t    mpr mise mater-
nal pr gn sis, then treatment   uld be delayed until 
a er delivery t  av id  etal exp sure t   hem therapy. 
I  there is a greater sense    urgen y t  begin de nitive 
treatment t  av id   mpr mising maternal pr gn -
sis, and the patient is bey nd 24 weeks    gestati n but 
rem te  r m her delivery date, then treatment (surgi-
 al, medi al,  r b th) might be initiated during preg-
nan y and plans made t  deliver the  etus early t  av id 
exp sure t  m re  hem therapy than abs lutely ne es-
sary. Finally, i  the patient is in her  rst trimester and 
t xi   hem therapy must be initiated pr mptly t  av id 
a very p  r maternal  ut  me, then it may be ne es-
sary t    nsider therapeuti  ab rti n t  av id maternal 
disaster and  etal survival with injury resulting in l ng-
term m rbid sequelae. N  tw   ases are pre isely alike, 
and inevitably, de isi n making must be individualized, 
pre erably with   nsultati n with a multidis iplinary 
team in luding medi al  n  l gy, surgi al  n  l gy 
i  appr priate, maternal– etal medi ine, ne nat l gy, 
and anesthesia. Pregnan y appears t  have little  r n  
impa t  n the natural hist ry    malignan ies, despite 
the h rm nal in uen es. Spread    the m ther’s  an er 
t  the  etus (s - alled vertical transmission) is ex eed-
ingly rare.

CERVICAL CANCER DURING 
PREGNANCY

T e in iden e     ervi al  an er in pregnant w men is 
r ughly   mparable t  that    age-mat hed   ntr ls 
wh  are n t pregnant. Invasive  ervi al  an er   mpli-
 ates ab ut 0.45 in 1000 live births, and  ar in ma in 
situ is seen in 1 in 750 pregnan ies. Ab ut 1%    w men 
diagn sed with  ervi al  an er are pregnant at the time 
   diagn sis. Early signs     ervi al  an er in lude vagi-
nal sp tting  r dis harge, pain, and p st  ital bleed-
ing, whi h are als    mm n  eatures    pregnan y. 
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449Early visual  hanges in the  ervix related t  invasive 
 an er  an be mistaken   r  ervi al de idualizati n 
 r e tr pi n (  lumnar epithelium  n the  ervix) due 
t  pregnan y. W men diagn sed with  ervi al  an-
 er during pregnan y rep rt having had sympt ms   r  
4.5 m nths  n average.

Appr ximately 95%    all  ervi al  an er is  aused 
by human papill mavirus (HPV) in e ti ns, with types 
16 and 18 a   unting   r ab ut 70%     ervi al  an er. 
T e rate     arriage    these ser types is highest am ng 
w men in their early twenties and  an be redu ed with 
the use    va  inati n be  re exp sure. W men gener-
ally tend t   lear the in e ti n by age 30, with the risk 
    ervi al  an er being highest am ng th se wh   ail 
t   lear the in e ti n. S reening is re  mmended at the 
 rst prenatal visit and 6 weeks p stpartum. T e rate 
    yt l gi  abn rmalities  n Pap smear in pregnant 
w men is ab ut 5–8% and is n t mu h di erent than 
the rate in n npregnant w men    the same age.

In 2012, several sets    re  mmendati ns were pub-
lished   r s reening   r  ervi al  an er:  ne by the 
Ameri an Can er S  iety (ACS), the Ameri an S  iety 
  r C lp s  py and Cervi al Path l gy (ASCCP), and 
the Ameri an S  iety   r Clini al Path l gy (ASCP); 
a se  nd by the U.S. Preventive Servi es  ask F r e 
(USPS F); and a third by the Ameri an C llege    
Obstetri ians and Gyne  l gists (ACOG). Alth ugh 
the details    the re  mmendati ns   r s reening and 
management    abn rmal results di er slightly am ng 
the three sets    guidelines, there is general   nsen-
sus that  yt l gy s reening sh uld start at age 21 and 
  ntinue every 3 years thr ugh age 29. A er age 30, 
 yt l gy s reening  requen y may be redu ed t  every  
5 years i  a   mpanied by   -testing   r HPV. Re  m-
mendati ns   r management    abn rmal  yt l gy 
 ndings are   mplex and determined by the degree 
   abn rmality    the  yt l gy  nding (e.g., atypi al 
squam us  ells    undetermined signi  an e; atypi al 
squam us  ells,  ann t ex lude high-grade squam us 
intraepithelial lesi n; l w-grade squam us intraepi-
thelial lesi n;  r high-grade squam us intraepithelial 
lesi n), the HPV status    the patient, the age    the 
patient, and whether this is the  rst abn rmal  nding 
 r a persistent abn rmality. A  ull dis ussi n    all the 
treatment re  mmendati ns based  n these  a t rs is 
bey nd the s  pe    this  hapter. S me    the diagn sti  
pr  edures re  mmended   r evaluati n    n npreg-
nant w men are   ntraindi ated in pregnan y, and the 
indi ati ns   r s me pr  edures are m di ed in the set-
ting    pregnan y. Su  e it t  say that the evaluati n    
w men with abn rmal  ervi al  yt l gy in pregnan y 
sh uld be re erred t  kn wledgeable and experien ed 
gyne  l gists  r gyne  l gi   n  l gists.

Cervi al intraepithelial ne plasia is a sl wly pr gres-
sive lesi n and has a l w risk    pr gressi n t  invasive 

 an er during pregnan y (~0.4%), and many l w-grade 
lesi ns (36–70%) regress sp ntane usly. A   rdingly, 
s me physi ians de er de nitive diagn sti  pr  edures 
in pregnant w men until 6 weeks p stpartum unless 
they are at high risk   r invasive disease. I  invasive dis-
ease is suspe ted and the pregnan y is between 16 and 
20 weeks, a   ne bi psy may be per  rmed t  make 
the diagn sis and may be  urative   r s me lesi ns; 
h wever, the pr  edure may  ause heavy bleeding due 
t  the in reased vas ulature in the gravid  ervix and 
in reases the risk    premature rupture    membranes 
and preterm lab r tw - t  three  ld. C ne bi psy 
sh uld n t be d ne within 4 weeks    delivery. T e  nly 
indi ati n   r therapy     ervi al ne plasia in pregnant 
w men is the d  umentati n    invasive  an er.

Management    invasive disease is guided by the stage 
   disease, the gestati nal age    the  etus, and the desire 
   the m ther t  have the baby. I  the disease is in early 
stage and the pregnan y is desired, it is sa e t  delay 
treatment regardless    gestati nal age until  etal matu-
rity all ws   r sa e delivery. Ab rti n   ll wed by de ni-
tive therapy is re  mmended   r w men with advan ed, 
but p tentially  urable,  an er in the  rst  r se  nd 
trimester (Chap. 46). I  the disease is in an advan ed 
stage in early pregnan y and the patient de lines preg-
nan y terminati n t  permit pr mpt de nitive therapy, 
she must be in  rmed    the  a t that the maternal sa ety 
   delaying therapy is unpr ven. In w men in the third 
trimester with advan ed disease, the m ther sh uld be 
treated with betamethas ne t  a  elerate  etal lung mat-
urati n and the baby sh uld be delivered at the earliest 
p ssible gestati nal age   ll wed immediately by stage-
appr priate therapy. M st w men with invasive  an er 
have early-stage disease. I  the disease is mi r invasive, 
vaginal delivery  an take pla e and be   ll wed by de n-
itive treatment, usually   nizati n. I  a lesi n is visible 
 n the  ervix, delivery is best d ne by  aesarian se ti n 
and   ll wed by radi al hystere t my.

BREAST CANCER DURING PREGNANCY

Breast  an er   mpli ates appr ximately 1 in 3000 t  
10,000 live births. Ab ut 5%    all breast  an ers    ur 
in w men age 40 years  r y unger. Am ng all pre-
men pausal w men with breast  an er, 25–30% were 
pregnant at the time    diagn sis. It has been re  g-
nized   r s me time that breast  an er ass  iated with 
pregnan y generally seems t  have a p  rer pr gn sis 
  r b th  verall survival and pr gressi n- ree survival. 
T e de niti n    pregnancy-associated breast cancer 
(PABC) has di ered in vari us publi ati ns, but a gen-
erally a  epted de niti n is breast  an er diagn sed 
during pregnan y  r within 1 year    delivery. T ere are 
likely several reas ns   r the  bservati n    the p  rer 
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TABLE 32-3  
DIFFERENCES IN BREAST CANCERS IN PREGNANT 
AND NONPREGNANT WOMEN

PREGNANT  NONPREGNANT

Tumor size  3.5 cm  2 cm
Estrogen receptor +  30%a 67%
HER2 +  Up to 58%  10–25%
Stage II, III  65–90%  45–66%
Lymph node +  56–89%  38–54%

aLower measured levels could be in part arti actual due to the increased 
levels o  estrogen in the milieu.

pr gn sis. Breast  an ers diagn sed during pregnan y 
are   en diagn sed at a later stage    disease and s  
have a p  rer  ut  me. T e late diagn sis is   en due 
t  the  a t that early physi al signs    the disease are 
missed  r attributed t  the  hanges that    ur in the 
breast n rmally as a  un ti n    pregnan y. H wever, a 
dis reet breast mass in a pregnant w man sh uld never 
be assumed t  be n rmal. An ther reas n is the m re 
aggressive behavi r    the  an er p ssibly related t  the 
h rm nal milieu (estr gen in reases 100-  ld; pr ges-
ter ne in reases 1000-  ld)    the pregnan y. H wever, 
ab ut 70%    the breast  an ers   und in pregnan y 
are estr gen re ept r–negative. Ab ut 28–58%    the 
tum rs express HER2, a bi l gi ally m re aggressive 
breast  an er subset. An ther  a t r is that aggres-
sive, de nitive  hem therapy and radiati n therapy are 
  en delayed due t    n erns ab ut the   nsequen es 
   th se treatments   r the  etus. Y unger w men with 
breast  an er have a higher likelih  d    having muta-
ti ns in BRCA1  r BRCA2.

Di eren es in presentati n between PABC and 
breast  an ers diagn sed in n npregnant w men are 
sh wn in Table 32-3. Ab ut 20%    breast  an ers are 
dete ted in the  rst trimester, 45% in the se  nd tri-
mester, and 35% in the third trimester. S me argue that 
stage   r stage, the  ut  me is the same   r breast  an-
 er diagn sed in pregnant and n npregnant w men. 
Primary tum rs in pregnant w men are 3.5  m  n 
average,   mpared t  <2  m in n npregnant w men. 
A d minant mass and a nipple dis harge are the m st 
  mm n presenting signs, and they sh uld pr mpt 
ultras n graphy and breast MRI exam (i  available)   l-
l wed by lumpe t my i  the mass is s lid and aspirati n 
i  the mass is  ysti . Mamm graphy is less reliable in 
pregnan y due t  the in reased breast density. Needle 
aspirates    breast masses in pregnant w men are   en 
n ndiagn sti   r  alsely p sitive. Even in pregnan y, 
m st breast masses are benign (~80% are aden ma, l b-
ular hyperplasia, milk retenti n  yst,  br  ysti  disease, 
 br aden ma,  r  ther rarer entities).

Many studies   mparing  ut  mes am ng w men 
with PABC t  th se    n npregnant w men have small 
sample sizes, and there is   nsiderable heter gene-
ity am ng the study results, but a   rmal meta-analysis 
in luding multiple adjustments and sensitivity analyses 
  n rms the  lini al impressi n    p  rer  ut  mes 
  r w men with PABC. T e hazard rati s were 1.44   r 
p  rer  verall survival and 1.60   r p  rer disease- ree 
survival.

Alth ugh having had a pregnan y is a pr te tive 
 a t r against breast  an er in w men in general, it 
is questi nable as t  whether it retains its pr te tive 
e e t in  arriers    BRCA1 and BRCA2 mutati ns. 
Cullinane et al. (Int J Can er 117:988, 2005)   und a 
statisti ally insigni  ant di eren e ( dds rati  0.94) in 
breast  an er risk am ng BRCA1  arriers wh  had ever 
been pregnant versus th se wh  never had a pregnan y. 
Strati ying the risk    breast  an er a   rding t  the 
number    pri r pregnan ies versus n  pregnan ies, n  
statisti ally signi  ant pr te tive trend was  bserved. 
F r BRCA2  arriers, there was a marginally statisti-
 ally signi  ant in reased risk    breast  an er am ng 
w men with pri r pregnan ies. In an internati nal 
study with m re than 65,000 pers n-years     bserva-
ti n (Andrieu J: Natl Can er Inst 98:535, 2006), there 
was n  signi  ant e e t in either dire ti n    preg-
nan y  n breast  an er risk   r  arriers    either muta-
ti n. Staging the axillary lymph n des is  urrently 
s mewhat   ntr versial. Sentinel lymph n de sam-
pling is n t straight  rward in pregnant w men. Blue 
dye has been  ar in geni  in rats, and  etuses  ann t 
be shielded  r m administered radi nu lides. F r this 
reas n, many surge ns  av r axillary n de disse ti n t  
stage the n des. Largely due t  the typi al delay in diag-
n sis, axillary n des are m re   en p sitive in pregnant 
than in n npregnant w men.

As with  ther types     an er in pregnant w men, 
  unseling   ll wing diagn sis in the  rst trimester 
sh uld in lude a dis ussi n    pregnan y terminati n 
t  all w de nitive therapeuti  interventi n at the ear-
liest p ssible time with ut the p tential   r permanent 
injury t  a surviving  etus. While de nitive l  al sur-
gery  an sa ely be per  rmed in the  rst trimester, radi-
ati n therapy and  hem therapy are   nsiderably m re 
risky. Delay in administrati n    systemi  therapy  an 
in rease the risk    axillary spread. In the se  nd and 
third trimesters,  hem therapy (parti ularly anthra-
 y line-based   mbinati ns) is b th sa e and e e tive 
(Chap. 38). Lumpe t my   ll wed by adjuvant  hem -
therapy is  requently used;  u r ura il and  y l ph s-
phamide with either d x rubi in  r epirubi in have 
been given with ut maj r risk t  the  etus.  axanes and 
gem itabine are als  beginning t  be used; h wever, 
sa ety data are sparse. Meth trexate and  ther   late 
antag nists are t  be av ided be ause    e e ts  n the 
 etal nerv us system. Myel t xi  therapy is generally 
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451n t administered a er 33  r 34 weeks    gestati n t  
all w 3 weeks    therapy be  re delivery   r re  very 
   bl  d   unts. End  rine therapy and trastuzumab 
are unsa e during pregnan y. Experien e with lapa-
tinib is ane d tal, but n   etal mal  rmati ns have been 
rep rted. Antiemeti s and   l ny-stimulating  a t rs 
are als    nsidered sa e. W men being treated int  the 
p stpartum peri d sh uld n t breast- eed their babies 
be ause    ex reti n     an er  hem therapy agents, 
parti ularly alkylating agents, in milk.

Subsequent pregnan ies   ll wing gestati nal breast 
 an er d  n t appear t  in uen e relapse rate  r  ver-
all survival. A meta-analysis   und that pregnan y in 
breast  an er surviv rs was ass  iated with a redu ed 
the risk    dying  r m breast  an er by as mu h as 42%. 
T is  nding, h wever, is heavily   n  unded by the 
“healthy surviv r e e t”; w men with m re extensive 
 r advan ed disease are m re likely t  av id pregnan y.

MELANOMA DURING PREGNANCY

Spe ulati n ab ut melan ma    urring during preg-
nan y based largely  n ane d tal eviden e and small 
 ase series   n luded that it    urred with in reased 
 requen y, was m re aggressive in its natural hist ry, 
and was  aused in part by the h rm nal  hanges that 
als  pr du ed hyperpigmentati n (s - alled melasma) 
during pregnan y. H wever, m re   mplete epidemi -
l gi  data suggest that melan ma is n  m re  requent 
in pregnant w men than in n npregnant w men in the 
same age gr up, that melan ma is n t m re aggressive 
during pregnan y, and that h rm nes seem t  have 
little  r n thing t  d  with the eti l gy. Pregnant and 
n npregnant w men d  n t di er in the l  ati n    pri-
mary tum r, depth    primary tum r, tum r ul erati n, 
 r vas ular invasi n.

Suspi i us lesi ns sh uld be l  ked   r and managed 
de nitively with ex isi nal bi psy during pregnan y. 
Wide ex isi n with sampling    regi nal lymph n des 
is warranted. I  lymph n des are inv lved, the   urse 
   a ti n is less  lear. Several agents have dem nstrated 
s me a tivity in melan ma, but n ne have been used 
during pregnan y. Adjuvant inter er n α is t xi , and its 
sa ety in pregnan y has n t been d  umented. Agents 
a tive in advan ed disease in lude da arbazine, IL-2, 
ipilimumab (antib dy t  C LA-4), and in th se with 
BRAF mutati n V600E, a BRAF kinase inhibit r. In the 
setting    metastati  disease, ab rti n may be indi ated 
s  that systemi  therapy  an be initiated as s  n as p s-
sible (Chap. 34).

Melan ma is  ne    the very  ew  an ers that are well 
d  umented t  metastasize transpla entally t  the  etus, 
where it seems t  have a predile ti n   r the head and 
ne k. It has a very grave pr gn sis in the   spring. F r-
tunately, transpla ental spread is rare.

Pregnan y subsequent t  the diagn sis and treat-
ment    melan ma is n t ass  iated with an in reased 
risk    melan ma re urren e.

HODGKIN’S DISEASE AND NON-
HODGKIN’S LYMPHOMA DURING 
PREGNANCY

(See Chap. 16) H dgkin’s disease    urs mainly in the 
age range that   in ides with  hild-bearing. H wever, 
H dgkin’s disease is n t m re   mm n in pregnant 
than n npregnant w men. H dgkin’s disease is diag-
n sed in appr ximately 1 in 6000 pregnan ies. It gen-
erally presents as a n ntender lymph n de swelling, 
m st   en in the le  supra lavi ular regi n. It may 
be a   mpanied by B sympt ms ( ever, night sweats, 
unexplained weight l ss). Ex isi nal bi psy is the pre-
 erred diagn sti  pr  edure be ause  ne-needle aspira-
ti n  ann t reveal the ar hite tural  ramew rk that is 
an essential   mp nent    H dgkin’s disease diagn sis. 
T e stage at presentati n appears t  be una e ted by 
pregnan y. W men diagn sed in the se  nd and third 
trimester  an be treated sa ely with   mbinati n  he-
m therapy, usually d x rubi in, ble my in, vinblas-
tine, and da arbazine (ABVD). In general, the patient 
in the  rst trimester is asympt mati , and a w man 
with a desired pregnan y  an be   ll wed until the se -
 nd  r third trimester when de nitive multiagent  he-
m therapy  an be sa ely given. Radiati n therapy is n t 
given during pregnan y and is n t ne essary   r  pti-
mal management    the pregnant patient. I  sympt ms 
requiring treatment appear during the  rst trimester, 
ane d tal eviden e suggests that H dgkin’s disease 
sympt ms  an be   ntr lled with weekly l w-d se vin-
blastine. Su h an appr a h has been sa ely used t  av id 
terminati n    pregnan y. Pregnan y d es n t have an 
adverse e e t  n treatment  ut  me.

N n-H dgkin’s lymph mas are m re unusual in 
pregnan y (appr ximately 0.8 per 100,000 pregnan-
 ies), but are usually tum rs with an aggressive natural 
hist ry, su h as di use large B  ell lymph ma, Burkitt’s 
lymph ma,  r peripheral    ell lymph ma. Diagn -
sis relies  n an ex isi nal bi psy    a tum r mass, n t 
 ne-needle aspirati n. Staging evaluati n is generally 
limited t  ultras und  r MRI examinati ns. Diagn sis 
in the  rst trimester sh uld pr mpt terminati n    the 
pregnan y   ll wed by de nitive treatment with   m-
binati n  hem therapy, be ause aggressive lymph mas 
are n t likely t  be held at bay with single-agent  he-
m therapy. W men diagn sed in the se  nd  r third 
trimesters  an be treated with standard  hem therapy, 
su h as with  y l ph sphamide, d x rubi in, vin ris-
tine, and prednis ne (CHOP). T e experien e with 
rituximab in this setting is ane d tal. H wever, in ants 
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TABLE 32 -4  
THYROID FUNCTION TEST DURING PREGNANCY (MEAN LEVELS)

NONPREGNANT  FIRST TRIMESTER  SECOND TRIMESTER  THIRD TRIMESTER

Thyroid-stimulating hormone (mIU/L)  1.38  0.91  1.03  1.32
Total thyroxine (µg/dL)  7.35  10.98  11.88  11.08

Source: Based on the National Health and Nutrition Examination Survey III (NHANES III) (OP Soldin et al: Ther Drug Monit 17:303, 2007).

b rn    m thers wh  have re eived rituximab may have 
transient delay in B  ell devel pment that typi ally n r-
malizes by 6 m nths. T e treatment  ut  me is similar 
in lymph mas diagn sed in pregnant and n npregnant 
w men    the same  lini al stage.

THYROID CANCER DURING PREGNANCY

(See Chap. 50) T yr id  an er, al ng with melan mas, 
brain tum rs, and lymph mas, are  an ers that are 
in reasing in in iden e in the general p pulati n. T y-
r id  an ers are rising  aster am ng w men in N rth 
Ameri a than the  ther in reasing tum r types. T e 
End  rine S  iety has devel ped pra ti e guidelines t  
in  rm the management    patients with thyr id disease 
during pregnan y (http://www.endocrine.org/~/media/
endosociety/Files/Publications/Clinical%20Practice%20
Guidelines/T yroid-Exec-Summ.pd ). T yr id n dules 
1  m  r larger are appr a hed by  ne-needle aspira-
ti n. I  a malignan y is diagn sed, surgery is gener-
ally re  mmended in the se  nd and third trimesters. 
H wever, surgi al   mpli ati ns appear t  be twi e 
as   mm n when the patient is pregnant. Be ause the 
gr wth    thyr id tum rs is   en ind lent, surgery 
 an sa ely be p stp ned until a er the  rst trimester. 
Patients with   lli ular  an er  r early papillary  an er 
 an be  bserved until the p stpartum peri d. T e  etal 
thyr id begins trapping i dine by 12 weeks    gesta-
ti n and d es s  with very high avidity. Even small 
d ses    radi a tive i dine given during pregnan y  an 
  mpletely ablate the  etal thyr id with seri us   nse-
quen es   r the  etus and sh uld be av ided thr ugh ut 
pregnan y. Radi a tive i dine  an be sa ely adminis-
tered a er delivery. Patients with a hist ry    thyr id 
 an er wh  be  me pregnant sh uld be maintained 
 n thyr id h rm ne repla ement during pregnan y 
be ause    the adverse impa t    maternal hyp thyr id-
ism  n the  etus. W men wh  are breast- eeding sh uld 
n t be treated with radi a tive i dine, and w men 
treated with radi a tive i dine sh uld n t be  me 
pregnant   r 6–12 m nths a er treatment.

T e assessment    thyr id  un ti n during preg-
nan y is  hallenging be ause    the physi l gi   hanges 
that    ur during pregnan y. W men wh  have pre-
vi usly been treated   r thyr id  an er are at risk    

hyp thyr idism. T e demand   r thyr id h rm ne 
in reases during pregnan y, and d ses t  maintain n r-
mal  un ti n may in rease by 30–50%.   tal  4 levels 
are higher during pregnan y, but target therapeuti  lev-
els als  in rease (Table 32-4). It is re  mmended that 
the upper and l wer limits    the lab rat ry range be 
multiplied by 1.5 in the se  nd and third trimester t  
establish a pregnan y-spe i   n rmal range. T e target 
thyr id-stimulating h rm ne ( SH) level is <2.5 mIU/L.

GESTATIONAL TROPHOBLASTIC 
DISEASE

(See Chap. 46) Gestati nal tr ph blasti  disease en  m-
passes hydatidi  rm m le,  h ri  ar in ma, pla ental 
site tr ph blasti  tum r, and ass rted mis ellane us 
and un lassi able tr ph blasti  tum rs. M les are the 
m st   mm n,    urring in 1 in 1500 pregnan ies in 
the United States. T e in iden e is higher in Asia. In 
general, i  the serum level    β-human  h ri ni  g nad -
tr pin (β-hCG) returns t  n rmal a er surgi al rem val 
(eva uati n)    the m le, the illness is   nsidered ges-
tati nal tr ph blasti  disease. By   ntrast, i  the β-hCG 
level remains elevated a er m le eva uati n, the patient 
is   nsidered t  have gestati nal tr ph blasti  ne plasia. 
Ch ri  ar in ma    urs in 1 in 25,000 pregnan ies. 
Maternal age >45 years and pri r hist ry    m lar preg-
nan y are risk  a t rs. A previ us m lar pregnan y 
makes  h ri  ar in ma ab ut 1000 times m re likely t  
   ur (in iden e 1–2%).

Hydatidi  rm m les are  hara terized by  lusters    
villi with hydr pi   hanges, tr ph blasti  hyperplasia, 
and absen e     etal bl  d vessels. Invasive m les are 
distinguished by invasi n    the my metrium. Pla ental 
site tr ph blasti  tum rs are   mp sed mainly    
 yt tr ph blast  ells arising at the site    pla ental 
implantati n. Ch ri  ar in mas   ntain anaplasti  tr -
ph blasti  tissue with b th  yt tr ph blast and syn y-
ti tr ph blast  eatures and n  identi able villi.

M les  an be partial, typi ally ass  iated with  etal 
tissue,  r   mplete, typi ally n t ass  iated with any 
 etal  r embry ni  tissue. Partial m les have a distin t 
m le ular  rigin and usually are smaller tum rs with 
less hydr pi  villi and   nsiderably less p tential   r 
persistent  r malignant disease. Partial m les result 
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453 r m  ertilizati n    an egg by tw  sperm, resulting 
in diandri  tripl idy. C mplete m les usually have a 
46,XX gen type; 95% devel p by a single male sperm 
 ertilizing an empty egg and underg ing gene dupli a-
ti n (diandri  dipl idy); 5% devel p  r m dispermi  
 ertilizati n    an empty egg (diandri  dispermy).

W men with m lar gestati ns   en present with 
 rst-trimester bleeding, dispr p rti nately high serum 
β-hCG levels   r menstrual age, unusually large uter-
ine size   r menstrual age, hyperemesis gravidarum, 
the a lutein  ysts in the  varies (due t  β-hCG stimu-
lati n), and hyperthyr idism (due t   r ss-rea tivity    
β-hCG and  SH) and may devel p pree lampsia be  re 
20 weeks    menstrual age. Pelvi  ultras und imag-
ing      mplete m les sh ws absen e     etal parts, an 
enlarged e h -bright, hydr pi  pla enta in an enlarged 
uterus, and enlarged multi ysti   varies. I  the diagn sis 
is un ertain at the initial examinati n and the pregnan y 
is desired, then a serum β-hCG level sh uld be  btained 
and the examinati n repeated in a week. I  n  embry  
is seen within 7–10 days and the serum β-hCG is ele-
vated, then this is a n nviable pregnan y that sh uld be 
eva uated. Diagn sis    partial m lar pregnan ies  an 
be m re di  ult be ause an embry   r  etus with vis-
ible heart m ti n is usually present, and the hydr pi  
 hanges in the pla enta, uterine enlargement, and eleva-
ti ns    β-hCG are n t usually as dramati . Alth ugh an 
embry   r  etus is present, it rarely gr ws n rmally with 
n rmal anat my, and repeated ultras und examinati ns 
usually make the diagn sis. Amni  entesis will als  
make the diagn sis by dem nstrati n    tripl idy.

Patients with m lar pregnan ies require pr mpt 
uterine eva uati n with su ti n  urettage, whi h may 
be   mpli ated by very heavy bleeding. F ll wing 
eva uati n      mplete m les, appr ximately 20% will 
result in persistent, invasive,  r metastati  disease. Par-
tial m les are   nsiderably less likely (<5%) t  result in 
persistent disease. Patients sh uld be m nit red with 
serial determinati ns    serum β-hCG until the values 
 all bel w the l wer limit    the assay and remain l w 
  r at least 6 m nths. Patients sh uld be advised n t t  
be  me pregnant   r at least 12 m nths.

A variety     riteria have been used t  make the diag-
n sis    p stm lar gestati nal tr ph blasti  disease, 
but  urrent   nsensus guidelines as ad pted by the 

Internati nal Federati n    Gyne  l gy and Obstetri s 
are listed bel w:

1. A β-hCG level plateau      ur values plus  r minus 
10% re  rded  ver a 3-week durati n (days 1, 7, 14, 
and 21)

2. A β-hCG level in rease    m re than 10% in three 
values re  rded  ver a 2-week durati n (days 1, 7, 
and 14)

3. Persisten e    dete table β-hCG   r m re than 6 
m nths a er m lar eva uati n

Ab ut hal      h ri  ar in mas devel p a er a 
m lar pregnan y, and hal  devel p a er e t pi  preg-
nan y  r, rarely, a er a n rmal  ull-term pregnan y. 
Disease is  lassi ed as stage I i  it is   n ned t  the 
uterus, stage II i  disease is limited t  genital stru -
tures (~30% have vaginal inv lvement), stage III i  
disease has spread t  the lungs but n   ther  rgans, 
and stage IV i  disease has spread t  liver, brain,  r 
 ther  rgans.

Patients with ut widely metastati  disease are gen-
erally managed with single-agent meth trexate (either 
30 mg/m2 IM weekly until β-hCG n rmalizes  r  
1 mg/kg IM every  ther day   r   ur d ses   ll wed 
by leu  v rin 0.1 mg/kg IV 24 h a er meth trexate), 
whi h  ures >90%    patients. Patients with very high 
β-hCG levels, presenting >4 m nths a er a pregnan y, 
with brain  r liver metastases,  r  ailing t  be  ured 
by single-agent meth trexate are treated with   mbi-
nati n  hem therapy. Et p side, meth trexate, and 
da tin my in alternating with  y l ph sphamide and 
vin ristine (EMA-CO) is the m st   mm nly used 
regimen, pr du ing l ng-term survival in >80%    
patients. Brain metastases  an usually be   ntr lled 
with brain radiati n therapy. T e vast maj rity     h -
ri  ar in mas  an be  ured with  hem therapy al ne. 
Hystere t my is reserved   r w men wh  have   m-
pleted their  hild-bearing, w men with  hem ther-
apy-resistant disease in the uterus, and w men with 
rare pla ental site tr ph blasti  tum rs   n ned t  
the uterus be ause these tum rs are less reliably sen-
sitive t   hem therapy. W men  ured    tr ph blasti  
disease wh  have n t underg ne hystere t my d  n t 
appear t  have in reased risk     etal abn rmalities  r 
maternal   mpli ati ns with subsequent pregnan ies.
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EPIDEMIOLOGY

In 2010, a   r ing t  the Centers   r Disease C n-
tr   an  Preventi n, 2,468,435 in ivi ua s  ie  in the 
Unite  States (Table 33-1). Appr ximate y 73%    a   
 eaths    ur in th se >65 years    age. T e epi emi  -
 gy    m rta ity is simi ar in m st  eve  pe    untries; 
 ar i vas u ar  iseases an   an er are the pre  mi-
nant  auses     eath, a marke   hange sin e 1900, 
when heart  isease  ause  ~8%    a    eaths an   an-
 er a   unte    r <4%    a    eaths. In 2010, the year 
with the m st re ent avai ab e  ata, AIDS  i  n t rank 
am ng the t p 15  auses     eath,  ausing just 8369 
 eaths. Even am ng pe p e age 35–44, heart  isease, 
 an er,  hr ni   iver  isease, an  a  i ents a    ause 
m re  eaths than AIDS.

PALLIATIVE AND END-OF-LIFE CARE

CHAP TER 3 3

It is estimate  that in  eve  pe    untries ~70%    
a    eaths are pre e e  by a  isease  r   n iti n, mak-
ing it reas nab e t  p an   r  ying in the   reseeab e 
 uture. Can er has serve  as the para igm   r termina  
 are, but it is n t the  n y type    i  ness with a re  g-
nizab e an  pre i tab e termina  phase. Be ause heart 
 ai ure,  hr ni   bstru tive pu m nary  isease (COPD), 
 hr ni   iver  ai ure,  ementia, an  many  ther   n i-
ti ns have re  gnizab e termina  phases, a systemati  
appr a h t  en -  - i e  are sh u   be part    a   me i-
 a  spe ia ties. Many patients with i  ness-re ate  su -
 ering a s   an bene t  r m pa  iative  are regar  ess    
pr gn sis. I ea  y, pa  iative  are sh u   be   nsi ere  
part      mprehensive  are   r a   patients. Pa  iative 
 are  an be impr ve  by    r inati n between  aregiv-
ers,    t rs, an  patients   r a van e  are p anning, as 

TABLE 33 -1  
TEN LEADING CAUSES OF DEATH IN THE UNITED STATES AND BRITAIN

CAUSE OF DEATH

UNITED STATES  BRITAIN

NUMBER OF 
DEATHS

PERCENTAGE 
OF TOTAL

NUMBER OF DEATHS 
AMONG PEOPLE ≥65 
YEARS OF AGE

NUMBER OF 
DEATHS

PERCENTAGE 
OF TOTAL

All deaths  2,468,435  100  1,798,276  499,331  100
Heart disease  597,689  24.2  477,338  141,362  28.3
Malignant neoplasms  574,743  23.3  396,670  142,107  28.5
Chronic lower respiratory diseases  138,080  5.6  118,031  27,132  5.4
Cerebrovascular diseases  129,476  5.2  109,990  35,846  7.2
Accidents  120,859  4.9  41,300  11,256  2.3
Alzheimer’s disease  83,494  3.4  82,616  8859  1.8
Diabetes mellitus  69,071  2.8  49,191  4931  1.0
Nephritis, nephritic syndrome, 
nephrosis

50,476  2.0  41,994  4102  0.8

In uenza and pneumonia  50,097  2.0  42,846  26,138  5.2
Intentional sel  harm  38,364  1.6  6008  3671  0.7

Source: National Center  or Health Statistics (data  or all age groups  rom 2010), http://www.cdc.gov/nchs; National Statistics (England and Wales, 2012), 
http://www.statistics.gov.uk.
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455we   as  e i ate  teams    physi ians, nurses, an   ther 
pr vi ers.

T e rapi  in reases in  i e expe tan y in  eve  pe  
  untries  ver the  ast  entury have been a   mpa-
nie  by new  i  u ties  a ing in ivi ua s,  ami ies, 
an  s  iety as a wh  e in a  ressing the nee s    an 
aging p pu ati n. T ese  ha  enges in  u e b th m re 
  mp i ate    n iti ns an  te hn   gies t  a  ress 
them at the en      i e. T e  eve  pment    te hn   -
gies that  an pr   ng  i e with ut rest ring  u   hea th 
has  e  many Ameri ans t  seek  ut a ternative en -
  - i e  are settings an  appr a hes that re ieve su er-
ing   r th se with termina   iseases. Over the  ast  ew 
 e a es in the Unite  States, a signi  ant  hange in the 
site     eath has    urre  that   in i es with patient 
an   ami y pre eren es. Near y 60%    Ameri ans  ie  
as inpatients in h spita s in 1980. By 2000, the tren  
was reversing, with ~31%    Ameri ans  ying as h spi-
ta  inpatients (Fig. 33-1). T is shi  has been m st  ra-
mati    r th se  ying  r m  an er an  COPD an    r 
y unger an  very     in ivi ua s. In the  ast  e a e, it 
has been ass  iate  with the in rease  use    h spi e 
 are; in 2008, appr ximate y 39%    a    e e ents in the 
Unite  States re eive  su h  are. Can er patients  ur-
rent y   nstitute ~36.9%    h spi e users. Ab ut 79%    
patients re eiving h spi e  are  ie  ut    the h spita , 
an  ar un  42%    th se re eiving h spi e  are  ie in a 
private resi en e. In a  iti n, in 2008,   r the  rst time, 
the Ameri an B ar     Me i a  Spe ia ties (ABMS) 
  ere   erti  ati n in h spi e an  pa  iative me i-
 ine. With sh rtening    h spita  stays, many seri us 
  n iti ns are being treate  at h me  r  n an  utpa-
tient basis. C nsequent y, pr vi ing  ptima  pa  iative 

an  en -  - i e  are requires ensuring that appr priate 
servi es are avai ab e in a variety    settings, in  u ing 
n ninstituti na  settings.

HOSPICE AND THE PALLIATIVE CARE 
FRAMEWORK

Centra  t  this type     are is an inter is ip inary team 
appr a h that typi a  y en  mpasses pain an  symp-
t m management, spiritua  an  psy h   gi a   are   r 
the patient, an  supp rt   r  ami y  aregivers  uring the 
patient’s i  ness an  the bereavement peri  .

 ermina  y i   patients have a wi e variety    
a van e   iseases,   en with mu tip e sympt ms that 
 eman  re ie , an  require n ninvasive therapeuti  
regimens t  be  e ivere  in f exib e  are settings. Fun-
 amenta  t  ensuring qua ity pa  iative an  en -  -
 i e  are is a    us  n   ur br a    mains: (1) physi a  
sympt ms; (2) psy h   gi a  sympt ms; (3) s  ia  
nee s that in  u e interpers na  re ati nships,  aregiv-
ing, an  e  n mi    n erns; an  (4) existentia   r spiri-
tua  nee s.

A   mprehensive assessment s reens   r an  eva u-
ates nee s in ea h    these   ur   mains. G a s   r  are 
are estab ishe  in  is ussi ns with the patient an / r 
 ami y, base   n the assessment in ea h    the   mains. 
Interventi ns then are aime  at impr ving  r man-
aging sympt ms an  nee s. A th ugh physi ians are 
resp nsib e   r  ertain interventi ns, espe ia  y te hni-
 a   nes, an    r    r inating the interventi ns, they 
 ann t be resp nsib e   r pr vi ing a      them. Be ause 
 ai ing t  a  ress any  ne    the   mains is  ike y t  
pre  u e a g     eath, a we  -   r inate , e e tive y 
  mmuni ating inter is ip inary team takes  n spe ia  
imp rtan e in en -  - i e  are. Depen ing  n the set-
ting,  riti a  members    the inter is ip inary team wi   
in  u e physi ians, nurses, s  ia  w rkers,  hap ains, 
nurse’s ai es, physi a  therapists, bereavement   unse -
 rs, an  v  unteers.

ASSESSMENT AND CARE PLANNING
Comprehensive a ssessment

Stan ar ize  meth  s   r   n u ting a   mprehensive 
assessment    us  n eva uating the patient’s   n iti n 
in a     ur   mains a e te  by i  ness: physi a , psy h -
  gi a , s  ia , an  spiritua . T e assessment    physi a  
an  menta  sympt ms sh u        w a m  i e  versi n 
   the tra iti na  me i a  hist ry an  physi a  exami-
nati n that emphasizes sympt ms. Questi ns sh u   
aim at e u i ating sympt ms an   is erning s ur es 
   su ering an  gauging h w mu h th se sympt ms 
inter ere with the patient’s qua ity     i e. Stan ar ize  
assessment is  riti a . Current y, there are 21 sympt m 

FIGURE 33 -1
Grap h  sh owin g  t ren d s in  th e  site  o f d ea th  in  th e  la st  two  
d ecad es. , percentage o  hospital inpatient deaths; , percent 
age o  decedents enrolled in a hospice.
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456 assessment instruments   r  an er a  ne. Further 
resear h  n an  va i ati n    these assessment t   s, 
espe ia  y taking int  a   unt patient perspe tives, 
  u   impr ve their e e tiveness. Instruments with 
g    psy h metri  pr perties that assess a wi e range 
   sympt ms in  u e the Mem ria  Sympt m Assess-
ment S a e (MSAS), the R tter am Sympt m Che k-
 ist, the W rthing Chem therapy Questi nnaire, an  
the C mputerize  Sympt m Assessment Instrument. 
T ese instruments are   ng an  may be use u    r ini-
tia    ini a   r   r resear h assessments. Sh rter instru-
ments are use u    r patients wh se per  rman e status 
  es n t permit   mprehensive assessments. Suitab e 
sh rter instruments in  u e the C n ense  Mem -
ria  Sympt m Assessment S a e, the E m nt n Symp-
t m Assessment System, the M.D. An ers n Sympt m 
Assessment Invent ry, an  the Sympt m Distress S a e. 
Using su h instruments ensures that the assessment is 
  mprehensive an    es n t    us  n y  n pain an  a 
 ew  ther physi a  sympt ms. Invasive tests are best 
av i e  in en -  - i e  are, an  even minima  y inva-
sive tests sh u   be eva uate   are u  y   r their bene t-
t -bur en rati    r the patient. Aspe ts    the physi a  
examinati n that are un  m  rtab e an  un ike y t  
yie   use u  in  rmati n  an be  mitte .

Regar ing s  ia  nee s, hea th  are pr vi ers sh u   
assess the status    imp rtant re ati nships,  nan ia  
bur ens,  aregiving nee s, an  a  ess t  me i a   are. 
Re evant questi ns wi   in  u e the      wing: How 
o en is there someone to  eel close to? How has this ill-
ness been  or your  amily? How has it a ected your rela-
tionships? How much help do you need with things like 
getting meals and getting around? How much trouble do 
you have getting the medical care you need? In the area 
   existentia  nee s, pr vi ers sh u   assess  istress 
an  the patient’s sense    being em ti na  y an  exis-
tentia  y sett e  an      n ing purp se  r meaning. 
He p u  assessment questi ns  an in  u e the      w-
ing: How much are you able to f nd meaning since your 
illness began? What things are most important to you at 
this stage? In a  iti n, it  an be he p u  t  ask h w the 
patient per eives his  r her  are: How much do you  eel 
your doctors and nurses respect you? How clear is the 
in ormation  rom us about what to expect regarding your 
illness? How much do you  eel that the medical care you 
are getting f ts with your goals? I    n ern is  ete te  
in any    these areas,  eeper eva uative questi ns are 
warrante .

Communica tion

Espe ia  y when an i  ness is  i e-threatening, there 
are many em ti na  y  harge  an  p tentia  y   n-
f i t- reating m ments,     e tive y  a  e  “ba  news” 
situati ns, in whi h empathi  an  e e tive   mmu-
ni ati n ski  s are essentia . T  se m ments in  u e 

  mmuni ating with the patient an / r  ami y ab ut 
a termina   iagn sis, the patient’s pr gn sis, any treat-
ment  ai ures,  eemphasizing e  rts t   ure an  pr -
  ng  i e whi e    using m re  n sympt m management 
an  pa  iati n, a van e  are p anning, an  the patient’s 
 eath. A th ugh these   nversati ns  an be  i  u t an  
 ea  t  tensi n, resear h in i ates that en -  - i e  is-
 ussi ns  an  ea  t  ear ier h spi e re erra s rather than 
 ver y aggressive treatment, bene ting qua ity     i e 
  r patients an  impr ving the bereavement pr  ess   r 
 ami ies.

Just as surge ns p an an  prepare   r maj r  pera-
ti ns an  investigat rs rehearse a presentati n    
resear h resu ts, physi ians an  hea th  are pr vi ers 
 aring   r patients with signi  ant  r a van e  i  ness 
 an  eve  p a pra ti e  appr a h t  sharing imp rtant 
in  rmati n an  p anning interventi ns. In a  iti n, 
 ami ies i enti y as imp rtant b th h w we   the physi-
 ian was prepare  t   e iver ba  news an  the setting 
in whi h it was  e ivere . F r instan e, 27%     ami ies 
making  riti a   e isi ns   r patients in an intensive 
 are unit (ICU)  esire  better an  m re private physi a  
spa e t    mmuni ate with physi ians, an  48%   un  
having   ergy present reassuring.

An  rganize  an  e e tive seven-step pr  e ure 
  r   mmuni ating ba  news g es by the a r nym 
P-SPIKES: (1) prepare   r the  is ussi n, (2) set up a 
suitab e envir nment, (3) begin the  is ussi n by  n -
ing  ut what the patient an / r  ami y un erstan , (4) 
 etermine h w they wi     mprehen  new in  rma-
ti n best an  h w mu h they want t  kn w, (5) pr vi e 
nee e  new kn w e ge a   r ing y, (6) a   w   r em -
ti na  resp nses, an  (7) share p ans   r the next steps 
in  are. Table 33-2 pr vi es a summary    these steps 
a  ng with suggeste  phrases an  un er ying rati na es 
  r ea h  ne. A  iti na  resear h that  urther   nsi ers 
the resp nse    patients t  systemati  meth  s     e iv-
ering ba  news   u   bui   the evi en e base   r even 
m re e e tive   mmuni ati n pr  e ures.

Continuous goa l a ssessment

Maj r barriers t  ensuring qua ity pa  iative an  en -  -
 i e  are in  u e  i  u ty pr vi ing an a  urate pr g-
n sis an  em ti na  resistan e    patients an  their 
 ami ies t  a  epting the imp i ati ns    a p  r pr g-
n sis. T ere are tw  pra ti a  s  uti ns t  these barri-
ers. One is t  integrate pa  iative  are with  urative  are 
regar  ess    pr gn sis. With this appr a h, pa  iative 
 are n    nger   nveys the message     ai ure, having 
n  m re treatments,  r “giving up h pe.” Fun amenta  
t  integrating pa  iative  are with  urative therapy is t  
in  u e   ntinu us g a  assessment as part    the r u-
tine patient reassessment that    urs at m st patient-
physi ian en  unters. A ternative y, s me pra ti es 
may  n  it use u  t  imp ement a stan ar  p int in the 
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457TABLE 33 -2  
ELEMENTS OF COMMUNICATING BAD NEWS—THE P-SPIKES APPROACH

ACRONYM  STEPS  AIM OF THE INTERACTION  PREPARATIONS, QUESTIONS, OR PHRASES

P Preparation  Mentally prepare  or the 
interaction with the patient 
and/or  amily.

Review what in ormation needs to be communicated.
Plan how you will provide emotional support.
Rehearse key steps and phrases in the interaction.

S Setting o  the 
interaction

Ensure the appropriate setting 
 or a serious and potentially 
emotionally charged discussion.

Ensure that patient,  amily, and appropriate social supports 
are present.

Devote su cient time.
Ensure privacy and prevent interruptions by people or 
beeper.

Bring a box o  tissues.
P Patient’s perception 

and preparation
Begin the discussion by estab 
lishing the baseline and 
whether the patient and  amily 
can grasp the in ormation.

Ease tension by having the 
patient and  amily contribute.

Start with open ended questions to encourage participation.
Possible phrases to use:
 What do you understand about your illness?
 When you  rst had symptom X, what did you think it might be?
 What did Dr. X tell you when he or she sent you here?
 What do you think is going to happen?

I Invitation and 
in ormation needs

Discover what in ormation needs 
the patient and/or  amily have 
and what limits they want 
regarding the bad in ormation.

Possible phrases to use:
 I  this condition turns out to be something serious, do you 

want to know?
 Would you like me to tell you all the details o  your condition? 

I  not, who would you like me to talk to?
K Knowledge o  the 

condition
Provide the bad news or other 
in ormation to the patient and/
or  amily sensitively.

Do not just dump the in ormation on the patient and  amily.
Check  or patient and  amily understanding.
Possible phrases to use:
 I  eel badly to have to tell you this, but …
 Un ortunately, the tests showed …
 I’m a raid the news is not good …

E Empathy and 
exploration

Identi y the cause o  the 
emotions—e.g., poor prognosis.

Empathize with the patient and/
or  amily’s  eelings.

Explore by asking open ended 
questions.

Strong  eelings in reaction to bad news are normal.
Acknowledge what the patient and  amily are  eeling.
Remind them such  eelings are normal, even i   rightening.
Give them time to respond.
Remind patient and  amily you won’t abandon them.
Possible phrases to use:
 I imagine this is very hard  or you to hear.
 You look very upset. Tell me how you are  eeling.
 I wish the news were dif erent.
 We’ll do whatever we can to help you.

S Summary and 
planning

Delineate  or the patient and 
the  amily the next steps, 
including additional tests or 
interventions.

It is the unknown and uncertain that can increase anxiety. 
Recommend a schedule with goals and landmarks. Provide 
your rationale  or the patient and/or  amily to accept  
(or reject).

I  the patient and/or  amily are not ready to discuss the next 
steps, schedule a  ollow up visit.

Source: Adapted  rom R Buckman: How to Break Bad News: A Guide  or Health Care Pro essionals. Baltimore, Johns Hopkins University Press, 1992.

  ini a    urse t  a  ress g a s     are an  a van e  are 
p anning. F r examp e, s me  n    gy pra ti es ask a   
patients wh se Eastern C  perative On    gy Gr up 
(ECOG) per  rman e status is 3  r  ess—meaning they 
spen  50%  r m re    the  ay in be — r th se wh  
 eve  p metastati   isease ab ut their g a s     are an  
a van e  are pre eren es.

G a s   r  are are numer us, ranging  r m  ure 
   a spe i    isease, t  pr   nging  i e, t  re ie     a 

sympt m, t   e aying the   urse    an in urab e  is-
ease, t  a apting t  pr gressive  isabi ity with ut 
 isrupting the  ami y, t   n ing pea e    min   r per-
s na  meaning, t   ying in a manner that  eaves   ve  
 nes with p sitive mem ries. Dis ernment    g a s   r 
 are  an be appr a he  thr ugh a seven-step pr t -
   : (1) ensure that me i a  an   ther in  rmati n is 
as   mp ete as reas nab y p ssib e an  is un erst    
by a   re evant parties (see ab ve); (2) exp  re what the 

33_Hematology_ch33_p454-478.indd   457  04/08/16   4:09 PM



S

E

C

T

I

O

N

 

V

I

I

I

P

r

i

n

c

i

p

l

e

s

 

o

f

 

C

a

n

c

e

r

 

P

r

e

v

e

n

t

i

o

n

 

a

n

d

 

T

r

e

a

t

m

e

n

t

458 patient an / r  ami y are h ping   r whi e i enti y-
ing re evant an  rea isti  g a s; (3) share a   the  pti ns 
with the patient an   ami y; (4) resp n  with empa-
thy as they a just t   hanging expe tati ns; (5) make a 
p an, emphasizing what  an be   ne t war  a hieving 
the rea isti  g a s; (6)      w thr ugh with the p an; an  
(7) review an  revise the p an peri  i a  y,   nsi ering 
at every en  unter whether the g a s     are sh u   be 
reviewe  with the patient an / r  ami y. Ea h    these 
steps nee  n t be      we  in r te  r er, but t gether 
they pr vi e a he p u   ramew rk   r intera ti ns with 
patients an  their  ami ies ab ut g a s   r  are. It  an be 
espe ia  y  ha  enging i  a patient  r  ami y member has 
 i  u ty  etting g     an unrea isti  g a . One strategy 
is t  he p them re   us  n m re rea isti  g a s an  a s  
suggest that whi e h ping   r the best, it is sti   pru ent 
t  p an   r  ther  ut  mes as we  .

Adva nce ca re p la nning
Pract ices

A van e  are p anning is a pr  ess    p anning   r 
 uture me i a   are in  ase the patient be  mes in apa-
b e    making me i a   e isi ns. A 2010 stu y    a u ts 
60  r    er wh   ie  between 2000 an  2006   un  that 
42% require   e isi n making ab ut treatment in the 
 na   ays     i e but 70%  a ke   e isi n-making  apa -
ity. Am ng th se  a king  e isi n-making  apa ity, 
ar un   ne-thir   i  n t have a van e p anning  ire -
tives. I ea  y, su h p anning w u      ur be  re a hea th 
 are  risis  r the termina  phase    an i  ness. Diverse 
barriers prevent this. P   s suggest 80%    Ameri ans 
en  rse a van e  are p anning an    mp eting  iving 
wi  s. H wever,  ata suggest between 33 an  42% have 
a tua  y   mp ete   ne. Other   untries have even 
  wer   mp eti n rates. M st patients expe t physi-
 ians t  initiate a van e  are p anning an  wi   wait 
  r physi ians t  br a h the subje t. Patients a s  wish 
t   is uss a van e  are p anning with their  ami ies. 
Yet patients with unrea isti  expe tati ns are signi -
 ant y m re  ike y t  pre er aggressive treatments. Fewer 
than  ne-thir     hea th  are pr vi ers have   m-
p ete  a van e  are p anning   r themse ves. Hen e, a 
g     rst step is   r hea th  are pr vi ers t    mp ete 
their  wn a van e  are p anning. T is makes pr vi -
ers aware    the  riti a   h i es in the pr  ess an  the 
issues that are espe ia  y  harge  an  a   ws them t  te   
their patients truth u  y that they pers na  y have   ne 
a van e p anning. Less ns  r m behavi ra  e  n mi s 
suggest that setting this kin     s  ia  n rming he ps 
pe p e view   mp eting an a van e  ire tive as a  ept-
ab e an  even expe te .

Steps in e e tive a van e  are p anning  enter  n 
(1) intr  u ing the t pi , (2) stru turing a  is us-
si n, (3) reviewing p ans that have been  is usse  by 
the patient an   ami y, (4)    umenting the p ans, (5) 

up ating them peri  i a  y, an  (6) imp ementing the 
a van e  are  ire tives (Table 33-3).  w     the main 
barriers t  a van e  are p anning are pr b ems in rais-
ing the t pi  an   i  u ty in stru turing a su  in t 
 is ussi n. Raising the t pi   an be   ne e  ient y as 
a r utine matter, n ting that it is re  mmen e    r a   
patients, ana  g us t  pur hasing insuran e  r estate 
p anning. Many    the m st  i  u t  ases have inv  ve  
unexpe te , a ute epis  es    brain  amage in y ung 
in ivi ua s.

Stru turing a    use   is ussi n is a  entra    mmu-
ni ati n ski  . I enti y the hea th  are pr xy an  re  m-
men  his  r her inv  vement in the pr  ess    a van e 
 are p anning. Se e t a w rksheet, pre erab y  ne that 
has been eva uate  an   em nstrate  t  pr  u e re i-
ab e an  va i  expressi ns    patient pre eren es, an  
 rient the patient an  pr xy t  it. Su h w rksheets exist 
  r b th genera  an   isease-spe i   situati ns. Dis uss 
with the patient an  pr xy  ne s enari  as an examp e 
t   em nstrate h w t  think ab ut the issues. It is   en 
he p u  t  begin with a s enari  in whi h the patient is 
 ike y t  have sett e  pre eren es   r  are, su h as being 
in a persistent vegetative state. On e the patient’s pre er-
en es   r interventi ns in this s enari  are  etermine , 
suggest that the patient an  pr xy  is uss an    mp ete 
the w rksheet   r the  thers. I  appr priate, suggest 
that they inv  ve  ther  ami y members in the  is us-
si n. On a return visit, g   ver the patient’s pre eren es, 
 he king an  res  ving any in  nsisten ies. A er hav-
ing the patient an  pr xy sign the    ument, p a e it in 
the me i a   hart an  be sure that   pies are pr vi e  
t  re evant  ami y members an   are sites. Be ause 
patients’ pre eren es  an  hange, these    uments have 
t  be reviewe  peri  i a  y.

Typ es o f d ocum ents
A van e  are p anning    uments are    three br a  
types. T e  rst in  u es  iving wi  s  r instru ti na  
 ire tives; these are a vis ry    uments that  es ribe 
the types     e isi ns that sh u    ire t  are. S me are 
m re spe i  ,  e ineating  i erent s enari s an  inter-
venti ns   r the patient t   h  se  r m. Am ng these, 
s me are   r genera  use an   thers are  esigne    r 
use by patients with a spe i   type     isease, su h as 
 an er  r HIV. A se  n  type is a  ess spe i    ire -
tive that pr vi es genera  statements    n t wanting 
 i e-sustaining interventi ns  r   rms that  es ribe the 
va ues that sh u   gui e spe i    is ussi ns ab ut ter-
mina   are. T ese  an be pr b emati  be ause, when 
 riti a   e isi ns ab ut spe i   treatments are nee e , 
they require assessments by pe p e  ther than the 
patient    whether a treatment  u    s a parti u ar wish. 
T e thir  type    a van e  ire tive a   ws the  esigna-
ti n    a hea th  are pr xy (s metimes a s  re erre  
t  as a  urab e att rney   r hea th  are), wh  is an 
in ivi ua  se e te  by the patient t  make  e isi ns. 
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459TABLE 33 -3  
STEPS IN ADVANCE CARE PLANNING

STEP  GOALS TO BE ACHIEVED AND MEASURES TO COVER  USEFUL PHRASES OR POINTS TO MAKE

Introducing advance 
care planning

Ask the patient what he or she knows about advance 
care planning and i  he or she has already completed 
an advance care directive.

Indicate that you as a physician have completed 
advance care planning.

Indicate that you try to per orm advance care plan 
ning with all patients regardless o  prognosis.

Explain the goals o  the process as empowering the 
patient and ensuring that you and the proxy under 
stand the patient’s pre erences.

Provide the patient relevant literature, including the 
advance care directive that you pre er to use.

Recommend the patient identi y a proxy decision 
maker who should attend the next meeting.

I’d like to talk with you about something I try to discuss 
with all my patients. It’s called advance care planning. 
In  act, I  eel that this is such an important topic that I 
have done this mysel . Are you  amiliar with advance 
care planning or living wills?

Have you thought about the type o  care you would 
want i  you ever became too sick to speak  or yoursel ? 
That is the purpose o  advance care planning.

There is no change in health that we have not discussed. 
I am bringing this up now because it is sensible  or 
everyone, no matter how well or ill, old or young.

Have many copies o  advance care directives avail 
able, including in the waiting room,  or patients and 
 amilies.

Know resources  or state speci c  orms (available at 
www.nhpco.org).

Structured discussion 
o  scenarios and 
patient

A rm that the goal o  the process is to  ollow the 
patient’s wishes i  the patient loses decision making 
capacity.

Elicit the patient’s overall goals related to health care.
Elicit the patient’s pre erences  or speci c interven 
tions in a  ew salient and common scenarios.

Help the patient de ne the threshold  or withdrawing 
and withholding interventions.

De ne the patient’s pre erence  or the role o  the 
proxy.

Use a structured worksheet with typical scenarios.
Begin the discussion with persistent vegetative state 
and consider other scenarios, such as recovery 
 rom an acute event with serious disability, asking 
the patient about his or her pre erences regarding 
speci c interventions, such as ventilators, arti cial 
nutrition, and CPR, and then proceeding to less inva 
sive interventions, such as blood trans usions and 
antibiotics.

Review the patient’s 
pre erences

A ter the patient has made choices o  interventions, 
review them to ensure they are consistent and the 
proxy is aware o  them.

Document 
the patient’s 
pre erences

Formally complete the advance care directive and 
have a witness sign it.

Provide a copy  or the patient and the proxy.
Insert a copy into the patient’s medical record and 
summarize in a progress note.

Update the directive  Periodically, and with major changes in health status, 
review the directive with the patient and make any 
modi cations.

Apply the directive  The directive goes into ef ect only when the patient 
becomes unable to make medical decisions  or him 
sel  or hersel .

Reread the directive to be sure about its content.
Discuss your proposed actions based on the directive 
with the proxy.

Abbrevia t ion: CPR, cardiopulmonary resuscitation.

T e  h i e is n t either/ r; a   mbine   ire tive that 
in  u es a  iving wi   an   esignates a pr xy is   en 
use , an  the  ire tive sh u   in i ate   ear y whether 
the spe i e  patient pre eren es  r the pr xy’s  h i e 
takes pre e en e i  they   nf i t. T e Five Wishes 
an  the Me i a  Dire tive are su h   mbine    rms. 
S me states have begun t  put int  pra ti e a “Physi-
 ian Or ers   r Li e-Sustaining  reatment (POLS )” 

para igm, whi h bui  s  n   mmuni ati n between 
pr vi ers an  patients t  in  u e gui an e   r en -
  - i e  are in a     r-   r inate    rm that      ws 
the patient a r ss treatment settings. T e pr  e ures 
  r   mp eting a van e  are p anning    uments vary 
a   r ing t  state  aw.

A p tentia  y mis ea ing  istin ti n re ates t  statu-
t ry as  pp se  t  a vis ry    uments. Statut ry 
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460    uments are  ra e  t   u     re evant state  aws. 
A vis ry    uments are  ra e  t  ref e t the patient’s 
wishes. B th are  ega , the  rst un er state  aw an  the 
 atter un er   mm n  r   nstituti na   aw.

Legal asp ects
T e U.S. Supreme C urt has ru e  that patients have 
a   nstituti na  right t   e i e ab ut re using an  
terminating me i a  interventi ns, in  u ing  i e-sus-
taining interventi ns, an  that menta  y in  mpetent 
patients  an exer ise this right by pr vi ing “  ear an  
  nvin ing evi en e”    their pre eren es. Be ause 
a van e  are  ire tives permit patients t  pr vi e 
su h evi en e,   mmentat rs agree that they are   n-
stituti na  y pr te te . M st   mmentat rs be ieve 
that a state is require  t  h n r any   ear a van e 
 are  ire tive whether  r n t it is written  n an “  -
 ia ”   rm. Many states have ena te   aws exp i it y 
t  h n r  ut-  -state  ire tives. I  a patient is n t 
using a statut ry   rm, it may be a visab e t  atta h 
a statut ry   rm t  the a van e  are  ire tive being 
use . State-spe i     rms are rea i y avai ab e  ree    
 harge   r hea th  are pr vi ers an  patients an   am-
i ies thr ugh the Nati na  H spi e an  Pa  iative Care 
Organizati n’s “Caring C nne ti ns” website (http://
www.caringin o.org).

In January 2014,  exas ju ge R. H. Wa  a e ru e  
that a brain  ea  w man wh  was 23 weeks pregnant 
sh u   be rem ve   r m  i e supp rt.  his was a ter 
severa  m nths     isagreement between the w man’s 
 ami y an  the h spita  pr vi ing  are.  he h spita  
 ite   exas  aw that states that  i e-sustaining treat-
ment must be a ministere  t  a pregnant w man, 
but the ju ge si e  with the w man’s  ami y saying 
that the  aw  i  n t app y be ause the patient was 
 ega  y  ea .

As    2013, a van e  ire tives are  ega  in a   states 
an  the Distri t    C  umbia either thr ugh state spe-
 i    egis ati n, state ju i ia  ru ings,  r Unite  States 
Supreme C urt ru ings. Many states have their  wn 
statut ry   rms. Massa husetts an  Mi higan    n t 
have  iving wi    aws, a th ugh b th have hea th  are 
pr xy  aws. In 27 states, the  aws state that the  iving 
wi   is n t va i  i  a w man is pregnant. H wever,  ike 
a    ther states ex ept A aska, these states have ena te  
 urab e p wer    att rney   r hea th  are  aws that per-
mit patients t   esignate a pr xy  e isi n-maker with 
auth rity t  terminate  i e-sustaining treatments. On y 
in A aska   es the  aw pr hibit pr xies  r m terminat-
ing  i e-sustaining treatments. T e hea th re  rm  egis a-
ti n, the A  r ab e Care A t    2010, raise  substantia  
  ntr versy when ear y versi ns    the  aw in  u e  
Me i are reimbursement   r a van e  are p anning 
  nsu tati ns. T ese pr visi ns were with rawn  ver 
a  usati ns that they w u    ea  t  the rati ning     are 
  r the e  er y.

INTERVENTIONS

PHYSICAL SYMPTOMS AND THEIR 
MANAGEMENT
Great emphasis has been p a e   n a  ressing  ying 
patients’ pain. S me instituti ns have ma e pain assess-
ment a   h vita  sign t  emphasize its imp rtan e. T is 
a s  has been a v  ate  by  arge hea th  are systems 
su h as the Veterans’ A ministrati n an  a  re iting 
b  ies su h as the J int C mmissi n. A th ugh this 
embra e    pain as the   h vita  sign has been symb  i-
 a  y imp rtant, n   ata    ument that it has impr ve  
pain management pra ti es. A th ugh g    pa  iative 
 are requires g    pain management, it a s  requires 
m re. T e  requen y    sympt ms varies by  isease 
an   ther  a t rs. T e m st   mm n physi a  an  psy-
 h   gi a  sympt ms am ng a   termina  y i   patients 
in  u e pain,  atigue, ins mnia, an rexia,  yspnea, 
 epressi n, anxiety, an  nausea an  v miting. In the  ast 
 ays     i e, termina   e irium is a s    mm n. Assess-
ments    patients with a van e   an er have sh wn that 
patients experien e  an average    11.5  i erent physi-
 a  an  psy h   gi a  sympt ms (Table 33-4).

Eva uati ns t   etermine the eti   gy    these symp-
t ms usua  y  an be  imite  t  the hist ry an  physi a  
examinati n. In s me  ases, ra i   gi   r  ther  iag-
n sti  examinati ns wi   pr vi e su  ient bene t in 
 ire ting  ptima  pa  iative  are t  warrant the risks, 
p tentia   is  m  rt, an  in  nvenien e, espe ia  y 
t  a seri us y i   patient. On y a  ew    the   mm n 

TABLE 33 -4  
COMMON PHYSICAL AND PSYCHOLOGICAL 
SYMPTOMS OF TERMINALLY ILL PATIENTS

PHYSICAL SYMPTOMS  PSYCHOLOGICAL SYMPTOMS

Pain  Anxiety
Fatigue and weakness  Depression
Dyspnea  Hopelessness
Insomnia  Meaninglessness
Dry mouth  Irritability
Anorexia  Impaired concentration
Nausea and vomiting  Con usion
Constipation  Delirium
Cough  Loss o  libido
Swelling o  arms or legs
Itching
Diarrhea
Dysphagia
Dizziness
Fecal and urinary 
incontinence

Numbness/tingling in  
hands/ eet

33_Hematology_ch33_p454-478.indd   460  04/08/16   4:09 PM



 

C

H

A

P

T

E

R

 

3

3

P

a

l

l

i

a

t

i

v

e

 

a

n

d

 

E

n

d

-

o

f

-

L

i

f

e

 

C

a

r

e

461sympt ms that present  i  u t management issues wi   
be a  resse  in this  hapter.

Pa in
Freq uency

T e  requen y    pain am ng termina  y i   patients 
varies wi e y. Substantia  pain    urs in 36–90%    
patients with a van e   an er. In the SUPPOR  stu y 
   h spita ize  patients with  iverse   n iti ns an  an 
estimate  surviva  ≤6 m nths, 22% rep rte  m  erate 
t  severe pain, an   aregivers    th se patients n te  
that 50% ha  simi ar  eve s    pain  uring the  ast  ew 
 ays     i e. A meta-ana ysis   un  pain preva en e    
58–69% in stu ies that in  u e  patients  hara terize  
as having a van e , metastati ,  r termina   an er; 
44–73% in stu ies that in  u e  patients  hara terize  
as un erg ing  an er treatment; an  21–46% in stu ies 
that in  u e  p sttreatment in ivi ua s.

Etio logy
Nociceptive pain is the resu t     ire t me hani a   r 
 hemi a  stimu ati n    n  i ept rs an  n rma  neura  
signa ing t  the brain. It ten s t  be    a ize , a hing, 
thr bbing, an   ramping. T e   assi  examp e is b ne 
metastases. Visceral pain is  ause  by n  i ept rs in 
gastr intestina , respirat ry, an   ther  rgan systems. 
It is a  eep  r    i ky type    pain   assi a  y ass  iate  
with pan reatitis, my  ar ia  in ar ti n,  r tum r inva-
si n    vis era. Neuropathic pain arises  r m  is r ere  
nerve signa s. It is  es ribe  by patients as burning, 
e e tri a ,  r sh  k ike pain. C assi  examp es are p st-
str ke pain, tum r invasi n    the bra hia  p exus, an  
herpeti  neura gia.

Assessm ent
Pain is a subje tive experien e. Depen ing  n the 
patient’s  ir umstan es, perspe tive, an  physi   gi  
  n iti n, the same physi a   esi n  r  isease state  an 
pr  u e  i erent  eve s    rep rte  pain an  nee    r 
pain re ie . Systemati  assessment in  u es e i iting the 
     wing: (1) type: thr bbing,  ramping, burning, et .; 
(2) peri  i ity:   ntinu us, with  r with ut exa erba-
ti ns,  r in i ent; (3)    ati n; (4) intensity; (5) m  i-
 ying  a t rs; (6) e e ts    treatments; (7)  un ti na  
impa t; an  (8) impa t  n patient. Severa  va i ate  
pain assessment measures may be use , su h as the 
Visua  Ana  gue S a e, the Brie  Pain Invent ry, an  
the pain   mp nent     ne    the m re   mprehensive 
sympt m assessment instruments. Frequent reassess-
ments are essentia  t  assess the e e ts    interventi ns.

In te rventions
Interventi ns   r pain must be tai  re  t  ea h in i-
vi ua , with the g a     preempting  hr ni  pain an  
re ieving breakthr ugh pain. At the en      i e, there is 

rare y reas n t    ubt a patient’s rep rt    pain. Pain 
me i ati ns are the   rnerst ne    management. I  
they are  ai ing an  n npharma    gi  interventi ns—
in  u ing ra i therapy an  anestheti   r neur surgi a  
pr  e ures su h as periphera  nerve b   ks  r epi-
 ura  me i ati ns—are require , a pain   nsu tati n is 
appr priate.

Pharma    gi  interventi ns      w the W r   
Hea th Organizati n three-step appr a h inv  ving 
n n pi i  ana gesi s, mi    pi i s, an  str ng  pi i s, 
with  r with ut a juvants (Chap. 18). N n pi i  ana -
gesi s, espe ia  y n nster i a  anti-inf ammat ry  rugs 
(NSAIDs), are the initia  treatments   r mi   pain. T ey 
w rk primari y by inhibiting periphera  pr stag an ins 
an  re u ing inf ammati n but a s  may have  entra  
nerv us system (CNS) e e ts. T ey have a  ei ing e e t. 
Ibupr  en, up t  a t ta    se    1600 mg/  given in 
  ur   ses    400 mg ea h, has a minima  risk     aus-
ing b ee ing an  rena  impairment an  is a g    initia  
 h i e. In patients with a hist ry    severe gastr intes-
tina  (GI)  r  ther b ee ing, it sh u   be av i e . In 
patients with a hist ry    mi   gastritis  r gastr es pha-
gea  ref ux  isease (GERD), a i -  wering therapy su h 
as a pr t n pump inhibit r sh u   be use . A etamin-
 phen is an a ternative in patients with a hist ry    GI 
b ee ing an   an be use  sa e y at up t  4 g/  given in 
  ur   ses    1 g ea h. In patients with  iver  ys un ti n 
 ue t  metastases  r  ther  auses an  in patients with 
heavy a   h   use,   ses sh u   be re u e .

I  n n pi i  ana gesi s are insu  ient,  pi i s sh u   
be intr  u e . T ey w rk by intera ting with µ  pi i  
re ept rs in the CNS t  a tivate pain-inhibit ry neur ns; 
m st are re ept r antag nists. T e mixe  ag nist/antag -
nist  pi i s use u    r p sta ute pain sh u   n t be use  
  r the  hr ni  pain in en -  - i e  are. Weak  pi i s 
su h as    eine  an be use  initia  y. H wever, i  they are 
es a ate  an   ai  t  re ieve pain, str ng  pi i s su h as 
m rphine, 5–10 mg every 4 h, sh u   be use . N n pi-
 i  ana gesi s sh u   be   mbine  with  pi i s be ause 
they p tentiate the e e t     pi i s.

F r   ntinu us pain,  pi i s sh u   be a ministere  
 n a regu ar, ar un -the-    k basis   nsistent with 
their  urati n    ana gesia. T ey sh u   n t be pr -
vi e   n y when the patient experien es pain; the g a  
is t  prevent patients  r m experien ing pain. Patients 
a s  sh u   be pr vi e  res ue me i ati n, su h as  iq-
ui  m rphine,   r breakthr ugh pain, genera  y at 20% 
   the base ine   se. Patients sh u   be in  rme  that 
using the res ue me i ati n   es n t  bviate the nee  
t  take the next stan ar    se    pain me i ati n. I  
a er 24 h the patient’s pain remains un  ntr   e  an  
re urs be  re the next   se, requiring the patient t  
use the res ue me i ati n, the  ai y  pi i    se  an be 
in rease  by the t ta    se    res ue me i ati ns use  
by the patient,  r by 50%   r m  erate pain an  100% 
  r severe pain    the stan ing  pi i   ai y   se.
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462 It is inappr priate t  start with exten e -re ease 
preparati ns. Instea , an initia     us  n using sh rt-
a ting preparati ns t   etermine h w mu h is require  
in the  rst 24–48 h wi   a   w   ini ians t   etermine 
 pi i  nee s. On e pain re ie  is  btaine  with sh rt-
a ting preparati ns,  ne sh u   swit h t  exten e -
re ease preparati ns. Even with a stab e exten e -re ease 
preparati n regimen, the patient may have in i ent 
pain, su h as  uring m vement  r  ressing  hanges. 
Sh rt-a ting preparati ns sh u   be taken be  re su h 
pre i tab e epis  es. A th ugh  ess   mm n, patients 
may have “en -  -  se  ai ure” with   ng-a ting  pi i s, 
meaning that they  eve  p pain a er 8 h in the  ase    
an every-12-h me i ati n. In these  ases, a tria     giv-
ing an every-12-h me i ati n every 8 h is appr priate.

Be ause     i eren es in  pi i  re ept rs,  r ss-
t  eran e am ng  pi i s is in  mp ete, an  patients 
may experien e  i erent si e e e ts with  i erent  pi-
 i s. T ere  re, i  a patient is n t experien ing pain 
re ie   r is experien ing t   many si e e e ts, a  hange 
t  an ther  pi i  preparati n is appr priate. When 
swit hing,  ne sh u   begin with 50–75%    the pub-
 ishe  equiana gesi    se    the new  pi i .

Un ike NSAIDs,  pi i s have n   ei ing e e t; 
there  re, there is n  maximum   se n  matter h w 
many mi  igrams the patient is re eiving. T e appr -
priate   se is the   se nee e  t  a hieve pain re ie . 
T is is an imp rtant p int   r   ini ians t  exp ain t  
patients an   ami ies. A  i ti n  r ex essive respira-
t ry  epressi n is extreme y un ike y in the termina  y 
i  ;  ear    these si e e e ts sh u   neither prevent 
es a ating  pi i  me i ati ns when the patient is 
experien ing insu  ient pain re ie  n r justi y using 
 pi i  antag nists.

Opi i  si e e e ts sh u   be anti ipate  an  treate  
preemptive y. Near y a   patients experien e   nsti-
pati n that  an be  ebi itating (see be  w). Fai ure 
t  prevent   nstipati n   en resu ts in n n  mp i-
an e with  pi i  therapy. Methy na trex ne is a  rug 
that targets  pi i -in u e    nstipati n by b   king 
periphera   pi i  re ept rs but n t  entra  re ept rs 
  r ana gesia. In p a eb -  ntr   e  tria s, it has been 
sh wn t   ause  axati n within 24 h    a ministrati n. 
As with the use     pi i s, ab ut a thir     patients 
using methy na trex ne experien e nausea an  v mit-
ing, but un ike   nstipati n, t  eran e  eve  ps, usua  y 
within a week. T ere  re, when  ne is beginning  pi-
 i s, an antiemeti  su h as met    prami e  r a ser -
t nin antag nist   en is pres ribe  pr phy a ti a  y 
an  st ppe  a er 1 week. O anzapine a s  has antinau-
sea pr perties an   an be e e tive in   untering  e ir-
ium  r anxiety, with the a vantage    s me weight gain.

Dr wsiness, a   mm n si e e e t     pi i s, a s  
usua  y abates within a week. During this peri  , 
 r wsiness  an be treate  with psy h stimu ants 

su h as  extr amphetamine, methy pheni ate, an  
m  a ni . M  a ni  has the a vantage    every ay 
  sing. Pi  t rep rts suggest that   nepezi  may a s  be 
he p u    r  piate-in u e   r wsiness as we   as re iev-
ing  atigue an  anxiety. Metab  ites    m rphine an  
m st  pi i s are   eare  rena  y;   ses may have t  be 
a juste    r patients with rena   ai ure.

Seri us y i   patients wh  require  hr ni  pain re ie  
rare y i  ever be  me a  i te . Suspi i n    a  i -
ti n sh u   n t be a reas n t  withh    pain me i a-
ti ns  r m termina  y i   patients. Patients an   ami ies 
may withh    pres ribe   pi i s   r  ear    a  i ti n 
 r  epen en e. Physi ians an  hea th  are pr vi ers 
sh u   reassure patients an   ami ies that the patient 
wi   n t be  me a  i te  t   pi i s i  they are use  
as pres ribe    r pain re ie ; this  ear sh u   n t pre-
vent the patient  r m taking the me i ati ns ar un  
the     k. H wever,  iversi n     rugs   r use by  ther 
 ami y members  r i  i it sa e may    ur. It may be ne -
essary t  a vise the patient an   aregiver ab ut se ure 
st rage     pi i s. C ntra t writing with the patient 
an   ami y  an he p. I  that  ai s, trans er t  a sa e  a i -
ity may be ne essary.

   eran e is the nee  t  in rease me i ati n   sage 
  r the same pain re ie  with ut a  hange in  isease. In 
the  ase    patients with a van e   isease, the nee    r 
in reasing  pi i    sage   r pain re ie  usua  y is  ause  
by  isease pr gressi n rather than t  eran e. Physi a  
 epen en e is in i ate  by sympt ms  r m the abrupt 
with rawa      pi i s an  sh u   n t be   n use  with 
a  i ti n.

A juvant ana gesi  me i ati ns are n n pi i s 
that p tentiate the ana gesi  e e ts     pi i s. T ey 
are espe ia  y imp rtant in the management    neu-
r pathi  pain. Gabapentin an  pregaba in,  a  ium 
 hanne  a pha 2- e ta  igan s, are n w the  rst- ine 
treatments   r neur pathi  pain  r m a variety    
 auses. Gabapentin is begun at 100–300 mg bi   r ti , 
with 50–100%   se in rements every 3  ays. Usua  y 
900–3600 mg/  in tw   r three   ses is e e tive. T e 
  mbinati n    gabapentin an  n rtripty ine may be 
m re e e tive than gabapentin a  ne. One p tentia  
si e e e t    gabapentin t  be aware    is   n usi n 
an   r wsiness, espe ia  y in the e  er y. Pregaba in 
has the same me hanism    a ti n as gabapentin but 
is abs rbe  m re e  ient y  r m the GI tra t. It is 
starte  at 75 mg bi  an  in rease  t  150 mg bi . 
T e maximum   se is 225 mg bi . Carbamazepine, 
a  rst-generati n agent, has been pr ve  e e tive in 
ran  mize  tria s   r neur pathi  pain. Other p ten-
tia  y e e tive anti  nvu sant a juvants in  u e t pi-
ramate (25–50 mg q   r bi , rising t  100–300 mg/ ) 
an   x arbazepine (75–300 mg bi , rising t  1200 mg 
bi ). G u    rti  i s, pre erab y  examethas ne given 
 n e a  ay,  an be use u  in re u ing inf ammati n 
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463that  auses pain whi e e evating m   , energy, an  
appetite. Its main si e e e ts in  u e   n usi n, s eep 
 i  u ties, an  f ui  retenti n. G u    rti  i s are 
espe ia  y e e tive   r b ne pain an  ab  mina  pain 
 r m  istenti n    the GI tra t  r  iver. Other  rugs, 
in  u ing    ni ine an  ba    en,  an be e e tive 
in pain re ie . T ese  rugs are a juvants an  gener-
a  y sh u   be use  in   njun ti n with—n t instea  
  — pi i s. Metha  ne,  are u  y   se  be ause    its 
unpre i tab e ha  - i e in many patients, has a tivity at 
the N-methy -d-aspartamate (NMDA) re ept r an  is 
use u    r   mp ex pain syn r mes an  neur pathi  
pain. It genera  y is reserve    r  ases in whi h  rst-
 ine  pi i s (m rphine,  xy    ne, hy r m rph ne) 
are either ine e tive  r unavai ab e.

Ra iati n therapy  an treat b ne pain  r m sing e 
metastati   esi ns. B ne pain  r m mu tip e metasta-
ses  an be amenab e t  ra i pharma euti a s su h as 
str ntium-89 an  samarium-153. Bisph sph nates 
(su h as pami r nate [90 mg every 4 weeks]) an   a -
 it nin (200 IU intranasa  y  n e  r twi e a  ay) a s  
pr vi e re ie   r m b ne pain but have an  nset    
a ti n     ays.

Constipa tion
Freq uency

C nstipati n is rep rte  in up t  87%    patients 
requiring pa  iative  are.

Etio logy
A th ugh hyper a  emia an   ther  a t rs  an  ause 
  nstipati n, it is m st  requent y a pre i tab e   nse-
quen e    the use     pi i s   r the re ie     pain an  
 yspnea an     tri y  i  anti epressants,  r m their 
anti h  inergi  e e ts, an     the ina tivity an  p  r 
 iet that are   mm n am ng seri us y i   patients. I  
untreate ,   nstipati n  an  ause substantia  pain an  
v miting an  a s  is ass  iate  with   n usi n an  
 e irium. Whenever  pi i s an   ther me i ati ns 
kn wn t   ause   nstipati n are use , preemptive treat-
ment   r   nstipati n sh u   be institute .

Assessm ent
T e physi ian sh u   estab ish the patient’s previ us 
b we  habits, in  u ing the  requen y,   nsisten y, an  
v  ume. Ab  mina  an  re ta  examinati ns sh u   be 
per  rme  t  ex  u e impa ti n  r a ute ab  men. A 
number      nstipati n assessment s a es are avai ab e, 
a th ugh gui e ines issue  in the Journal o  Palliative 
Medicine  i  n t re  mmen  them   r r utine pra ti e. 
Ra i graphi  assessments bey n  a simp e f at p ate    
the ab  men in  ases in whi h  bstru ti n is suspe te  
are rare y ne essary.

In te rven tion
Interventi n t  reestab ish   m  rtab e b we  habits 
an  re ieve pain an   is  m  rt sh u   be the g a s    
any measures t  a  ress   nstipati n  uring en -  -
 i e  are. A th ugh physi a  a tivity, a equate hy ra-
ti n, an   ietary treatments with  ber  an be he p u , 
ea h is  imite  in its e e tiveness   r m st seri us y 
i   patients, an   ber may exa erbate pr b ems in the 
setting     ehy rati n an  i  impaire  m ti ity is the 
eti   gy. Fiber is   ntrain i ate  in the presen e    
 pi i  use. Stimu ant an   sm ti   axatives, st    s  -
eners, f ui s, an  enemas are the mainstays    therapy  
(Table 33-5). In preventing   nstipati n  r m  pi i s 
an   ther me i ati ns, a   mbinati n    a  axative an  
a st    s  ener (su h as senna an     usate) sh u   be 
use . I  a er severa   ays    treatment, a b we  m ve-
ment has n t    urre , a re ta  examinati n t  rem ve 
impa te  st    an  p a e a supp sit ry is ne essary. F r 
patients with impen ing b we   bstru ti n  r gastri  
stasis,   tre ti e t  re u e se reti ns  an be he p u . 
F r patients in wh m the suspe te  me hanism is  ys-
m ti ity, met    prami e  an be he p u .

Na usea
Freq uency

Up t  70%    patients with a van e   an er have nau-
sea,  e ne  as the subje tive sensati n    wanting t  
v mit.

Etio logy
Nausea an  v miting are b th  ause  by stimu ati n 
at  ne      ur sites: the GI tra t, the vestibu ar system, 
the  hem re ept r trigger z ne (C Z), an  the  ere-
bra    rtex. Me i a  treatments   r nausea are aime  
at re ept rs at ea h    these sites: the GI tra t   ntains 
me han re ept rs,  hem re ept rs, an  5-hy r xy-
tryptamine type 3 (5-H 3) re ept rs; the vestibu ar 
system pr bab y   ntains histamine an  a ety  h  ine 
re ept rs; an  the C Z   ntains  hem re ept rs,   pa-
mine type 2 re ept rs, an  5-H 3 re ept rs. An exam-
p e    nausea that m st  ike y is me iate  by the   rtex 
is anti ipat ry nausea be  re a   se     hem therapy  r 
 ther n xi us stimu i.

Spe i    auses    nausea in  u e metab  i   hanges 
( iver  ai ure, uremia  r m rena   ai ure, hyper a  emia), 
b we   bstru ti n,   nstipati n, in e ti n, GERD, ves-
tibu ar  isease, brain metastases, me i ati ns (in  u -
ing antibi ti s, NSAIDs, pr t n pump inhibit rs, 
 pi i s, an   hem therapy), an  ra iati n therapy. 
Anxiety  an a s    ntribute t  nausea.

In te rven tion
Me i a  treatment    nausea is  ire te  at the anat mi  
an  re ept r-me iate   ause that a  are u  hist ry an  
physi a  examinati n revea s. When a sing e spe i   

33_Hematology_ch33_p454-478.indd   463  04/08/16   4:09 PM



S

E

C

T

I

O

N

 

V

I

I

I

P

r

i

n

c

i

p

l

e

s

 

o

f

 

C

a

n

c

e

r

 

P

r

e

v

e

n

t

i

o

n

 

a

n

d

 

T

r

e

a

t

m

e

n

t

464 TABLE 33-5  
MEDICATIONS FOR THE MANAGEMENT OF CONSTIPATION

INTERVENTION  DOSE  COMMENT

Stimulant laxatives  These agents directly stimulate peristalsis and may reduce 
colonic absorption o  water.

 Prune juice  120–240 mL/d  Work in 6–12 h.
 Senna (Senokot)  2–8 tablets PO bid
 Bisacodyl  5–15 mg/d PO, PR
Osmotic laxatives  These agents are not absorbed. They attract and retain 

water in the gastrointestinal tract.
 Lactulose  15–30 mL PO q4–8h  Lactulose may cause  atulence and bloating.
 Magnesium hydroxide (Milk o  Magnesia)  15–30 mL/d PO  Lactulose works in 1 day, magnesium products in 6 h.
 Magnesium citrate  125–250 mL/d PO
Stool so teners  These agents work by increasing water secretion and as 

detergents, increasing water penetration into the stool.
 Sodium docusate (Colace)  300–600 mg/d PO  Work in 1–3 days.
 Calcium docusate  300–600 mg/d PO
Suppositories and enemas
 Bisacodyl  10–15 PR qd
 Sodium phosphate enema  PR qd  Fixed dose, 4.5 oz, Fleet’s.

 ause is n t   un , many a v  ate beginning treat-
ment with a   pamine antag nist su h as ha  peri    
 r pr  h  rperazine. Pr  h  rperazine is usua  y m re 
se ating than ha  peri   . When  e rease  m ti ity is 
suspe te , met    prami e  an be an e e tive treat-
ment. When inf ammati n    the GI tra t is suspe te , 
g u    rti  i s su h as  examethas ne are an appr -
priate treatment. F r nausea that      ws  hem therapy 
an  ra iati n therapy,  ne    the 5-H 3 re ept r antag-
 nists ( n ansetr n, granisetr n,    asetr n, pa  n -
setr n) is re  mmen e . Stu ies suggest pa  n setr n 
has higher re ept r bin ing a nity an    ini a  superi-
 rity t  the  ther 5-H 3 re ept r antag nists. C ini ians 
sh u   attempt preventi n    p st hem therapy nausea 
rather than pr vi e treatment a er the  a t. Current 
  ini a  gui e ines re  mmen  tai  ring the strength    
treatments t  the spe i   emeti  risk p se  by a spe i   
 hem therapy  rug. When a vestibu ar  ause (su h as 
“m ti n si kness”  r  abyrinthitis) is suspe te , antihis-
tamines su h as me  izine (wh se primary si e e e t 
is  r wsiness)  r anti h  inergi s su h as s  p  amine 
 an be e e tive. In anti ipat ry nausea, a benz  iaz-
epine su h as   razepam is in i ate . As with antihis-
tamines,  r wsiness an    n usi n are the main si e 
e e ts.

Dyspnea
Freq uency

Dyspnea is a subje tive experien e    being sh rt    
breath. Frequen ies vary am ng  auses     eath, but it 
 an a e t 80–90%     ying patients with  ung  an er, 

COPD, an  heart  isease. Dyspnea is am ng the m st 
 istressing physi a  sympt ms an   an be even m re 
 istressing than pain.

Assessm ent
As with pain,  yspnea is a subje tive experien e that 
may n t   rre ate with  bje tive measures    Po2, 
Pco2,  r respirat ry rate. C nsequent y, measurements 
    xygen saturati n thr ugh pu se  ximetry  r b     
gases are rare y he p u  in gui ing therapy. Despite the 
 imitati ns    existing assessment meth  s, physi-
 ians sh u   regu ar y assess an     ument patients’ 
experien e     yspnea an  its intensity. Gui e ines re -
 mmen  visua   r ana  gue  yspnea s a es t  assess 
the severity    sympt ms an  the e e ts    treatment. 
P tentia  y reversib e  r treatab e  auses     yspnea 
in  u e in e ti n, p eura  e usi ns, pu m nary emb  i, 
pu m nary e ema, asthma, an  tum r en r a h-
ment  n the airway. H wever, the risk-versus-bene t 
rati     the  iagn sti  an  therapeuti  interventi ns 
  r patients with  itt e time  e  t   ive must be   nsi -
ere   are u  y be  re  ne un ertakes  iagn sti  steps. 
Frequent y, the spe i   eti   gy  ann t be i enti e , 
an   yspnea is the   nsequen e    pr gressi n    the 
un er ying  isease that  ann t be treate . T e anxiety 
 ause  by  yspnea an  the  h king sensati n  an sig-
ni  ant y exa erbate the un er ying  yspnea in a nega-
tive y rein  r ing  y  e.

In te rventions
When reversib e  r treatab e eti   gies are  iagn se , 
they sh u   be treate  as   ng as the si e e e ts    
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465TABLE 33 -6  
MEDICATIONS FOR THE MANAGEMENT OF DYSPNEA

INTERVENTION  DOSE  COMMENTS

Weak opioids  For patients with mild dyspnea
  Codeine (or codeine with  

 325 mg acetaminophen)
30 mg PO q4h  For opioid naïve patients

 Hydrocodone  5 mg PO q4h
Strong opioids  For opioid naïve patients with moderate to severe 

dyspnea
 Morphine  5–10 mg PO q4h

30–50% o  baseline opioid dose q4h
For patients already taking opioids  or pain or 
other symptoms

 Oxycodone  5–10 mg PO q4h
 Hydromorphone  1–2 mg PO q4h
Anxiolytics  Give a dose every hour until the patient is relaxed, 

then provide a dose  or maintenance
 Lorazepam  0.5–2.0 mg PO/SL/IV qh then q4–6h
 Clonazepam  0.25–2.0 mg PO q12h
 Midazolam  0.5 mg IV q15min

treatment, su h as repeate   rainage    e usi ns  r 
anti  agu ants, are  ess bur ens me than the  yspnea 
itse  . M re aggressive treatments su h as stenting 
a br n hia   esi n may be warrante  i  it is   ear that 
the  yspnea is  ue t  tum r invasi n at that site an  
i  the patient an   ami y un erstan  the risks    su h 
a pr  e ure. Usua  y, treatment wi   be sympt mati  
(Table 33-6). A  yspnea s a e an   are u  m nit r-
ing sh u   gui e   se a justment. L w-  se  pi i s 
re u e the sensitivity    the  entra  respirat ry  enter 
an  the sensati n     yspnea. I  patients are n t re eiv-
ing  pi i s, weak  pi i s  an be initiate ; i  patients 
are a rea y re eiving  pi i s, m rphine  r  ther str ng 
 pi i s sh u   be use . C ntr   e  tria s    n t sup-
p rt the use    nebu ize   pi i s   r  yspnea at the 
en      i e. Phen thiazines an   h  rpr mazine may 
be he p u  when   mbine  with  pi i s. Benz  iaz-
epines  an be he p u  i  anxiety is present but sh u   
be neither use  as  rst- ine therapy n r use  a  ne in 
the treatment     yspnea. I  the patient has a hist ry    
COPD  r asthma, inha e  br n h  i at rs an  g u  -
  rti  i s may be he p u . I  the patient has pu m nary 
e ema  ue t  heart  ai ure,  iuresis with a me i ati n 
su h as  ur semi e is in i ate . Ex ess se reti ns  an 
be  rie  with s  p  amine, trans erma  y  r intra-
ven us y. Use     xygen is   ntr versia . T ere are 
  nf i ting  ata  n its e e tiveness   r patients with 
pr ven hyp xemia. But there is n    ear bene t     xy-
gen   mpare  t  r  m air   r n nhyp xemi  patients. 
N ninvasive p sitive-pressure venti ati n using a  a e-
mask  r nasa  p ugs may be use    r s me patients   r 
sympt m re ie . F r s me  ami ies an  patients,  xygen 
is  istressing;   r  thers, it is reassuring. M re genera  
interventi ns that me i a  sta   an    in  u e sitting 

the patient upright, rem ving sm ke  r  ther irritants 
su h as per ume, ensuring a supp y     resh air with su -
  ient humi ity, an  minimizing  ther  a t rs that  an 
in rease anxiety.

Fa tigue
Freq uency

M re than 90%    termina  y i   patients experien e 
 atigue an / r weakness. Fatigue is  ne    the m st 
  mm n y rep rte  sympt ms     an er treatment 
as we   as in the pa  iative  are    mu tip e s  er sis, 
COPD, heart  ai ure, an  HIV. Fatigue  requent y is 
 ite  as am ng the m st  istressing sympt ms.

Etio logy
T e mu tip e  auses     atigue in the termina  y i    an 
be  ateg rize  as resu ting  r m the un er ying  isease; 
 r m  isease-in u e   a t rs su h as tum r ne r sis 
 a t r an   ther  yt kines; an   r m se  n ary  a t rs 
su h as  ehy rati n, anemia, in e ti n, hyp thyr i ism, 
an   rug si e e e ts. Apart  r m   w  a  ri  intake,   ss 
   mus  e mass an   hanges in mus  e enzymes may 
p ay an imp rtant r  e in  atigue    termina  i  ness. T e 
imp rtan e     hanges in the CNS, espe ia  y the reti u-
 ar a tivating system, have been hyp thesize  base   n 
rep rts     atigue in patients re eiving  rania  ra ia-
ti n, experien ing  epressi n,  r having  hr ni  pain 
in the absen e     a hexia  r  ther physi   gi   hanges. 
Fina  y,  epressi n an   ther  auses    psy h   gi a  
 istress  an   ntribute t   atigue.

Assessm ent
Like pain an   yspnea,  atigue is subje tive. Obje -
tive  hanges, even in b  y mass, may be absent. 
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466 C nsequent y, assessment must re y  n patient se  -
rep rting. S a es use  t  measure  atigue, su h as the 
E m nt n Fun ti na  Assessment     , the Fatigue 
Se  -Rep rt S a es, an  the Rh ten Fatigue S a e, are 
usua  y appr priate   r resear h rather than   ini a  
purp ses. In   ini a  pra ti e, a simp e per  rman e 
assessment su h as the Karn  sky Per  rman e Status 
 r the ECOG’s questi n “H w mu h    the  ay   es 
the patient spen  in be ?” may be the best measure. 
In this 0–4 per  rman e status assessment, 0 = n rma  
a tivity; 1 = sympt mati  with ut being be ri  en;  
2 = requiring s me, but <50%, be  time; 3 = be b un  
m re than ha   the  ay; an  4 = be b un  a   the time. 
Su h a s a e a   ws   r assessment  ver time an    r-
re ates with  vera    isease severity an  pr gn sis. A 
2008 review by the Eur pean Ass  iati n    Pa  iative 
Care a s   es ribe  severa    nger assessment t   s 
with 9–20 items, in  u ing the Piper Fatigue Invent ry, 
the Mu ti imensi na  Fatigue Invent ry, an  the Brie  
Fatigue Invent ry (BFI).

In te rventions
F r s me patients, there are reversib e  auses su h as 
anemia, but   r m st patients at the en      i e,  atigue 
wi   n t be “ ure .” T e g a  is t  ame i rate it an  
he p patients an   ami ies a just expe tati ns. Behav-
i ra  interventi ns sh u   be use  t  av i  b aming 
the patient   r ina tivity an  t  e u ate b th the  am-
i y an  the patient that the un er ying  isease  auses 
physi   gi   hanges that pr  u e   w energy  eve s. 
Un erstan ing that the pr b em is physi   gi  an  n t 
psy h   gi a   an he p a ter expe tati ns regar ing the 
patient’s  eve     physi a  a tivity. Pra ti a  y, this may 
mean re u ing r utine a tivities su h as h usew rk an  
   king  r s  ia  events  utsi e the h use an  making 
it a  eptab e t  re eive guests  ying  n a   u h. At the 
same time, instituti n    exer ise regimens an  physi a  
therapy  an raise en  rphins, re u e mus  e wasting, 
an  re u e the risk     epressi n. In a  iti n, ensur-
ing g    hy rati n with ut w rsening e ema may he p 
re u e  atigue. Dis  ntinuing me i ati ns that w rsen 
 atigue may he p, in  u ing  ar ia  me i ati ns, benz -
 iazepines,  ertain anti epressants,  r  pi i s i  pain is 
we  -  ntr   e . As en -  - i e  are pr  ee s int  its  na  
stages,  atigue may pr te t patients  r m  urther su er-
ing, an    ntinue  treatment   u   be  etrimenta .

T ere are w e u  y  ew pharma    gi  interventi ns 
that target  atigue an  weakness. G u    rti  i s  an 
in rease energy an  enhan e m   . Dexamethas ne is 
pre erre    r its  n e-a- ay   sing an  minima  min-
era    rti  i  a tivity. Bene t, i  any, usua  y is seen 
within the  rst m nth. Psy h stimu ants su h as  ex-
tr amphetamine (5–10 mg PO) an  methy pheni ate 
(2.5–5 mg PO) may a s  enhan e energy  eve s, a th ugh 
a ran  mize  tria   i  n t sh w methy pheni ate ben-
e  ia    mpare  with p a eb  in  an er  atigue. D ses 

sh u   be given in the m rning an  at n  n t  mini-
mize the risk      unterpr  u tive ins mnia. M  a ni , 
 eve  pe    r nar   epsy, has sh wn s me pr mise in 
the treatment    severe  atigue an  has the a vantage    
 n e- ai y   sing. Its pre ise r  e in  atigue at the en     
 i e has n t been  etermine . Ane   ta  evi en e sug-
gests that l - arnitine may impr ve  atigue,  epressi n, 
an  s eep  isrupti n. Simi ar y, s me stu ies suggest 
ginseng  an re u e  atigue.

PSYCHOLOGICAL SYMPTOMS AND THEIR 
MANAGEMENT
Depression

Freq uency
Depressi n at the en      i e presents an apparent y 
para  xi a  situati n. Many pe p e be ieve that  epres-
si n is n rma  am ng seri us y i   patients be ause 
they are  ying. Pe p e  requent y say, “W u  n’t y u be 
 epresse ?” H wever,  epressi n is n t a ne essary part 
   termina  i  ness an   an   ntribute t  nee  ess su -
 ering. A th ugh sa ness, anxiety, anger, an  irritabi -
ity are n rma  resp nses t  a seri us   n iti n, they are 
typi a  y    m  est intensity an  transient. Persistent 
sa ness an  anxiety an  the physi a  y  isab ing symp-
t ms that they  an  ea  t  are abn rma  an  suggestive 
   maj r  epressi n. A th ugh as many as 75%    ter-
mina  y i   patients experien e em ti na   istress an  
 epressive sympt ms, <30%    termina  y i   patients 
have maj r  epressi n. Depressi n is n t  imite  t  
 an er patients but   un  in patients with en -stage 
rena   isease, Parkins n’s  isease, mu tip e s  er sis, 
an   ther termina    n iti ns.

Etio logy
Previ us hist ry     epressi n,  ami y hist ry     epres-
si n  r bip  ar  is r er, an  pri r sui i e attempts are 
ass  iate  with in rease  risk   r  epressi n am ng 
termina  y i   patients. Other sympt ms, su h as pain 
an   atigue, are ass  iate  with higher rates     epres-
si n; un  ntr   e  pain  an exa erbate  epressi n, an  
 epressi n  an  ause patients t  be m re  istresse  by 
pain. Many me i ati ns use  in the termina  stages, 
in  u ing g u    rti  i s, an  s me anti an er agents, 
su h as tam xi en, inter eukin 2, inter er n α, an  vin-
 ristine, a s  are ass  iate  with  epressi n. S me ter-
mina    n iti ns, su h as pan reati   an er,  ertain 
str kes, an  heart  ai ure, have been rep rte  t  be 
ass  iate  with higher rates     epressi n, a th ugh this 
is   ntr versia . Fina  y,  epressi n may be attributab e 
t  grie   ver the   ss    a r  e  r  un ti n, s  ia  is  a-
ti n,  r   ne iness.

Assessm ent
Diagn sing  epressi n am ng seri us y i   patients is 
  mp i ate  be ause many    the vegetative sympt ms 
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467in the DSM-V (Diagnostic and Statistical Manual o  
Mental Disorders)  riteria   r   ini a   epressi n—
ins mnia, an rexia an  weight   ss,  atigue,  e rease  
 ibi  , an   i  u ty   n entrating—are ass  iate  
with the  ying pr  ess itse  . T e assessment     epres-
si n in seri us y i   patients there  re sh u      us  n 
the  ysph ri  m   , he p essness, h pe essness, an  
 a k    interest an  enj yment an    n entrati n in 
n rma  a tivities. T e sing e questi ns “H w   en    
y u  ee    wnhearte  an  b ue?” (m re than a g    
bit    the time  r simi ar resp nses) an  “D  y u 
 ee   epresse  m st    the time?” are appr priate   r 
s reening. Visua  Ana  g S a es  an a s  be use u  in 
s reening.

In te rventions
Physi ians must treat any physi a  sympt m, su h as 
pain, that may be  ausing  r exa erbating  epressi n. 
F stering a aptati n t  the many   sses that the patient 
is experien ing  an a s  be he p u . N npharma  -
  gi  interventi ns, in  u ing gr up  r in ivi ua  psy-
 h   gi a    unse ing, an  behavi ra  therapies su h 
as re axati n an  imagery  an be he p u , espe ia  y in 
  mbinati n with  rug therapy.

Pharma    gi  interventi ns remain the   re    
therapy. T e same me i ati ns are use  t  treat  epres-
si n in termina  y i   as in n n–termina  y i   patients. 
Psy h stimu ants may be pre erre    r patients with 
a p  r pr gn sis  r   r th se with  atigue  r  pi i -
in u e  s mn  en e. Psy h stimu ants are   mpara-
tive y  ast a ting, w rking within a  ew  ays instea  
   the weeks require    r se e tive ser t nin reuptake 
inhibit rs (SSRIs). Dextr amphetamine  r methy phe-
ni ate sh u   be starte  at 2.5–5.0 mg in the m rning 
an  at n  n, the same starting   ses use    r treat-
ing  atigue. T e   se  an be es a ate  up t  15 mg bi . 
M  a ni  is starte  at 100 mg q  an   an be in rease  
t  200 mg i  there is n  e e t at the   wer   se. Pem-
  ine is a n namphetamine psy h stimu ant with 
minima  abuse p tentia . It is a s  e e tive as an anti-
 epressant beginning at 18.75 mg in the m rning an  
at n  n. Be ause it  an be abs rbe  thr ugh the bu -
 a  mu  sa, it is pre erre    r patients with intestina  
 bstru ti n  r  ysphagia. I  it is use    r pr   nge  
peri  s,  iver  un ti n must be m nit re . T e psy h -
stimu ants  an a s  be   mbine  with m re tra iti na  
anti epressants whi e waiting   r the anti epressants 
t  be  me e e tive an  then tapere  a er a  ew weeks 
i  ne essary. Psy h stimu ants have si e e e ts, par-
ti u ar y initia  anxiety, ins mnia, an  rare y paran ia, 
whi h may ne essitate   wering the   se  r  is  ntinu-
ing treatment.

Mirtazapine, an antag nist at the p stsynapti  ser -
t nin re ept rs, is a pr mising psy h stimu ant. It 
sh u   be starte  at 7.5 mg be  re be . It has se ating, 
antiemeti , an  anxi  yti  pr perties with  ew  rug 

intera ti ns. Its si e e e t    weight gain may be bene -
 ia    r seri us y i   patients; it is avai ab e in  ra  y  is-
integrating tab ets.

F r patients with a pr gn sis    severa  m nths  r 
  nger, SSRIs, in  u ing f u xetine, sertra ine, par x-
etine,  ita  pram, es ita  pram, an  f uv xamine, an  
ser t nin-n ra rena ine reuptake inhibit rs su h as 
ven a axine, are the pre erre  treatment be ause    their 
e  a y an    mparative y  ew si e e e ts. Be ause   w 
  ses    these me i ati ns may be e e tive   r seri-
 us y i   patients,  ne sh u   use ha   the usua  starting 
  se   r hea thy a u ts. T e starting   se   r f u xetine 
is 10 mg  n e a  ay. In m st  ases,  n e-a- ay   sing 
is p ssib e. T e  h i e    whi h SSRI t  use sh u   be 
 riven by (1) the patient’s past su  ess  r  ai ure with 
the spe i   me i ati n, (2) the m st  av rab e si e 
e e t pr   e   r that spe i   agent, an  (3) the time it 
takes t  rea h stea y-state  rug  eve s. F r instan e,   r 
a patient in wh m  atigue is a maj r sympt m, a m re 
a tivating SSRI (f u xetine) w u   be appr priate. F r 
a patient in wh m anxiety an  s eep essness are maj r 
sympt ms, a m re se ating SSRI (par xetine) w u   be 
appr priate.

Atypi a  anti epressants are re  mmen e   n y in 
se e te   ir umstan es, usua  y with the assistan e    
a spe ia ty   nsu tati n.  raz   ne  an be an e e tive 
anti epressant but is se ating an   an  ause  rth -
stati  hyp tensi n an , rare y, priapism. T ere  re, it 
sh u   be use   n y when a se ating e e t is  esire  
an  is   en use    r patients with ins mnia, at a   se 
starting at 25 mg. In a  iti n t  its anti epressant 
e e ts, bupr pi n is energizing, making it use u    r 
 epresse  patients wh  experien e  atigue. H wever, it 
 an  ause seizures, preventing its use   r patients with 
a risk    CNS ne p asms  r termina   e irium. Fina  y, 
a praz  am, a benz  iazepine, starting at 0.25–1.0 mg 
ti ,  an be e e tive in seri us y i   patients wh  have 
a   mbinati n    anxiety an   epressi n. A th ugh 
it is p tent an  w rks qui k y, it has many  rug inter-
a ti ns an  may  ause  e irium, espe ia  y am ng 
very i   patients, be ause    its str ng bin ing t  the 
benz  iazepine–γ-amin butyri  a i  (GABA) re ept r 
  mp ex.

Un ess use  as a juvants   r the treatment    pain, 
tri y  i  anti epressants are n t re  mmen e . Simi-
 ar y, m n amine  xi ase (MAO) inhibit rs are n t 
re  mmen e  be ause    their si e e e ts an   anger-
 us  rug intera ti ns.

Delirium
Freq uency

In the weeks  r m nths be  re  eath,  e irium is 
un  mm n, a th ugh it may be signi  ant y un er iag-
n se . H wever,  e irium be  mes re ative y   mm n 
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TABLE 33 -7  
MEDICATIONS FOR THE MANAGEMENT OF DELIRIUM

INTERVENTIONS  DOSE

Neuroleptics
 Haloperidol  0.5–5 mg q2–12h, PO/IV/SC/IM
 Thioridazine  10–75 mg q4–8h, PO
 Chlorpromazine  12.5–50 mg q4–12h, PO/IV/IM
Atypical neuroleptics
 Olanzapine  2.5–5 mg qd or bid, PO
 Risperidone  1–3 mg q12h, PO
 Quetiapine  50 mg qd, PO
Anxiolytics
 Lorazepam  0.5–2 mg q1–4h, PO/IV/IM
 Midazolam  1–5 mg/h continuous in usion, IV/SC
Anesthetics
 Propo ol  0.3–2.0 mg/h continuous in usion, IV

in the h urs an   ays imme iate y be  re  eath. Up t  
85%    patients  ying  r m  an er may experien e ter-
mina   e irium.

Etio logy
De irium is a g  ba   erebra   ys un ti n  hara terize  
by a terati ns in   gniti n an    ns i usness. It  re-
quent y is pre e e  by anxiety,  hanges in s eep patterns 
(espe ia  y reversa      ay an  night), an   e rease  
attenti n. In   ntrast t   ementia,  e irium has an 
a ute  nset, is  hara terize  by f u tuating   ns i us-
ness an  inattenti n, an  is reversib e, a th ugh revers-
ibi ity may be m re the reti a  than rea    r patients 
near  eath. De irium may    ur in a patient with 
 ementia; in ee , patients with  ementia are m re vu -
nerab e t   e irium.

Causes     e irium in  u e metab  i  en epha  pa-
thy arising  r m  iver  r rena   ai ure, hyp xemia,  r 
in e ti n; e e tr  yte imba an es su h as hyper a  e-
mia; parane p asti  syn r mes;  ehy rati n; an  pri-
mary brain tum rs, brain metastases,  r  ept meningea  
sprea     tum r. C mm n y, am ng  ying patients, 
 e irium  an be  ause  by si e e e ts    treatments, 
in  u ing ra iati n   r brain metastases, an  me i a-
ti ns, in  u ing  pi i s, g u    rti  i s, anti h  iner-
gi   rugs, antihistamines, antiemeti s, benz  iazepines, 
an   hem therapeuti  agents. T e eti   gy may be 
mu ti a t ria ; e.g.,  ehy rati n may exa erbate  pi i -
in u e   e irium.

Assessm ent
De irium sh u   be re  gnize  in any termina  y i   
patient with new  nset     is rientati n, impaire    g-
niti n, s mn  en e, f u tuating  eve s      ns i usness, 
 r  e usi ns with  r with ut agitati n. De irium must 
be  istinguishe   r m a ute anxiety an   epressi n 
as we   as  ementia. T e  entra   istinguishing  eature 
is a tere    ns i usness, whi h usua  y is n t n te  in 
anxiety,  epressi n, an   ementia. A th ugh “hypera -
tive”  e irium  hara terize  by  vert   n usi n an  agi-
tati n is pr bab y m re   mm n, patients a s  sh u   
be assesse    r “hyp a tive”  e irium  hara terize  by 
s eep-wake reversa  an   e rease  a ertness.

In s me  ases, use      rma  assessment t   s su h as 
the Mini-Menta  Status Examinati n (whi h   es n t 
 istinguish  e irium  r m  ementia) an  the De irium 
Rating S a e (whi h   es  istinguish  e irium  r m 
 ementia) may be he p u  in  istinguishing  e irium 
 r m  ther pr  esses. T e patient’s  ist    me i ati ns 
must be eva uate   are u  y. N nethe ess, a revers-
ib e eti   gi   a t r   r  e irium is   un  in  ewer than 
ha      termina  y i   patients. Be ause m st termina  y 
i   patients experien ing  e irium wi   be very    se t  
 eath an  may be at h me, extensive  iagn sti  eva u-
ati ns su h as  umbar pun tures an  neur ra i   gi  
examinati ns are usua  y inappr priate.

In te rven tions
One    the m st imp rtant  bje tives    termina   are 
is t  pr vi e termina  y i   patients the  u i ity t  say 
g   bye t  the pe p e they   ve. De irium, espe ia  y 
with agitati n  uring the  na   ays, is  istressing t  
 ami y an   aregivers. A str ng  eterminant    bereave-
ment  i  u ties is witnessing a  i  u t  eath. T us, 
termina   e irium sh u   be treate  aggressive y.

At the  rst sign     e irium, su h as  ay-night rever-
sa  with s ight  hanges in mentati n, the physi ian 
sh u    et the  ami y members kn w that it is time t  be 
sure that everything they want t  say has been sai . T e 
 ami y sh u   be in  rme  that  e irium is   mm n 
just be  re  eath.

I  me i ati ns are suspe te     being a  ause    the 
 e irium, unne essary agents sh u   be  is  ntinue . 
Other p tentia  y reversib e  auses, su h as   nstipa-
ti n, urinary retenti n, an  metab  i  abn rma ities, 
sh u   be treate . Supp rtive measures aime  at pr -
vi ing a  ami iar envir nment sh u   be institute , 
in  u ing restri ting visits  n y t  in ivi ua s with 
wh m the patient is  ami iar an  e iminating new expe-
rien es;  rienting the patient, i  p ssib e, by pr vi ing a 
    k an   a en ar; an  gent y   rre ting the patient’s 
ha  u inati ns  r   gnitive mistakes.

Pharma    gi  management    uses  n the use    
neur  epti s an , in the extreme, anestheti s (Table 33-7). 
Ha  peri    remains  rst- ine therapy. Usua  y, patients 
 an be   ntr   e  with a   w   se (1–3 mg/ ), usua  y 
given every 6 h, a th ugh s me may require as mu h 
as 20 mg/ . It  an be a ministere  PO, SC,  r IV. IM 
inje ti ns sh u   n t be use , ex ept when this is the 
 n y way t  get a patient un er   ntr  . Newer atypi-
 a  neur  epti s, su h as   anzapine, risperi  ne, an  
quetiapine, have sh wn signi  ant e e tiveness in 
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469  mp ete y res  ving  e irium in  an er patients. T ese 
 rugs a s  have  ewer si e e e ts than ha  peri   , 
a  ng with  ther bene  ia  e e ts   r termina  y i   
patients, in  u ing antinausea, antianxiety, an  weight 
gain. T ey are use u    r patients with   nger anti i-
pate   i e expe tan y be ause they are  ess  ike y t  
 ause  ysph ria an  have a   wer risk     yst ni  rea -
ti ns. A s , be ause they are metab  ize  thr ugh mu -
tip e pathways, they  an be use  in patients with hepati  
an  rena   ys un ti n. O anzapine has the  isa vantage 
that it is avai ab e  n y  ra  y an  that it takes a week t  
rea h stea y state. T e usua    se is 2.5–5 mg PO bi . 
Ch  rpr mazine (10–25 mg every 4–6 h)  an be use-
 u  i  se ati n is  esire  an   an be a ministere  IV  r 
PR in a  iti n t  PO. Dyst ni  rea ti ns resu ting  r m 
  pamine b   ka e are a si e e e t    neur  epti s, 
a th ugh they are rep rte  t  be rare when these  rugs 
are use  t  treat termina   e irium. I  patients  eve  p 
 yst ni  rea ti ns, benztr pine sh u   be a minis-
tere . Neur  epti s may be   mbine  with   razepam t  
re u e agitati n when the  e irium is the resu t    a   -
h    r se ative with rawa .

I  n  resp nse t   rst- ine therapy is seen, a spe-
 ia ty   nsu tati n sh u   be  btaine  with a  hange t  
a  i erent me i ati n. I  patients  ai  t  impr ve a er 
a se  n  neur  epti , se ati n with an anestheti  su h 
as pr p      r   ntinu us-in usi n mi az  am may be 
ne essary. By s me estimates, at the very en      i e, as 
many as 25%    patients experien ing  e irium, espe-
 ia  y rest ess  e irium with my    nus  r   nvu si ns, 
may require se ati n.

Physi a  restraints sh u   be use  with great 
re u tan e an   n y when the patient’s vi  en e is 
threatening t  se    r  thers. I  they are use , their 
appr priateness sh u   be reeva uate   requent y.

Insomnia
Freq uency

S eep  is r ers,  e ne  as  i  u ty initiating s eep 
 r maintaining s eep, s eep  i  u ty at  east 3 nights 
a week,  r s eep  i  u ty that  auses impairment    
 aytime  un ti ning,    ur in 19–63%    patients with 
a van e   an er. S me 30–74%    patients with  ther 
en -stage   n iti ns, in  u ing AIDS, heart  isease, 
COPD, an  rena   isease, experien e ins mnia.

Etio logy
Patients with  an er may have  hanges in s eep e -
 ien y su h as an in rease in stage I s eep. Other eti   -
gies    ins mnia are   existing physi a  i  ness su h as 
thyr i   isease an    existing psy h   gi a  i  nesses 
su h as  epressi n an  anxiety. Me i ati ns, in  u -
ing anti epressants, psy h stimu ants, ster i s, an  β 
ag nists, are signi  ant   ntribut rs t  s eep  is r ers, 
as are  a eine an  a   h  . Mu tip e  ver-the-  unter 

me i ati ns   ntain  a eine an  antihistamines, whi h 
 an   ntribute t  s eep  is r ers.

Assessm ent
Assessment sh u   in  u e spe i   questi ns   n ern-
ing s eep  nset, s eep maintenan e, an  ear y-m rning 
wakening as these wi   pr vi e   ues t  the  ausative 
agents an  t  management. Patients sh u   be aske  
ab ut previ us s eep pr b ems, s reene    r  epres-
si n an  anxiety, an  aske  ab ut sympt ms    thy-
r i   isease. Ca eine an  a   h   are pr minent  auses 
   s eep pr b ems, an  a  are u  hist ry    the use    
these substan es sh u   be  btaine . B th ex essive 
use an  with rawa   r m a   h    an be  auses    s eep 
pr b ems.

In te rven tions
T e mainstays    interventi n in  u e impr vement    
s eep hygiene (en  uragement    regu ar time   r s eep, 
 e rease  nighttime  istra ti ns, e iminati n     a -
 eine an   ther stimu ants an  a   h  ), interventi n 
t  treat anxiety an   epressi n, an  treatment   r the 
ins mnia itse  . F r patients with  epressi n wh  have 
ins mnia an  anxiety, a se ating anti epressant su h 
as mirtazapine  an be he p u . In the e  er y, traz   ne, 
beginning at 25 mg at nighttime, is an e e tive s eep ai  
at   ses   wer than th se whi h  ause its anti epres-
sant e e t. Z  pi em may have a  e rease  in i en e 
    e irium in patients   mpare  with tra iti na  ben-
z  iazepines, but this has n t been   ear y estab ishe . 
When benz  iazepines are pres ribe , sh rt-a ting 
 nes (su h as   razepam) are  av re   ver   nger-a ting 
 nes (su h as  iazepam). Patients wh  re eive these 
me i ati ns sh u   be  bserve    r signs    in rease  
  n usi n an   e irium.

SOCIAL NEEDS AND THEIR MANAGEMENT
Fina ncia l burdens

Freq uency
Dying  an imp se substantia  e  n mi  strains  n 
patients an   ami ies,  ausing  istress. In the Unite  
States, with  ne    the  east   mprehensive hea th insur-
an e systems am ng the  eve  pe    untries, ~20%    
termina  y i   patients an  their  ami ies spen  >10% 
    ami y in  me  n hea th  are   sts  ver an  ab ve 
hea th insuran e premiums. Between 10 an  30%    
 ami ies se   assets, use savings,  r take  ut a m rtgage 
t  pay   r the patient’s hea th  are   sts. Near y 40%    
termina  y i   patients in the Unite  States rep rt that 
the   st    their i  ness is a m  erate  r great e  n mi  
har ship   r their  ami y.

T e patient is  ike y t  re u e an  eventua  y st p 
w rking. In 20%     ases, a  ami y member    the ter-
mina  y i   patient a s  st ps w rking t  pr vi e  are. 
T e maj r un er ying  auses    e  n mi  bur en are 
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470 re ate  t  p  r physi a   un ti ning an   are nee s, 
su h as the nee    r h usekeeping, nursing, an  per-
s na   are. M re  ebi itate  patients an  p  r patients 
experien e greater e  n mi  bur ens.

In te rvention
T is e  n mi  bur en sh u   n t be ign re  as a pri-
vate matter. It has been ass  iate  with a number    
a verse hea th  ut  mes, in  u ing pre erring   m  rt 
 are  ver  i e-pr   nging  are as we   as   nsi erati n 
   euthanasia  r physi ian-assiste  sui i e. E  n mi  
bur ens in rease the psy h   gi a   istress     ami-
 ies an   aregivers    termina  y i   patients, an  p v-
erty is ass  iate  with many a verse hea th  ut  mes. 
Imp rtant y, re ent stu ies   un  that “patients with 
a van e   an er wh  rep rte  having en -  - i e 
  nversati ns with physi ians ha  signi  ant y   wer 
hea th  are   sts in their  na  week     i e. Higher 
  sts were ass  iate  with w rse qua ity     eath.” 
Assistan e  r m a s  ia  w rker, ear y  n i  p ssib e, 
t  ensure a  ess t  a   avai ab e bene ts may be he p-
 u . Many patients,  ami ies, an  hea th  are pr vi ers 
are unaware     pti ns   r   ng-term  are insuran e, 
respite  are, the Fami y Me i a  Leave A t (FMLA), 
an   ther s ur es    assistan e. S me    these  pti ns 
(su h as respite  are) may be part    a   rma  h spi e 
pr gram, but  thers (su h as the FMLA)    n t require 
enr   ment in a h spi e pr gram.

Rela tionships
Freq uency

Sett ing pers na  issues an     sing the narrative    
 ive  re ati nships are universa  nee s. When aske  
i  su  en  eath  r  eath a er an i  ness is pre erab e, 
resp n ents   en initia  y se e t the   rmer but s  n 
 hange t  the  atter as they ref e t  n the imp rtan e 
   saying g   bye. Bereave   ami y members wh  have 
n t ha  the  han e t  say g   bye   en have a m re 
 i  u t grie  pr  ess.

In te rventions
Care    seri us y i   patients requires e  rts t   a i itate 
the types    en  unters an  time spent with  ami y an  
 rien s that are ne essary t  meet th se nee s. Fami y 
an     se  rien s may nee  t  be a   mm  ate  with 
unrestri te  visiting h urs, whi h may in  u e s eep-
ing near the patient even in  therwise regimente  
instituti na  settings. Physi ians an   ther hea th  are 
pr vi ers may be ab e t   a i itate an  res  ve straine  
intera ti ns between the patient an   ther  ami y mem-
bers. Assistan e   r patients an   ami y members wh  
are unsure ab ut h w t   reate  r he p preserve mem-
 ries, whether by pr vi ing materia s su h as a s rap-
b  k  r mem ry b x  r by   ering them suggesti ns 
an  in  rmati na  res ur es,  an be  eep y appre iate . 

 aking ph t graphs an   reating vi e s  an be espe-
 ia  y he p u  t  termina  y i   patients wh  have 
y unger  hi  ren  r gran  hi  ren.

Fa mily ca regivers
Freq uency

Caring   r seri us y i   patients p a es a heavy bur en 
 n  ami ies. Fami ies  requent y are require  t  pr vi e 
transp rtati n an  h memaking as we   as  ther ser-
vi es.  ypi a  y, pai  pr  essi na s su h as h me hea th 
nurses an  h spi e w rkers supp ement  ami y  are; 
 n y ab ut a quarter    a    aregiving   nsists    ex  u-
sive y pai  pr  essi na  assistan e. T e tren  t war  
m re  ut-  -h spita   eaths wi   in rease re ian e  n 
 ami ies   r en -  - i e  are. In reasing y,  ami y mem-
bers are being  a  e  up n t  pr vi e physi a   are 
(su h as m ving an  bathing patients) an  me i a   are 
(su h as assessing sympt ms an  giving me i ati ns) in 
a  iti n t  em ti na   are an  supp rt.

T ree-quarters     ami y  aregivers    termina  y i   
patients are w men—wives,  aughters, sisters, an  even 
 aughters-in- aw. Be ause many are wi  we , w men 
ten  t  be ab e t  re y  ess  n  ami y   r  aregiving assis-
tan e an  may nee  m re pai  assistan e. Ab ut 20% 
   termina  y i   patients rep rt substantia  unmet nee s 
  r nursing an  pers na   are. T e impa t     aregiving 
 n  ami y  aregivers is substantia : b th bereave  an  
 urrent  aregivers have a higher m rta ity rate than that 
   n n- aregiving   ntr  s.

In te rven tions
It is imperative t  inquire ab ut unmet nee s an  t  
try t  ensure that th se nee s are met either thr ugh 
the  ami y  r by pai  pr  essi na  servi es when p s-
sib e. C mmunity assistan e thr ugh h uses    w rship 
 r  ther   mmunity gr ups   en  an be m bi ize  by 
te eph ne  a  s  r m the me i a  team t  s me ne the 
patient  r  ami y i enti es. S ur es    supp rt spe i -
 a  y   r  ami y  aregivers sh u   be i enti e  thr ugh 
   a  s ur es  r nati na  y thr ugh gr ups su h as the 
Nati na  Fami y Caregivers Ass  iati n (www.n cacares.
org), the Ameri an Can er S  iety (www.cancer.org), 
an  the A zheimer’s Ass  iati n (www.alz.org).

EXISTENTIAL NEEDS AND THEIR 
MANAGEMENT
Frequency

Re igi n an  spiritua ity are   en imp rtant t   ying 
patients. Near y 70%    patients rep rt be  ming m re 
re igi us  r spiritua  when they be ame termina  y i  , 
an  many  n    m  rt in re igi us  r spiritua  pra ti es 
su h as prayer. H wever, ~20%    termina  y i   patients 
be  me  ess re igi us,  requent y  ee ing  heate   r 
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471betraye  by be  ming termina  y i  . F r  ther patients, 
the nee  is   r existentia  meaning an  purp se that is 
 istin t  r m an  may even be antitheti a  t  re igi n  r 
spiritua ity. When aske , patients an   ami y  aregivers 
 requent y rep rt wanting their pr  essi na   aregivers 
t  be m re attentive t  re igi n an  spiritua ity.

Assessm ent
Hea th  are pr vi ers are   en hesitant ab ut inv  v-
ing themse ves in the re igi us, spiritua , an  existentia  
experien es    their patients be ause it may seem pri-
vate  r n t re evant t  the  urrent i  ness. But physi ians 
an   ther members    the  are team sh u   be ab e at 
 east t   ete t spiritua  an  existentia  nee s. S reening 
questi ns have been  eve  pe    r a physi ian’s spiritua  
hist ry taking. Spiritua   istress  an amp i y  ther types 
   su ering an  even masquera e as intra tab e physi-
 a  pain, anxiety,  r  epressi n. T e s reening questi ns 
in the   mprehensive assessment are usua  y su  ient. 
Deeper eva uati n an  interventi n are rare y appr pri-
ate   r the physi ian un ess n   ther member    a  are 
team is avai ab e  r suitab e. Past ra   are pr vi ers 
may be he p u , whether  r m the me i a  instituti n  r 
 r m the patient’s  wn   mmunity.

In te rventions
Pre ise y h w re igi us pra ti es, spiritua ity, an  exis-
tentia  exp  rati ns  an be  a i itate  an  impr ve 
en -  - i e  are is n t we   estab ishe . What is   ear is 
that   r physi ians,  ne main interventi n is t  inquire 
ab ut the r  e an  imp rtan e    spiritua ity an  re i-
gi n in a patient’s  i e. T is wi   he p a patient  ee  
hear  an  he p physi ians i enti y spe i   nee s. In 
 ne stu y,  n y 36%    resp n ents in i ate  that a 
  ergy member w u   be   m  rting. Neverthe ess, the 
in rease in re igi us an  spiritua  interest am ng a sub-
stantia   ra ti n     ying patients suggests inquiring 
   in ivi ua  patients h w this nee   an be a  resse . 
S me evi en e supp rts spe i   meth  s    a  ressing 
existentia  nee s in patients, ranging  r m estab ishing 
a supp rtive gr up envir nment   r termina  patients 
t  in ivi ua  treatments emphasizing a patient’s  ignity 
an  s ur es    meaning.

MANAGING THE LAST STAGES

WITHDRAWING AND WITHHOLDING  
LIFE-SUSTAINING TREATMENT

Legal asp ects
F r  enturies, it has been  eeme  ethi a  t  withh    
 r with raw  i e-sustaining interventi ns. T e  urrent 
 ega    nsensus in the Unite  States an  m st  eve -
 pe    untries is that patients have a m ra  as we   as 
  nstituti na   r   mm n  aw right t  re use me i a  

interventi ns. Ameri an   urts a s  have he   that 
in  mpetent patients have a right t  re use me i a  
interventi ns. F r patients wh  are in  mpetent an  
termina  y i   an  wh  have n t   mp ete  an a van e 
 are  ire tive, next    kin  an exer ise that right, 
a th ugh this may be restri te  in s me states,  epen -
ing h w   ear an    nvin ing the evi en e is    the 
patient’s pre eren es. C urts have  imite   ami ies’ abi -
ity t  terminate  i e-sustaining treatments in patients 
wh  are   ns i us, in  mpetent, but n t termina  y i  . 
In the ry, patients’ right t  re use me i a  therapy  an 
be  imite  by   ur   untervai ing interests: (1) preser-
vati n     i e, (2) preventi n    sui i e, (3) pr te ti n 
   thir  parties su h as  hi  ren, an  (4) preservati n 
   the integrity    the me i a  pr  essi n. In pra ti e, 
these interests a m st never  verri e the right      m-
petent patients an  in  mpetent patients wh  have  e  
exp i it an  a van e  are  ire tives.

F r in  mpetent patients wh  either app inte  a 
pr xy with ut spe i   in i ati ns    their wishes  r 
never   mp ete  an a van e  are  ire tive, three  rite-
ria have been suggeste  t  gui e the  e isi n t  termi-
nate me i a  interventi ns. First, s me   mmentat rs 
suggest that  r inary  are sh u   be a ministere  but 
extra r inary  are   u   be terminate . Be ause the 
 r inary/extra r inary  istin ti n is t   vague,   urts 
an    mmentat rs wi e y agree that it sh u   n t be 
use  t  justi y  e isi ns ab ut st pping treatment. 
Se  n , many   urts have a v  ate  the use    the 
substitute -ju gment  riteri n, whi h h   s that the 
pr xy  e isi n-makers sh u   try t  imagine what the 
in  mpetent patient w u      i  he  r she were   m-
petent. H wever, mu tip e stu ies in i ate that many 
pr xies, even    se  ami y members,  ann t a  urate y 
pre i t what the patient w u   have wante . T ere  re, 
substitute  ju gment be  mes m re    a guessing game 
than a way     u    ing the patient’s wishes. Fina  y, the 
best-interests  riteri n h   s that pr xies sh u   eva u-
ate treatments by ba an ing their bene ts an  risks an  
se e t th se treatments in whi h the bene ts maxima  y 
 utweigh the bur ens    treatment. C ini ians have a 
  ear an   ru ia  r  e in this by  are u  y an   ispas-
si nate y exp aining the kn wn bene ts an  bur ens    
spe i   treatments. Yet even when that in  rmati n is 
as   ear as p ssib e,  i erent in ivi ua s  an have very 
 i erent views    what is in the patient’s best interests, 
an   ami ies may have  isagreements  r even  vert   n-
f i ts. T is  riteri n has been  riti ize  be ause there is 
n  sing e way t   etermine the ba an e between ben-
e ts an  bur ens; it  epen s  n a patient’s pers na  
va ues. F r instan e,   r s me pe p e, being a ive even 
i  menta  y in apa itate  is a bene t, whereas   r  th-
ers, it may be the w rst p ssib e existen e. As a matter 
   pra ti e, physi ians re y  n  ami y members t  make 
 e isi ns that they  ee  are best an   bje t  n y i  th se 
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472  e isi ns seem t   eman  treatments that the physi-
 ians   nsi er n t bene  ia .

Pract ices
Withh   ing an  with rawing a ute y  i e-sustain-
ing me i a  interventi ns  r m termina  y i   patients 
are n w stan ar  pra ti e. M re than 90%    Ameri-
 an patients  ie with ut  ar i pu m nary resus ita-
ti n (CPR), an  just as many   rg   ther p tentia  y 
 i e-sustaining interventi ns. F r instan e, in ICUs in 
the peri   1987–1988, CPR was per  rme  49%    
the time, but it was per  rme   n y 10%    the time in 
1992–1993. On average, 3.8 interventi ns, su h as vas -
press rs an  trans usi ns, were st ppe    r ea h  ying 
ICU patient. H wever, up t  19%     e e ents in h s-
pita s re eive  interventi ns su h as extubati n, venti a-
ti n, an  surgery in the 48 h pre e ing  eath. H wever, 
pra ti es vary wi e y am ng h spita s an  ICUs, sug-
gesting an imp rtant e ement    physi ian pre eren es 
rather than  bje tive  ata.

Me hani a  venti ati n may be the m st  ha  enging 
interventi n t  with raw. T e tw  appr a hes are ter-
minal extubation, whi h is the rem va     the en  tra-
 hea  tube, an  terminal weaning, whi h is the gra ua  
re u ti n    the  r venti at r rate. One-thir     ICU 
physi ians pre er t  use the termina  weaning te h-
nique, an  13% extubate; the maj rity    physi ians use 
b th te hniques. T e Ameri an T  ra i  S  iety’s 2008 
  ini a  p  i y gui e ines n te that there is n  sing e 
  rre t pr  ess    venti at r with rawa  an  that physi-
 ians use an  sh u   be pr   ient in b th meth  s but 
that the  h sen appr a h sh u    are u  y ba an e ben-
e ts an  bur ens as we   as patient an   aregiver pre er-
en es. Physi ians’ assessment    patients’  ike ih       
surviva , their pre i ti n    p ssib e   gnitive  amage, 
an  patients’ pre eren es ab ut the use     i e supp rt are 
primary  a t rs in  etermining the  ike ih       with-
 rawa     me hani a  venti ati n. S me re  mmen  ter-
mina  weaning be ause patients    n t  eve  p upper 
airway  bstru ti n an  the  istress  ause  by se reti ns 
 r stri  r; h wever, termina  weaning  an pr   ng the 
 ying pr  ess an  n t a   w a patient’s  ami y t  be with 
him  r her unen umbere  by an en  tra hea  tube.    
ensure   m  rt   r   ns i us  r semi  ns i us patients 
be  re with rawa     the venti at r, neur mus u ar 
b   king agents sh u   be terminate  an  se atives an  
ana gesi s a ministere . Rem ving the neur mus u-
 ar b   king agents permits patients t  sh w  is  m  rt, 
 a i itating the titrati n    se atives an  ana gesi s; it a s  
permits intera ti ns between patients an  their  ami ies. 
A   mm n pra ti e is t  inje t a b  us    mi az  am 
(2–4 mg)  r   razepam (2–4 mg) be  re with rawa ,    -
  we  by 5–10 mg    m rphine an    ntinu us in u-
si n    m rphine (50%    the b  us   se per h ur) 
 uring weaning. In patients wh  have signi  ant upper 
airway se reti ns, IV s  p  amine at a rate    100 µg/h 

 an be a ministere . A  iti na  b  uses    m rphine  r 
in reases in the in usi n rate sh u   be a ministere    r 
respirat ry  istress  r signs    pain. Higher   ses wi   be 
nee e    r patients a rea y re eiving se atives an   pi-
 i s. Fami ies nee  t  be reassure  ab ut treatments   r 
  mm n sympt ms a er with rawa     venti at ry sup-
p rt, su h as  yspnea an  agitati n, an  warne  ab ut 
the un ertainty     ength    surviva  a er with rawa     
venti at ry supp rt: up t  10%    patients unexpe te  y 
survive   r 1  ay  r m re a er me hani a  venti ati n is 
st ppe .

FUTILE CARE
Beginning in the  ate 1980s, s me   mmentat rs 
argue  that physi ians   u   terminate  uti e treat-
ments  eman e  by the  ami ies    termina  y i   
patients. A th ugh n   bje tive  e niti n  r stan ar  
    uti ity exists, severa   ateg ries have been pr -
p se . Physi   gi   uti ity means that an interventi n 
wi   have n  physi   gi  e e t. S me have  e ne  
qua itative  uti ity as app ying t  pr  e ures that “ ai  
t  en  a patient’s t ta   epen en e  n intensive me i-
 a   are.” Quantitative  uti ity    urs “when physi ians 
  n  u e (thr ugh pers na  experien e, experien es 
share  with     eagues,  r   nsi erati n    rep rte  
empiri   ata) that in the  ast 100  ases, a me i a  
treatment has been use ess.” T e term   n ea s subje -
tive va ue ju gments ab ut when a treatment is “n t 
bene  ia .” De i ing whether a treatment that  btains 
an a  iti na  6 weeks     i e  r a 1% surviva  a van-
tage   n ers bene t  epen s  n patients’ pre eren es 
an  g a s. Furtherm re, physi ians’ pre i ti ns    
when treatments were  uti e  eviate  marke  y  r m 
the quantitative  e niti n. When resi ents th ught 
CPR was quantitative y  uti e, m re than  ne in  ve 
patients ha  a >10%  han e    surviva  t  h spita  
 is harge. M st stu ies that purp rt t  gui e  eter-
minati ns     uti ity are base   n insu  ient  ata t  
pr vi e statisti a    n  en e   r   ini a   e isi n 
making. Quantitative  uti ity rare y app ies in ICU set-
tings. Many   mmentat rs reje t using  uti ity as a 
 riteri n   r with rawing  are, pre erring instea  t  
  nsi er  uti ity situati ns as  nes that represent   n-
f i t that  a  s   r  are u  neg tiati n between  ami ies 
an  hea th  are pr vi ers.

In the wake    a  a k      nsensus  ver quantitative 
measures     uti ity, many h spita s a  pte  pr  ess-
base  appr a hes t  res  ve  isputes  ver  uti ity an  
enhan e   mmuni ati n with patients an  surr gates, 
in  u ing    using  n interests an  a ternatives rather 
than  pp sing p siti ns an  generating a wi e range 
    pti ns. S me h spita s have ena te  “uni atera     
n t resus itate (DNR)” p  i ies t  a   w   ini ians t  pr -
vi e a DNR  r er in  ases in whi h   nsensus  ann t 
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473be rea he  with  ami ies an  me i a   pini n is that 
resus itati n w u   be  uti e i  attempte . T is type    
a p  i y is n t a rep a ement   r  are u  an  patient 
  mmuni ati n an  neg tiati n but re  gnizes that 
agreement  ann t a ways be rea he . Over the  ast 15 
years, many states, su h as  exas, Virginia, Mary an , 
an  Ca i  rnia, have ena te  s - a  e  me i a   uti ity 
 aws that pr vi e physi ians a “sa e harb r”  r m  iabi -
ity i  they re use a patient  r  ami y’s request   r  i e-
sustaining interventi ns. F r instan e, in  exas when a 
 isagreement ab ut terminating interventi ns between 
the me i a  team an  the  ami y has n t been res  ve  
by an ethi s   nsu tati n, the h spita  is supp se  t  try 
t   a i itate trans er    the patient t  an instituti n wi  -
ing t  pr vi e treatment. I  this  ai s a er 10  ays, the 
h spita  an  physi ian may uni atera  y with raw treat-
ments  etermine  t  be  uti e. T e  ami y may appea  t  
a state   urt. Ear y  ata suggest that the  aw in reases 
 uti ity   nsu tati ns   r the ethi s   mmittee an  that 
a th ugh m st  ami ies   n ur with with rawa , ab ut 
10–15%     ami ies re use t  with raw treatment. 
Appr ximate y 12  ases have g ne t    urt in  exas in 
the 7 years sin e the a  pti n    the  aw. As    2007, 
there ha  been 974 ethi s   mmittee   nsu tati ns  n 
me i a   uti ity  ases an  65 in whi h   mmittees ru e  
against  ami ies an  gave n ti e that treatment w u   
be terminate .  reatment was with rawn   r 27    
th se patients, an  the remain er were trans erre  t  
 ther  a i ities  r  ie  whi e awaiting trans er.

EUTHANASIA AND PHYSICIAN-ASSISTED 
SUICIDE
Euthanasia an  physi ian-assiste  sui i e are  e ne  
in Table 33-8.  erminating  i e-sustaining  are an  pr -
vi ing  pi i  me i ati ns t  manage sympt ms have 
  ng been   nsi ere  ethi a  by the me i a  pr  essi n 
an   ega  by   urts an  sh u   n t be   n use  with 
euthanasia  r physi ian-assiste  sui i e.

TABLE 33-8  
DEFINITIONS OF ASSISTED SUICIDE AND EUTHANASIA

TERM  DEFINITION  LEGAL STATUS

Voluntary active euthanasia  Intentionally administering medications or other interventions to 
cause the patient’s death with the patient’s in ormed consent

Netherlands, Belgium

Involuntary active euthanasia  Intentionally administering medications or other interventions to 
cause the patient’s death when the patient was competent to 
consent but did not—e.g., the patient may not have been asked

Nowhere

Passive euthanasia  Withholding or withdrawing li e sustaining medical treatments 
 rom a patient to let him or her die (terminating li e sustaining 
treatments)

Everywhere

Physician assisted suicide  A physician provides medications or other interventions to a patient 
with the understanding that the patient can use them to commit 
suicide

Oregon, Netherlands, 
Belgium, Switzerland

Legal asp ects
Euthanasia is  ega  in the Nether an s, Be gium, an  
Luxemb urg. It was  ega ize  in the N rthern  er-
rit ry    Austra ia in 1995, but that  egis ati n was 
repea e  in 1997. Euthanasia is n t  ega  in any state 
in the Unite  States. With  ertain   n iti ns, in Swit-
zer an , a  aypers n  an  ega  y assist sui i e. In the 
Unite  States, physi ian-assiste  sui i e is  ega  in 
  ur states: Oreg n, Verm nt, an  Washingt n State 
by  egis ati n an  M ntana by   urt ru ing. In juris-
 i ti ns where physi ian-assiste  sui i e is  ega , 
physi ians wishing t  pres ribe the ne essary me i-
 ati n must  u     mu tip e  riteria an    mp ete 
pr  esses that in  u e a waiting peri  . In  ther 
  untries an  a    ther states in the Unite  States, 
physi ian-assiste  sui i e an  euthanasia are i  ega  
exp i it y  r by   mm n  aw.

Pract ices
Fewer than 10–20%    termina  y i   patients a tua  y 
  nsi er euthanasia an / r physi ian-assiste  sui-
 i e   r themse ves. In the Nether an s an  Oreg n, 
>70%    patients using these interventi ns are  ying 
    an er; in Oreg n, in 2013, just 1.2%    physi ian-
assiste  sui i e  ases inv  ve  patients with HIV/
AIDS an  7.2% inv  ve  patients with amy tr phi  
 atera  s  er sis. In the Nether an s, the share    
 eaths attributab e t  euthanasia  r physi ian-assiste  
sui i e  e  ine   r m ar un  2.8%    a    eaths in 
2001 t  ar un  1.8% in 2005. In 2013, the  ast year 
with   mp ete  ata, ar un  71 patients in Oreg n 
(just 0.2%    a    eaths)  ie  by physi ian-assiste  
sui i e, a th ugh this may be an un erestimate. In 
Washingt n State, between Mar h 2009 (when the  aw 
a   wing physi ian-assiste  sui i e went int    r e) 
an  De ember 2009, 36 in ivi ua s  ie   r m pre-
s ribe   etha    ses.

Pain is n t a primary m tivat r   r patients’ requests 
  r  r interest in euthanasia an / r physi ian-assiste  
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474 sui i e. Fewer than 25%    a   patients in Oreg n  ite 
ina equate pain   ntr   as the reas n   r  esiring 
physi ian-assiste  sui i e. Depressi n, h pe essness, 
an , m re pr   un  y,   n erns ab ut   ss     ig-
nity  r aut n my  r being a bur en  n  ami y mem-
bers appear t  be primary  a t rs m tivating a  esire 
  r euthanasia  r physi ian-assiste  sui i e. Over 75% 
 ite   ss    aut n my  r  ignity an  inabi ity t  engage 
in enj yab e a tivities as the reas n   r wanting phy-
si ian-assiste  sui i e. Ab ut 40%  ite being a bur-
 en  n  ami y. A stu y  r m the Nether an s sh we  
that  epresse  termina  y i    an er patients were   ur 
times m re  ike y t  request euthanasia an    n rme  
that un  ntr   e  pain was n t ass  iate  with greater 
interest in euthanasia. Interesting y,  espite the imp r-
tan e    em ti na   istress in m tivating requests   r 
euthanasia an  physi ian-assiste  sui i e,  ew patients 
re eive psy hiatri   are. F r instan e, in Oreg n,  n y 
5.9%    patients have been re erre    r psy hiatri  
eva uati n.

Euthanasia an  physi ian-assiste  sui i e are n  
guarantee    a pain ess, qui k  eath. Data  r m the 
Nether an s in i ate that in as many as 20%     ases 
te hni a  an   ther pr b ems ar se, in  u ing patients 
waking  r m   ma, n t be  ming   mat se, regur-
gitating me i ati ns, an  experien ing a pr   nge  
time t   eath. Data  r m Oreg n in i ate that between 
1997 an  2013, 22 patients (~5%) regurgitate  a er 
taking pres ribe  me i ati n, 1 patient awake , an  
n ne experien e  seizures. Pr b ems were signi  ant y 
m re   mm n in physi ian-assiste  sui i e, s me-
times requiring the physi ian t  intervene an  pr vi e 
euthanasia.

Whether pra ti ing in a setting where euthana-
sia is  ega   r n t,  ver a  areer, 12–54%    physi ians 
re eive a request   r euthanasia  r physi ian-assiste  
sui i e  r m a patient. C mpeten y in  ea ing with 
su h a request is  ru ia . A th ugh  ha  enging, the 
request  an a s  pr vi e a  han e t  a  ress intense 
su ering. A er re eiving a request   r euthanasia 
an / r physi ian-assiste  sui i e, hea th  are pr vi -
ers sh u    are u  y   ari y the request with empathi , 
 pen-en e  questi ns t  he p e u i ate the un er ying 
 ause   r the request, su h as “What makes y u want t  
  nsi er this  pti n?” En  rsing either m ra   pp si-
ti n  r m ra  supp rt   r the a t ten s t  be   unter-
pr  u tive, giving an impressi n    being ju gmenta  
 r    en  rsing the i ea that the patient’s  i e is w rth-
 ess. Hea th  are pr vi ers must reassure the patient    
  ntinue   are an    mmitment. T e patient sh u   be 
e u ate  ab ut a ternative,  ess   ntr versia   pti ns, 
su h as sympt m management an  with rawing any 
unwante  treatments an  the rea ity    euthanasia an /
 r physi ian-assiste  sui i e, be ause the patient may 
have mis  n epti ns ab ut their e e tiveness as we   as 

the  ega  imp i ati ns    the  h i e. Depressi n, h pe-
 essness, an   ther sympt ms    psy h   gi a   istress 
as we   as physi a  su ering an  e  n mi  bur ens are 
 ike y  a t rs m tivating the request, an  su h  a t rs 
sh u   be assesse  an  treate  aggressive y. A er 
these interventi ns an    ari  ati n     pti ns, m st 
patients pr  ee  with an ther appr a h,  e  ining  i e-
sustaining interventi ns, p ssib y in  u ing re usa     
nutriti n an  hy rati n.

CARE DURING THE LAST HOURS
M st  aypers ns have  imite  experien es with the 
a tua   ying pr  ess an   eath. T ey  requent y    n t 
kn w what t  expe t    the  na  h urs an  a erwar . 
T e  ami y an   ther  aregivers must be prepare , espe-
 ia  y i  the p an is   r the patient t   ie at h me.

Patients in the  ast  ays     i e typi a  y experien e 
extreme weakness an   atigue an  be  me be b un ; 
this  an  ea  t  pressure s res. T e issue    turning 
patients wh  are near the en      i e, h wever, must be 
ba an e  against the p tentia   is  m  rt that m ve-
ment may  ause. Patients st p eating an   rinking with 
 rying    mu  sa  membranes an   ysphagia. Care u  
attenti n t   ra  swabbing,  ubri ants   r  ips, an  use 
   arti  ia  tears  an pr vi e a   rm     are t  substi-
tute   r attempts at  ee ing the patient. With   ss    
the gag ref ex an   ysphagia, patients may a s  experi-
en e a  umu ati n     ra  se reti ns, pr  u ing n ises 
 uring respirati n s metimes  a  e  “the  eath ratt e.” 
S  p  amine  an re u e the se reti ns. Patients a s  
experien e  hanges in respirati n with peri  s    apnea 
 r Cheyne-St kes breathing. De rease  intravas u ar 
v  ume an   ar ia   utput  ause ta hy ar ia, hyp -
tensi n, periphera      ness, an   ive   reti u aris 
(skin m tt ing). Patients  an have urinary an ,  ess  re-
quent y,  e a  in  ntinen e. Changes in   ns i usness 
an  neur   gi   un ti n genera  y  ea  t  tw   i erent 
paths t   eath (Fig. 33-2).

Ea h    these termina   hanges  an  ause patients 
an   ami ies  istress, requiring reassuran e an  targete  
interventi ns (Table 33-9). In  rming  ami ies that 
these  hanges might    ur an  pr vi ing them with 
an in  rmati n sheet  an he p preempt pr b ems an  
minimize  istress. Un erstan ing that patients st p eat-
ing be ause they are  ying, n t  ying be ause they have 
st ppe  eating,  an re u e  ami y an   aregiver anxiety. 
Simi ar y, in  rming the  ami y an   aregivers that the 
“ eath ratt e” may    ur an  that it is n t in i ative    
su   ati n,  h king,  r pain  an re u e their w rry 
 r m the breathing s un s.

Fami ies an   aregivers may a s   ee  gui ty ab ut 
st pping treatments,  earing that they are “ki  ing” 
the patient. T is may  ea  t   eman s   r interven-
ti ns, su h as  ee ing tubes, that may be ine e tive. 
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Common c linical
cours e

Uncommon c linical
cours e

Normal

Sleepy

Lethargic

Obtunded

Seizures

Myoclonic je rks

Delirium

Hallucina tions

Tremulous

Confused

Res tless

Semicomatose

Comatose

Death

CLINICAL COURSES FOR TERMINALLY ILL
PATIENTS

FIGURE 33 -2
Com m on and  uncom m on clin ica l courses in  the  last  d ays 
of te rm inally ill p at ien ts. (Adapted  rom FD Ferris et al: Module 4: 
Palliative care, in Comprehensive Guide  or the Care o  Persons with HIV 
Disease. Toronto: Mt. Sinai Hospital and Casey Hospice, 1995, http://
www.cpsonline.in o/content/resources/hivmodule/module4complete 
.pd .)

In su h  ases, the physi ian sh u   remin  the  ami y 
an   aregivers ab ut the inevitabi ity    events an  the 
pa  iative g a s. Interventi ns may pr   ng the  ying 
pr  ess an   ause  is  m  rt. Physi ians a s  sh u   
emphasize that withh   ing treatments is b th  ega  an  
ethi a  an  that the  ami y members are n t the  ause 
   the patient’s  eath. T is reassuran e may have t  be 
pr vi e  mu tip e times.

Hearing an  t u h are sai  t  be the  ast senses t  
st p  un ti ning. Whether this is the  ase  r n t,  ami-
 ies an   aregivers  an be en  urage  t    mmuni-
 ate with the  ying patient. En  uraging them t  ta k 
 ire t y t  the patient, even i  he  r she is un  ns i us, 
an  h    the patient’s han   r  em nstrate a e ti n in 
 ther ways  an be an e e tive way t   hanne  their urge 
“t     s mething”   r the patient.

When the p an is   r the patient t   ie at h me, the 
physi ian must in  rm the  ami y an   aregivers h w t  
 etermine that the patient has  ie . T e  ar ina  signs 
are  essati n     ar ia   un ti n an  respirati n; the 
pupi s be  me  xe ; the b  y be  mes     ; mus  es 
re ax; an  in  ntinen e may    ur. Remin  the  am-
i y an   aregivers that the eyes may remain  pen even 
a er the patient has  ie  be ause the retr  rbita   at 
pa  may be  ep ete , permitting the  rbit t   a   p ste-
ri r y, whi h makes it  i  u t   r the eye i s t    ver 
the eyeba  .

T e physi ian sh u   estab ish a p an   r wh  the 
 ami y  r  aregivers wi     nta t when the patient is 
 ying  r has  ie . With ut a p an, they may pani  an  
 a   911, un eashing a  as a e    unwante  events,  r m 
arriva     emergen y pers nne  an  resus itati n t  
h spita  a missi n. T e  ami y an   aregivers sh u   
be instru te  t    nta t the h spi e (i   ne is inv  ve ), 
the   vering physi ian,  r the  n- a   member    the 
pa  iative  are team. T ey sh u   a s  be t    that the 
me i a  examiner nee  n t be  a  e  un ess the state 
requires it   r a    eaths. Un ess   u  p ay is suspe te , 
the hea th  are team nee  n t   nta t the me i a  
examiner either.

Just a er the patient  ies, even the best-prepare   am-
i y may experien e sh  k an    ss an  be em ti na  y 
 istraught. T ey nee  time t  assimi ate the event an  
be   m  rte . Hea th  are pr vi ers are  ike y t   n  it 
meaning u  t  write a bereavement  ar   r  etter t  the 
 ami y. T e purp se is t    mmuni ate ab ut the patient, 
perhaps emphasizing the patient’s virtues an  the h n r 
it was t   are   r the patient, an  t  express   n ern   r 
the  ami y’s har ship. S me physi ians atten  the  uner-
a s    their patients. A th ugh this is bey n  any me i a  
 b igati n, the presen e    the physi ian  an be a s ur e 
   supp rt t  the grieving  ami y an  pr vi es an  pp r-
tunity   r    sure   r the physi ian.

Death    a sp use is a str ng pre i t r    p  r 
hea th, an  even m rta ity,   r the surviving sp use. It 
may be imp rtant t  a ert the sp use’s physi ian ab ut 
the  eath s  that he  r she is aware    sympt ms that 
might require pr  essi na  attenti n.

PALLIATIVE CARE SERVICES:  
HOW AND WHERE

Determining the best appr a h t  pr vi ing pa  iative 
 are t  patients wi    epen   n patient pre eren es, 
the avai abi ity     aregivers an  spe ia ize  servi es 
in    se pr ximity, instituti na  res ur es, an  reim-
bursement. H spi e is a  ea ing, but n t the  n y, 
m  e     pa  iative  are servi es. In the Unite  States, 
a p ura ity—41.5%—   h spi e  are is pr vi e  in res-
i entia  h mes. In 2012, just  ver 17%    h spi e  are 
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476 TABLE 33-9  
MANAGING CHANGES IN THE PATIENT’S CONDITION DURING THE FINAL DAYS AND HOURS

CHANGES IN  
THE PATIENT’S  
CONDITION

POTENTIAL  
COMPLICATION

FAMILY’S POSSIBLE  
REACTION AND  
CONCERN  ADVICE AND INTERVENTION

Pro ound  atigue  Bedbound with devel 
opment o  pressure 
ulcers that are prone to 
in ection, malodor, and 
pain, and joint pain

Patient is lazy and 
giving up.

Reassure  amily and caregivers that terminal  atigue will not 
respond to interventions and should not be resisted.

Use an air mattress i  necessary.

Anorexia  None  Patient is giving up; 
patient will su  
 er  rom hunger 
and will starve to 
death.

Reassure  amily and caregivers that the patient is not eating 
because he or she is dying; not eating at the end o  li e does not 
cause suf ering or death.

Forced  eeding, whether oral, parenteral, or enteral, does not 
reduce symptoms or prolong li e.

Dehydration  Dry mucosal mem 
branes (see below)

Patient will suf er 
 rom thirst and die 
o  dehydration.

Reassure  amily and caregivers that dehydration at the end o  li e 
does not cause suf ering because patients lose consciousness 
be ore any symptom distress.

Intravenous hydration can worsen symptoms o  dyspnea by pul 
monary edema and peripheral edema as well as prolong dying 
process.

Dysphagia  Inability to swallow oral 
medications needed 
 or palliative care

Do not  orce oral intake.
Discontinue unnecessary medications that may have been con 
tinued, including antibiotics, diuretics, antidepressants, and 
laxatives.

I  swallowing pills is di cult, convert essential medications (anal 
gesics, antiemetics, anxiolytics, and psychotropics) to oral solu 
tions, buccal, sublingual, or rectal administration.

“Death rattle”—
noisy breathing

Patient is choking 
and suf ocating.

Reassure the  amily and caregivers that this is caused by secre 
tions in the oropharynx and the patient is not choking.

Reduce secretions with scopolamine (0.2–0.4 mg SC q4h or 1–3 
patches q3d).

Reposition patient to permit drainage o  secretions.
Do not suction. Suction can cause patient and  amily discom ort 
and is usually inef ective.

Apnea, Cheyne 
Stokes respira 
tions, dyspnea

Patient is 
suf ocating.

Reassure  amily and caregivers that unconscious patients do not 
experience suf ocation or air hunger.

Apneic episodes are  requently a premorbid change.
Opioids or anxiolytics may be used  or dyspnea.
Oxygen is unlikely to relieve dyspneic symptoms and may pro 
long the dying process.

Urinary or  ecal 
incontinence

Skin breakdown i  days 
until death

Potential transmission 
o  in ectious agents to 
caregivers

Patient is dirty, 
malodorous, 
and physically 
repellent.

Remind  amily and caregivers to use universal precautions.
Frequent changes o  bedclothes and bedding.
Use diapers, urinary catheter, or rectal tube i  diarrhea or high 
urine output.

Agitation or 
delirium

Day/night reversal
Hurt sel  or caregivers

Patient is in horrible 
pain and going 
to have a horrible 
death.

Reassure  amily and caregivers that agitation and delirium do not 
necessarily connote physical pain.

Depending on the prognosis and goals o  treatment, consider 
evaluating  or causes o  delirium and modi y medications.

Manage symptoms with haloperidol, chlorpromazine, diazepam, 
or midazolam.

Dry mucosal 
membranes

Cracked lips, mouth 
sores, and candidiasis 
can also cause pain.

Odor

Patient may be mal 
odorous or physi 
cally repellent.

Use baking soda mouthwash or saliva preparation q15–30min.
Use topical nystatin  or candidiasis.
Coat lips and nasal mucosa with petroleum jelly q60–90min.
Use ophthalmic lubricants q4h or arti cial tears q30min.
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477was pr vi e  in nursing h mes. In the Unite  States, 
Me i are pays   r h spi e servi es un er Part A, the 
h spita  insuran e part    reimbursement.  w  phy-
si ians must  erti y that the patient has a pr gn sis    
≤6 m nths i  the  isease runs its usua    urse. Pr g-
n ses are pr babi isti  by their nature; patients are n t 
require  t   ie within 6 m nths but rather t  have a 
  n iti n  r m whi h ha   the in ivi ua s with it w u   
n t be a ive within 6 m nths. Patients sign a h spi e 
enr   ment   rm that states their intent t    rg   ura-
tive servi es re ate  t  their termina  i  ness, but they 
 an sti   re eive me i a  servi es   r  ther   m rbi  
  n iti ns. Patients a s   an with raw enr   ment 
an  reenr     ater; the h spi e Me i are bene t  an be 
rev ke   ater t  se ure tra iti na  Me i are bene ts. 
Payments t  the h spi e are per  iem ( r  apitate ), 
n t  ee-  r-servi e. Payments are inten e  t    ver 
physi ian servi es   r the me i a   ire ti n    the  are 
team; regu ar h me  are visits by registere  nurses an  
 i ense  pra ti a  nurses; h me hea th ai  an  h me-
maker servi es;  hap ain servi es; s  ia  w rk servi es; 
bereavement   unse ing; an  me i a  equipment, sup-
p ies, an  me i ati ns. N  spe i   therapy is ex  u e , 
an  the g a  is   r ea h therapy t  be   nsi ere    r 
its sympt mati  (as  pp se  t   isease-m  i ying) 
e e t. A  iti na    ini a   are, in  u ing servi es    
the primary physi ian, is   vere  by Me i are Part 
B even whi e the h spi e Me i are bene t is in p a e. 
T e hea th re  rm  egis ati n signe  int   aw in Mar h 
2010—the A  r ab e Care A t— ire ts the Se retary 
   Hea th an  Human Servi es t  gather  ata  n Me i-
 are h spi e reimbursement with the g a     re  rming 
payment rates t  a   unt   r res ur e use  ver an entire 
epis  e     are. T e  egis ati n a s  requires a  iti na  
eva uati ns an  reviews    e igibi ity   r h spi e  are 
by h spi e physi ians  r nurses. Fina  y, the  egis ati n 
estab ishes a  em nstrati n pr je t   r   n urrent h s-
pi e  are in Me i are, whi h w u   test an  eva uate 
a   wing patients t  remain e igib e   r regu ar Me i-
 are  uring h spi e  are.

By 2012, the mean  ength    enr   ment in a h spi e 
was ar un  71.8  ays, with the me ian being 18.7  ays. 
Su h sh rt stays  reate barriers t  estab ishing high-
qua ity pa  iative servi es in patients’ h mes an  a s  
p a e  nan ia  strains  n h spi e pr vi ers be ause the 

initia  assessments are res ur e intensive. Physi ians 
sh u   initiate ear y re erra s t  the h spi e t  a   w 
m re time   r patients t  re eive pa  iative  are.

H spi e  are has been the main meth   in the 
Unite  States   r se uring pa  iative servi es   r termi-
na  y i   patients. H wever, e  rts are being ma e t  
ensure   ntinuity    pa  iative  are a r ss settings an  
thr ugh time. Pa  iative  are servi es are be  ming 
avai ab e as   nsu tative servi es an  m re rare y as pa -
 iative  are units in h spita s, in  ay  are an   ther  ut-
patient settings, an  in nursing h mes. Pa  iative  are 
  nsu tati ns   r n nh spi e patients  an be bi  e  as 
  r  ther   nsu tati ns un er Me i are Part B, the phy-
si ian reimbursement part. Many be ieve pa  iative  are 
sh u   be   ere  t  patients regar  ess    their pr gn -
sis. A patient, his  r her  ami y, an  physi ians sh u   
n t have t  make a “ urative versus pa  iative  are”  e i-
si n be ause it is rare y p ssib e t  make su h a  e isive 
swit h t  embra ing m rta ity.

FUTURE DIRECTIONS

OUTCOME MEASURES
Care near the en      i e  ann t be measure  by m st 
   the avai ab e va i ate   ut  me measures be ause 
pa  iative  are   es n t   nsi er  eath a ba   ut-
  me. Simi ar y, the  ami y an  patients re eiving 
en -  - i e  are may n t  esire the e ements e i ite  
in  urrent qua ity-  - i e measurements. Sympt m 
  ntr  , enhan e   ami y re ati nships, an  qua ity 
   bereavement are  i  u t t  measure an  are rare y 
the primary    us     are u  y  eve  pe   r wi e y 
use   ut  me measures. Neverthe ess,  ut  mes are 
as imp rtant in en -  - i e  are as in any  ther  e   
   me i a   are. Spe i   en -  - i e  are instruments 
are being  eve  pe  b th   r assessment, su h as T e 
Brie  H spi e Invent ry an  NES  (nee s near the 
en      i e s reening t   ), an    r  ut  me measures, 
su h as the Pa  iative Care Out  mes S a e, as we   as 
  r pr gn sis, su h as the Pa  iative Pr gn sti  In ex. 
T e  e      en -  - i e  are is entering an era    evi-
 en e-base  pra ti e an    ntinu us impr vement 
thr ugh   ini a  tria s.

33_Hematology_ch33_p454-478.indd   477  04/08/16   4:09 PM



33_Hematology_ch33_p454-478.indd   478  04/08/16   4:09 PM

This page intentionally left blank 



SECTION IX

NEOPLASTIC  
DISORDERS

34_Hematology_ch34_p479-493.indd   479  04/08/16   4:08 PM



480

Walte r J. Urb a  ■   Brend an  D. Curt i 

MELANOMA

Pig ented lesions  re   ong the  ost co  on  nd-
ings on skin ex  in tion. T e ch llenge is to distin-
guish cut neous  el no  s, which  ccount  or the 
overwhel ing   jority o  de ths resulting  ro  skin 
c ncer,  ro  the re  inder, which  re usu lly benign. 
Cut neous  el no   c n occur in  dults o   ll  ges, 
even young individu ls,  nd  eo le o   ll colors; its 
loc tion on the skin  nd its distinct clinic l  e tures 
  ke it detect ble  t   ti e when co  lete surgic l 
excision is  ossible. Ex   les o    lign nt  nd benign 
 ig ented lesions  re shown in Fig. 34-1.

EPIDEMIOLOGY
Mel no   is  n  ggressive   lign ncy o   el nocytes, 
 ig ent- roducing cells th t origin te  ro  the neu-
r l crest  nd  igr te to the skin,  eninges,  ucous 
 e br nes, u  er eso h gus,  nd eyes. Mel nocytes 
in e ch o  these loc tions h ve the  otenti l  or   lig-
n nt tr ns or  tion. Cut neous  el no   is  redo i-
n ntly     lign ncy o  white-skinned  eo le (98% o  
c ses),  nd the incidence correl tes with l titude o  
residence,  roviding strong evidence  or the role o  sun 
ex osure. Men  re   ected slightly  ore th n wo en 
(1.3:1),  nd the  edi n  ge  t di gnosis is the l te   -
ties. D rk-skinned  o ul tions (such  s those o  Indi  
 nd Puerto Rico), bl cks,  nd E st Asi ns  lso develo  
 el no  ,  lbeit  t r tes 10–20 ti es lower th n those 
in whites. Cut neous  el no  s in these  o ul tions 
 re di gnosed  ore o en  t   higher st ge,  nd   tients 
tend to h ve worse outco es. Further ore, in non-
white  o ul tions, there is    uch higher  requency o  
 cr l (subungu l,  l nt r,   l  r)  nd  ucos l  el -
no  s. In 2014,  ore th n 76,000 individu ls in the 
United St tes were ex ected to develo   el no  ,  nd 
   roxi  tely 9700 were ex ected to die. T ere will be 
ne rly 50,000  nnu l de ths worldwide  s   result o  

CANCER OF THE SKIN

CHAP TER 3 4

 el no  . D t   ro  the Connecticut  u or Registry 
su  ort  n unre itting incre se in the incidence  nd 
 ort lity o   el no  . In the   st 60 ye rs, there h ve 
been 17- old  nd 9- old incre ses in incidence  or  en 
 nd wo en, res ectively. In the s  e six dec des, there 
h s been   tri ling o   ort lity r tes  or  en  nd dou-
bling  or wo en. Mort lity r tes begin to rise  t  ge 55, 
with the gre test incre se in  en  ge >65 ye rs. O    r-
ticul r concern is the incre se in r tes   ong wo en 
<40 ye rs o   ge. Much o  this incre se is believed to be 
 ssoci ted with   gre ter e  h sis on t nned skin  s   
  rker o  be uty, the incre sed  v il bility  nd use o  
indoor t nning beds,  nd ex osure to intense ultr vio-
let (UV) light in childhood. T ese st tistics highlight 
the need to  ro ote  revention  nd e rly detection.

RISK FACTORS
Presence of nevi

T e risk o  develo ing  el no   is rel ted to genetic, 
environ ent l,  nd host   ctors (Table 34-1). T e 
strongest risk   ctors  or  el no    re the  resence 
o   ulti le benign or  ty ic l nevi  nd      ily or 
 erson l history o   el no  . T e  resence o   el -
nocytic nevi, co  on or dys l stic, is     rker  or 
incre sed risk o   el no  . Nevi h ve been re erred 
to  s  recursor lesions bec use they c n tr ns or  
into  el no  s; however, the  ctu l risk  or  ny s e-
ci c nevus is exceedingly low. About one-qu rter o  
 el no  s  re histologic lly  ssoci ted with nevi, but 
the   jority  rise de novo. T e nu ber o  clinic lly 
 ty ic l  oles   y v ry  ro  one to sever l hundred, 
 nd they usu lly di er  ro  one  nother in    e r-
 nce. T e borders  re o en h zy  nd indistinct,  nd 
the  ig ent   ttern is  ore highly v ried th n th t in 
benign  cquired nevi. Individu ls with clinic lly  ty i-
c l  oles  nd   strong    ily history o   el no   h ve 
been re orted to h ve   >50% li eti e risk  or devel-
o ing  el no    nd w rr nt close  ollow-u  with   
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FIGURE 34 -1
Atyp ica l an d  m alig n an t  p ig m en ted  le sion s. The most com-
mon melanoma is super cial spreading melanoma (not pictured).  
A. Acral lentiginous melanoma is the most common melanoma 
in blacks, Asians, and Hispanics and occurs as an enlarging hyper-
pigmented macule or plaque on the palms and soles. Lateral pig-
ment di usion is present. B. Nodular melanoma most commonly 
mani ests as a rapidly growing, o ten ulcerated or crusted black 
nodule. C. Lentigo maligna melanoma occurs on sun-exposed 
skin as a large, hyperpigmented macule or plaque with irregular 
borders and variable pigmentation. D. Dysplastic nevi are irregu-
larly pigmented and shaped nevomelanocytic lesions that may 
be associated with  amilial melanoma.

TABLE 34 -1  
FACTORS ASSOCIATED WITH INCREASED RISK OF 
MELANOMA
Total body nevi (higher number = higher risk)
Dysplastic nevi (10- old increased risk)
Family or personal history
Ultraviolet exposure/sunburns/tanning booths
Light skin/hair/eye color
Poor tanning ability
Freckling
CDKN2A, CDK4, MITF mutations
MC1R variants

der  tologist. O  the 90% o    tients whose dise se is 
s or dic (i.e., who l ck      ily history o   el no  ), 
~40% h ve clinic lly  ty ic l  oles, co   red with  n 
esti  ted 5–10% o  the  o ul tion  t l rge.

Congenit l  el nocytic nevi, which  re cl ssi ed 
 s s  ll (≤1.5 c ),  ediu  (1.5–20 c ),  nd gi nt 
(>20 c ), c n be  recursors  or  el no  . T e risk is 
highest  or the gi nt  el nocytic nevus,  lso c lled the 
b thing trunk nevus,   r re   l or  tion th t   ects 
1 in 30,000–100,000 individu ls. Since the li eti e risk 
o   el no   develo  ent is esti  ted to be  s high 
 s 6%,  ro hyl ctic excision e rly in li e is  rudent. 
T is usu lly requires st ged re ov l with cover ge 
by s lit-thickness skin gr  s. Surgery c nnot re ove 
 ll  t-risk nevus cells,  s so e   y  enetr te into the 
 uscles or centr l nervous syste  (CNS) below the 
nevus. S  ll- to  ediu -size congenit l  el nocytic 
nevi   ect    roxi  tely 1% o   ersons; the risk o  
 el no   develo ing in these lesions is not known but 
   e rs to be rel tively low. T e   n ge ent o  s  ll- 
to  ediu -size congenit l  el nocytic nevi re  ins 
controversi l.

Persona l a nd fa mily history

Once di gnosed,   tients with  el no   require   
li eti e o  surveill nce bec use their risk o  develo -
ing  nother  el no   is 10 ti es th t o  the gener l 
 o ul tion. First-degree rel tives h ve   higher risk 
o  develo ing  el no   th n do individu ls without 
     ily history, but only 5–10% o   ll  el no  s  re 
truly    ili l. In    ili l  el no  ,   tients tend to 
be younger  t  rst di gnosis, lesions  re thinner, sur-
viv l is i  roved,  nd  ulti le  ri  ry  el no  s  re 
co  on.

Genetic susceptibility

 A  roxi  tely 20–40% o  c ses o  heredit ry  el-
 no   (0.2–2% o   ll  el no  s)  re due to 
ger line  ut tions in the cell cycle regul tory 

gene cyclin-de endent kin se inhibitor 2A (CDKN2A). 
In   ct, 70% o   ll cut neous  el no  s h ve  ut tions 
or deletions   ecting the CDKN2A locus on chro o-
so e 9 21. T is locus encodes two distinct tu or-su -
 ressor  roteins  ro   ltern te re ding  r  es:  16  nd 
ARF ( 14ARF). T e  16  rotein inhibits CDK4/6- edi-
 ted  hos horyl tion  nd in ctiv tion o  the retinobl s-
to   (RB)  rotein, where s ARF inhibits MDM2 
ubiquitin- edi ted degr d tion o   53. T e end result 
o  the loss o  CDKN2A is in ctiv tion o  two critic l 
tu or-su  ressor   thw ys, RB  nd  53, which control 
entry o  cells into the cell cycle. Sever l studies h ve 
shown  n incre sed risk o    ncre tic c ncer   ong 
 el no  - rone    ilies with CDKN2A  ut tions. A 
second high-risk locus  or  el no   susce tibility, 
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482 CDK4, is loc ted on chro oso e 12q13  nd encodes 
the kin se inhibited by  16. CDK4  ut tions, which 
 lso in ctiv te the RB   thw y,  re  uch r rer th n 
CDKN2A  ut tions. Ger line  ut tions in the  el -
no   line ge-s eci c oncogene  icro hth l i - sso-
ci ted tr nscri tion   ctor (MITF)  redis ose to both 
   ili l  nd s or dic  el no  s.

T e  el nocortin-1 rece tor (MC1R) gene is    od-
er te-risk inherited  el no   susce tibility   ctor. 
Sol r r di tion sti ul tes the  roduction o   el no-
cortin (α- el nocyte-sti ul ting hor one [α-MSH]), 
the lig nd  or MC1R, which is   G- rotein-cou led 
rece tor th t sign ls vi  cyclic AMP  nd regul tes the 
  ount  nd ty e o   ig ent  roduced. MC1R is highly 
 oly or hic,  nd   ong its 80 v ri nts  re those th t 
result in   rti l loss o  sign ling  nd le d to the  roduc-
tion o  red/yellow  heo el nins, which  re not sun-
 rotective  nd  roduce red h ir, r ther th n brown/
bl ck eu el nins th t  re  hoto rotective. T is red 
h ir color (RHC)  henoty e is  ssoci ted with   ir 
skin, red h ir,  reckles, incre sed sun sensitivity,  nd 
incre sed risk o   el no  . In  ddition to its we k UV 
shielding c   city rel tive to eu el nin, incre sed  he-
o el nin  roduction in   tients with in ctiv ting  oly-
 or his s o  MC1R  lso  rovides   UV-inde endent 
c rcinogenic contribution to  el no  genesis vi  oxi-
d tive d   ge.

A nu ber o  other  ore co  on, low- enetr nce 
 oly or his s th t h ve s  ll e ects on  el no   
susce tibility include other genes rel ted to  ig en-
t tion, nevus count, i  une res onses, DNA re  ir, 
 et bolis ,  nd the vit  in D rece tor.

PREVENTION AND EARLY DETECTION
Pri  ry  revention o   el no    nd non el no   
skin c ncer (NMSC) is b sed on  rotection  ro  the 
sun. Public he lth initi tives, such  s the SunS  rt  ro-
gr   th t st rted in Austr li   nd now is o er tive in 
Euro e  nd the United St tes, h ve de onstr ted th t 
beh vior l ch nge c n decre se the incidence o  NMSC 
 nd  el no  . Preventive  e sures should st rt e rly 
in li e bec use d   ge  ro  UV light begins e rly 
des ite the   ct th t c ncers develo  ye rs l ter. Bio-
logic l   ctors  re incre singly being understood, such 
 s t nning  ddiction, which is  ostul ted to involve 
sti ul tion o  rew rd centers in the br in involv-
ing do   ine   thw ys,  nd cut neous secretion o  
β-endor hins   er UV ex osure,  nd   y re resent 
 nother  re   or  reventive intervention. Regul r use o  
bro d-s ectru  sunscreens th t block UVA  nd UVB 
with   sun  rotection   ctor (SPF) o   t le st 30  nd 
 rotective clothing should be encour ged. Avoid nce o  
t nning beds  nd  idd y (10:00 a .m. to 2:00 p.m.) sun 
ex osure is reco  ended.

Second ry  revention co  rises educ tion, screen-
ing,  nd e rly detection. P tients should be educ ted 
in the clinic l  e tures o   el no   (ABCDEs; see 
 ollowing “Di gnosis” section)  nd  dvised to re ort 
 ny growth or other ch nge in    ig ented lesion. 
Brochures  re  v il ble  ro  the A eric n C ncer 
Society, the A eric n Ac de y o  Der  tology, the 
N tion l C ncer Institute,  nd the Skin C ncer Foun-
d tion. Sel -ex  in tion  t 6- to 8-week interv ls   y 
enh nce the likelihood o  detecting ch nge. Although 
the U.S. Preventive Services   sk Force st tes th t evi-
dence is insu cient to reco  end  or or  g inst skin 
c ncer screening,    ull-body skin ex   see s to be   
si  le,  r ctic l w y to    ro ch reducing the  ort l-
ity r te  or skin c ncer. De ending on the  resence or 
 bsence o  risk   ctors, str tegies  or e rly detection c n 
be individu lized. T is is   rticul rly true  or   tients 
with clinic lly  ty ic l  oles (dys l stic nevi)  nd 
those with    erson l history o   el no  . For these 
individu ls, surveill nce should be  er or ed by the 
der  tologist  nd include tot l-body  hotogr  hy  nd 
der osco y where    ro ri te. Individu ls with three 
or  ore  ri  ry  el no  s  nd    ilies with  t le st 
one inv sive  el no    nd two or  ore c ses o   el -
no    nd/or   ncre tic c ncer   ong  rst- or second-
degree rel tives on the s  e side o  the    ily   y 
bene t  ro  genetic testing. Prec ncerous  nd in situ 
lesions should be tre ted e rly. E rly detection o  s  ll 
tu ors  llows the use o  si  ler tre t ent  od lities 
with higher cure r tes  nd lower  orbidity.

DIAGNOSIS
T e   in go l is to identi y    el no   be ore tu or 
inv sion  nd li e-thre tening  et st ses h ve occurred. 
E rly detection   y be   cilit ted by    lying the 
ABCDEs: asy  etry (benign lesions  re usu lly sy -
 etric); border irregul rity ( ost nevi h ve cle r-cut 
borders); color v rieg tion (benign lesions usu lly h ve 
uni or  light or d rk  ig ent); di  eter >6    (the 
size o     encil er ser);  nd evolving ( ny ch nge in 
size, sh  e, color, or elev tion or new sy  to s such 
 s bleeding, itching,  nd crusting). Benign nevi usu-
 lly    e r on sun-ex osed skin  bove the w ist, r rely 
involving the sc l , bre sts, or buttocks;  ty ic l  oles 
usu lly    e r on sun-ex osed skin,  ost o en on the 
b ck, but c n involve the sc l , bre sts, or buttocks. 
Benign nevi  re  resent in 85% o   dults, with 10–40 
 oles sc ttered over the body;  ty ic l nevi c n be 
 resent in the hundreds.

T e entire skin sur  ce, including the sc l   nd 
 ucous  e br nes,  s well  s the n ils should be ex  -
ined in e ch   tient. Bright roo  illu in tion is i  or-
t nt,  nd   h nd lens is hel  ul  or ev lu ting v ri tion 
in  ig ent   ttern. Any sus icious lesions should be 
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TABLE 34 -2  
HISTOLOGIC SUBTYPES OF MALIGNANT MELANOMA

TYPE  SITE
AVERAGE AGE AT 
DIAGNOSIS, YEARS

DURATION OF KNOWN 
EXISTENCE, YEARS  COLOR

Lentigo maligna 
melanoma

Sun-exposed sur-
 aces, particularly 
malar region o  
cheek and temple

70  5–20 or longera In f at portions, shades o  brown and tan 
predominate, but whitish gray occa-
sionally present; in nodules, shades o  
reddish brown, bluish gray, bluish black

Super cial 
spreading 
melanoma

Any site (more 
common on 
upper back and, 
in women, lower 
legs)

40–50  1–7  Shades o  brown mixed with bluish 
red (violaceous), bluish black, reddish 
brown, and o ten whitish pink, and the 
border o  lesion is at least in part visibly 
and/or palpably elevated

Nodular 
melanoma

Any  40–50  Months–<5 years  Reddish blue (purple) or bluish black; 
either uni orm in color or mixed with 
brown or black

Acral lentiginous 
melanoma

Palm, sole, nail 
bed, mucous 
membrane

60  1–10  In f at portions, dark brown pre-
dominantly; in raised lesions 
(plaques), brown-black or blue-black 
predominantly

aDuring much o  this time, the precursor stage, lentigo maligna, is con ned to the epidermis.
Source: Adapted  rom AJ Sober, in NA Soter, HP Baden (eds): Pathophysiology of Dermatologic Diseases. New York, McGraw-Hill, 1984.

bio sied, ev lu ted by   s eci list, or recorded by ch rt 
 nd/or  hotogr  hy  or  ollow-u . A  ocused  ethod 
 or ex  ining individu l lesions, der osco y, e  loys 
low-level   gni c tion o  the e ider is  nd   y  llow 
   ore  recise visu liz tion o    tterns o   ig ent tion 
th n is  ossible with the n ked eye. Co  lete  hysi-
c l ex  in tion with  ttention to the region l ly  h 
nodes is   rt o  the initi l ev lu tion in     tient with 
sus ected  el no  . T e   tient should be  dvised to 
h ve other    ily  e bers screened i  either  el no   
or clinic lly  ty ic l  oles (dys l stic nevi)  re  res-
ent. P tients who  t into high-risk grou s should be 
instructed to  er or   onthly sel -ex  in tions.

Biopsy

Any  ig ented cut neous lesion th t h s ch nged in 
size or sh  e or h s other  e tures suggestive o    lig-
n nt  el no   is   c ndid te  or bio sy. An excision l 
bio sy with 1- to 3-     rgins is suggested. T is 
  cilit tes   thologic  ssess ent o  the lesion,  er its 
 ccur te  e sure ent o  thickness i  the lesion is  el -
no  ,  nd constitutes de nitive tre t ent i  the lesion 
is benign. For lesions th t  re l rge or on  n to ic sites 
where excision l bio sy   y not be  e sible (such  s the 
  ce, h nds,  nd  eet),  n incision l bio sy through the 
 ost nodul r or d rkest  re  o  the lesion is  cce t ble; 
this should include the vertic l growth  h se o  the 
 ri  ry tu or, i   resent. Incision l bio sy does not 
   e r to   cilit te the s re d o   el no  . For sus i-
cious lesions, every  tte  t should be   de to  reserve 

the  bility to  ssess the dee   nd  eri her l   rgins 
 nd to  er or  i  unohistoche istry. Sh ve bio sies 
 re  n  cce t ble  ltern tive,   rticul rly i  the sus i-
cion o    lign ncy is low, but they should be dee   nd 
include underlying   t; c uteriz tion should be  voided. 
T e bio sy should be re d by     thologist ex erienced 
in  ig ented lesions,  nd the re ort should include 
Breslow thickness,  itoses  er squ re  illi eter  or 
lesions ≤1   ,  resence or  bsence o  ulcer tion,  nd 
 eri her l  nd dee    rgin st tus. Breslow thick-
ness is the gre test thickness o     ri  ry cut neous 
 el no    e sured on the slide  ro  the to  o  the 
e ider  l gr nul r l yer, or  ro  the ulcer b se, to the 
botto  o  the tu or.  o distinguish  el no  s  ro  
benign nevi in c ses with ch llenging histology, f uores-
cence in situ hybridiz tion (FISH) with  ulti le  robes 
 nd co   r tive geno e hybridiz tion (CGH) c n be 
hel  ul.

CLINICAL CLASSIFICATION
Four   jor ty es o  cut neous  el no   h ve been 
recognized (Table 34-2). In three o  these ty es—super-
f cial spreading melanoma, lentigo maligna melanoma, 
 nd acral lentiginous melanoma—the lesion h s    eriod 
o  su er ci l (so-c lled r di l) growth during which 
it incre ses in size but does not  enetr te dee ly. It is 
during this  eriod th t the  el no   is  ost c   ble 
o  being cured by surgic l excision. T e  ourth ty e—
nodular melanoma—does not h ve   recogniz ble r di l 
growth  h se  nd usu lly  resents  s   dee ly inv sive 
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484 lesion th t is c   ble o  e rly  et st sis. When tu ors 
begin to  enetr te dee ly into the skin, they  re in the 
so-c lled vertic l growth  h se. Mel no  s with   
r di l growth  h se  re ch r cterized by irregul r  nd 
so eti es notched borders, v ri tion in  ig ent   t-
tern,  nd v ri tion in color. An incre se in size or 
ch nge in color is noted by the   tient in 70% o  e rly 
lesions. Bleeding, ulcer tion,  nd   in  re l te signs  nd 
 re o  little hel  in e rly recognition. Su er ci l s re d-
ing  el no   is the  ost co  on v ri nt observed 
in the white  o ul tion. T e b ck is the  ost co  on 
site  or  el no   in  en. In wo en, the b ck  nd the 
lower leg ( ro  knee to  nkle)  re co  on sites. Nodu-
l r  el no  s  re d rk brown-bl ck to blue-bl ck nod-
ules. Lentigo   lign   el no   usu lly is con ned 
to chronic lly sun-d   ged sites in older individu ls. 
Acr l lentiginous  el no   occurs on the   l s, soles, 
n il beds,  nd  ucous  e br nes. Although this ty e 
occurs in whites, it occurs  ost  requently ( long with 
nodul r  el no  ) in bl cks  nd E st Asi ns. A   h 
ty e o   el no  , desmoplastic melanoma, is  ssoci ted 
with    brotic res onse, neur l inv sion,  nd   gre ter 
tendency  or loc l recurrence. Occ sion lly,  el no  s 
   e r clinic lly to be   el notic, in which c se the 
di gnosis is est blished  icrosco ic lly   er bio sy o  
  new or   ch nging skin nodule. Mel no  s c n  lso 
 rise in the  ucos  o  the he d  nd neck (n s l c vity, 
  r n s l sinuses  nd or l c vity), the g strointestin l 
tr ct, the CNS, the  e  le genit l tr ct (vulv , v gin ), 
 nd the uve l tr ct o  the eye.

Although cut neous  el no   subty es  re clini-
c lly  nd histo  thologic lly distinct, this cl ssi c tion 
does not h ve inde endent  rognostic v lue. Histologic 
subty e is not   rt o  A eric n Joint Co  ittee on 
C ncer (AJCC) st ging,  lthough the College o  A eri-
c n P thologists (CAP) reco  ends inclusion in the 
  thology re ort. Newer cl ssi c tions will incre singly 
e  h size  olecul r  e tures o  e ch  el no   (see 
below). T e  olecul r  n lysis o  individu l  el no-
  s will  rovide   b sis  or distinguishing benign nevi 
 ro   el no  s,  nd deter in tion o  the  ut tion l 
st tus o  the tu or will hel  elucid te the  olecul r 
 ech nis s o  tu origenesis  nd be used to identi y 
t rgets th t will guide ther  y.

PATHOGENESIS AND MOLECULAR 
CLASSIFICATION
Consider ble evidence  ro  e ide iologic  nd  olecu-
l r studies suggests th t cut neous  el no  s  rise vi  
 ulti le c us l   thw ys. T ere  re both environ en-
t l  nd genetic co  onents. UV sol r r di tion c uses 
genetic ch nges in the skin, i   irs cut neous i  une 
 unction, incre ses the  roduction o  growth   ctors, 
 nd induces the  or  tion o  DNA-d   ging re ctive 

oxygen s ecies th t   ect ker tinocytes  nd  el no-
cytes. A co  rehensive c t log o  so  tic  ut tions 
 ro    hu  n  el no   reve led  ore th n 33,000 
b se  ut tions with d   ge to  l ost 300  rotein-
coding seg ents co   red with nor  l cells  ro  
the s  e   tient. T e do in nt  ut tion l sign ture 
ref ected DNA d   ge due to UV light ex osure. T e 
 el no    lso cont ined  reviously described driver 
 ut tions (i.e.,  ut tions th t con er selective clon l 
growth  dv nt ge  nd  re i  lic ted in oncogenesis). 
T ese driver  ut tions   ect   thw ys th t  ro ote 
cell  roli er tion  nd inhibit nor  l   thw ys o    o -
tosis in res onse to DNA re  ir (see below). T e  ltered 
 el nocytes  ccu ul te DNA d   ge,  nd selection 
occurs  or  ll the  ttributes th t constitute the   lig-
n nt  henoty e: inv sion,  et st sis,  nd  ngiogenesis.

An underst nding o  the  olecul r ch nges th t 
occur during the tr ns or  tion o  nor  l  el no-
cytes into   lign nt  el no   would not only hel  
cl ssi y   tients but  lso would contribute to the under-
st nding o  etiology  nd  id the develo  ent o  new 
ther  eutic o tions. A geno e-wide  ssess ent o   el-
 no  s cl ssi ed into  our grou s b sed on their loc -
tion  nd degree o  ex osure to the sun h s con r ed 
th t there  re distinct genetic   thw ys in the develo -
 ent o   el no  . T e  our grou s were cut neous 
 el no  s on skin without chronic sun-induced d  -
 ge, cut neous  el no  s with chronic sun-induced 
d   ge,  ucos l  el no  s,  nd  cr l  el no  s. 
Distinct   tterns o  DNA  lter tions were noted th t 
v ried with the site o  origin  nd were inde endent o  
the histologic subty e o  the tu or. T us,  lthough the 
genetic ch nges  re diverse, the over ll   ttern o   ut -
tion,    li c tion,  nd loss o  c ncer genes indic tes 
they h ve convergent e ects on key bioche ic l   th-
w ys involved in  roli er tion, senescence,  nd   o -
tosis. T e p16  ut tion th t   ects cell cycle  rrest  nd 
the ARF  ut tion th t results in de ective   o totic 
res onses to genotoxic d   ge were described e rlier. 
T e  roli er tive   thw ys   ected were the  itogen-
 ctiv ted  rotein (MAP) kin se  nd  hos h tidylinosi-
tol 3’ kin se/AK    thw ys (Fig. 34-2).

RAS  nd BRAF,  e bers o  the MAP kin se 
  thw y, which cl ssic lly  edi tes the tr nscri -
tion o  genes involved in cell  roli er tion  nd sur-
viv l, undergo so  tic  ut tion in  el no    nd 
thereby gener te  otenti l ther  eutic t rgets. N-RAS 
is  ut ted in    roxi  tely 20% o   el no  s,  nd 
so  tic  ctiv ting BRAF  ut tions  re  ound in  ost 
benign nevi  nd 40–60% o   el no  s. Neither  ut -
tion by itsel     e rs to be su cient to c use  el -
no  ; thus, they o en  re  cco   nied by other 
 ut tions. T e BRAF  ut tion is  ost co  only   
 oint  ut tion ( →A nucleotide ch nge) th t results in 
  v line-to-glut   te   ino  cid substitution (V600E). 
V600E BRAF  ut tions do not h ve the st nd rd UV 
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PTEN loss  and/or
muta tion
(~30–50%)

Activa ting N-Ras
muta tion
(~10–20%)

Activa ting cKit
muta tions
(~3%)

Growth
factor

s igna ling

Activa ting B-Raf
muta tions
(~50%)

ERK activa tion
in a  subse t of
tumors

AKT3 gene  amplifica tion
and AKT3 activa tion
(~60%)

NF1
loss -of-function
muta tion
(10–15%)

Ras

AKT

Raf

ERK

MEK

PI3K

Transcription
factor

Transcription
factor

PTEN

NF1

P

PP

P

P

Survival

Pro liferation

FIGURE 34 -2
Major p a thways invo lved  in  m e lanom a. The MAP kinase 
and PI3K/AKT pathways, which promote proli eration and inhibit 
apoptosis, respectively, are subject to mutations in melanoma. 
ERK, extracellular signal-regulated kinase; MEK, mitogen-activated 
protein kinase kinase; NF-1; neuro bromatosis type 1 gene; PTEN, 
phosphatase and tensin homolog.

sign ture  ut tion ( yri idine di er); they  re  ore 
co  on in younger   tients  nd  re  resent in  ost 
 el no  s th t  rise on sites with inter ittent sun 
ex osure  nd  re less co  on in  el no  s  ro  
chronic lly sun-d   ged skin.

Mel no  s  lso h rbor  ut tions in AKT ( ri  rily 
in AKT3)  nd PTEN ( hos h t se  nd tensin ho o-
log). AKT c n be    li ed,  nd PTEN   y be deleted 
or undergo e igenetic silencing th t le ds to constitu-
tive  ctiv tion o  the PI3K/AK    thw y  nd enh nced 
cell surviv l by  nt gonizing the intrinsic   thw y 
o    o tosis. Loss o  PTEN, which dysregul tes AK  
 ctivity,  nd  ut tion o  AKT3 both  rolong cell sur-
viv l through in ctiv tion o  BAD, Bc12- nt gonist o  
cell de th,  nd  ctiv tion o  the  orkhe d tr nscri tion 
  ctor FOXO1, which le ds to synthesis o   rosurviv l 
genes. A loss-o - unction  ut tion in NF1, which c n 
  ect both MAP kin se  nd PI3K/AK    thw ys, h s 
been described in 10–15% o   el no  s. In  el -
no  , these two sign ling   thw ys (MAP kin se  nd 
PI3K/AK ) enh nce tu origenesis, che oresist nce, 
 igr tion,  nd cell cycle dysregul tion.   rgeted  gents 
th t inhibit these   thw ys h ve been develo ed,  nd 
so e  re  v il ble  or clinic l use (see below). O ti  l 
tre t ent o    tients with  el no     y require 
si ult neous inhibition o  both MAPK  nd PI3K   th-
w ys  s well  s  ro otion o  i  une er dic tion o  
  lign ncy.

PROGNOSTIC FACTORS
T e  rognostic   ctors o  gre test i  ort nce to   
newly di gnosed   tient  re included in the st ging 
cl ssi c tion (Table 34-3). T e best  redictor o   et -
st tic risk is the lesion’s Breslow thickness. T e Cl rk 
level, which de nes  el no  s on the b sis o  the l yer 
o  skin to which    el no   h s inv ded, does not  dd 
signi c nt  rognostic in or  tion  nd h s  ini  l 
inf uence on tre t ent decisions. T e  n to ic site o  
the  ri  ry is  lso  rognostic;   vor ble sites  re the 
 ore r   nd leg (excluding the  eet),  nd un  vor ble 
sites include the sc l , h nds,  eet,  nd  ucous  e -
br nes. In gener l, wo en with st ge I or II dise se 
h ve better surviv l th n  en,  erh  s in   rt bec use 
o  e rlier di gnosis; wo en  requently h ve  el no-
  s on the lower leg, where sel -recognition is  ore 
likely  nd the  rognosis is better. T e e ect o   ge is 
not str ight orw rd. Older individu ls, es eci lly  en 
over 60, h ve worse  rognoses,    nding th t h s been 
ex l ined in   rt by   tendency tow rd l ter di gnosis 
( nd thus thicker tu ors)  nd in   rt by   higher  ro-
 ortion o   cr l  el no  s in  en. However, there is   
gre ter risk o  ly  h node  et st sis in young   tients. 
Other i  ort nt  dverse   ctors recognized vi  the 
st ging cl ssi c tion include high  itotic r te,  resence 
o  ulcer tion,  icros tellite lesions  nd/or in-tr nsit 
 et st ses, evidence o  nod l involve ent, elev ted 
seru  l ct te dehydrogen se (LDH),  nd  resence  nd 
site o  dist nt  et st ses.

STAGING
Once the di gnosis o   el no   h s been   de, the 
tu or  ust be st ged to deter ine the  rognosis  nd 
tre t ent. St ging hel s deter ine  rognosis  nd  ids 
in tre t ent selection. T e current  el no   st g-
ing criteri   nd esti  ted 15-ye r surviv l by st ge  re 
de icted in   ble 34-3. T e clinic l st ge o  the   tient 
is deter ined   er the   thologic ev lu tion o  the 
 el no   skin lesion  nd clinic l/r diologic  ssess-
 ent  or  et st tic dise se. P thologic st ging  lso 
includes the  icrosco ic ev lu tion o  the region l 
ly  h nodes obt ined  t sentinel ly  h node bio sy 
or co  letion ly  h denecto y  s indic ted. All 
  tients should h ve   co  lete history, with  tten-
tion to sy  to s th t   y re resent  et st tic dise se 
such  s   l ise, weight loss, he d ches, visu l ch nges, 
 nd   in,  nd  hysic l ex  in tion directed to the site 
o  the  ri  ry  el no  , looking  or  ersistent dis-
e se or  or der  l or subcut neous nodules th t could 
re resent s tellite or in-tr nsit  et st ses,  nd to the 
region l dr ining ly  h nodes, CNS, liver,  nd lungs. 
A co  lete blood count (CBC), co  lete  et bolic 
  nel,  nd LDH should be  er or ed. Although these 
 re low-yield tests  or uncovering occult  et st tic 
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486 TABLE 34-3  
STAGING CRITERIA FOR MELANOMA

PATHOLOGIC 
AND TNM 
STAGE

THICKNESS, 
m m  ULCERATION  NO. OF INVOLVED LYMPH NODES

NODAL 
INVOLVEMENT

15-YEAR 
SURVIVAL 
ESTIMATE 
(% )

0  98
 Tis  In situ  No  0  None
IA  92
 T1a  <1  No, mitosis <1/mm  0  None
IB  80
 T1b  <1  Yes or mitosis > 1/mm  0  None
 T2a  1.01–2  No  0  None
IIA  62
 T2b  1.01–2  Yes  0  None
 T3a  2.01–4  No  0  None
IIB  51
 T3b  2.01–4  Yes  0  None
 T4a  >4  No  0  None
IIC  37
 T4b  >4  Yes  0  None
IIIA  68
 N1a  T1-4a  No  1  Microscopic
 N2a  T1-4a  No  2 or 3  Microscopic
IIIB  38
 N1a  Any  Yes  1  Microscopic
 N2a  Any  Yes  2 or 3  Microscopic
 N1b  Any  Yes or no  1  Macroscopic
 N2b  Any  Yes or no  2 or 3  Macroscopic
 N2c  Any  Yes or no  In-transit metastases/satellites, no 

nodal involvement
IIIC  22
 N1b  Any  Yes or no  1  Macroscopic
 N2b  Any  Yes or no  2 or 3  Macroscopic
 N2c  Any  Yes or no  In-transit metastases/satellites, no 

nodal involvement
 N3  Any  Yes or no  4+ metastatic nodes, matted nodes 

or in-transit metastases/satellites, 
with metastatic nodes

IV  Distant metastasis  <10
 M1a  Skin, subcutaneous
 M1b  Lung
 M1c  Other visceral site

Elevated lactate dehydrogenase

dise se,    icrocytic  ne i  would r ise the  ossibility o  
bowel  et st ses,   rticul rly in the s  ll bowel,  nd 
 n unex l ined elev ted LDH should  ro  t    ore 
extensive ev lu tion, including co  uted to ogr -
 hy (C ) sc n or  ossibly    ositron e ission to og-
r  hy (PE ) (or C /PE  co bined) sc n. I  signs or 
sy  to s o   et st tic dise se  re  resent,    ro ri te 
di gnostic i  ging should be  er or ed. At initi l  re-
sent tion,  ore th n 80% o    tients will h ve dise se 
con ned to the skin  nd   neg tive history  nd  hysic l 
ex  , in which c se i  ging is not indic ted.

TREATMENT Melanoma

MANAGEMENT OF CLINICALLY LOCALIZED MELANOMA (STAGE I, II) For 
  newly di gnosed cut neous  el no  , wide surgic l exci-
sion o  the lesion with     rgin o  nor  l skin is necess ry to 
re ove  ll   lign nt cells  nd  ini ize  ossible loc l recur-
rence. T e  ollowing   rgins  re reco  ended  or    ri  ry 
 el no  : in situ, 0.5–1.0 c ; inv sive u  to 1    thick,  
1 c ; >1.01–2   , 1–2 c ;  nd >2   , 2 c . For lesions on 
the   ce, h nds,  nd  eet, strict  dherence to these   rgins  ust 
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487give w y to individu l consider tions  bout the constr ints o  
surgery  nd  ini iz tion o   orbidity. In  ll inst nces, how-
ever, inclusion o  subcut neous   t in the surgic l s eci en 
  cilit tes  dequ te thickness  e sure ent  nd  ssess ent o  
surgic l   rgins by the   thologist.  o ic l i iqui od  lso 
h s been used,   rticul rly  or lentigo   lign , in cos etic lly 
sensitive loc tions.

Sentinel ly  h node bio sy (SLNB) is   v lu ble st ging 
tool th t h s re l ced elective region l nod l dissection  or 
the ev lu tion o  region l nod l st tus. SLNB  rovides  rog-
nostic in or  tion  nd hel s identi y   tients  t high risk  or 
rel  se who   y be c ndid tes  or  djuv nt ther  y. T e ini-
ti l (sentinel) dr ining node(s)  ro  the  ri  ry site is ( re) 
identi ed by injecting   blue dye  nd   r dioisoto e  round 
the  ri  ry site. T e sentinel node(s) then is ( re) identi ed 
by ins ection o  the nod l b sin  or the blue-st ined node 
 nd/or the node with high u t ke o  the r dioisoto e. T e 
identi ed nodes  re re oved  nd subjected to c re ul his-
to  thologic  n lysis with seri l section using he  toxylin 
 nd eosin st ins  s well  s i  unohistoche ic l st ins (e.g., 
S100, HMB45,  nd Mel nA) to identi y  el nocytes.

Not every   tient requires   SLNB. P tients whose  el -
no  s  re ≤0.75    thick h ve <5% risk o  sentinel ly  h 
node (SLN) dise se  nd do not require   SLNB. P tients with 
tu ors >1    thick gener lly undergo SLNB. For  el no-
  s 0.76–1.0    thick, SLNB   y be considered  or lesions 
with high-risk  e tures such  s ulcer tion, high  itotic index, 
or ly  hov scul r inv sion, but wide excision  lone is the 
usu l de nitive ther  y. Most other   tients with clinic lly 
neg tive ly  h nodes should undergo   SLNB. P tients 
whose SLNB is neg tive  re s  red   co  lete node dissec-
tion  nd its  ttend nt  orbidities,  nd c n si  ly be  ol-
lowed or, b sed on the  e tures o  the  ri  ry  el no  , be 
considered  or  djuv nt ther  y or   clinic l tri l. T e cur-
rent st nd rd o  c re  or  ll   tients with    ositive SLN is 
to  er or    co  lete ly  h denecto y; however, ongoing 
clinic l studies will deter ine whether   tients with s  ll-
volu e SLN  et st ses c n be   n ged s  ely without  ddi-
tion l surgery. P tients with  icrosco ic lly  ositive ly  h 
nodes should be considered  or  djuv nt ther  y with inter-
 eron or enroll ent in   clinic l tri l.

MANAGEMENT OF REGIONALLY METASTATIC MELANOMA (STAGE III)  
Mel no  s   y recur  t the edge o  the sc r or gr  ,  s s tel-
lite  et st ses, which  re se  r te  ro  but within 2 c  o  
the sc r;  s in-tr nsit  et st ses, which  re recurrences >2 c  
 ro  the  ri  ry lesion but not beyond the region l nod l 
b sin; or,  ost co  only,  s  et st sis to   dr ining ly  h 
node b sin. E ch o  these  resent tions is   n ged surgic lly, 
 ollowing which there is the  ossibility o  long-ter  dise se-
 ree surviv l. Isol ted li b  er usion or in usion with  el h -
l n  nd hy erther i   re o tions  or   tients with extensive 
cut neous region l recurrences in  n extre ity. High co -
 lete res onse r tes h ve been re orted  nd signi c nt   lli -
tion o  sy  to s c n be  chieved, but there is no ch nge in 
over ll surviv l.

P tients rendered  ree o  dise se   er surgery   y be  t 
high risk  or   loc l or dist nt recurrence  nd should be con-
sidered  or  djuv nt ther  y. R diother  y c n reduce the 
risk o  loc l recurrence   er ly  h denecto y, but does not 
  ect over ll surviv l. P tients with l rge nodes (>3–4 c ), 
 our or  ore involved ly  h nodes, or extr nod l s re d 
on  icrosco ic ex  in tion should be considered  or r di -
tion. Syste ic  djuv nt ther  y is indic ted  ri  rily  or 
  tients with st ge III dise se, but high-risk, node-neg tive 
  tients (>4    thick or ulcer ted lesions)  nd   tients 
with co  letely resected st ge IV dise se  lso   y bene t. 
Either inter eron α2b (IFN-α2b), which is given  t 20  illion 
units/ 2 IV 5 d ys   week  or 4 weeks  ollowed by 10  il-
lion units/ 2 SC three ti es   week  or 11  onths (1 ye r 
tot l), or subcut neous  eginter eron α2b (6 µg/kg  er week 
 or 8 weeks  ollowed by 3 µg/kg  er week  or   tot l o  5 
ye rs) is  cce t ble  djuv nt ther  y.  re t ent is  cco   -
nied by signi c nt toxicity, including   f ulike illness, decline 
in  er or  nce st tus,  nd the develo  ent o  de ression. 
Side e ects c n be   n ged in  ost   tients by    ro ri te 
tre t ent o  sy  to s, dose reduction,  nd tre t ent inter-
ru tion. So eti es IFN  ust be  er  nently discontinued 
be ore  ll o  the  l nned doses  re  d inistered bec use 
o  un cce t ble toxicity. T e high-dose regi en is signi -
c ntly  ore toxic th n  eginter eron, but the l tter requires 
4  ddition l ye rs o  ther  y. Adjuv nt tre t ent with IFN 
i  roves dise se- ree surviv l, but its i   ct on over ll sur-
viv l re  ins controversi l. Enroll ent in   clinic l tri l is 
   ro ri te  or these   tients,   ny o  who  will otherwise 
be observed without tre t ent either bec use they  re  oor 
c ndid tes  or IFN or bec use the   tient (or their oncolo-
gist) does not believe the bene ci l e ects o  IFN outweigh 
the toxicity. T e recently    roved i  unother  y  nd t r-
geted  gents  re being ev lu ted in the  djuv nt setting.

TREATMENT Metastatic Disease

At di gnosis,  ost   tients with  el no   will h ve e rly-
st ge dise se; however, so e will  resent with  et st -
ses,  nd others will develo   et st ses   er initi l ther  y. 
P tients with   history o   el no   who develo  signs or 
sy  to s suggesting recurrent dise se should undergo 
rest ging th t includes  hysic l ex  in tion, CBC, co  lete 
 et bolic   nel, LDH,  nd    ro ri te di gnostic i  ging 
th t   y include     gnetic reson nce i  ge (MRI) o  the 
br in  nd tot l-body PE /C  or C  sc ns o  the chest,  bdo-
 en,  nd  elvis. Dist nt  et st ses (st ge IV), which   y 
involve  ny org n, co  only involve the skin  nd ly  h 
nodes  s well  s viscer , bone, or the br in. Historic lly, 
 et st tic  el no   w s considered incur ble;  edi n sur-
viv l r nges  ro  6 to 15  onths, de ending on the org ns 
involved. T e  rognosis is better  or   tients with skin  nd 
subcut neous  et st ses (M1 ) th n  or lung (M1b)  nd 
worst  or those with  et st ses to liver, bone,  nd br in 
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488 TABLE 34-4  
TREATMENT OPTIONS FOR METASTATIC MELANOMA
• Surgery: Metastasectomy  or small number o  lesions
• Immunotherapy:

• Interleukin 2
• Immune checkpoint blockade

• - FDA approved
• Anti-CTLA-4: ipilimumab

• - Experimental
• Anti-PD-1: nivolumab, lambrolizumab
• Anti-PD-L1

• Molecular targeted therapy:
• BRAF inhibitor: vemura enib, dabra enib
• MEK inhibitor: trametinib

• Chemotherapy: dacarbazine, temozolomide, paclitaxel, 
albumin-bound paclitaxel (Abraxane), carboplatin

Antigen pres enting  ce ll

B7-2
(CD86)

PD-L1
(B7-H1)

PD-L2
(B7-DC)

Antigen +
MHC I/II

TCR

T Cell

CTLA-4
PD-1––

Anti-PD-1

Anti-CTLA-4

FIGURE 34 -3
In h ib ito ry reg u la to ry p a thways th a t  in f u en ce  T ce ll  u n c 
t io n , m em ory, an d  li e sp an  a ter engagement o  the T cell 
receptor by antigen presented by antigen-presenting cells in the 
context o  MHC I/II. CTLA-4 and PD-1 are part o  the CD28  amily 
and have inhibitory e ects that can be mitigated by antagonistic 
antibodies to the receptors or ligand, resulting in enhanced T cell 
 unction and antitumor e ects. CTLA-4, cytotoxic T lymphocyte 
antigen-4; MHC, major histocompatibility complex; PD-1, pro-
grammed death-1; PD-L1, programmed death ligand-1; PD-L2, 
programmed death ligand-2; TCR, T cell receptor.

(M1c). An elev ted seru  LDH is    oor  rognostic   ctor 
 nd  l ces the   tient in st ge M1c reg rdless o  the site o  
the  et st ses (  ble 34-3). Although historic l d t  sug-
gest th t the 15-ye r surviv l o    tients with M1 , M1b,  nd 
M1c dise se is less th n 10%, there is o ti is  th t newer 
ther  ies will incre se the nu ber o   el no     tients with 
long-ter  surviv l, es eci lly   tients with M1   nd M1b 
dise se.

T e tre t ent  or   tients with st ge IV  el no   h s 
ch nged dr   tic lly in the   st 2 ye rs.  wo new cl sses o  
ther  eutic  gents  or  el no   h ve been    roved by the 
U.S. Food  nd Drug Ad inistr tion (FDA). T e i  une 
  cell check oint inhibitor, i ili u  b,  nd three new or l 
 gents th t t rget the MAP kin se   thw y: the BRAF inhibi-
tors, ve ur  enib  nd d br  enib,  nd the MEK inhibitor, 
tr  etinib,  re now  v il ble, so   tients with st ge IV dis-
e se now h ve  ulti le ther  eutic o tions (  ble 34-4).

P tients with oligo et st tic dise se should be re erred 
to   surgic l oncologist  or consider tion o   et st secto y, 
bec use they   y ex erience long-ter  dise se- ree sur-
viv l   er surgery. P tients with solit ry  et st ses  re the 
best c ndid tes, but surgery incre singly is being used even 
 or   tients with  et st ses  t  ore th n one site. P tients 
rendered  ree o  dise se c n be considered  or IFN ther-
  y or   clinic l tri l bec use their risk o  develo ing  ddi-
tion l  et st ses is very high. Surgery c n  lso be used  s  n 
 djunct to i  unother  y when only    ew o    ny  et -
st tic lesions  rove resist nt to syste ic ther  y.

IMMUNOTHERAPY T e cytokine interleukin 2 (IL-2 or  ldes-
leukin) h s been    roved to tre t   tients with  el no   
since 1995. IL-2 is used to tre t st ge IV   tients who h ve 
  good  er or  nce st tus  nd is  d inistered  t centers 
with ex erience   n ging IL-2-rel ted toxicity. P tients 
require hos it liz tion in  n intensive c re unit–like setting to 
receive high-dose IL-2 600,000 or 720,000 IU every 8 h  or 
u  to 14 doses (one cycle). P tients continue tre t ent until 
they  chieve   xi  l bene t, usu lly 4–6 cycles.  re t ent 
is  ssoci ted with long-ter  dise se- ree surviv l ( rob ble 
cures) in 5% o  tre ted   tients. T e  ech nis  by which 

IL-2 c uses tu or regression h s not been identi ed, but it 
is  resu ed th t IL-2 induces  el no  -s eci c   cells th t 
eli in te tu or cells by recognizing s eci c  ntigens. Rosen-
berg  nd his colle gues  t the N tion l C ncer Institute (NCI) 
h ve co bined  do tive tr ns er o  in vitro–ex  nded tu or-
in ltr ting ly  hocytes with high-dose IL-2 in   tients who 
were  reconditioned with non yelo bl tive che other  y 
(so eti es co bined with tot l-body irr di tion).  u or 
regression w s observed in  ore th n 50% o    tients with 
IL-2-re r ctory  et st tic  el no  .

I  une check oint block de with  onoclon l  ntibod-
ies to the inhibitory i  une rece tors C LA-4  nd PD-1 
h s shown  ro ising clinic l e c cy. An  rr y o  inhibitory 
rece tors  re u regul ted during  n i  une res onse. An 
 bsolute require ent to ensure  ro er regul tion o    nor-
  l i  une res onse, the continued ex ression o  inhibi-
tory rece tors during chronic in ection (he  titis, HIV)  nd 
in c ncer   tients denotes exh usted   cells with li ited 
 otenti l  or  roli er tion, cytokine  roduction, or cytotoxic-
ity (Fig. 34-3). Check oint block de with    onoclon l  nti-
body results in i  roved   cell  unction with er dic tion o  
tu or cells in  reclinic l  ni  l  odels. I ili u  b,    ully 
hu  n IgG  ntibody th t binds C LA-4  nd blocks inhibi-
tory sign ls, w s the  rst tre t ent o   ny kind to i  rove 
surviv l in   tients with  et st tic  el no  . A  ull course 
o  ther  y is  our IV out  tient in usions o  i ili u  b 
3  g/kg every 3 weeks. Although res onse r tes were low 
(~10%) in r ndo ized clinic l tri ls, surviv l o  both  revi-
ously tre ted  nd untre ted   tients w s i  roved,  nd i ili-
 u  b w s    roved by the FDA in M rch 2011.

In  ddition to its  ntitu or e ects, i ili u  b’s inter er-
ence with nor  l regul tory  ech nis s  roduced   novel 
s ectru  o  side e ects th t rese bled  utoi  unity. T e 
 ost co  on i  une-rel ted  dverse events were skin r sh 
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489 nd di rrhe  (so eti es severe, li e-thre tening colitis), but 
toxicity could involve  ost  ny org n (e.g., hy o hysitis, 
he  titis, ne hritis,  neu onitis,  yoc rditis, neuritis). Vigi-
l nce  nd e rly tre t ent with steroids th t do not    e r 
to inter ere with the  ntitu or e ects  re required to   n-
 ge these   tients s  ely. Wides re d use o  i ili u  b h s 
not been co  letely e br ced by the oncology co  unity 
bec use o  the low objective res onse r te, signi c nt tox-
icity (including de th),  nd high cost (drug cost  lone  or   
course o  ther  y is    roxi  tely $120,000 in 2013). Des ite 
these reserv tions, i ili u  b’s over ll surviv l bene t (17% 
o    tients  live  t 7 ye rs) indic tes th t tre t ent should be 
strongly considered  or  ll eligible   tients.

Chronic   cell  ctiv tion  lso le ds to induction o  PD-1 
on the sur  ce o    cells. Ex ression o  one o  its lig nds, 
PD-L1, on tu or cells c n  rotect the   ro  i  une 
destruction (Fig. 34-3). E rly tri ls  tte  ting to block the 
PD-1:PD-L1  xis by IV  d inistr tion o   nti-PD-1 or  nti-
PD-L1 h ve shown subst nti l clinic l  ctivity in   tients 
with  dv nced  el no   ( nd lung c ncer) with signi -
c ntly less toxicity th n i ili u  b. Anti-PD-1 ther  y looks 
 ro ising, but is not currently  v il ble exce t by   rtici  -
tion in clinic l tri ls. Intriguingly,  reli in ry results  ro    
clinic l tri l indic te th t blocking both inhibitory   thw ys 
with i ili u  b  nd  nti-PD-1 le ds to su erior  ntitu or 
 ctivity th n tre t ent with either  gent  lone. T e   in 
bene t to   tients  ro  i  une-b sed ther  y (IL-2, i i-
li u  b,  nd  nti-PD-1) is the dur bility o  the res onses 
 chieved. Although the  ercent ge o    tients whose tu ors 
regress  ollowing i  unother  y is lower th n the res onse 
r te   er t rgeted ther  y (see below), the dur bility o  
i  unother  y-induced res onses (>10 ye rs in so e c ses) 
   e rs to be su erior to res onses   er t rgeted ther  y  nd 
suggests th t   ny o  these   tients h ve been cured.

TARGETED THERAPY RAF  nd MEK inhibitors o  the MAP 
kin se   thw y  re   new  nd exciting    ro ch  or   tients 
whose  el no  s h rbor   BRAF  ut tion. T e high  re-
quency o  oncogenic  ut tions in the RAS-RAF-MEK-ERK 
  thw y, which delivers  roli er tion  nd surviv l sign ls 
 ro  the cell sur  ce to the cyto l s   nd nucleus, h s led to 
the develo  ent o  inhibitors to BRAF  nd MEK.  wo BRAF 
inhibitors, ve ur  enib  nd d br  enib, h ve been    roved 
 or the tre t ent o  st ge IV   tients whose  el no  s h r-
bor    ut tion  t  osition 600 in the gene  or BRAF. T e or l 
BRAF inhibitors c use tu or regression in    roxi  tely 
50% o    tients,  nd over ll surviv l is i  roved co   red to 
tre t ent with che other  y.  re t ent is  cco   nied by 
  n ge ble side e ects th t di er  ro  those  ollowing i  u-
nother  y or che other  y. A cl ss-s eci c co  lic tion o  
BRAF inhibition is the develo  ent o  nu erous skin lesions, 
so e o  which  re well-di erenti ted squ  ous cell skin c n-
cers (seen in u  to   qu rter o    tients). P tients should be co-
  n ged with   der  tologist  s these skin c ncers will need 
excision. Met st ses h ve not been re orted,  nd tre t ent 
c n be continued s  ely  ollowing si  le excision. Long-ter  

results  ollowing tre t ent with BRAF inhibitors  re not yet 
 v il ble, but the current concern is th t over ti e the v st 
  jority o    tients will rel  se  nd eventu lly die  ro  drug-
resist nt dise se. T ere  re   nu ber o   ech nis s by which 
resist nce develo s, usu lly vi    inten nce o  MAP kin se 
sign ling; however,  ut tions in the BRAF gene th t   ect 
binding o  the inhibitor  re not   ong the . T e MEK inhibi-
tor tr  etinib h s  ctivity  s   single  gent, but    e rs to be 
less e ective th n either o  the BRAF inhibitors. Co bined 
ther  y with the BRAF inhibitor  nd MEK inhibitor showed 
i  roved  rogression- ree surviv l co   red to BRAF inhibi-
tor ther  y  lone;  nd, interestingly, the neo l stic skin lesions 
th t were so troubling with BRAF inhibition  lone did not 
occur. Although the dur bility o  res onses  ollowing co -
bined ther  y re  ins to be deter ined, its use in  et st tic 
 el no   is FDA    roved. Activ ting  ut tions in the c-kit 
rece tor tyrosine kin se  re  ound in    inority o  cut neous 
 el no  s with chronic sun d   ge, but  ore co  only in 
 ucos l  nd  cr l lentiginous subty es. Over ll, the nu ber 
o    tients with c-kit  ut tions is exceedingly s  ll, but when 
 resent, they  re l rgely identic l to  ut tions  ound in g s-
trointestin l stro  l tu ors (GIS s);  el no  s with  ctiv t-
ing c-kit  ut tions c n h ve clinic lly  e ning ul res onses 
to i  tinib.

CHEMOTHERAPY No che other  y regi en h s ever been 
shown to i  rove surviv l in  et st tic  el no  ,  nd the 
 dv nces in i  unother  y  nd t rgeted ther  y h ve rele-
g ted che other  y to the   lli tion o  sy  to s. Drugs with 
 ntitu or  ctivity include d c rb zine (D IC) or its or lly 
 d inistered  n log te ozolo ide ( MZ), cis l tin  nd c r-
bo l tin, the t x nes (  clit xel  lone or  lbu in-bound  nd 
docet xel),  nd c r ustine (BCNU), which h ve re orted 
res onse r tes o  12–20%.

INITIAL APPROACH TO PATIENT WITH METASTATIC DISEASE U on di g-
nosis o  st ge IV dise se, whether by bio sy or di gnostic i  g-
ing,   s   le o  the   tient’s tu or needs to undergo  olecul r 
testing to deter ine whether   drugg ble  ut tion (e.g., BRAF) 
is  resent. An lysis o     et st tic lesion is  re erred, but  ny 
bio sy will su ce bec use there is little discord nce between 
 ri  ry  nd  et st tic lesions.  re t ent  lgorith s st rt 
with the tu or’s BRAF st tus. For BRAF “wild-ty e” tu ors, 
i  unother  y is reco  ended. For   tients whose tu ors 
h rbor   BRAF  ut tion, initi l ther  y with either   BRAF 
inhibitor or i  unother  y is  cce t ble. Molecul r testing 
  y  lso include N-RAS  nd c-kit in    ro ri te tu ors.

T e   jority o    tients still die  ro  their  el no  , 
des ite i  rove ents in ther  y. T ere ore, enroll ent in   
clinic l tri l is  lw ys  n i  ort nt consider tion, even  or 
 reviously untre ted   tients. Most   tients with st ge IV 
dise se will eventu lly  rogress des ite  dv nces in ther  y, 
 nd   ny, bec use o  dise se burden,  oor  er or  nce st -
tus, or conco it nt illness, will be unsuit ble  or ther  y. 
T ere ore,     jor  ocus o  c re should be the ti ely integr -
tion o    lli tive c re  nd hos ice.
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490 FOLLOW-UP
Skin ex  in tion  nd surveill nce  t le st once   ye r 
 re reco  ended  or  ll   tients with  el no  . T e 
N tion l Co  rehensive C ncer Network (NCCN) 
guidelines  or   tients with st ge IA–IIA  el no   
reco  end   co  rehensive history  nd  hysic l 
ex  in tion every 6–12  onths  or 5 ye rs,  nd then 
 nnu lly  s clinic lly indic ted. P rticul r  ttention 
should be   id to the dr ining ly  h nodes in st ge  
I–III   tients  s resection o  ly  h node recurrences 
  y still be cur tive. A CBC, LDH,  nd chest x-r y 
 re reco  ended  t the  hysici n’s discretion, but  re 
ine ective tools  or the detection o  occult  et st ses. 
Routine i  ging  or  et st tic dise se is not reco -
 ended  t this ti e. For   tients with higher st ge dis-
e se (IIB–IV), i  ging (chest x-r y, C ,  nd/or PE /C  
sc ns) every 4–12  onths c n be considered. Bec use 
no discernible surviv l bene t h s been de onstr ted 
 or routine surveill nce, it is re son ble to  er or  
sc ns only i  clinic lly indic ted.

NONMELANOMA SKIN CANCER

Non el no   skin c ncer (NMSC) is the  ost co -
 on c ncer in the United St tes. Although tu or reg-
istries do not routinely g ther d t  on the incidence o  
b s l cell  nd squ  ous cell skin c ncers, it is esti  ted 
th t the  nnu l incidence is 1.5–2  illion c ses in the 
United St tes. B s l cell c rcino  s (BCCs)  ccount  or 
70–80% o  NMSCs. Squ  ous cell c rcino  s (SCCs), 
which co  rise ~20% o  NMSCs,  re  ore signi c nt 
bec use o  their  bility to  et st size  nd  ccount  or 
2400 NMSC de ths  nnu lly. T ere h s  lso been  n 
incre se in the incidence o  none itheli l skin c ncer, 
es eci lly Merkel cell c rcino  , with ne rly 5000 new 
di gnoses  nd 3000 de ths  nnu lly.

PATHOPHYSIOLOGY AND ETIOLOGY
T e  ost signi c nt c use o  BCC  nd SCC is UV 
ex osure, whether through direct ex osure to sunlight 
or by  rti ci l UV light sources (t nning beds). Both 
UVA  nd UVB c n induce DNA d   ge through  ree 
r dic l  or  tion (UVA) or induction o   yri idine 
di ers (UVB). T e sun e its energy  cross the UV 
s ectru , where s t nning bed equi  ent ty ic lly 
e its 97% UVA  nd 3% UVB. DNA d   ge induced 
by UV irr di tion c n result in cell de th or re  ir o  
d   ged DNA by nucleotide excision re  ir (NER). 
Inherited disorders o  NER, such  s xeroder    ig en-
tosu ,  re  ssoci ted with   gre tly incre sed incidence 
o  skin c ncer  nd hel  to est blish the link between 
UV-induced DNA d   ge, in dequ te DNA re  ir,  nd 
skin c ncer. T e genes d   ged  ost co  only by UV 

in BCC involve the Hedgehog   thw y (Hh). In SCC, 
p53  nd N-RAS  re co  only   ected. T ere is   dose-
res onse rel tionshi  between t nning bed use  nd the 
incidence o  skin c ncer. As  ew  s  our t nning bed 
visits  er ye r con ers   15% incre se in BCC  nd  n 
11% incre se in SCC  nd  el no  .   nning bed use 
 s   teen ger or young  dult con ers gre ter risk th n 
co   r ble ex osure in older individu ls. Other  sso-
ci tions include blond or red h ir, blue or green eyes,   
tendency to sunburn e sily,  nd  n outdoor occu  tion. 
T e incidence o  NMSC incre ses with decre sing l ti-
tude. Most tu ors develo  on sun-ex osed  re s o  the 
he d  nd neck. T e risk o  li  or or l SCC is incre sed 
with cig rette s oking. Hu  n    illo  viruses  nd 
UV r di tion   y  ct  s coc rcinogens.

Solid org n tr ns l nt reci ients on chronic i  u-
nosu  ression h ve   65- old incre se in SCC  nd   
10- old incre se in BCC. T e  requency o  skin c ncer 
is  ro ortion l to the level  nd dur tion o  i  uno-
su  ression  nd the extent o  sun ex osure be ore  nd 
  er tr ns l nt tion. SCCs in this  o ul tion  lso de -
onstr te higher r tes o  loc l recurrence,  et st sis, 
 nd  ort lity. T ere is incre sing use o  tu or necrosis 
  ctor ( NF)  nt gonists to tre t inf     tory bowel 
dise se  nd  utoi  une disorders such  s rheu  toid 
 nd  sori tic  rthritis.  NF  nt gonists   y  lso con er 
 n incre sed risk o  NMSC. BRAF-t rgeted ther  y c n 
induce SCCs including ker to c ntho  -ty e SCCs in 
ker tinocytes, with  reexisting H-RAS overex ression 
 resent in    roxi  tely 60% o    tients.

Other risk   ctors include HIV in ection, ionizing 
r di tion, ther  l burn sc rs,  nd chronic ulcer tions. 
Albinis , xeroder    ig entosu , Muir- orre syn-
dro e, Ro bo’s syndro e, B zex-Du ré-Christol syn-
dro e, dysker tosis congenit ,  nd b s l cell nevus 
syndro e (Gorlin syndro e)  lso incre se the inci-
dence o  NMSC. Mut tions in Hh genes encoding the 
tu or-su  ressor   tched ho olog 1 (PTCH1)  nd 
s oothened ho olog (SMO) occur in BCC. Aberr nt 
PTCH1 sign ling is  ro  g ted by the nucle r tr n-
scri tion   ctors Gli1  nd Gli2, which  re s lient in the 
develo  ent o  BCC  nd h ve led to the FDA    rov l 
o   n or l SMO inhibitor, vis odegib, to tre t  dv nced 
ino er ble or  et st tic BCC (Fig. 34-4). Vis odegib 
 lso reduces the incidence o  BCC in   tients with 
b s l cell nevus syndro e who h ve PTCH1  ut tions, 
  r ing the i  ort nce o  Hh in the onset o  BCC.

CLINICAL PRESENTATION
Ba sa l cell ca rcinoma

BCC  rises  ro  e ider  l b s l cells. T e le st inv -
sive o  BCC subty es, su er ci l BCC, consists o  
o en subtle, erythe  tous sc ling  l ques th t slowly 
enl rge  nd  re  ost co  only seen on the trunk  nd 
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FIGURE 34 -4
In f u en ce  o   vism o d eg ib  on  th e  h ed g eh o g   Hh   p a thway. 
Normally, one o  three Hh ligands (sonic [SHh], Indian, or desert) 
binds to patched homolog 1 (PTCH1), causing its degradation 
and release o  smoothened homolog (SMO). The downstream 
events o  SMO release are the activation o  Gli1, Gli2, and Gli3 
through the transcriptional regulator known as SUFU. Gli1 and 
Gli2 translocate to the nucleus and promote gene transcription. 
Vismodegib is an SMO antagonist that decreases the interaction 
between SMO and PTCH1, resulting in decreased Hh pathway sig-
naling, gene transcription, and cell division. The downstream Hh 
pathway events inhibited by vismodegib are indicated in red.

Nucleus

Gli1Gli2Gli3

SUFU

Proteosomal
degrada tion

SMOPtch 1

SHh

Vismodegib
  y  lso    e r  s   b n l,  r , do e-sh  ed    ule 
or rough-textured  l que. It is co  only  ist ken  or 
  w rt or c llous when the inf     tory res onse to 
the lesion is  ini  l. Clinic lly visible overlying tel-
 ngiect si s  re unco  on,  lthough dotted or coiled 
vessels  re   h ll  rk o  SCC when viewed through   
der  tosco e. T e   rgins o  this tu or   y be ill 
de ned,  nd  x tion to underlying structures   y 
occur (“tethering”).

A very r  idly growing but low-gr de  or  o  SCC, 
c lled ker to c ntho   (KA), ty ic lly    e rs  s   
l rge do e-sh  ed    ule with   centr l ker totic cr -
ter. So e KAs regress s ont neously without ther  y, 
but bec use  rogression to  et st tic SCC h s been 
docu ented, KAs should be tre ted in the s  e   n-
ner  s other ty es o  cut neous SCC. KAs  re  lso 
 ssoci ted with  edic tions th t t rget BRAF  ut -
tions  nd occur in 15–25% o    tients receiving these 
 edic tions.

Actinic keratoses  nd cheilitis ( ctinic ker toses 
occurring on the li ), both  re  lign nt  or s o  SCC, 
 resent  s hy erker totic    ules on sun-ex osed  re s. 
T e  otenti l  or   lign nt degener tion in untre ted 
lesions r nges  ro  0.25 to 20%. SCC in situ,  lso c lled 
Bowen’s disease, is the intr e ider  l  or  o  SCC  nd 
usu lly  resents  s   sc ling, erythe  tous  l que. As 
with inv sive SCC, SCC in situ  ost co  only  rises on 
sun-d   ged skin, but c n occur  nywhere on the body. 
Bowen’s dise se  or ing second ry to in ection with 
hu  n    illo  virus (HPV) c n  rise on skin with 
 ini  l or no  rior sun ex osure, such  s the buttock 
or  osterior thigh.  re t ent o   re  lign nt  nd in situ 
lesions reduces the subsequent risk o  inv sive dise se.

NATURAL HISTORY
Ba sa l cell ca rcinoma

T e n tur l history o  BCC is th t o    slowly enl rging, 
loc lly inv sive neo l s . T e degree o  loc l destruc-
tion  nd risk o  recurrence v ry with the size, dur tion, 
loc tion,  nd histologic subty e o  the tu or. Loc tion 
on the centr l   ce, e rs, or sc l    y  ortend   higher 
risk. S  ll nodul r,  ig ented, cystic, or su er ci l 
BCCs res ond well to  ost tre t ents. L rge lesions 
 nd  icronodul r, in ltr tive,  nd  or he  or  sub-
ty es   y be  ore  ggressive. T e  et st tic  oten-
ti l o  BCC is low (0.0028–0.1% in i  unoco  etent 
  tients), but the risk o  recurrence or   new  ri  ry 
NMSC is  bout 40% over 5 ye rs.

Squa mous cell ca rcinoma

T e n tur l history o  SCC de ends on tu or  nd 
host ch r cteristics.  u ors  rising on sun-d   ged 
skin h ve   lower  et st tic  otenti l th n do those on 

 roxi  l extre ities (Fig. 34-5). T is BCC subty e 
  y be con used with benign inf     tory der  to-
ses, es eci lly nu  ul r ecze    nd  sori sis. BCC 
 lso c n  resent  s   s  ll, slowly growing  e rly nod-
ule, o en with tortuous tel ngiect tic vessels on its sur-
  ce, rolled borders,  nd   centr l crust (nodul r BCC). 
T e occ sion l  resence o   el nin in this v ri nt o  
nodul r BCC ( ig ented BCC)   y le d to con usion 
with  el no  . Mor he  or  ( brosing), in ltr tive, 
 nd  icronodul r BCC, the  ost inv sive  nd  oten-
ti lly  ggressive subty es,   ni est  s solit ry, f  t or 
slightly de ressed, indur ted whitish, yellowish, or  ink 
sc r-like  l ques. Borders  re ty ic lly indistinct,  nd 
lesions c n be subtle; thus, del y in tre t ent is co -
 on,  nd tu ors c n be  ore extensive th n ex ected 
clinic lly.

Squa mous cell ca rcinoma

Pri  ry cutaneous SCC is     lign nt neo l s  o  
ker tinizing e ider  l cells. SCC h s   v ri ble clinic l 
course, r nging  ro  indolent to r  id growth kinetics, 
with the  otenti l  or  et st sis to region l  nd dist nt 
sites. Co  only, SCC    e rs  s  n ulcer ted erythe -
 tous nodule or su er ci l erosion on sun-ex osed skin 
o  the he d, neck, trunk,  nd extre ities (Fig. 34-5). It 
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FIGURE 34 -5
Cu taneous neop lasm s. A. Non-Hodgkin’s lymphoma involves 
the skin with typical violaceous, “plum-colored” nodules. B. Squa-
mous cell carcinoma is seen here as a hyperkeratotic crusted and 
somewhat eroded plaque on the lower lip. Sun-exposed skin in 
areas such as the head, neck, hands, and arms represent other 
typical sites o  involvement. C. Actinic keratoses consist o  hyper-
keratotic erythematous papules and patches on sun-exposed skin. 
They arise in middle-aged to older adults and have some potential 

 or malignant trans ormation. D. Metastatic carcinoma to the skin 
is characterized by inf ammatory, o ten ulcerated dermal nodules. 
E. Mycosis  ungoides is a cutaneous T cell lymphoma, and plaque-
stage lesions are seen in this patient. F. Keratoacanthoma is a 
low-grade squamous cell carcinoma that presents as an exophytic 
nodule with central keratinous debris. G. This basal cell carcinoma 
shows central ulceration and a pearly, rolled telangiectatic tumor 
border.

non-sun-ex osed  re s. Cut neous SCC  et st sizes 
in 0.3–5.2% o  individu ls,  ost  requently to region l 
ly  h nodes.  u ors occurring on the lower li  
 nd e r develo  region l  et st ses in 13  nd 11% o  
  tients, res ectively, where s the  et st tic  otenti l 
o  SCC  rising in sc rs, chronic ulcer tions,  nd geni-
t l or  ucos l sur  ces is higher. Recurrent SCC h s   
 uch higher  otenti l  or  et st tic dise se,    ro ch-
ing 30%. L rge,  oorly di erenti ted, dee  tu ors with 
 erineur l or ly  h tic inv sion,  ulti oc l tu ors, 
 nd those  rising in i  unosu  ressed   tients o en 
beh ve  ggressively.

TREATMENT Basal Cell Carcinoma

 re t ents used  or BCC include electrodesicc tion  nd 
curett ge (ED&C), excision, cryosurgery, r di tion ther  y 
(R ), l ser ther  y, Mohs  icrogr  hic surgery (MMS), to i-
c l 5-f uorour cil,  hotodyn  ic ther  y (PD ),  nd to ic l 
i  uno odul tors such  s i iqui od. T e ther  y cho-
sen de ends on tu or ch r cteristics including de th  nd 
loc tion,   tient  ge,  edic l st tus,  nd   tient  re erence. 

ED&C re  ins the  ost co  only e  loyed  ethod  or 
su er ci l,  ini  lly inv sive nodul r BCCs  nd low-risk 
tu ors (e.g.,   s  ll tu or o    less  ggressive subty e in   
  vor ble loc tion). Wide loc l excision with st nd rd   r-
gins is usu lly selected  or inv sive, ill-de ned,  nd  ore 
 ggressive subty es o  tu ors, or  or cos etic re sons. MMS, 
  s eci lized ty e o  surgic l excision th t  rovides the best 
 ethod  or tu or re ov l while  reserving uninvolved tis-
sue, is  ssoci ted with cure r tes >98%. It is the  re erred 
 od lity  or lesions th t  re recurrent, in high-risk or cos-
 etic lly sensitive loc tions (including recurrent tu ors 
in these loc tions),  nd in which   xi  l tissue conserv -
tion is critic l (e.g., the eyelids, li s, e rs, nose,  nd digits). 
R  c n cure   tients not considered surgic l c ndid tes 
 nd c n be used  s   surgic l  djunct in high-risk tu ors. 
Younger   tients   y not be good c ndid tes  or R  bec use 
o  the risks o  long-ter  c rcinogenesis  nd r dioder  titis. 
I iqui od c n be used to tre t su er ci l  nd s  ller nodu-
l r BCCs,  lthough it is not FDA-   roved  or nodul r BCC. 
 o ic l 5-f uorour cil ther  y should be li ited to su er ci l 
BCC. PD , which uses selective  ctiv tion o     hoto ctive 
drug by visible light, h s been used in   tients with nu er-
ous tu ors. Intr lesion l che other  y (5-f uorour cil  nd 
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493IFN)  or NMSC h s existed since the  id-twentieth century, 
but is used so in requently th t recent consensus guidelines 
 or the tre t ent o  BCC  nd SCC do not include it. Like R , 
it re  ins  n o tion  or well-selected   tients who c nnot or 
will not undergo surgery.

SQUAMOUS CELL CARCINOMA T er  y  or cut neous SCC 
should be b sed on the size, loc tion, histologic di erenti -
tion,   tient  ge,  nd  unction l st tus. Surgic l excision  nd 
MMS  re st nd rd tre t ents. Cryosurgery  nd ED&C h ve 
been used  or  re  lign nt lesions  nd s  ll, su er ci l, 
in situ  ri  ry tu ors. Ly  h node  et st ses  re tre ted 
with surgic l resection, R , or both. Syste ic che other  y 
co bin tions th t include cis l tin c n   lli te   tients with 
 dv nced dise se. SCC  nd ker to c ntho  s th t develo  in 
  tients receiving BRAF-t rgeted ther  y should be excised, 
but their develo  ent should not deter the continued use o  
BRAF ther  y. Retinoid  ro hyl xis c n  lso be considered 
 or   tients receiving BRAF-t rgeted ther  y,  lthough no 
 ros ective studies h ve been co  leted thus   r.

PREVENTION
T e gener l  rinci les  or  revention  re those described 
 or  el no   e rlier. Unique str tegies  or NMSC include 
 ctive surveill nce  or   tients on i  unosu  ressive 
 edic tions or BRAF-t rgeted ther  y. Che o ro hy-
l xis using synthetic retinoids  nd i  unosu  ression 
reduction when  ossible   y be use ul in controlling new 
lesions  nd   n ging   tients with  ulti le tu ors.

OTHER NONMELANOMA CUTANEOUS 
MALIGNANCIES
Neo l s s o  cut neous  dnex e  nd s rco  s o  
 brous,  esenchy  l,   tty,  nd v scul r tissues   ke 
u  the re  ining 1–2% o  NMSCs.

Merkel cell carcinoma (MCC) is   neur l crest–
derived highly  ggressive   lign ncy with  ort lity 
r tes    ro ching 33%  t 3 ye rs. An oncogenic Merkel 
cell  olyo  virus is  resent in 80% o  tu ors. M ny 
  tients h ve detect ble cellul r or hu or l i  une 
res onses to  olyo   vir l  roteins,  lthough this 
i  une res onse is insu cient to er dic te the   lig-
n ncy. Surviv l de ends on extent o  dise se: 90% sur-
vive with loc l dise se, 52% with nod l involve ent, 

 nd only 10% with dist nt dise se  t 3 ye rs. MCC inci-
dence tri led over the l st 20 ye rs with  n esti  ted 
1600 c ses  er ye r in the United St tes. I  unosu -
 ression c n incre se incidence  nd di inish  rogno-
sis. MCC lesions ty ic lly  resent  s  n  sy  to  tic 
r  idly ex  nding bluish-red/viol ceous tu or on 
sun-ex osed skin o  older white   tients.  re t ent is 
surgic l excision with sentinel ly  h node bio sy  or 
 ccur te st ging in   tients with loc lized dise se, o en 
 ollowed by  djuv nt R . P tients with extensive dis-
e se c n be o ered syste ic che other  y; however, 
there is no convincing surviv l bene t. Whenever  os-
sible   clinic l tri l should be considered  or this r re 
but  ggressive NMSC, es eci lly in light o  the  otenti l 
 or new tre t ents directed  t the oncogenic virus th t 
c uses this   lign ncy.

Extramammary Paget’s disease is  n unco  on   o-
crine   lign ncy  rising  ro  ste  cells o  the e ider-
 is th t  re ch r cterized histologic lly by the  resence 
o  P get cells. T ese tu ors  resent  s  oist erythe -
 tous   tches on  nogenit l or  xill ry skin o  the 
elderly. Outco es  re gener lly good with site-directed 
surgery,  nd 5-ye r dise se s eci c surviv l is    roxi-
  tely 95% with loc lized dise se. Adv nced  ge  nd 
extensive dise se  t  resent tion  re   ctors th t con er 
di inished  rognosis. R  or to ic l i iqui od c n be 
considered  or  ore extensive dise se. Loc l   n ge-
 ent   y be ch llenging bec use these tu ors o en 
extend   r beyond clinic l   rgins; surgic l excision 
with MMS h s the highest cure r tes. Si il rly, MMS is 
the tre t ent o  choice in other r re cut neous tu ors 
with extensive subclinic l extension such  s dermatof -
bromasarcoma protuberans.

Kaposi’s sarcoma (KS) is   so  tissue s rco   o  v s-
cul r origin th t is induced by the hu  n her esvirus 
8. T e incidence o  KS incre sed dr   tic lly during 
the AIDS e ide ic, but h s now decre sed ten old with 
the institution o  highly  ctive  ntiretrovir l ther  y.

Ac kn o wl ed g men t

Carl V. Washington, MD, and Hari Nadiminti, MD, con-
tributed to this chapter in the 18th edition o  Harrison’s 
Principles o  Internal Medicine, and material  rom that 
chapter is included here. Claudia Taylor, MD, and Steven 
Kolker, MD, provided valued  eedback and suggested many 
improvements to this chapter.
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Evere t t  E. Vokes 

Epithelial carcinomas o  the head and neck arise  rom 
the mucosal sur aces in the head and neck and typi-
cally are squamous cell in origin. T is category includes 
tumors o  the paranasal sinuses, the oral cavity, and 
the nasopharynx, oropharynx, hypopharynx, and lar-
ynx.  umors o  the salivary glands di er  rom the more 
common carcinomas o  the head and neck in etiol-
ogy, histopathology, clinical presentation, and therapy. 
T ey are rare and histologically highly heterogeneous. 
T yroid malignancies are described in Chap. 50.

INCIDENCE AND EPIDEMIOLOGY
 T e number o  new cases o  head and neck can-
cers (oral cavity, pharynx, and larynx) in the 
United States was 53,640 in 2013, accounting  or 

about 3% o  adult malignancies; 11,520 people died 
 rom the disease. T e worldwide incidence exceeds hal  
a million cases annually. In North America and 
Europe, the tumors usually arise  rom the oral cavity, 
oropharynx, or larynx. T e incidence o  oropharyngeal 
cancers is increasing in recent years. Nasopharyngeal 
cancer is more commonly seen in the Mediterranean 
countries and in the Far East, where it is endemic in 
some areas.

ETIOLOGY AND GENETICS
Alcohol and tobacco use are the most signi cant risk 
 actors  or head and neck cancer, and when used 
together, they act synergistically. Smokeless tobacco is 
an etiologic agent  or oral cancers. Other potential car-
cinogens include marijuana and occupational exposures 
such as nickel re ning, exposure to textile  bers, and 
woodworking.

Some head and neck cancers have a viral etiology. 
Epstein-Barr virus (EBV) in ection is  requently associ-
ated with nasopharyngeal cancer, especially in endemic 
areas o  the Mediterranean and Far East. EBV antibody 

HEAD AND NECK CANCER

CHAP TER 3 5

titers can be measured to screen high-risk populations. 
Nasopharyngeal cancer has also been associated with 
consumption o  salted  sh and in-door pollution.

In Western countries, the human papilloma virus 
(HPV) is associated with a rising incidence o  tumors 
arising  rom the oropharynx, i.e., the tonsillar bed and 
base o  tongue. Over 50% o  oropharyngeal tumors 
are caused by HPV in the United States. HPV 16 is 
the dominant viral subtype, although HPV 18 and 
other oncogenic subtypes are seen as well. Alcohol- 
and tobacco-related cancers, on the other hand, have 
decreased in incidence. HPV-related oropharyngeal 
cancer occurs in a younger patient population and is 
associated with increased numbers o  sexual partners 
and oral sexual practices. It is associated with a better 
prognosis, especially  or nonsmokers.

Dietary  actors may contribute. T e incidence o  
head and neck cancer is higher in people with the 
lowest consumption o   ruits and vegetables. Certain 
vitamins, including carotenoids, may be protective i  
included in a balanced diet. Supplements o  retinoids, 
such as cis-retinoic acid, have not been shown to pre-
vent head and neck cancers (or lung cancer) and may 
increase the risk in active smokers. No speci c risk  ac-
tors or environmental carcinogens have been identi ed 
 or salivary gland tumors.

HISTOPATHOLOGY, CARCINOGENESIS,  
AND MOLECULAR BIOLOGY
Squamous cell head and neck cancers are divided into 
well-di erentiated, moderately well-di erentiated, and 
poorly di erentiated categories. Poorly di erentiated 
tumors have a worse prognosis than well-di erentiated 
tumors. For nasopharyngeal cancers, the less common 
di erentiated squamous cell carcinoma is distinguished 
 rom nonker-atinizing and undi erentiated carcinoma 
(lymphoepithelioma) that contains in ltrating lympho-
cytes and is commonly associated with EBV.
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495Salivary gland tumors can arise  rom the major 
(parotid, submandibular, sublingual) or minor salivary 
glands (located in the submucosa o  the upper aerodi-
gestive tract). Most parotid tumors are benign, but 
hal  o  submandibular and sublingual gland tumors 
and most minor salivary gland tumors are malignant. 
Malignant tumors include mucoepidermoid and ade-
noid cystic carcinomas and adenocarcinomas.

T e mucosal sur ace o  the entire pharynx is exposed 
to alcohol- and tobacco-related carcinogens and is at 
risk  or the development o  a premalignant or malig-
nant lesion. Erythroplakia (a red patch) or leukoplakia 
(a white patch) can be histopathologically classi ed as 
hyperplasia, dysplasia, carcinoma in situ, or carcinoma. 
However, most head and neck cancer patients do not 
present with a history o  premalignant lesions. Mul-
tiple synchronous or metachronous cancers can also be 
observed. In  act, over time, patients with early-stage 
head and neck cancer are at greater risk o  dying  rom 
a second malignancy than  rom a recurrence o  the pri-
mary disease.

Second head and neck malignancies are usually not 
therapy-induced; they re ect the exposure o  the upper 
aerodigestive mucosa to the same carcinogens that 
caused the  rst cancer. T ese second primaries develop 
in the head and neck area, the lung, or the esophagus. 
T us, computed tomography (C ) screening  or lung 
cancer in heavy smokers who have already developed 
a head and neck cancer should be considered. Rarely, 
patients can develop a radiation therapy–induced sar-
coma af er having undergone prior radiotherapy  or a 
head and neck cancer.

Much progress has been made in describing the 
molecular  eatures o  head and neck cancer.  hese 
 eatures have allowed investigators to describe the 
genetic and epigenetic alterations and the muta-
tional spectrum o  these tumors. Early reports dem-
onstrated  requent overexpression o  the epidermal 
growth  actor receptor (EGFR). Overexpression was 
shown to correlate with poor prognosis. However, 
it has not proved to be a good predictor o  tumor 
response to EGFR inhibitors, which are success-
 ul in only about 10–15% o  patients. p53 mutations 
are also  ound  requently with other major a  ected 
oncogenic driver pathways including the mitotic 
signaling and Notch pathways and cell cycle regula-
tion.  he PI3K pathway is  requently altered, espe-
cially in HPV-positive tumors, where it is the only 
mutated cancer gene identi ied to date. Overall, these 
alterations a  ect mitogenic signaling, genetic stabil-
ity, cellular proli eration, and di  erentiation. HPV is 
known to act through inhibition o  the p53 and RB 
tumor-suppressor genes, thereby initiating the carci-
nogenic process, and has a mutational spectrum dis-
tinct  rom alcohol- and tobacco-related tumors.

CLINICAL PRESENTATION AND 
DIFFERENTIAL DIAGNOSIS
Most tobacco-related head and neck cancers occur in 
patients older than age 60 years. HPV-related malig-
nancies are  requently diagnosed in younger patients, 
usually in their  orties or  f ies, whereas EBV-related 
nasopharyngeal cancer can occur in all ages, includ-
ing teenagers. T e mani estations vary according to the 
stage and primary site o  the tumor. Patients with non-
speci c signs and symptoms in the head and neck area 
should be evaluated with a thorough otolaryngologic 
exam, particularly i  symptoms persist longer than 2–4 
weeks. Males are more  requently a ected than women 
by head and neck cancers, including HPV-positive 
tumors.

Cancer o  the nasopharynx typically does not cause 
early symptoms. However, it may cause unilateral 
serous otitis media due to obstruction o  the eusta-
chian tube, unilateral or bilateral nasal obstruction, or 
epistaxis. Advanced nasopharyngeal carcinoma causes 
neuropathies o  the cranial nerves due to skull base 
involvement.

Carcinomas o  the oral cavity present as nonhealing 
ulcers, changes in the  t o  dentures, or pain ul lesions. 
 umors o  the tongue base or oropharynx can cause 
decreased tongue mobility and alterations in speech. 
Cancers o  the oropharynx or hypopharynx rarely cause 
early symptoms, but they may cause sore throat and/
or otalgia. HPV-related tumors  requently present with 
neck lymphadenopathy as the  rst sign.

Hoarseness may be an early symptom o  laryngeal 
cancer, and persistent hoarseness requires re erral to a 
specialist  or indirect laryngoscopy and/or radiographic 
studies. I  a head and neck lesion treated initially with 
antibiotics does not resolve in a short period,  urther 
workup is indicated; to simply continue the antibiotic 
treatment may be to lose the chance o  early diagnosis 
o  a malignancy.

Advanced head and neck cancers in any location 
can cause severe pain, otalgia, airway obstruction, cra-
nial neuropathies, trismus, odynophagia, dysphagia, 
decreased tongue mobility,  stulas, skin involvement, 
and massive cervical lymphadenopathy, which may 
be unilateral or bilateral. Some patients have enlarged 
lymph nodes even though no primary lesion can be 
detected by endoscopy or biopsy; these patients are 
considered to have carcinoma o  unknown primary 
(Fig. 35-1). I  the enlarged nodes are located in the 
upper neck and the tumor cells are o  squamous cell 
histology, the malignancy probably arose  rom a muco-
sal sur ace in the head or neck.  umor cells in supracla-
vicular lymph nodes may also arise  rom a primary site 
in the chest or abdomen.

T e physical examination should include inspection 
o  all visible mucosal sur aces and palpation o  the  oor 
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o  the mouth and o  the tongue and neck. In addition 
to tumors themselves, leukoplakia (a white mucosal 
patch) or erythroplakia (a red mucosal patch) may be 
observed; these “premalignant” lesions can represent 
hyperplasia, dysplasia, or carcinoma in situ and require 
biopsy. Further examination should be per ormed by a 
specialist. Additional staging procedures include C  o  
the head and neck to identi y the extent o  the disease. 
Patients with lymph node involvement should have C  
scan o  the chest and upper abdomen to screen  or dis-
tant metastases. In heavy smokers, the C  scan o  the 
chest can also serve as a screening tool to rule out a sec-
ond lung primary tumor. A positron emission tomogra-
phy (PE ) scan may also be administered and can help 
to identi y or exclude distant metastases. T e de nitive 
staging procedure is an endoscopic examination under 
anesthesia, which may include laryngoscopy, esopha-
goscopy, and bronchoscopy; during this procedure, 
multiple biopsy samples are obtained to establish a pri-
mary diagnosis, de ne the extent o  primary disease, 
and identi y any additional premalignant lesions or sec-
ond primaries.

Head and neck tumors are classi ed according to the 
tumor-node-metastasis ( NM) system o  the American 
Joint Committee on Cancer (Fig. 35-2). T is classi ca-
tion varies according to the speci c anatomic subsite. 
In general, primary tumors are classi ed as  1 to  3 
by increasing size, whereas  4 usually represents inva-
sion o  another structure such as bone, muscle, or root 
o  tongue. Lymph nodes are staged by size, number, and 

location (ipsilateral vs contralateral to the primary). 
Distant metastases are  ound in <10% o  patients at ini-
tial diagnosis and are more common in patients with 
advanced lymph node stage; microscopic involvement 
o  the lungs, bones, or liver is more common, particu-
larly in patients with advanced neck lymph node dis-
ease. Modern imaging techniques may increase the 
number o  patients with clinically detectable distant 
metastases in the  uture.

In patients with lymph node involvement and no vis-
ible primary, the diagnosis should be made by lymph 
node excision (Fig. 35-1). I  the results indicate squa-
mous cell carcinoma, a panendoscopy should be per-
 ormed, with biopsy o  all suspicious-appearing areas 
and directed biopsies o  common primary sites, such as 
the nasopharynx, tonsil, tongue base, and pyri orm sinus. 
HPV-positive tumors especially can have small primary 
tumors that spread early to locoregional lymph nodes.

TREATMENT Head and Neck Cancer

Patients with head and neck cancer can be grossly categorized 
into three clinical groups: those with localized disease, those 
with locally or regionally advanced disease (lymph node 
positive), and those with recurrent and/or metastatic disease. 
Comorbidities associated with tobacco and alcohol abuse 
can a ect treatment outcome and de ne long-term risks  or 
patients who are cured o  their disease.

LOCALIZED DISEASE Nearly one-third o  patients have localized 
disease, that is,  1 or  2 (stage I or stage II) lesions without 
detectable lymph node involvement or distant metastases. 
T ese patients are treated with curative intent by either surgery 
or radiation therapy. T e choice o  modality di ers according 
to anatomic location and institutional expertise. Radiation 
therapy is of en pre erred  or laryngeal cancer to preserve 
voice  unction, and surgery is pre erred  or small lesions in the 
oral cavity to avoid the long-term complications o  radiation, 
such as xerostomia and dental decay. Overall 5-year survival 
is 60–90%. Most recurrences occur within the  rst 2 years  ol-
lowing diagnosis and are usually local.

LOCALLY OR REGIONALLY ADVANCED DISEASE Locally or regionally 
advanced disease—disease with a large primary tumor and/or 
lymph node metastases—is the stage o  presentation  or >50% 
o  patients. Such patients can also be treated with curative 
intent, but not with surgery or radiation therapy alone. Com-
bined-modality therapy including surgery, radiation therapy, 
and chemotherapy is most success ul. It can be adminis-
tered as induction chemotherapy (chemotherapy be ore sur-
gery and/or radiotherapy) or as concomitant (simultaneous) 
chemotherapy and radiation therapy. T e latter is currently 
most commonly used and supported by the best evidence. 
Five-year survival rates exceed 50% in many trials, but part 
o  this increased survival may be due to an increasing  rac-
tion o  study populations with HPV-related tumors who carry 

FIGURE 35 -1
Eva lu a t io n  o f a  p a t ien t  with  ce rvica l ad en o p a thy without 
a primary mucosal lesion; a diagnostic workup. FNA, 
 ne-needle aspiration.

Phys ical Examination in Office

If lymphoma, sa rcoma,
or sa liva ry gland tumor

S tage-specific
multimoda lity the rapy

Cons ider cura tive
neck dis section

Panendoscopy and directed biops ies.
Search for occult primary with biops ies

of tons ils , nasopharynx, base  of tongue,
and pyriform s inus.

Pos topera tive  radiotherapy or chemoradiotherapy

FNA or exc is ion of lymph node

Specific workup

+ –

If squamous  ce ll ca rcinoma

EVALUATION OF A PATIENT WITH CERVICAL ADENOPATHY
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497Definition o f TNM  Stage  groupings

Tumor ≤ 2 cm
in grea tes t
dimension without
extraparenchymal
extens ion 

Tumor ≥ 2 cm
but not more  than
4 cm in grea tes t
dimens ion without
extraparenchymal
extens ion 

T3

T2

T4b

T1 N0

N1

N0

N2

N3

T4a

Tumor ≥ 4 cm
and/or tumor having
extraparenchymal
extens ion

Tumor invades  skin,
mandible, ea r cana l,
and or fa scia l ne rve

Tumor invades  skull
base  and/or pte rygoid
pla tes  and/or encases
carotid a rte ry

N0- No regiona l lymph
node  metas tas is

N0- No regiona l lymph
node  metas tas is

N1- Metas tas is  in a  s ingle
ips ila te ra l lymph node,

 ≤ 3 cm in grea teas t
dimension

N2a- Metas tas is  in a  s ingle
ips ila te ra l lymph node,
>3 cm but ≤6 cm

N2b- Metas tas is  in a  multiple
ips ila te ra l lymph node,

 none  >6 cm
N2c- Metas tas is  in a

bila te ra l or contra la te ra l
lymph nodes, none  >6 cm

T3

T2

T1

T1

T2

T3

T4a

N3- Metas tas is  in a  lymph
node  >6 cm in grea tes t
dimension

Stage  I

Stage  II

Stage  III

Stage  IVA

Stage  IVB

Stage  IVC  M1

T4b 
Any T

N0

N0

N0

N1

N1

N1

N0

Any N
N3

M0

M0

M0

M0

M0

M0

M0

M0
M0

Any T Any N  M1

T4a

T1

T2

T3

T4a

N1 

N2

N2

N2

N2

M0

M0

M0

M0

M0

>6 cm

≤6 cm

≤3 cm

FIGURE 35 -2
Tu m or-n o d e -m e ta stasis (TNM) staging system.
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498 a better prognosis. HPV testing o  newly diagnosed tumors is 
now per ormed  or most patients at the time o  diagnosis, and 
clinical trials  or HPV-related tumors are  ocused on exploring 
reductions in treatment intensity, especially radiation dose, in 
order to ameliorate long-term toxicities ( brosis, swallowing 
dys unction).

In patients with intermediate-stage tumors (stage III and 
early stage IV), concomitant chemoradiotherapy can be 
administered either as a primary treatment  or patients with 
unresectable disease, to pursue an organ-preserving approach, 
or in the postoperative setting  or intermediate-stage resect-
able tumors.

Induction Chemotherapy In this strategy, patients receive che-
motherapy (current standard is a three-drug regimen o  
docetaxel, cisplatin, and  uorouracil [5-FU]) be ore surgery 
and radiation therapy. Most patients who receive three cycles 
show tumor reduction, and the response is clinically “com-
plete” in up to hal  o  patients. T is “sequential” multimodality 
therapy allows  or organ preservation (omission o  surgery) 
in patients with laryngeal and hypopharyngeal cancer, and it 
has been shown to result in higher cure rates compared with 
radiotherapy alone.

Concomitant Chemoradiotherapy With the concomitant strategy, 
chemotherapy and radiation therapy are given simultaneously 
rather than in sequence.  umor recurrences  rom head and 
neck cancer develop most commonly locoregionally (in the 
head and neck area o  the primary and draining lymph nodes). 
T e concomitant approach is aimed at enhancing tumor cell 
killing by radiation therapy in the presence o  chemotherapy 
(radiation enhancement) and is a conceptually attractive 
approach  or bulky tumors.  oxicity (especially mucositis, 
grade 3 or 4 in 70–80%) is increased with concomitant chemo-
radiotherapy. However, meta-analyses o  randomized trials 
document an improvement in 5-year survival o  8% with con-
comitant chemotherapy and radiation therapy. Results seem 
more  avorable in recent trials as more active drugs or more 
intensive radiotherapy schedules are used. In addition, con-
comitant chemoradiotherapy produces better laryngectomy-
 ree survival (organ preservation) than radiation therapy alone 
in patients with advanced larynx cancer. T e use o  radiation 
therapy together with cisplatin has also produced improved 
survival in patients with advanced nasopharyngeal cancer. T e 
outcome o  HPV-related cancers seems to be especially  avor-
able  ollowing cisplatin-based chemoradiotherapy.

T e success o  concomitant chemoradiotherapy in patients 
with unresectable disease has led to the testing o  a similar 
approach in patients with resected intermediate-stage disease 
as a postoperative therapy. Concomitant chemoradiotherapy 
produces a signi cant improvement over postoperative radia-
tion therapy alone  or patients whose tumors demonstrate 
higher risk  eatures, such as extracapsular spread beyond 
involved lymph nodes, involvement o  multiple lymph nodes, 
or positive margins at the primary site  ollowing surgery.

A monoclonal antibody to EGFR (cetuximab) increases 
survival rates when administered during radiotherapy. EGFR 
blockade results in radiation sensitization and has milder 
systemic side e ects than traditional chemotherapy agents, 
although an acnei orm skin rash is commonly observed. 
Nevertheless, the integration o  cetuximab into current stan-
dard chemoradiotherapy regimens has  ailed to show addi-
tional improvement in survival and is not recommended.

RECURRENT AND/OR METASTATIC DISEASE Five to ten percent o  
patients present with metastatic disease, and 30–50% o  
patients with locoregionally advanced disease experience 
recurrence,  requently outside the head and neck region. 
Patients with recurrent and/or metastatic disease are, with  ew 
exceptions, treated with palliative intent. Some patients may 
require local or regional radiation therapy  or pain control, but 
most are given chemotherapy. Response rates to chemother-
apy average only 30–50%; the durations o  response are short, 
and the median survival time is 8–10 months. T ere ore, che-
motherapy provides transient symptomatic bene t. Drugs 
with single-agent activity in this setting include methotrex-
ate, 5-FU, cisplatin, paclitaxel, and docetaxel. Combinations 
o  cisplatin with 5-FU, carboplatin with 5-FU, and cisplatin or 
carboplatin with paclitaxel or docetaxel are  requently used.

EGFR-directed therapies, including monoclonal antibod-
ies (e.g., cetuximab) and tyrosine kinase inhibitors ( KIs) 
o  the EGFR signaling pathway (e.g., erlotinib or ge tinib), 
have single-agent activity o  approximately 10%. Side e ects 
are usually limited to an acnei orm rash and diarrhea ( or the 
 KIs). T e addition o  cetuximab to standard combination 
chemotherapy with cisplatin or carboplatin and 5-FU was 
shown to result in a signi cant increase in median survival. 
Drugs targeting speci c mutations are under investigation, 
but no such strategy has yet been shown to be  easible in head 
and neck cancer.

COMPLICATIONS Complications  rom treatment o  head and 
neck cancer are usually correlated to the extent o  surgery and 
exposure o  normal tissue structures to radiation. Currently, 
the extent o  surgery has been limited or completely replaced 
by chemotherapy and radiation therapy as the primary 
approach. Acute complications o  radiation include mucositis 
and dysphagia. Long-term complications include xerostomia, 
loss o  taste, decreased tongue mobility, second malignancies, 
dysphagia, and neck  brosis. T e complications o  chemother-
apy vary with the regimen used but usually include myelosup-
pression, mucositis, nausea and vomiting, and nephrotoxicity 
(with cisplatin).

T e mucosal side e ects o  therapy can lead to malnutri-
tion and dehydration. Many centers address issues o  denti-
tion be ore starting treatment, and some place  eeding tubes 
to ensure control o  hydration and nutrition intake. About 
50% o  patients develop hypothyroidism  rom the treatment; 
thus, thyroid  unction should be monitored.
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499SALIVARY GLAND TUMORS
Most benign salivary gland tumors are treated with sur-
gical excision, and patients with invasive salivary gland 
tumors are treated with surgery and radiation therapy. 
T ese tumors may recur regionally; adenoid cystic car-
cinoma has a tendency to recur along the nerve tracks. 

Distant metastases may occur as late as 10–20 years af er 
the initial diagnosis. For metastatic disease, therapy is 
given with palliative intent, usually chemotherapy with 
doxorubicin and/or cisplatin. Identi cation o  novel 
agents with activity in these tumors is a high priority.
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Lung  an er, whi h was rare pri r t  1900 with  ewer 
than 400  ases des ribed in the medi al literature, 
is   nsidered a disease    m dern man. By the mid-
twentieth  entury, lung  an er had be  me epidemi  
and  rmly established as the leading  ause     an er-
related death in N rth Ameri a and Eur pe, killing 
 ver three times as many men as pr state  an er and 
nearly twi e as many w men as breast  an er. T is  a t 
is parti ularly tr ubling be ause lung  an er is  ne    
the m st preventable    all    the maj r malignan ies. 
  ba      nsumpti n is the primary  ause    lung  an-
 er, a reality  rmly established in the mid-twentieth 
 entury and   di ed with the release    the U.S. Surge n 
General’s 1964 rep rt  n the health e e ts    t ba    
sm king. F ll wing the rep rt,  igarette use started 
t  de line in N rth Ameri a and parts    Eur pe, and 
with it, s  did the in iden e    lung  an er.    date, 
the de line in lung  an er is seen m st  learly in men; 
 nly re ently has the de line be  me apparent am ng 
w men in the United States. Un  rtunately, in many 
parts    the w rld, espe ially in   untries with devel p-
ing e  n mies,  igarette use   ntinues t  in rease, and 
al ng with it, the in iden e    lung  an ers is als  ris-
ing. Alth ugh t ba    sm king remains the primary 
 ause    lung  an er w rldwide, appr ximately 60%    
new lung  an ers in the United States    ur in   rmer 
sm kers (sm ked ≥100  igarettes per li etime, quit ≥1 
year), many    wh m quit de ades ag ,  r never sm k-
ers (sm ked <100  igarettes per li etime). M re ver,  ne 
in  ve w men and  ne in 12 men diagn sed with lung 
 an er have never sm ked. Given the magnitude    the 
pr blem, it is in umbent that every internist has a gen-
eral kn wledge    lung  an er and its management.

EPIDEMIOLOGY

Lung  an er is the m st   mm n  ause     an er death 
am ng Ameri an men and w men. M re than 225,000 

NEOPLASMS OF THE LUNG

CHAP TER 3 6

individuals will be diagn sed with lung  an er in the 
United States in 2013, and  ver 150,000 individuals 
will die  r m the disease. T e in iden e    lung  an er 
peaked am ng men in the late 1980s and has plateaued 
in w men. Lung  an er is rare bel w age 40, with rates 
in reasing until age 80, a er whi h the rate tapers   . 
T e pr je ted li etime pr bability    devel ping lung 
 an er is estimated t  be appr ximately 8% am ng 
males and appr ximately 6% am ng  emales. T e in i-
den e    lung  an er varies by ra ial and ethni  gr up, 
with the highest age-adjusted in iden e rates am ng 
A ri an Ameri ans. T e ex ess in age-adjusted rates 
am ng A ri an Ameri ans    urs  nly am ng men, but 
examinati ns    age-spe i   rates sh w that bel w age 
50, m rtality  r m lung  an er is m re than 25% higher 
am ng A ri an Ameri an than Cau asian w men. In i-
den e and m rtality rates am ng Hispani s and Native 
and Asian Ameri ans are appr ximately 40–50% th se 
   whites.

RISK FACTORS
Cigarette sm kers have a 10-  ld  r greater in reased 
risk    devel ping lung  an er   mpared t  th se wh  
have never sm ked. A deep sequen ing study sug-
gested that  ne geneti  mutati n is indu ed   r every 
15  igarettes sm ked. T e risk    lung  an er is l wer 
am ng pers ns wh  quit sm king than am ng th se 
wh    ntinue sm king;   rmer sm kers have a nine  ld 
in reased risk    devel ping lung  an er   mpared t  
men wh  have never sm ked versus the 20-  ld ex ess 
in th se wh    ntinue t  sm ke. T e size    the risk 
redu ti n in reases with the length    time the pers n 
has quit sm king, alth ugh generally even l ng-term 
  rmer sm kers have higher risks    lung  an er than 
th se wh  never sm ked. Cigarette sm king has been 
sh wn t  in rease the risk    all the maj r lung  an-
 er  ell types. Envir nmental t ba    sm ke (E S) 
 r se  nd-hand sm ke is als  an established  ause    

36_Hematology_ch36_p500-525.indd   500  04/08/16   4:11 PM



 

C

H

A

P

T

E

R

 

3

6

N

e

o

p

l

a

s

m

s

 

o

f

 

t

h

e

 

L

u

n

g

501lung  an er. T e risk  r m E S is less than  r m a tive 
sm king, with ab ut a 20–30% in rease in lung  an-
 er  bserved am ng never sm kers married   r many 
years t  sm kers, in   mparis n t  the 2000% in rease 
am ng   ntinuing a tive sm kers.

Alth ugh  igarette sm king is the  ause    the maj r-
ity    lung  an ers, several  ther risk  a t rs have been 
identi ed, in luding    upati nal exp sures t  asbes-
t s, arseni , bis hl r methyl ether, hexavalent  hr -
mium, mustard gas, ni kel (as in  ertain ni kel-re ning 
pr  esses), and p ly y li  ar mati  hydr  arb ns. 
O  upati nal  bservati ns als  have pr vided insight 
int  p ssible me hanisms    lung  an er indu ti n. 
F r example, the risk    lung  an er am ng asbest s-
exp sed w rkers is in reased primarily am ng th se 
with underlying asbest sis, raising the p ssibility that 
the s arring and in ammati n pr du ed by this  br ti  
n nmalignant lung disease may in many  ases (alth ugh 
likely n t in all) be the trigger   r asbest s-indu ed lung 
 an er. Several  ther    upati nal exp sures have been 
ass  iated with in reased rates    lung  an er, but the 
 ausal nature    the ass  iati n is n t as  lear.

T e risk    lung  an er appears t  be higher am ng 
individuals with l w  ruit and vegetable intake during 
adulth  d. T is  bservati n led t  hyp theses that spe-
 i   nutrients, in parti ular retin ids and  ar ten ids, 
might have  hem preventative e e ts   r lung  an-
 er. H wever, rand mized trials  ailed t  validate this 
hyp thesis. In  a t, studies   und the in iden e    lung 
 an er was in reased am ng sm kers with supplemen-
tati n. I nizing radiati n is als  an established lung  ar-
 in gen, m st   nvin ingly dem nstrated  r m studies 
sh wing in reased rates    lung  an er am ng surviv rs 
   the at m b mbs dr pped  n Hir shima and Naga-
saki and large ex esses am ng w rkers exp sed t  alpha 
irradiati n  r m rad n in undergr und uranium min-
ing. Pr l nged exp sure t  l w-level rad n in h mes 
might impart a risk    lung  an er equal  r greater than 
that    E S. Pri r lung diseases su h as  hr ni  br n-
 hitis, emphysema, and tuber ul sis have been linked 
t  in reased risks    lung  an er as well.

Smoking cessa tion

Given the undeniable link between  igarette sm king 
and lung  an er (n t even addressing  ther t ba   -
related illnesses), physi ians must pr m te t ba    
abstinen e. Physi ians als  must help their patients wh  
sm ke t  st p sm king. Sm king  essati n, even well 
int  middle age,  an minimize an individual’s subse-
quent risk    lung  an er. St pping t ba    use be  re 
middle age av ids m re than 90%    the lung  an-
 er risk attributable t  t ba   . H wever, there is little 
health bene t derived  r m just “ utting ba k.” Imp r-
tantly, sm king  essati n  an even be bene  ial in indi-
viduals with an established diagn sis    lung  an er, 

as it is ass  iated with impr ved survival,  ewer side 
e e ts  r m therapy, and an  verall impr vement in 
quality    li e. M re ver, sm king  an alter the metab -
lism    many  hem therapy drugs, p tentially adversely 
altering the t xi ities and therapeuti  bene ts    the 
agents. C nsequently, it is imp rtant t  pr m te sm k-
ing  essati n even a er the diagn sis    lung  an er is 
established.

Physi ians need t  understand the essential elements 
   sm king  essati n therapy. T e individual must want 
t  st p sm king and must be willing t  w rk hard t  
a hieve the g al    sm king abstinen e. Sel -help strat-
egies al ne  nly marginally a e t quit rates, whereas 
individual and   mbined pharma  therapies in   m-
binati n with   unseling  an signi  antly in rease 
rates     essati n. T erapy with an antidepressant (e.g., 
bupr pi n) and ni  tine repla ement therapy (var-
eni line, a α4β2 ni  tini  a etyl h line re ept r par-
tial ag nist) are appr ved by the U.S. F  d and Drug 
Administrati n (FDA) as  rst-line treatments   r 
ni  tine dependen e. H wever, b th drugs have been 
rep rted t  in rease sui idal ideati n and must be used 
with  auti n. In a rand mized trial, vareni line was 
sh wn t  be m re ef  a i us than bupr pi n  r pla-
 eb . Pr l nged use    vareni line bey nd the initial 
indu ti n phase pr ved use ul in maintaining sm k-
ing abstinen e. Cl nidine and n rtriptyline are re  m-
mended as se  nd-line treatments. O  n te, redu ing 
 igarettes sm ked be  re quit day and quitting abruptly, 
with n  pri r redu ti n, yield   mparable quit rates. 
T ere  re, patients  an be given the  h i e t  quit in 
either    these ways.

Inherited  predisposit ion to  lung ca ncer

Exp sure t  envir nmental  ar in gens, su h as th se 
  und in t ba    sm ke, indu e  r  a ilitate the trans-
  rmati n  r m br n h epithelial  ells t  the malig-
nant phen type. T e   ntributi n     ar in gens  n 
trans  rmati n is m dulated by p lym rphi  variati ns 
in genes that a e t aspe ts     ar in gen metab lism. 
Certain geneti  p lym rphisms    the P450 enzyme 
system, spe i  ally CYP1A1, and  hr m s me  ragil-
ity are ass  iated with the devel pment    lung  an er. 
T ese geneti  variati ns    ur at relatively high  re-
quen y in the p pulati n, but their   ntributi n t  an 
individual’s lung  an er risk is generally l w. H wever, 
be ause    their p pulati n  requen y, the  verall 
impa t  n lung  an er risk   uld be high. In additi n, 
envir nmental  a t rs, as m di ed by inherited m du-
lat rs, likely a e t spe i   genes by deregulating imp r-
tant pathways t  enable the  an er phen type.

First-degree relatives    lung  an er pr bands have 
a tw - t  three  ld ex ess risk    lung  an er and  ther 
 an ers, many    whi h are n t sm king-related. T ese 
data suggest that spe i   genes and/ r geneti  variants 
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502 may   ntribute t  sus eptibility t  lung  an er. H w-
ever, very  ew su h genes have yet been identi ed. 
Individuals with inherited mutati ns in RB (patients 
with retin blast ma living t  adulth  d) and p53 (Li-
Fraumeni syndr me) genes may devel p lung  an-
 er. C mm n gene variants inv lved in lung  an er 
have been re ently identi ed thr ugh large,   llab-
 rative, gen me-wide ass  iati n studies. T ese stud-
ies identi ed three separate l  i that are ass  iated 
with lung  an er (5p15, 6p21, and 15q25) and in lude 
genes that regulate a etyl h line ni  tini  re ept rs 
and tel merase pr du ti n. A rare germline mutati n 
( 790M) inv lving the epidermal gr wth  a t r re ep-
t r (EGFR) maybe be linked t  lung  an er sus eptibil-
ity in never sm kers. Likewise, a sus eptibility l  us  n 
 hr m s me 6q greatly in reases risk lung  an er risk 
am ng light and never sm kers.Alth ugh pr gress has 
been made, there is a signi  ant am unt    w rk that 
remains t  be d ne in identi ying heritable risk  a t rs 
  r lung  an er. Currently n  m le ular  riteria are 
suitable t  sele t patients   r m re intense s reening 
pr grams  r   r spe i    hem preventative strategies.

PATHOLOGY
T e W rld Health Organizati n (WHO) de nes lung 
 an er as tum rs arising  r m the respirat ry epithe-
lium (br n hi, br n hi les, and alve li). T e WHO 
 lassi  ati n system divides epithelial lung  an ers int  
  ur maj r  ell types: small- ell lung  an er (SCLC), 
aden  ar in ma, squam us  ell  ar in ma, and 
large- ell  ar in ma; the latter three types are   lle -
tively kn wn as n n-small- ell  ar in mas (NSCLCs)  
(Fig. 36-1). Small- ell  ar in mas   nsist    small  ells 
with s ant  yt plasm, ill-de ned  ell b rders,  nely 
granular nu lear  hr matin, absent  r in  nspi u us 
nu le li, and a high mit ti    unt. SCLC may be dis-
tinguished  r m NSCLC by the presen e    neur en-
d  rine markers in luding CD56, neural  ell adhesi n 
m le ule (NCAM), synapt physin, and  hr m granin. 

Adeno

Squam

Large

Small

Small Ce ll Lung Cancer (SCLC)

Non-Small Ce ll Lung Cancer (NSCLC):
 Adenocarcinoma
 Squamous  ce ll ca rcinoma
 Large  ce ll ca rcinoma

FIGURE 36 -1
Trad it ion a l h isto lo g ic view o  lung cancer.

In N rth Ameri a, aden  ar in ma is the m st   m-
m n hist l gi  type    lung  an er. Aden  ar in mas 
p ssess glandular di erentiati n  r mu in pr du -
ti n and may sh w a inar, papillary, lepidi ,  r s lid 
 eatures  r a mixture    these patterns. Squam us  ell 
 ar in mas    the lung are m rph l gi ally identi al 
t  extrapulm nary squam us  ell  ar in mas and  an-
n t be distinguished by immun hist  hemistry al ne. 
Squam us  ell tum rs sh w keratinizati n and/ r inter-
 ellular bridges that arise  r m br n hial epithelium. 
T e tum r tends t    nsists    sheets     ells rather than 
the three-dimensi nal gr ups     ells  hara teristi     
aden  ar in mas. Large- ell  ar in mas   mprise less 
than 10%    lung  ar in mas. T ese tum rs la k the 
 yt l gi  and ar hite tural  eatures    small- ell  ar-
 in ma and glandular  r squam us di erentiati n. 
  gether these   ur hist l gi  types a   unt   r appr x-
imately 90%    all epithelial lung  an ers.

All hist l gi  types    lung  an er  an devel p in 
 urrent and   rmer sm kers, alth ugh squam us and 
small- ell  ar in mas are m st   mm nly ass  iated 
with heavy t ba    use. T r ugh the  rst hal     the 
twentieth  entury, squam us  ar in ma was the m st 
  mm n subtype    NSCLC diagn sed in the United 
States. H wever, with the de line in  igarette   nsump-
ti n  ver the past   ur de ades, aden  ar in ma has 
be  me the m st  requent hist l gi  subtype    lung 
 an er in the United States as b th squam us  ar i-
n ma and small- ell  ar in ma are  n the de line. 
In li etime never sm kers  r   rmer light sm kers 
(<10 pa k-year hist ry), w men, and y unger adults 
(<60 years), aden  ar in ma tends t  be the m st   m-
m n   rm    lung  an er.

Hist ri ally, the maj r path l gi  distin ti n was 
simply between SCLC and NSCLC, be ause these 
tum rs have quite di erent natural hist ries and ther-
apeuti  appr a hes (see bel w). Likewise, until  airly 
re ently, there was n  apparent need t  distinguish 
am ng the vari us subtypes    NSCLC be ause there 
were n   lear di eren es in therapeuti   ut  me based 
 n hist l gy al ne. H wever, this perspe tive radi ally 
 hanged in 2004 with the re  gniti n that a small per-
 entage    lung aden  ar in mas harb red mutati n in 
EGFR that rendered th se tum rs exquisitely sensitive 
t  inhibit rs    the EGFR tyr sine kinases (e.g., ge -
tinib and erl tinib). T is  bservati n,   upled with the 
subsequent identi  ati n     ther “a ti nable” m le u-
lar alterati ns (Table 36-1) and the re  gniti n that 
s me a tive  hem therapy agents per  rmed quite di -
 erently in squam us  ar in mas versus aden  ar in -
mas,  rmly established the need   r m di  ati ns in 
the then-existing 2004 WHO lung  an er  lassi  ati n 
system. T e revised 2011  lassi  ati n system, devel-
 ped j intly by the Internati nal Ass  iati n   r the 
Study    Lung Can er, the Ameri an T  ra i  S  iety, 
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503TABLE 36 -1  
DRIVER MUTATIONS IN NON-SMALL-CELL LUNG 
CANCER (NSCLC)

GENE  ALTERATION
FREQUENCY 
IN NSCLC

TYPICAL 
HISTOLOGY

AKT1 Mutation  1%  Adenocarcinoma, 
squamous

ALK Rearrangement  3–7%  Adenocarcinoma
BRAF Mutation  1–3%  Adenocarcinoma
DDR2 Mutation  ~4%  Squamous
EGFR Mutation  10–35%  Adenocarcinoma
FGFR1 Ampli cation  ~20%  Squamous
HER2 Mutation  2–4%  Adenocarcinoma
KRAS Mutation  15–25%  Adenocarcinoma
MEK1 Mutation  1%  Adenocarcinoma
MET Ampli cation  2–4%  Adenocarcinoma
NRAS Mutation  1%  Adenocarcinoma
PIK3CA Mutation  1–3%  Squamous
PTEN Mutation  4–8%  Squamous

and the Eur pean Respirat ry S  iety, pr vides an inte-
grated appr a h t  the  lassi  ati n    lung aden  ar-
 in mas that in ludes  lini al, m le ular, radi graphi , 
and path l gi  in  rmati n. It als  re  gnizes that m st 
lung  an ers present in an advan ed stage and are   en 
diagn sed based  n small bi psies  r  yt l gi  spe i-
mens, rendering  lear hist l gi  distin ti ns dif  ult i  
n t imp ssible.

Previ usly, in the 2004  lassi  ati n system, tum rs 
 ailing t  sh w de nite glandular  r squam us m r-
ph l gy in a small bi psy  r  yt l gi  spe imen were 
simply  lassi ed as non-small-cell carcinoma, not oth-
erwise specif ed. H wever, be ause the distin ti n 
between aden  ar in ma and squam us  ar in ma 
is n w viewed as  riti al t   ptimal therapeuti  de i-
si n making, the m di ed  lassi  ati n appr a h re -
 mmends these lesi ns be  urther  hara terized using 
a limited spe ial stain w rkup. T is distin ti n  an be 
a hieved using a single marker   r aden  ar in ma 
(thyr id trans ripti n  a t r-1  r napsin-A) plus a 
squam us marker (p40  r p63) and/ r mu in stains. 
T e m di ed  lassi  ati n system als  re  mmends 
preservati n    suf  ient spe imen material   r appr -
priate m le ular testing ne essary t  help guide thera-
peuti  de isi n making (see bel w).

An ther signi  ant m di  ati n t  the WHO  las-
si  ati n system is the dis  ntinuati n    the terms 
bronchioloalveolar carcinoma and mixed-subtype ade-
nocarcinoma. T e term bronchioloalveolar carcinoma 
was dr pped due t  its in  nsistent use and be ause it 
 aused   n usi n in r utine  lini al  are and resear h. 

As   rmerly used, the term en  mpassed at least  ve 
di erent entities with diverse  lini al and m le u-
lar pr perties. T e terms adenocarcinoma in situ and 
minimally invasive adenocarcinoma are n w re  m-
mended   r small s litary aden  ar in mas (≤3  m) 
with either pure lepidi  gr wth (term used t  des ribe 
single-layered gr wth    atypi al  ub idal  ells   ating 
the alve lar walls)  r pred minant lepidi  gr wth with 
≤5 mm invasi n. Individuals with these entities expe-
rien e 100%  r near 100% 5-year disease- ree survival 
with   mplete tum r rese ti n. Invasive adenocarci-
nomas, representing m re than 70–90%    surgi ally 
rese ted lung aden  ar in mas, are n w  lassi ed by 
their pred minant pattern: lepidi , a inar, papillary, 
and s lid patterns. Lepidi -pred minant subtype has a 
 av rable pr gn sis, a inar and papillary have an inter-
mediate pr gn sis, and s lid-pred minant has a p  r 
pr gn sis. T e terms signet ring and clear cell adeno-
carcinoma have been eliminated  r m the variants    
invasive lung aden  ar in ma, whereas the term micro-
papillary, a subtype with a parti ularly p  r pr gn sis, 
has been added. Alth ugh EGFR mutati ns are en  un-
tered m st  requently in n nmu in us aden  ar in -
mas with a lepidi -  r papillary-pred minant pattern, 
m st aden  ar in ma subtypes  an harb r EGFR  r 
KRAS mutati ns. T e same is true    ALK, RET, and 
ROS1 rearrangements. What was previ usly termed 
mucinous bronchioloalveolar carcinoma is n w  alled 
invasive mucinous adenocarcinoma. T ese tum rs gen-
erally la k EGFR mutati ns and sh w a str ng   rrela-
ti n with KRAS mutati ns. Overall, the revised WHO 
re lassi  ati n    lung  an er addresses imp rtant 
advan es in diagn sis and treatment, m st imp rtantly, 
the  riti al advan es in understanding the spe i   genes 
and m le ular pathways that initiate and sustain lung 
tum rigenesis resulting in new “targeted” therapies 
with impr ved spe i  ity and better antitum r ef  a y.

IMMUNOHISTOCHEMISTRY
T e diagn sis    lung  an er m st   en rests  n the 
m rph l gi   r  yt l gi   eatures   rrelated with  lini-
 al and radi graphi   ndings. Immun hist  hemistry 
may be used t  veri y neur end  rine di erentiati n 
within a tum r, with markers su h as neur n-spe i   
en lase (NSE), CD56  r NCAM, synapt physin,  hr -
m granin, and Leu7. Immun hist  hemistry is als  
help ul in di erentiating primary  r m metastati  ade-
n  ar in mas; thyr id trans ripti n  a t r-1 (  F-1), 
identi ed in tum rs    thyr id and pulm nary  rigin, 
is p sitive in  ver 70%    pulm nary aden  ar in mas 
and is a reliable indi at r    primary lung  an er, pr -
vided a thyr id primary has been ex luded. A negative 
  F-1, h wever, d es n t ex lude the p ssibility    a 
lung primary.   F-1 is als  p sitive in neur end  rine 
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504 tum rs    pulm nary and extrapulm nary  rigin. 
Napsin-A (Nap-A) is an asparti  pr tease that plays an 
imp rtant r le in maturati n    sur a tant B7 and is 
expressed in  yt plasm    type II pneum  ytes. In sev-
eral studies, Nap-A has been rep rted in >90%    pri-
mary lung aden  ar in mas. N tably, a   mbinati n    
Nap-A and   F-1 is use ul in distinguishing primary 
lung aden  ar in ma (Nap-A p sitive,   F-1 p sitive) 
 r m primary lung squam us  ell  ar in ma (Nap-A 
negative,   F-1 negative) and primary SCLC (Nap-A 
negative,   F-1 p sitive). Cyt keratins 7 and 20 used in 
  mbinati n  an help narr w the di erential diagn sis; 
n nsquam us NSCLC, SCLC, and mes theli ma may 
stain p sitive   r CK7 and negative   r CK20, whereas 
squam us  ell lung  an er   en will be b th CK7 and 
CK20 negative. p63 is a use ul marker   r the dete ti n 
   NSCLCs with squam us di erentiati n when used 
in  yt l gi  pulm nary samples. Mes theli ma  an be 
easily identi ed ultrastru turally, but it has hist ri ally 
been dif  ult t  di erentiate  r m aden  ar in ma 
thr ugh m rph l gy and immun hist  hemi al stain-
ing. Several markers in the last  ew years have pr ven t  
be m re help ul in luding CK5/6,  alretinin, and Wilms 
tum r gene-1 (WT-1), all    whi h sh w p sitivity in 
mes theli ma.

MOLECULAR PATHOGENESIS
Can er is a disease inv lving dynami   hanges in the 
gen me. As pr p sed by Hanahan and Weinberg, vir-
tually all  an er  ells a quire six hallmark  apabilities: 
sel -suf  ien y in gr wth signals, insensitivity t  anti-
gr wth signals, evading ap pt sis, limitless repli ative 
p tential, sustained angi genesis, and tissue invasi n 
and metastasis. T e  rder in whi h these hallmark 
 apabilities are a quired appears quite variable and  an 
di er  r m tum r t  tum r. Events leading t  a qui-
siti n    these hallmarks  an vary widely, alth ugh 
br adly,  an ers arise as a result  r m a  umulati ns 
   gain-  - un ti n mutati ns in  n  genes and l ss- 
  - un ti n mutati ns in tum r-suppress r genes. Fur-
ther   mpli ating the study    lung  an er, the sequen e 
   events that lead t  disease is  learly di erent   r the 
vari us hist path l gi  entities.

T e exa t  ell     rigin   r lung  an ers is n t  learly 
de ned. Whether  ne  ell     rigin leads t  all hist -
l gi    rms    lung  an er is un lear. H wever,   r lung 
aden  ar in ma, eviden e suggests that type II epithe-
lial  ells ( r alve lar epithelial  ells) have the  apa ity t  
give rise t  tum rs. F r SCLC,  ells    neur end  rine 
 rigin have been impli ated as pre urs rs.

F r  an ers in general,  ne the ry h lds that a small 
subset    the  ells within a tum r (i.e., “stem  ells”) 
are resp nsible   r the  ull malignant behavi r    the 
tum r. As part    this   n ept, the large bulk    the 

 ells in a  an er are “  spring”    these  an er stem 
 ells. While  l nally related t  the  an er stem  ell sub-
p pulati n, m st  ells by themselves  ann t regener-
ate the  ull malignant phen type. T e stem  ell   n ept 
may explain the  ailure    standard medi al therapies 
t  eradi ate lung  an ers, even when there is a  lini al 
  mplete resp nse. Disease re urs be ause therapies 
d  n t eliminate the stem  ell   mp nent, whi h may 
be m re resistant t   hem therapy. Pre ise human lung 
 an er stem  ells have yet t  be identi ed.

Lung  an er  ells harb r multiple  hr m s mal 
abn rmalities, in luding mutati ns, ampli  ati ns, 
inserti ns, deleti ns, and transl  ati ns. One    the 
earliest sets     n  genes   und t  be aberrant was the 
MYC  amily    trans ripti n  a t rs (MYC, MYCN, 
and MYCL). MYC is m st  requently a tivated via 
gene ampli  ati n  r trans ripti nal dysregulati n in 
b th SCLC and NSCLC. Currently, there are n  MYC-
spe i   drugs.

Am ng lung  an er hist l gies, aden  ar in mas 
have been the m st extensively  atal gued   r re ur-
rent gen mi  gains and l sses as well as   r s mati  
mutati ns (Fig. 36-2). While multiple di erent kinds 
   aberrati ns have been   und, a maj r  lass inv lves 
“driver mutati ns,” whi h are mutati ns that    ur 
in genes en  ding signaling pr teins that when aber-
rant, drive initiati n and maintenan e    tum r  ells. 
Imp rtantly, driver mutati ns  an serve as p tential 
A hilles’ heels   r tum rs, i  their gene pr du ts  an be 
targeted appr priately. F r example,  ne set    muta-
ti ns inv lves EGFR, whi h bel ngs t  the ERBB (HER) 
 amily    pr t  n  genes, in luding EGFR (ERBB1), 
HER2/neu (ERBB2), HER3 (ERBB3), and HER4 
(ERBB4). T ese genes en  de  ell-sur a e re ept rs 
  nsisting    an extra ellular ligand-binding d main, a 
transmembrane stru ture, and an intra ellular tyr sine 
kinase ( K) d main. T e binding    ligand t  re ep-
t r a tivates re ept r dimerizati n and  K aut ph s-
ph rylati n, initiating a  as ade    intra ellular events, 

FIGURE 36 -2
Drive r m u ta t ion s in adenocarcinomas.
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505and leading t  in reased  ell pr li erati n, angi gen-
esis, metastasis, and a de rease in ap pt sis. Lung ade-
n  ar in mas  an arise when tum rs express mutant 
EGFR. T ese same tum rs display high sensitivity t  
small-m le ule EGFR  K inhibit rs ( KIs). Additi nal 
examples    driver mutati ns in lung aden  ar in ma 
in lude the G Pase KRAS, the serine-thre nine kinase 
BRAF, and the lipid kinase PIK3CA. M re re ently, 
m re subsets    lung aden  ar in ma have been iden-
ti ed as de ned by the presen e    spe i    hr ms mal 
rearrangements resulting in the abberant a tivati n    
the  Ks ALK, ROS1, and RE . N tably, m st driver 
mutati ns in lung  an er appear t  be mutually ex lu-
sive, suggesting that a quisiti n     ne    these muta-
ti ns is suf  ient t  drive tum rigenesis. Alth ugh 
driver mutati ns have m stly been   und in aden -
 arin mas, three p tential m le ular targets re ently 
have been identi ed in squam us  ell lung  ar in mas: 
FGFR1 ampli  ati n, DDR2 mutati ns, and PIK3CA 
mutati ns/PTEN l ss ( able 36-1).   gether, these 
p tentially “a ti nable” de e ts    ur in up t  50%    
squam us  ar in mas.

A large number    tum r-suppress r genes have 
als  been identi ed that are ina tivated during the 
path genesis    lung  an er. T ese in lude TP53, RB1, 
RASSF1A, CDKN2A/B, LKB1 (STK11), and FHIT. 
Nearly 90%    SCLCs harb r mutati ns in TP53 and 
RB1. Several tum r-suppress r genes  n  hr m -
s me 3p appear t  be inv lved in nearly all lung  an-
 ers. Alleli  l ss   r this regi n    urs very early in lung 
 an er path genesis, in luding in hist l gi ally n rmal 
sm king-damaged lung epithelium.

EARLY DETECTION AND SCREENING

In lung  an er,  lini al  ut  me is related t  the stage 
at diagn sis, and hen e, it is generally assumed that 
early dete ti n       ult tum rs will lead t  impr ved 
survival. Early dete ti n is a pr  ess that inv lves 
s reening tests, surveillan e, diagn sis, and early treat-
ment. S reening re ers t  the use    simple tests a r ss a 
healthy p pulati n in  rder t  identi y individuals wh  
harb r asympt mati  disease. F r a s reening pr gram 
t  be su  ess ul, there must be a high burden    disease 
within the target p pulati n; the test must be sensitive, 
spe i  , a  essible, and   st e e tive; and there must 
be e e tive treatment that  an redu e m rtality. With 
any s reening pr  edure, it is imp rtant t    nsider the 
p ssible in uen e    lead-time bias (dete ting the  an-
 er earlier with ut an e e t  n survival), length-time 
bias (ind lent  an ers are dete ted  n s reening and 
may n t a e t survival, whereas aggressive  an ers are 
likely t   ause sympt ms earlier in patients and are less 
likely t  be dete ted), and overdiagnosis (diagn sing 

 an ers s  sl w gr wing that they are unlikely t   ause 
the death    the patient) (Chap. 28).

Be ause a maj rity    lung  an er patients present 
with advan ed disease bey nd the s  pe    surgi al 
rese ti n, there is understandable skepti ism ab ut 
the value    s reening in this   nditi n. Indeed, ran-
d mized   ntr lled trials   ndu ted in the 1960s 
t  1980s using s reening  hest x-rays (CXR), with 
 r with ut sputum  yt l gy, rep rted n  impa t  n 
lung  an er–spe i   m rtality in patients  hara ter-
ized as high risk (males age ≥45 years with a sm k-
ing hist ry). T ese studies have been  riti ized   r 
their design, statisti al analyses, and  utdated imag-
ing m dalities. T e results    the m re re ently   n-
du ted Pr state, Lung, C l re tal and Ovarian Can er 
S reening  rial (PLCO) are   nsistent with these ear-
lier rep rts. Initiated in 1993, parti ipants in the 
PLCO lung  an er s reening trial re eived annual 
CXR s reening   r 4 years, whereas parti ipants in the 
usual  are gr up re eived n  interventi ns  ther than 
their  ust mary medi al  are. T e diagn sti    ll w-
up    p sitive s reening results was determined by 
parti ipants and their physi ians. T e PLCO trial di -
 ered  r m previ us lung  an er s reening studies 
in that w men and never sm kers were eligible. T e 
study was designed t  dete t a 10% redu ti n in lung 
 an er m rtality in the interventi nal gr up. A t tal 
   154,901 individuals between 55 and 74 years    age 
were enr lled (77,445 assigned t  annual CXR s reen-
ings; 77,456 assigned t  usual  are). Parti ipant dem -
graphi s and tum r  hara teristi s were well balan ed 
between the tw  gr ups. T r ugh 13 years      ll w-
up,  umulative lung  an er in iden e rates (20.1 vs 
19.2 per 10,000 pers n-years; rate rati  [RR], 1.05; 
95%   n den e interval [CI], 0.98–1.12) and lung 
 an er m rtality (n = 1213 vs n = 1230) were identi-
 al between the tw  gr ups. T e stage and hist l gy 
   dete ted  an ers in the tw  gr ups als  were simi-
lar. T ese data   rr b rate previ us re  mmendati ns 
against CXR s reening   r lung  an er.

In   ntrast t  CXR, l w-d se, n n  ntrast, thin-
sli e spiral  hest   mputed t m graphy (LDC ) has 
emerged as an e e tive t  l t  s reen   r lung  an er. In 
n nrand mized studies   ndu ted in the 1990s, LDC  
s ans were sh wn t  dete t m re lung n dules and  an-
 ers than standard CXR in sele ted high-risk p pula-
ti ns (e.g., age ≥60 years and a sm king hist ry    ≥10 
pa k-years). N tably, up t  85%    the lung  an ers dis-
  vered in these trials were  lassi ed as stage I disease 
and there  re   nsidered p tentially  urable with surgi-
 al rese ti n.

T ese data pr mpted the Nati nal Can er Institute 
(NCI) t  initiate the Nati nal Lung S reening  rial 
(NLS ), a rand mized study designed t  determine 
i  LDC  s reening   uld redu e m rtality  r m lung 
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506  an er in high-risk p pulati ns as   mpared with stan-
dard p steri r anteri r CXR. High-risk patients were 
de ned as individuals between 55 and 74 years    age, 
with a ≥30 pa k-year hist ry     igarette sm king; 
  rmer sm kers must have quit within the previ us  
15 years. Ex luded  r m the trial were individuals with 
a previ us lung  an er diagn sis, a hist ry    hem pty-
sis, an unexplained weight l ss    >15 lb in the pre ed-
ing year,  r a  hest C  within 18 m nths    enr llment. 
A t tal    53,454 pers ns were enr lled and rand m-
ized t  annual s reening yearly   r three years (LDC  
s reening, n = 26,722; CXR s reening, n = 26,732). Any 
n n al i ed n dule measuring ≥4 mm in any diameter 
  und  n LDC  and CXR images with any n n al i-
 ed n dule  r mass were  lassi ed as “p sitive.” Par-
ti ipating radi l gists had the  pti n    n t  alling a 
 nal s reen p sitive i  a n n al i ed n dule had been 
stable  n the three s reening exams. Overall, 39.1%    
parti ipants in the LDC  gr up and 16% in the CXR 
gr up had at least  ne p sitive s reening result. O  
th se wh  s reened p sitive, the  alse-p sitive rate 
was 96.4% in the LDC  gr up and 94.5% in the CXR 
gr up. T is was   nsistent a r ss all three r unds. In 
the LDC  gr up, 1060  an ers were identi ed   m-
pared with 941  an ers in the CXR gr up (645 vs 572 
per 100,000 pers n-years; RR, 1.13; 95% CI, 1.03 t  
1.23). Nearly twi e as many early-stage IA  an ers were 
dete ted in the LDC  gr up   mpared with the CXR 
gr up (40% vs 21%). T e  verall rates    lung  an er 
death were 247 and 309 deaths per 100,000 parti i-
pants in the LDC  and CXR gr ups, respe tively, rep-
resenting a 20% redu ti n in lung  an er m rtality in 
the LDC -s reened p pulati n (95% CI, 6.8–26.7%; 
p = .004). C mpared with the CXR gr up, the rate    
death in the LDC  gr up  r m any  ause was redu ed 
by 6.7% (95% CI, 1.2–13.6; p = .02) (Table 36-2). T e 
number needed t  s reen (NN S) t  prevent  ne lung 
 an er death was  al ulated t  be 320.

LDC  s reening   r lung  an er   mes with kn wn 
risks in luding a high rate     alse-p sitive results, 

 alse-negative results, p tential   r unne essary   ll w-
up testing, radiati n exp sure,  verdiagn sis,  hanges 
in anxiety and quality    li e, and substantial  nan ial 
  sts. By  ar the biggest  hallenge   n r nting the use    
C  s reening is the high  alse-p sitive rate. False p si-
tives  an have a substantial impa t  n patients thr ugh 
the expense and risk    unneeded  urther evaluati n 
and em ti nal stress. T e management    these patients 
usually   nsists    serial C  s ans  ver time t  see i  the 
n dules gr w, attempted  ne-needle aspirates,  r sur-
gi al rese ti n. At $300 per s an (NCI estimated   st), 
the  utlay   r initial LDC  al ne   uld run int  the bil-
li ns    d llars annually, an expense that  nly  urther 
es alates when  a t ring in vari us d wnstream expen-
ditures an individual might in ur in the assessment    
p sitive  ndings. A   rmal   st-e e tiveness analysis    
the NLS  is expe ted s  n that sh uld help res lve this 
 ru ial   n ern.

Despite the a  rementi ned  aveats, s reening    
individuals wh  meet the NLS   riteria   r lung  an-
 er risk ( r in s me  ases, m di ed versi ns    these 
 riteria) seems warranted, pr vided   mprehensive 
multidis iplinary    rdinated  are and   ll w-up 
similar t  th se pr vided t  NLS  parti ipants are 
available. Alg rithms t  impr ve  andidate sele ti n 
are under devel pment. When dis ussing the  pti n 
   LDC  s reening, use    abs lute risks rather than 
relative risks is help ul be ause studies indi ate the 
publi   an pr  ess abs lute termin l gy m re e e -
tively than relative risk pr je ti ns. A use ul guide 
has been devel ped by the NCI t  help patients and 
physi ians assess the bene ts and harms    LDC  
s reening   r lung  an er (Table 36-3). Finally, even a 
small negative e e t    s reening  n sm king behav-
i r (either l wer quit rates  r higher re idivism) 
  uld easily   set the p tential gains in a p pulati n. 
F rtunately n  su h impa t has been rep rted t  date. 
N netheless, sm king  essati n must be in luded 
as an indispensable   mp nent    any s reening 
pr gram.

TABLE 36-2  
RESULTS OF NATIONAL LUNG SCREENING TRIAL

EVENT NUMBER
RATES OF EVENTS PER 
100,000 PERSON-YEARS

RELATIVE RISK 
(95% CI)

LDCT (N = 26,772)  CXR (N = 26,732)  LDCT  CXR  RR P VALUE

Lung cancer mortality  356  443  247  309  0.80 (0.73–0.93)  .004
All-cause mortality  1877  2000  1303  1395  0.93 (0.86–0.99)  .02
Mortality not due to lung cancer  1521  1557  1056  1086  0.99 (0.95–1.02)  .51

Abbrevia t ions: CI, con dence interval; CXR, chest x-ray; LDCT, low-dose computed tomography; RR, rate ratio.
Source: Modi ed  rom PB Bach et al: JAMA 307:2418, 2012.
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507TABLE 36 -3  
THE BENEFITS AND HARMS OF LDCT SCREENING 
FOR LUNG CANCER BASED ON NLST DATA

LDCT  CXR

Ben e f ts: How Did  CT Scan s Cause  He lp  Co m p ared  to  
CXR?

4 in 1000  ewer died 
 rom lung cancer

13 in 1000  17 in 1000

5 in 1000  ewer died 
 rom all causes

70 in 1000  75 in 1000

Harm s: Wh at  Pro b lem s Did  CT Scan s Cau se  Co m p ared  
to  CXR?

223 in 1000 had at least 
1  alse alarm

365 in 1000  142 in 1000

18 in 1000 had a  alse 
alarm leading to an 
invasive procedure

25 in 1000  7 in 1000

2 in 1000 had a major 
complication  rom an 
invasive procedure

3 in 1000  1 in 1000

Abbrevia t ions: CXR, chest x-ray; LDCT, low-dose computed tomography; 
NLST, National Lung Screening Trial.
Source: Modi ed  rom S Woloshin et al: N Engl J Med 367:1677, 2012.

CLINICAL MANIFESTATIONS

Over hal     all patients diagn sed with lung  an er 
present with l  ally advan ed  r metastati  disease at 
the time    diagn sis. T e maj rity    patients present 
with signs, sympt ms,  r lab rat ry abn rmalities that 
 an be attributed t  the primary lesi n, l  al tum r 
gr wth, invasi n  r  bstru ti n    adja ent stru tures, 
gr wth at distant metastati  sites,  r a parane plas-
ti  syndr me (Tables 36-4 and 36-5). T e pr t typi al 
lung  an er patient is a  urrent  r   rmer sm ker    
either sex, usually in the seventh de ade    li e. A his-
t ry     hr ni    ugh with  r with ut hem ptysis in a 
 urrent  r   rmer sm ker with  hr ni   bstru tive pul-
m nary disease (COPD) age 40 years  r  lder sh uld 
pr mpt a th r ugh investigati n   r lung  an er even 
in the  a e    a n rmal CXR. A persistent pneum nia 
with ut   nstituti nal sympt ms and unresp nsive t  
repeated   urses    antibi ti s als  sh uld pr mpt an 
evaluati n   r the underlying  ause. Lung  an er arising 
in a li e-time never sm ker is m re   mm n in w men 
and East Asians. Su h patients als  tend t  be y unger 
than their sm king   unterparts at the time    diag-
n sis. T e  lini al presentati n    lung  an er in never 
sm kers tends t  mirr r that     urrent and   rmer 
sm kers.

Patients with  entral  r end br n hial gr wth    the 
primary tum r may present with   ugh, hem ptysis, 
wheeze, strid r, dyspnea,  r p st bstru tive pneum ni-
tis. Peripheral gr wth    the primary tum r may  ause 

TABLE 36 -4  
PRESENTING SIGNS AND SYMPTOMS OF LUNG 
CANCER

SYMPTOM AND SIGNS  RANGE OF FREQUENCY

Cough  8–75%
Weight loss  0–68%
Dyspnea  3–60%
Chest pain  20–49%
Hemoptysis  6–35%
Bone pain  6–25%
Clubbing  0–20%
Fever  0–20%
Weakness  0–10%
Superior vena cava obstruction  0–4%
Dysphagia  0–2%
Wheezing and stridor  0–2%

Source: Reproduced with permission  rom MA Beckles: Chest 123:97-104, 
2003.

TABLE 36 -5  
CLINICAL FINDINGS SUGGESTIVE OF METASTATIC 
DISEASE
Symptoms 
elicited in 
history

• Constitutional: weight loss >10 lb
• Musculoskeletal:  ocal skeletal pain
• Neurologic: headaches, syncope, 

seizures, extremity weakness, recent 
change in mental status

Signs  ound 
on physical 
examination

• Lymphadenopathy (>1 cm)
• Hoarseness, superior vena cava 

syndrome
• Bone tenderness
• Hepatomegaly (>13 cm span)
• Focal neurologic signs, papilledema
• So t-tissue mass

Routine  
laboratory tests

• Hematocrit, <40% in men; <35% in 
women

• Elevated alkaline phosphatase, GGT, 
SGOT, and calcium levels

Abbrevia tions: GGT, gamma-glutamyltrans erase; SGOT, serum glutamic-
oxaloacetic transaminase.
Source: Reproduced with permission  rom GA Silvestri et al: Chest 123 
(1 Suppl):147S, 2003.

pain  r m pleural  r  hest wall inv lvement, dyspnea 
 n a restri tive basis, and sympt ms    a lung abs ess 
resulting  r m tum r  avitati n. Regi nal spread    
tum r in the th rax (by   ntigu us gr wth  r by metas-
tasis t  regi nal lymph n des) may  ause tra heal 
 bstru ti n, es phageal   mpressi n with dysphagia, 
re urrent laryngeal paralysis with h arseness, phreni  
nerve palsy with elevati n    the hemidiaphragm and 
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508 dyspnea, and sympatheti  nerve paralysis with H rner’s 
syndr me (en phthalm s, pt sis, mi sis, and anhydr -
sis). Malignant pleural e usi ns  an  ause pain, dys-
pnea,  r   ugh. Pan  ast ( r superi r sul us tum r) 
syndr mes result  r m l  al extensi n    a tum r gr w-
ing in the apex    the lung with inv lvement    the 
eighth  ervi al and  rst and se  nd th ra i  nerves, 
and present with sh ulder pain that  hara teristi ally 
radiates in the ulnar distributi n    the arm,   en 
with radi l gi  destru ti n    the  rst and se  nd ribs. 
O en H rner’s syndr me and Pan  ast syndr me   ex-
ist. Other pr blems    regi nal spread in lude superi r 
vena  ava syndr me  r m vas ular  bstru ti n; peri ar-
dial and  ardia  extensi n with resultant tamp nade, 
arrhythmia,  r  ardia   ailure; lymphati   bstru ti n 
with resultant pleural e usi n; and lymphangiti  spread 
thr ugh the lungs with hyp xemia and dyspnea. In 
additi n, lung  an er  an spread transbr n hially, pr -
du ing tum r gr wth al ng multiple alve lar sur a es 
with impairment    gas ex hange, respirat ry insuf -
 ien y, dyspnea, hyp xemia, and sputum pr du ti n. 
C nstituti nal sympt ms may in lude an rexia, weight 
l ss, weakness,  ever, and night sweats. Apart  r m the 
brevity    sympt m durati n, these parameters  ail t  
 learly distinguish SCLC  r m NSCLC  r even  r m 
ne plasms metastati  t  lungs.

Extrath ra i  metastati  disease is   und at aut psy 
in m re than 50%    patients with squam us  ar i-
n ma, 80%    patients with aden  ar in ma and large-
 ell  ar in ma, and greater than 95%    patients with 
SCLC. Appr ximately  ne-third    patients present 
with sympt ms as a result    distant metastases. Lung 
 an er metastases may    ur in virtually every  rgan 
system, and the site    metastati  inv lvement largely 
determines  ther sympt ms. Patients with brain metas-
tases may present with heada he, nausea and v mit-
ing, seizures,  r neur l gi  de  its. Patients with b ne 
metastases may present with pain, path l gi   ra tures, 
 r   rd   mpressi n. T e latter may als     ur with 
epidural metastases. Individuals with b ne marr w 
invasi n may present with  yt penias  r leuk eryth-
r blast sis. T  se with liver metastases may present 
with hepat megaly, right upper quadrant pain,  ever, 
an rexia, and weight l ss. Liver dys un ti n and biliary 
 bstru ti ns are rare. Adrenal metastases are   mm n 
but rarely  ause pain  r adrenal insuf  ien y unless 
they are large.

Parane plasti  syndr mes are   mm n in patients 
with lung  an er, espe ially th se with SCLC, and may 
be the presenting  nding  r the  rst sign    re ur-
ren e. In additi n, parane plasti  syndr mes may 
mimi  metastati  disease and, unless dete ted, lead t  
inappr priate palliative rather than  urative treatment. 
O en the parane plasti  syndr me may be relieved 
with su  ess ul treatment    the tum r. In s me  ases, 

the path physi l gy    the parane plasti  syndr me 
is kn wn, parti ularly when a h rm ne with bi l gi-
 al a tivity is se reted by a tum r. H wever, in many 
 ases, the path physi l gy is unkn wn. Systemi  symp-
t ms    an rexia,  a hexia, weight l ss (seen in 30%    
patients),  ever, and suppressed immunity are parane -
plasti  syndr mes    unkn wn eti l gy  r at least n t 
well de ned. Weight l ss greater than 10%    t tal b dy 
weight is   nsidered a bad pr gn sti  sign. End  rine 
syndr mes are seen in 12%    patients; hyper al emia 
resulting  r m e t pi  pr du ti n    parathyr id h r-
m ne (P H),  r m re   mm nly, P H-related peptide, 
is the m st   mm n li e-threatening metab li    mpli-
 ati n    malignan y, primarily    urring with squa-
m us  ell  ar in mas    the lung. Clini al sympt ms 
in lude nausea, v miting, abd minal pain,   nstipa-
ti n, p lyuria, thirst, and altered mental status.

Hyp natremia may be  aused by the syndr me 
   inappr priate se reti n    antidiureti  h rm ne 
(SIADH)  r p ssibly atrial natriureti  peptide (ANP). 
SIADH res lves within 1-4 weeks    initiating  he-
m therapy in the vast maj rity     ases. During this 
peri d, serum s dium  an usually be managed and 
maintained ab ve 128 mEq/L via  uid restri ti n. 
Deme l  y line  an be a use ul adjun tive measure 
when  uid restri ti n al ne is insuf  ient. Vas pressin 
re ept r antag nists like t lvaptan als  have been used 
in the management    SIADH. H wever, there are sig-
ni  ant limitati ns t  the use    t lvaptan in luding 
liver injury and  verly rapid   rre ti n    the hyp na-
tremia, whi h  an lead t  irreversible neur l gi  injury. 
Likewise, the   st    t lvaptan may be pr hibitive (as 
high as $300 per tablet in s me areas). O  n te, patients 
with e t pi  ANP may have w rsening hyp natremia i  
s dium intake is n t   n  mitantly in reased. A   rd-
ingly, i  hyp natremia  ails t  impr ve  r w rsens a er 
3–4 days    adequate  uid restri ti n, plasma levels    
ANP sh uld be measured t  determine the  ausative 
syndr me.

E t pi  se reti n    AC H by SCLC and pulm -
nary  ar in ids usually results in additi nal ele tr -
lyte disturban es, espe ially hyp kalemia, rather than 
the  hanges in b dy habitus that    ur in Cushing’s 
syndr me  r m a pituitary aden ma.  reatment with 
standard medi ati ns, su h as metyrap ne and ket -
  naz le, is largely ine e tive due t  extremely high 
  rtis l levels. T e m st e e tive strategy   r manage-
ment    the Cushing’s syndr me is e e tive treatment 
   the underlying SCLC. Bilateral adrenale t my may 
be   nsidered in extreme  ases.

Skeletal–  nne tive tissue syndr mes in lude  lub-
bing in 30%     ases (usually NSCLCs) and hyper-
tr phi  primary  ste arthr pathy in 1–10%     ases 
(usually aden  ar in mas). Patients may devel p peri-
 stitis,  ausing pain, tenderness, and swelling  ver the 

36_Hematology_ch36_p500-525.indd   508  04/08/16   4:11 PM



 

C

H

A

P

T

E

R

 

3

6

N

e

o

p

l

a

s

m

s

 

o

f

 

t

h

e

 

L

u

n

g

509a e ted b nes and a p sitive b ne s an. Neur l gi -
my pathi  syndr mes are seen in  nly 1%    patients 
but are dramati  and in lude the myastheni  Eat n-
Lambert syndr me and retinal blindness with SCLC, 
whereas peripheral neur pathies, suba ute  erebellar 
degenerati n,   rti al degenerati n, and p lymy sitis 
are seen with all lung  an er types. Many    these are 
 aused by aut immune resp nses su h as the devel p-
ment    anti-v ltage-gated  al ium  hannel antib dies 
in Eat n-Lambert syndr me. Patients with this dis r-
der present with pr ximal mus le weakness, usually in 
the l wer extremities,    asi nal aut n mi  dys un -
ti n, and rarely,  ranial nerve sympt ms  r inv lve-
ment    the bulbar  r respirat ry mus les. Depressed 
deep tend n re exes are  requently present. In   ntrast 
t  patients with myasthenia gravis, strength impr ves 
with serial e  rt. S me patients wh  resp nd t   he-
m therapy will have res luti n    the neur l gi  
abn rmalities. T us,  hem therapy is the initial treat-
ment     h i e. Parane plasti  en ephal myelitis and 
sens ry neur pathies,  erebellar degenerati n, limbi  
en ephalitis, and brainstem en ephalitis    ur in SCLC 
in ass  iati n with a variety    antineur nal antib d-
ies su h as anti-Hu, anti-CRMP5, and ANNA-3. Para-
ne plasti   erebellar degenerati n may be ass  iated 
with anti-Hu, anti-Y ,  r P/Q  al ium  hannel aut -
antib dies. C agulati n  r thr mb ti   r  ther hema-
t l gi  mani estati ns    ur in 1–8%    patients and 
in lude migrat ry ven us thr mb phlebitis ( r us-
seau’s syndr me), n nba terial thr mb ti  (maranti ) 
end  arditis with arterial emb li, and disseminated 
intravas ular   agulati n with hem rrhage, anemia, 
granul  yt sis, and leuk erythr blast sis. T r mb ti  
disease   mpli ating  an er is usually a p  r pr gn s-
ti  sign. Cutane us mani estati ns su h as dermat -
my sitis and a anth sis nigri ans are un  mm n (1%), 
as are the renal mani estati ns    nephr ti  syndr me 
and gl merul nephritis (≤1%).

DIAGNOSING LUNG CANCER

 issue sampling is required t    n rm a diagn sis in 
all patients with suspe ted lung  an er. In patients with 
suspe ted metastati  disease, a bi psy    the m st dis-
tant site    disease is pre erred   r tissue   n rmati n. 
Given the greater emphasis pla ed  n m le ular test-
ing   r NSCLC patients, a   re bi psy is pre erred t  
ensure adequate tissue   r analysis.  um r tissue may 
be  btained via minimally invasive te hniques su h as 
br n hial  r transbr n hial bi psy during  ber pti  
br n h s  py, by  ne-needle aspirati n  r per utane-
 us bi psy using image guidan e,  r via end br n-
 hial ultras und (EBUS) guided bi psy. Depending 
 n the l  ati n, lymph n de sampling may    ur via 

transes phageal end s  pi  ultras und-guided bi psy 
(EUS), EBUS,  r blind bi psy. In patients with  lini-
 ally palpable disease su h as a lymph n de  r skin 
metastasis, a bi psy may be  btained. In patients with 
suspe ted metastati  disease, a diagn sis may be   n-
 rmed by per utane us bi psy    a s   tissue mass, 
lyti  b ne lesi n, b ne marr w, pleural  r liver lesi n, 
 r an adequate  ell bl  k  btained  r m a malignant 
pleural e usi n. In patients with a suspe ted malignant 
pleural e usi n, i  the initial th ra entesis is negative, a 
repeat th ra entesis is warranted. Alth ugh the maj r-
ity    pleural e usi ns are due t  malignant disease, 
parti ularly i  they are exudative  r bl  dy, s me may 
be parapneum ni . In the absen e    distant disease, 
su h patients sh uld be   nsidered   r p ssible  urative 
treatment.

T e diagn sti  yield    any bi psy depends  n sev-
eral  a t rs in luding l  ati n (a  essibility)    the 
tum r, tum r size, tum r type, and te hni al aspe ts 
   the diagn sti  pr  edure in luding the experien e 
level    the br n h s  pist and path l gist. In gen-
eral,  entral lesi ns su h as squam us  ell  ar in -
mas, small- ell  ar in mas,  r end br n hial lesi ns 
su h as  ar in id tum rs are m re readily diagn sed 
by br n h s  pi  examinati n, whereas peripheral 
lesi ns su h as aden  ar in mas and large- ell  ar-
 in mas are m re amenable t  transth ra i  bi psy. 
Diagn sti  a  ura y   r SCLC versus NSCLC   r m st 
spe imens is ex ellent, with lesser a  ura y   r sub-
types    NSCLC.

Br n h s  pi  spe imens in lude br n hial brush, 
br n hial wash, br n hi l alve lar lavage, transbr n-
 hial  ne-needle aspirati n (FNA), and   re bi psy. 
F r m re a  urate hist l gi   lassi  ati n, mutati n 
analysis,  r investigati nal purp ses, reas nable e  rts 
(e.g., a   re needle bi psy) sh uld be made t   btain 
m re tissue than what is   ntained in a r utine  yt l-
 gy spe imen  btained by FNA. Overall sensitivity   r 
  mbined use    br n h s  pi  meth ds is appr xi-
mately 80%, and t gether with tissue bi psy, the yield 
in reases t  85–90%. Like transbr n hial   re bi psy 
spe imens, transth ra i    re bi psy spe imens are als  
pre erred. Sensitivity is highest   r larger lesi ns and 
peripheral tum rs. In general,   re bi psy spe imens, 
whether transbr n hial, transth ra i ,  r EUS-guided, 
are superi r t   ther spe imen types. T is is primarily 
due t  the higher per entage    tum r  ells with  ewer 
  n  unding  a t rs su h as  bs uring in ammati n 
and rea tive n nne plasti   ells.

Sputum  yt l gy is inexpensive and n ninvasive 
but has a l wer yield than  ther spe imen types due t  
p  r preservati n    the  ells and m re variability in 
a quiring a g  d-quality spe imen. T e yield   r spu-
tum  yt l gy is highest   r larger and  entrally l  ated 
tum rs su h as squam us  ell  ar in ma and small- ell 
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510  ar in ma hist l gy. T e spe i  ity   r sputum  yt l-
 gy averages  l se t  100%, alth ugh sensitivity is gen-
erally <70%. T e a  ura y    sputum  yt l gy impr ves 
with in reased numbers    spe imens analyzed. C nse-
quently, analysis    at least three sputum spe imens is 
re  mmended.

STAGING LUNG CANCER

Lung  an er staging   nsists    tw  parts:  rst, a deter-
minati n    the l  ati n    the tum r and p ssible 
metastati  sites (anat mi  staging), and se  nd, an 
assessment    a patient’s ability t  withstand vari us 
antitum r treatments (physi l gi  staging). All patients 
with lung  an er sh uld have a   mplete hist ry and 
physi al examinati n, with evaluati n    all  ther medi-
 al pr blems, determinati n    per  rman e status, and 
hist ry    weight l ss. T e m st signi  ant dividing line 
is between th se patients wh  are  andidates   r sur-
gi al rese ti n and th se wh  are in perable but will 
bene t  r m  hem therapy, radiati n therapy,  r b th. 
Staging with regard t  a patient’s p tential   r surgi al 
rese ti n is prin ipally appli able t  NSCLC.

ANATOMIC STAGING OF PATIENTS WITH 
LUNG CANCER
T e a  urate staging    patients with NSCLC is essential 
  r determining the appr priate treatment in patients 
with rese table disease and av iding unne essary sur-
gi al pr  edures in patients with advan ed disease  
(Fig. 36-3). All patients with NSCLC sh uld underg  
initial radi graphi  imaging with C  s an, p sitr n 
emissi n t m graphy (PE ),  r pre erably C -PE . 
PE  s anning attempts t  identi y sites    malignan y 
based  n glu  se metab lism by measuring the uptake 
   18F- u r de xyglu  se (FDG). Rapidly dividing  ells, 
presumably in the lung tum rs, will pre erentially take 
up 18F-FDG and appear as a “h t sp t.”    date, PE  has 
been m stly used   r staging and dete ti n    metas-
tases in lung  an er and in the dete ti n    n dules  
>15 mm in diameter. C mbined 18F-FDG PE -C  imag-
ing has been sh wn t  impr ve the a  ura y    staging 
in NSCLC   mpared t  visual   rrelati n    PE  and 
C   r either study al ne. C -PE  has been   und t  be 
superi r in identi ying path l gi ally enlarged medias-
tinal lymph n des and extrath ra i  metastases. A stan-
dardized uptake value (SUV)    >2.5  n PE  is highly 
suspi i us   r malignan y. False negatives  an be seen in 

FIGURE 36 -3
Alg o rith m   o r m an ag em en t  o   n on  sm a ll ce ll lu n g  can ce r. MRI, magnetic resonance imaging; PET, positron emission tomography.

Pos itive  for
metas ta tic

disease

Comple te  his tory and phys ica l examina tion
Dete rmina tion of performance  s ta tus  and weight loss

Comple te  blood count with pla te le t de te rmination
Measurement of se rum e lectrolytes , glucose, and ca lcium; rena l and live r function tes ts

PET scan to eva lua te  medias tinum and de tect metas ta tic disease
MRI bra in if clinica lly indica ted

No s igns, symptoms, or imaging to sugges t meta s ta tic disease
Pa tient has  no contra indica tion to surgery or radia tion the rapy

combined with chemotherapy

Refer to surgeon for eva lua tion of
medias tinum and poss ible  resection

S tage  IB
<4 cm surgery a lone

>4 cm surgery followed by
adjuvant chemotherapy

Stage  II or III
Surgery followed by 

adjuvant chemotherapy

No surgery
Trea tment with combined
chemoradia tion the rapy

N0 or N1 nodes  N2 or N3 nodes

Single  suspicious
les ion de tected

on imaging

Multiple  le s ions
de tected on

imaging

Biopsy les ion See
Fig. 36-6

S tage  IA
Surgery a lone

Pulmonary function tes ts  and a rte ria l blood-gas  measurements
Cardiopulmonary exercise  tes ting if pe rformance  s ta tus  or

pulmonary function tes ts  a re  borderline
Coagula tion tes ts

Nega tive  for
metas ta tic

disease

MANAGEMENT OF NON–SMALL CELL LUNG CANCER
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511diabetes, in lesi ns <8 mm, and in sl w-gr wing tum rs 
(e.g.,  ar in id tum rs  r well-di erentiated aden  ar-
 in ma). False p sitives  an be seen in  ertain in e -
ti ns and granul mat us disease (e.g., tuber ul sis). 
T us, PE  sh uld never be used al ne t  diagn se lung 
 an er, mediastinal inv lvement,  r metastases. C n r-
mati n with tissue bi psy is required. F r brain metas-
tases, magneti  res nan e imaging (MRI) is the m st 
e e tive meth d. MRI  an als  be use ul in sele ted  ir-
 umstan es, su h as superi r sul us tum rs t  rule  ut 
bra hial plexus inv lvement, but in general, MRI d es 
n t play a maj r r le in NSCLC staging.

In patients with NSCLC, the   ll wing are   ntrain-
di ati ns t  p tential  urative rese ti n: extrath ra i  
metastases, superi r vena  ava syndr me, v  al   rd 
and, in m st  ases, phreni  nerve paralysis, malignant 
pleural e usi n,  ardia  tamp nade, tum r within 2 
 m    the  arina (p tentially  urable with   mbined 
 hem radi therapy), metastasis t  the   ntralat-
eral lung, metastases t  supra lavi ular lymph n des, 
  ntralateral mediastinal n de metastases (p ten-
tially  urable with   mbined  hem radi therapy), 
and inv lvement    the main pulm nary artery. In 
situati ns where it will make a di eren e in treatment, 
abn rmal s an  ndings require tissue   n rmati n 
   malignan y s  that patients are n t pre luded  r m 
having p tentially  urative therapy.

T e best predi t r    metastati  disease remains 
a  are ul hist ry and physi al examinati n. I  signs, 
sympt ms,  r  ndings  r m the physi al examina-
ti n suggest the presen e    malignan y, then sequen-
tial imaging starting with the m st appr priate study 
sh uld be per  rmed. I  the  ndings  r m the  lini al 
evaluati n are negative, then imaging studies bey nd 
C -PE  are unne essary and the sear h   r meta-
stati  disease is   mplete. M re   ntr versial is h w 
 ne sh uld assess patients with kn wn stage III dis-
ease. Be ause these patients are m re likely t  have 
asympt mati     ult metastati  disease,  urrent guide-
lines re  mmend a m re extensive imaging evaluati n 
in luding imaging    the brain with either C  s an  r 
MRI. In patients in wh m distant metastati  disease has 
been ruled  ut, lymph n de status needs t  be assessed 
via a   mbinati n    radi graphi  imaging and/ r min-
imally invasive te hniques su h as th se menti ned 
ab ve and/ r invasive te hniques su h as mediastin s-
  py, mediastin t my, th ra  s  py,  r th ra  t my. 
Appr ximately  ne-quarter t   ne-hal     patients 
diagn sed with NSCLC will have mediastinal lymph 
n de metastases at the time    diagn sis. Lymph n de 
sampling is re  mmended in all patients with enlarged 
n des dete ted by C   r PE  s an and in patients with 
large tum rs  r tum rs    upying the inner third    the 
lung. T e extent    mediastinal lymph n de inv lve-
ment is imp rtant in determining the appr priate 

treatment strategy: surgi al rese ti n   ll wed by adju-
vant  hem therapy versus   mbined  hem radiati n 
al ne (see bel w). A standard n men lature   r re er-
ring t  the l  ati n    lymph n des inv lved with lung 
 an er has ev lved (Fig. 36-4).

In SCLC patients,  urrent staging re  mmendati ns 
in lude a C  s an    the  hest and abd men (be ause 
   the high  requen y    hepati  and adrenal inv lve-
ment), MRI    the brain (p sitive in 10%    asympt m-
ati  patients), and radi nu lide b ne s an i  sympt ms 
 r signs suggest disease inv lvement in these areas 
(Fig. 36-5). Alth ugh there are less data  n the use    
C -PE  in SCLC, the m st re ent Ameri an C llege 
   Chest Physi ians Eviden e-Based Clini al Pra ti e 
Guidelines re  mmend PE  s ans in patients with  lin-
i al stage I SCLC wh  are being   nsidered   r  urative 
intent surgi al rese ti n. In additi n, invasive medias-
tinal staging and extrath ra i  imaging (head MRI/
C  and PE   r abd minal C  plus b ne s an) is als  
re  mmended   r patients with  lini al stage I SCLC 
i   urative intent surgi al rese ti n is   ntemplated. 
S me pra ti e guidelines als  re  mmend the use    
PE  s anning in the staging    SCLC patients wh  are 
p tential  andidates   r the additi n    th ra i  radi -
therapy t   hem therapy. B ne marr w bi psies and 
aspirati ns are rarely per  rmed n w given the l w 
in iden e    is lated b ne marr w metastases. C n r-
mati n    metastati  disease, ipsilateral  r   ntralateral 
lung n dules,  r metastases bey nd the mediastinum 
may be a hieved by the same m dalities re  mmended 
earlier   r patients with NSCLC.

I  a patient has signs  r sympt ms    spinal   rd 
  mpressi n (pain, weakness, paralysis, urinary reten-
ti n), a spinal C   r MRI s an and examinati n    
the  erebr spinal  uid  yt l gy sh uld be per  rmed. 
I  metastases are evident  n imaging, a neur surge n 
sh uld be   nsulted   r p ssible palliative surgi al 
rese ti n and/ r a radiati n  n  l gist sh uld be   n-
sulted   r palliative radi therapy t  the site      mpres-
si n. I  signs  r sympt ms    lept meningitis devel p at 
any time in a patient with lung  an er, an MRI    the 
brain and spinal   rd sh uld be per  rmed, as well as a 
spinal tap,   r dete ti n    malignant  ells. I  the spinal 
tap is negative, a repeat spinal tap sh uld be   nsidered. 
T ere is  urrently n  appr ved therapy   r the treat-
ment    lept meningeal disease.

STAGING SYSTEM FOR NON-SMALL-CELL 
LUNG CANCER
T e tum r-n de-metastasis ( NM) internati nal stag-
ing system pr vides use ul pr gn sti  in  rmati n and 
is used t  stage all patients with NSCLC. T e vari us 
  (tum r size), N (regi nal n de inv lvement), and M 
(presen e  r absen e    distant metastasis) are   mbined 

36_Hematology_ch36_p500-525.indd   511  04/08/16   4:11 PM



S

E

C

T

I

O

N

 

I

X

N

e

o

p

l

a

s

t

i

c

 

D

i

s

o

r

d

e

r

s

512

FIGURE 36 -4
Lym p h nod e stat ions in  stag ing  non  sm all ce ll lung  cancer. 
The International Association  or the Study o  Lung Cancer (IASLC) 
lymph node map, including the proposed grouping o  lymph 

node stations into “zones”  or the purposes o  prognostic analyses. 
a., artery; Ao, aorta; In . pulm. ligt., in erior pulmonary ligament; n., 
nerve; PA, pulmonary artery; v. vein.

10  Hilar

7  Subcarinal

5  Subaortic  (A-P window)

1  Highes t medias tinal

2  Upper paratracheal

3  Prevas cular and re trotracheal

Brachiocepha lic
(innomina te ) a .

Azygos  v.

2R

4R

4L

10R

11R
11L

10L

9

8

12, 13, 14R 12, 13, 14L

Inf.pulm. ligt.

Ligamentum
arte riosum

L. pulmonary a .

3

6

5
Ao

PA

7

PA

Ao

4  Lower paratracheal
   (including  azygos  nodes )

6  Para-aortic  (as cending
    aorta or phrenic)

9  Pulmonary ligament

8  Paraes ophageal
    (be low carina)

N1 nodes

Inferior medias tinal nodes

Aortic  nodes

N2 = s ingle  digit, ips ila te ra l
N3 = s ingle  digit, contra la te ra l or supraclavicula r

Superior medias tinal nodes

11  Interlobar

12  Lobar

13  Segmental

14  Subs egmental

Phrenic n.

t    rm di erent stage gr ups (Tables 36-6 and 36-7). 
T e previ us editi n    the  NM staging system   r 
lung  an er was devel ped based  n a relatively small 
database    patients  r m a single instituti n. T e latest 
seventh editi n    the  NM staging system went int  
e e t in 2010 and devel ped using a mu h m re r bust 
database    m re than 100,000 patients with lung  an er 
wh  were treated in multiple   untries between 1990 
and 2000. Data  r m 67,725 patients with NSCLC were 
then used t  reevaluate the pr gn sti  value    the  NM 

des ript rs (Table 36-8). T e maj r distin ti n between 
the sixth and seventh editi ns    the internati nal stag-
ing systems is within the    lassi  ati n;  1 tum rs are 
divided int  tum rs ≤2  m in size, as these patients were 
  und t  have a better pr gn sis   mpared t  patients 
with tum rs >2  m but ≤3  m.  2 tum rs are divided 
int  th se that are >3  m but ≤5  m and th se that are 
>5  m but ≤7  m.  um rs that are >7  m are   nsidered 
 3 tum rs.  3 tum rs als  in lude tum rs with invasi n 
int  l  al stru tures su h as  hest wall and diaphragm 
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FIGURE 36 -5
Alg o rith m   o r m an ag em en t  o   sm a ll ce ll lu n g  can ce r. CT, computed tomography; MRI, magnetic resonance imaging.

Complete  his tory and phys ica l examination
Determination of performance s ta tus  and weight loss

Comple te  blood count with pla te le t de termina tion
Measurement of se rum electrolytes , glucose , and ca lcium; rena l and liver function tes ts

CT scan of ches t abdomen and pe lvis  to evalua te  for metas ta tic disease
MRI of bra in

Bone  scan if clinica lly indica ted

No s igns , symptoms, or imaging
to sugges t metas ta tic disease

Single  les ion detected on imaging
(For clinica l s tage  I SCLC see
“Anatomic Staging of Pa tients

with Lung Cancer”)

Multiple  les ions
detected on imaging

Chemotherapy a lone
and/or radia tion therapy

for pa llia tion of symptoms

Note: Regardless  of disease  s tage , pa tients  who have a  good response  to initia l therapy
should be  considered for prophylactic crania l irradia tion after the rapy is  comple ted.

Patient has  no
contra indica tion

to combined
chemotherapy and
radia tion therapy

Combined modality
trea tment with

pla tinum-based
therapy and 

e topos ide  and
radia tion therapy

Sequentia l
trea tment with
chemotherapy
and radia tion

therapy

Patient has
contra indica tion

to combined
chemotherapy and
radia tion therapy

Negative  for
metas ta tic disease

Positive  for
metas ta tic disease

Biopsy les ion

MANAGEMENT OF SMALL CELL LUNG CANCER

and additi nal n dules in the same l be.  4 tum rs 
in lude tum rs    any size with invasi n int  mediasti-
num, heart, great vessels, tra hea,  r es phagus  r mul-
tiple n dules in the ipsilateral lung. N   hanges have 
been made t  the  urrent  lassi  ati n    lymph n de 
inv lvement (N). Patients with metastasis may be  las-
si ed as M1a (malignant pleural  r peri ardial e usi n, 
pleural n dules,  r n dules in the   ntralateral lung) 
 r M1b (distant metastasis; e.g., b ne, liver, adrenal,  r 
brain metastasis). Based  n these data, appr ximately 
 ne-third    patients have l  alized disease that  an be 
treated with  urative attempt (surgery  r radi therapy), 
 ne-third have l  al  r regi nal disease that may  r may 
n t be amenable t  a  urative attempt, and  ne-third 
have metastati  disease at the time    diagn sis.

STAGING SYSTEM FOR SMALL-CELL LUNG 
CANCER
In patients with SCLC, it is n w re  mmended that b th 
the Veterans Administrati n system and the Ameri-
 an J int C mmittee  n Can er/Internati nal Uni n 
Against Can er seventh editi n system ( NM) be used 
t   lassi y the tum r stage. T e Veterans Administrati n 

system is a distin t tw -stage system dividing patients 
int  th se with limited-  r extensive-stage disease. 
Patients with limited-stage disease (LD) have  an er 
that is   n ned t  the ipsilateral hemith rax and  an 
be en  mpassed within a t lerable radiati n p rt. T us, 
  ntralateral supra lavi ular n des, re urrent laryngeal 
nerve inv lvement, and superi r vena  aval  bstru ti n 
 an all be part    LD. Patients with extensive-stage dis-
ease (ED) have  vert metastati  disease by imaging  r 
physi al examinati n. Cardia  tamp nade, malignant 
pleural e usi n, and bilateral pulm nary paren hymal 
inv lvement generally quali y disease as ED, be ause the 
inv lved  rgans  ann t be en  mpassed sa ely  r e e -
tively within a single radiati n therapy p rt. Sixty t  
70%    patients are diagn sed with ED at presentati n. 
T e  NM staging system is pre erred in the rare SCLC 
patient presenting with what appears t  be  lini al stage 
I disease (see ab ve).

PHYSIOLOGIC STAGING
Patients with lung  an er   en have  ther   m rbid 
  nditi ns related t  sm king in luding  ardi vas u-
lar disease and COPD.    impr ve their pre perative 
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514 TABLE 36-6  
SEVENTH EDITION TNM STAGING SYSTEMS FOR NON-SMALL-CELL LUNG CANCER

TNM STAGING SYSTEM FOR LUNG CANCER (7TH EDITION)

Prim ary Tu m o r  T 
T1  Tumor ≤3 cm diameter, surrounded by lung or visceral pleura, without invasion more proximal than lobar 

bronchus
T1a  Tumor ≤2 cm in diameter
T1b  Tumor >2 cm but ≤ 3 cm in diameter
T2  Tumor >3 cm but ≤7 cm, or tumor with any o  the  ollowing  eatures:

 Involves main bronchus, ≥2 cm distal to carina
 Invades visceral pleura
  Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve  

 the entire lung
T2a  Tumor >3 cm but ≤5 cm
T2b  Tumor >5 cm but ≤7 cm
T3  Tumor >7 cm or any o  the  ollowing:

  Directly invades any o  the  ollowing: chest wall, diaphragm, phrenic nerve, mediastinal pleura, parietal  
 pericardium, main bronchus <2 cm  rom carina (without involvement o  carina)

 Atelectasis or obstructive pneumonitis o  the entire lung
 Separate tumor nodules in the same lobe

T4  Tumor o  any size that invades the mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, 
esophagus, vertebral body, carina, or with separate tumor nodules in a dif erent ipsilateral lobe

Reg ion a l Lym p h  No d es  N 
N0  No regional lymph node metastases
N1  Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, includ-

ing involvement by direct extension
N2  Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
N3  Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular 

lymph node(s)
Distan t  Me ta stasis  M 
M0  No distant metastasis
M1  Distant metastasis
M1a  Separate tumor nodule(s) in a contralateral lobe; tumor with pleural nodules or malignant pleural or pericar-

dial ef usion
M1b  Distant metastasis (in extrathoracic organs)

Abbrevia t ion: TNM, tumor-node-metastasis.
Source: Reproduced with permission  rom P Goldstraw et al: J Thorac Oncol 2:706, 2007.

  nditi n,   rre table pr blems (e.g., anemia, ele tr -
lyte and  uid dis rders, in e ti ns,  ardia  disease, and 
arrhythmias) sh uld be addressed, appr priate  hest 
physi al therapy sh uld be instituted, and patients 
sh uld be en  uraged t  st p sm king. Be ause it is 
n t always p ssible t  predi t whether a l be t my 
 r pneum ne t my will be required until the time    
 perati n, a   nservative appr a h is t  restri t surgi al 
rese ti n t  patients wh    uld p tentially t lerate 
a pneum ne t my. Patients with a   r ed expirat ry 
v lume in 1 s (FEV1)    greater than 2 L  r greater than 
80%    predi ted  an t lerate a pneum ne t my, and 
th se with an FEV1 greater than 1.5 L have adequate 

reserve   r a l be t my. In patients with b rderline 
lung  un ti n but a rese table tum r,  ardi pulm -
nary exer ise testing   uld be per  rmed as part    the 
physi l gi  evaluati n. T is test all ws an estimate    
the maximal  xygen   nsumpti n (Vo2max). A Vo2max 
<15 mL/(kg · min) predi ts   r a higher risk    p st-
 perative   mpli ati ns. Patients deemed unable t  
t lerate l be t my  r pneum ne t my  r m a pulm -
nary  un ti nal standp int may be  andidates   r m re 
limited rese ti ns, su h as wedge  r anat mi  segmen-
tal rese ti n, alth ugh su h pr  edures are ass  iated 
with signi  antly higher rates    l  al re urren e and 
a trend t ward de reased  verall survival. All patients 
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515TABLE 36 -7  
SEVENTH EDITION TNM STAGING SYSTEMS FOR 
NON-SMALL-CELL LUNG CANCER

STAGE GROUPINGS

Stage IA  T1a-T1b  N0  M0
Stage IB  T2a  N0  M0
Stage IIA  T1a,T1b,T2a  N1  M0

T2b  N0  M0
Stage IIB  T2b  N1  M0

T3  N0  M0
Stage IIIA  T1a,T1b,T2a,T2b  N2  M0

T3  N1,N2  M0
T4  N0,N1  M0

Stage IIIB  T4  N2  M0
Any T  N3  M0

Stage IV  Any T  Any N  M1a or M1b

Abbrevia t ion: TNM, tumor-node-metastasis.
Source: Reproduced with permission  rom P Goldstraw P et al: J Thorac 
Oncol 2:706, 2007.

TABLE 36-8  
FIVE-YEAR SURVIVAL BY STAGE AND TNM 
CLASSIFICATION OF NON-SMALL-CELL LUNG 
CANCER (SEVENTH EDITION)

STAGE  TNM SEVENTH EDITION  5-YEAR SURVIVAL (% )

IA  T1a-T1bN0M0  73%

IB  T2aN0M0  58%
IIA  T1a-T2aN1M0

T2bN0M0
46%

IIB  T2bN1M0
T3N0M0

36%

IIIA  T1a-T3N2M0
T3N1M0
T4N0-1M0

24%

IIIB  T4N2M0
T1a-T4N3M0

9%

IV  Any T Any N plus
M1a or M1b

13%

Abbrevia t ion: TNM, tumor-node-metastasis.

sh uld be assessed   r  ardi vas ular risk using Ameri-
 an C llege    Cardi l gy and Ameri an Heart Ass -
 iati n guidelines. A my  ardial in ar ti n within the 
past 3 m nths is a   ntraindi ati n t  th ra i  sur-
gery be ause 20%    patients will die    rein ar ti n. 
An in ar ti n in the past 6 m nths is a relative   n-
traindi ati n. Other maj r   ntraindi ati ns in lude 
un  ntr lled arrhythmias, an FEV1    less than 1 L, Co2 
retenti n (resting Pco2 >45 mmHg), DLco <40%, and 
severe pulm nary hypertensi n.

TREATMENT Non-Small-Cell Lung Cancer

T e  verall treatment appr a h t  patients with NSCLC is 
sh wn in Fig. 36-3.

OCCULT AND STAGE 0 CARCINOMAS Patients with severe atypia  n 
sputum  yt l gy have an in reased risk    devel ping lung 
 an er   mpared t  th se with ut atypia. In the un  mm n 
 ir umstan e where malignant  ells are identi ed in a sputum 
 r br n hial washing spe imen but the  hest imaging appears 
n rmal ( X tum r stage), the lesi n must be l  alized. M re 
than 90%    tum rs  an be l  alized by meti ul us exami-
nati n    the br n hial tree with a  ber pti  br n h s  pe 
under general anesthesia and   lle ti n    a series    di eren-
tial brushings and bi psies. Surgi al rese ti n   ll wing br n-
 h s  pi  l  alizati n has been sh wn t  impr ve survival 
  mpared t  n  treatment. Cl se   ll w-up    these patients 
is indi ated be ause    the high in iden e    se  nd primary 
lung  an ers (5% per patient per year).

SOLITARY PULMONARY NODULE AND “GROUND-GLASS” OPACITIES A 
s litary pulm nary n dule is de ned as an x-ray density 
  mpletely surr unded by n rmal aerated lung with  ir um-
s ribed margins,    any shape, usually 1–6  m in greatest 
diameter. T e appr a h t  a patient with a s litary pulm nary 
n dule is based  n an estimate    the pr bability     an er, 
determined a   rding t  the patient’s sm king hist ry, age, 
and  hara teristi s  n imaging (Table 36-9). Pri r CXRs and 
C  s ans sh uld be  btained i  available   r   mparis n. A 
PE  s an may be use ul i  the lesi n is greater than 7–8 mm 
in diameter. I  n  diagn sis is apparent, May  investigat rs 
rep rted that  lini al  hara teristi s (age,  igarette sm king 
status, and pri r  an er diagn sis) and three radi l gi   har-
a teristi s (n dule diameter, spi ulati n, and upper l be l  a-
ti n) were independent predi t rs    malignan y. At present, 
 nly tw  radi graphi   riteria are th ught t  predi t the 
benign nature    a s litary pulm nary n dule: la k    gr wth 
 ver a peri d >2 years and  ertain  hara teristi  patterns    
 al i  ati n. Cal i  ati n al ne, h wever, d es n t ex lude 
malignan y; a dense  entral nidus, multiple pun tuate    i, 
and “bulls eye” (granul ma) and “p p  rn ball” (hamart ma) 
 al i  ati ns are highly suggestive    a benign lesi n. In   n-
trast, a relatively large lesi n, la k     r asymmetri   al i -
 ati n,  hest sympt ms, ass  iated atele tasis, pneum nitis, 
 r gr wth    the lesi n revealed by   mparis n with an  ld 
x-ray  r C  s an  r a p sitive PE  s an may be suggestive    a 
malignant pr  ess and warrant  urther attempts t  establish a 
hist l gi  diagn sis. An alg rithm   r assessing these lesi ns 
is sh wn in Fig. 36-6.

Sin e the advent    s reening C s, small “gr und-glass” 
 pa ities (GGOs) have   en been  bserved, parti ularly as 
the in reased sensitivity    C s enables dete ti n    smaller 
lesi ns. Many    these GGOs, when bi psied, are   und t  
be atypi al aden mat us hyperplasia (AAH), aden  ar i-
n ma in situ (AIS),  r minimally invasive aden  ar in ma 
(MIA). AAH is usually a n dule    <5 mm and is minimally 
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516 TABLE 36-9  
ASSESSMENT OF RISK OF CANCER IN PATIENTS WITH SOLITARY PULMONARY NODULES

VARIABLE

RISK

LOW  INTERMEDIATE  HIGH

Diameter (cm)  <1.5  1.5–2.2  ≥2.3
Age (years)  <45  45–60  >60
Smoking status  Never smoker  Current smoker  

(<20 cigarettes/d)
Current smoker  
(>20 cigarettes/d)

Smoking cessation status  Quit ≥7 years ago or quit  Quit <7 years ago  Never quit
Characteristics o  nodule margins  Smooth  Scalloped  Corona radiata or spiculated

Source: Reproduced with permission  rom D Ost et al: N Engl J Med 348:2535, 2003.

FIGURE 36 -6
A. Algorithm  or evaluation o  solitary pulmonary nodule (SPN). 
B. Algorithm  or evaluation o  solid SPN. C. Algorithm  or evalu-
ation o  semisolid SPN. CT, computed tomography; CXR, chest 

radiograph; GGN, ground-glass nodule; PET, positron emission 
tomography; TTBx, transbronchial biopsy; TTNA, transthoracic 
needle biopsy. (Adapted from VK Patel et al: Chest 143:840, 2013.)

SPN de tected on CXR

Obta in old films. Assess  s tability
over ≥2 yea rs  or benign pa tte rn

of ca lcifica tion

CT scan with thin sections
through the  nodule

Solid SPN

Proceed to
Figure  36-6B

Proceed to
Figure  36-6C

Subsolid SPN

No further
workup

sugges ted

No

YesStep 1

Step 3 S tep 4

Step 2

A

Solid SPN

>8 mm diamete r≤8 mm diameter

Very low <5%

Negative  Pos itive

Inte rmedia te  5–60%

PET or PET-CT

High >60%

Follow
Fle ischner

Socie ty
Guide lines*

Obta in tis sue
diagnos is .

(TTNA, TBBx,
surgica l

resection)***

Seria l CT
ches t**

Assess  pre tes t
probability

for lung cance r

Step 5  S tep 6

S tep 7  Step 9  S tep 8

*Fle ischne r socie ty guide lines ; modified from: H. MacMahon, e t a l: Rad iology 2005; 237;395–400

Nodule  s ize  (a):  Low-ris k patient (b):  High-ris k patient (c ):

≤4 mm  No follow-up needed (d)  Follow-up a t 12 months ; if
unchanged, no furthe r follow-up

>4–6 mm  Follow-up CT a t 12 months ; if
unchanged, no furthe r follow-up

Follow-up CT a t 6–12 months ;
then 18–24 months  if no change

>6–8 mm  Follow-up CT a t 6–12 months ;
then 18–24 months  if no
change

Follow-up CT a t 3–6 months ;
then 9–12 and 24 months  if no
change

>8 mm

(a) Average  of la rges t and sma lle s t axia l diame te rs  of the  nodule
(b) No smoking his tory and absence  of other risk factors
(c) Previous  or current smoking his tory or othe r risk factors
(d) Risk of malignancy (<0.1%) is  subs tantia lly lower than for an a symptomatic smoker

**ACCP guide lines  (see  MK Gould e t a l: Ches t 2007;132(suppl 3):108s-130S.
***Cons ider pa tient pre fe rence, s everity of medica l comorbiditie s , center specific expertise  prior
    to tis sue  diagnos is.

Follow-up CT a t 3, 9, and 24
months ; dynamic contras t-
enhanced CT, PET, 
and/or biopsy

Same as  low-risk pa tient

B

Subsolid SPN

Pure  GGN ≤5 mm s ize

No follow-up required

Pure  GGN >5 mm s ize  Part-solid component

Follow-up thin-section
CT in 3 months. If
nodule  is  unchanged,
cons ide r yea rly
low-dose  CT scans.*

If there  is  change  in
s ize or nodule
characte ris tics ,
surgica l re section
should be  s trongly
conside red

Follow-up thin-section
CT in months. If
nodule  unchanged
and solid component
is  >8 mm, cons ide r
PET-CT. Furthe r
recommenda tions
may include  surgica l
resection, nodule
biopsy, or se ria l CT
scans. If there  is  a
change  in s ize  or
nodule  characte ris tics ,
surgica l re section
should be  s trongly
cons idered

Step 5

S tep 6

*Frequency and dura tion of follow-up CT scans  have  ye t to
be  de finitive ly es tablished.

C
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517hazy, als   alled n ns lid  r gr und glass (i.e., hazy slightly 
in reased attenuati n, n  s lid   mp nent, and preservati n 
   br n hial and vas ular margins). On thin-se ti n C , AIS 
is usually a n ns lid n dule and tends t  be slightly m re 
 paque than AAH. MIA is mainly s lid, usually with a small 
(<5 mm)  entral s lid   mp nent. H wever,  verlap exists 
am ng the imaging  eatures    the preinvasive and minimally 
invasive lesi ns in the lung aden  ar in ma spe trum. Lep-
idi  aden  ar in mas are usually s lid but may be n ns lid. 
Likewise, the small invasive aden  ar in mas als  are usually 
s lid but may exhibit a small n ns lid   mp nent.

MANAGEMENT OF STAGES I AND II NSCLC Surgical Resection of 
Stage I and II NSCLC Surgi al rese ti n, ideally by an 
experien ed th ra i  surge n, is the treatment     h i e   r 
patients with  lini al stage I and II NSCLC wh  are able t  
t lerate the pr  edure. Operative m rtality rates   r patients 
rese ted by th ra i   r  ardi th ra i  surge ns are l wer 
  mpared t  general surge ns. M re ver, survival rates are 
higher in patients wh  underg  rese ti n in  a ilities with a 
high surgi al v lume   mpared t  th se per  rming  ewer 
than 70 pr  edures per year, even th ugh the higher-v lume 
 a ilities   en serve  lder and less s  i e  n mi  advantaged 
p pulati ns. T e impr vement in survival is m st evident in 
the immediate p st perative peri d. T e extent    rese ti n 
is a matter    surgi al judgment based  n  ndings at expl ra-
ti n. In patients with stage IA NSCLC, l be t my is superi r 
t  wedge rese ti n with respe t t  rates    l  al re urren e. 
T ere is als  a trend t ward impr vement in  verall survival. 
In patients with   m rbidities,   mpr mised pulm nary 
reserve, and small peripheral lesi ns, a limited rese ti n, 
wedge rese ti n, and segmente t my (p tentially by vide -
assisted th ra  s  pi  surgery) may be reas nable surgi al 
 pti n. Pneum ne t my is reserved   r patients with  entral 
tum rs and sh uld be per  rmed  nly in patients with ex el-
lent pulm nary reserve. T e 5-year survival rates are 60–80% 
  r patients with stage I NSCLC and 40–50%   r patients with 
stage II NSCLC.

A  urate path l gi  staging requires adequate seg-
mental, hilar, and mediastinal lymph n de sampling. Ide-
ally this in ludes a mediastinal lymph n de disse ti n. On 
the right side, mediastinal stati ns 2R, 4R, 7, 8R, and 9R 
sh uld be disse ted;  n the le  side, stati ns 5, 6, 7, 8L, and 
9L sh uld be disse ted. Hilar lymph n des are typi ally 
rese ted and sent   r path l gi  review, alth ugh it is help-
 ul t  spe i  ally disse t and label level 10 lymph n des 
when p ssible. On the le  side, level 2 and s metimes 
level 4 lymph n des are generally  bs ured by the a rta. 
Alth ugh the therapeuti  bene t    n dal disse ti n versus 
n dal sampling is   ntr versial, a p  led analysis    three 
trials inv lving patients with stages I t  IIIA NSCLC dem-
 nstrated a superi r 4-year survival in patients underg ing 
rese ti n and a   mplete mediastinal lymph n de disse -
ti n   mpared with lymph n de sampling. M re ver,   m-
plete mediastinal lymphadene t my added little m rbidity 
t  a pulm nary rese ti n   r lung  an er when  arried  ut 
by an experien ed th ra i  surge n.

Radiation Therapy in Stages I and II NSCLC T ere is  urrently n  
r le   r p st perative radiati n therapy in patients   ll wing 
rese ti n    stage I  r II NSCLC. H wever, patients with stage 
I and II disease wh  either re use  r are n t suitable  andidates 
  r surgery sh uld be   nsidered   r radiati n therapy with 
curative intent. Stere ta ti  b dy radiati n therapy (SBR ) is 
a relatively new te hnique used t  treat patients with is lated 
pulm nary n dules (≤5  m) wh  are n t  andidates   r  r 
re use surgi al rese ti n.  reatment is typi ally administered 
in three t   ve  ra ti ns delivered  ver 1–2 weeks. In un  n-
tr lled studies, disease   ntr l rates are >90%, and 5-year 
survival rates    up t  60% have been rep rted with SBR . By 
  mparis n, survival rates typi ally range  r m 13 t  39% in 
patients with stage I  r II NSCLC treated with standard exter-
nal-beam radi therapy. Cry ablati n is an ther te hnique 
   asi nally used t  treat small, is lated tum rs (i.e., ≤3  m). 
H wever, very little data exist  n l ng-term  ut  mes with 
this te hnique.

Chemotherapy in Stages I and II NSCLC Alth ugh a landmark meta-
analysis     isplatin-based adjuvant  hem therapy trials 
in patients with rese ted stages I t  IIIA NSCLC (the Lung 
Adjuvant Cisplatin Evaluati n [LACE] Study) dem nstrated 
a 5.4% impr vement in 5-year survival   r adjuvant  hem -
therapy   mpared t  surgery al ne, the survival bene t was 
seemingly   n ned t  patients with stage II  r III disease  
(Table 36-10). By   ntrast, survival was a tually w rsened 
in stage IA patients with the appli ati n    adjuvant therapy. 
In stage IB, there was a m dest impr vement in survival    
questi nable  lini al signi  an e. Adjuvant  hem therapy 
was als  detrimental in patients with p  r per  rman e status 
(Eastern C  perative On  l gy Gr up [ECOG] per  rman e 
status = 2). T ese data suggest that adjuvant  hem therapy is 
best applied in patients with rese ted stage II  r III NSCLC. 
T ere is n  apparent r le   r adjuvant  hem therapy in patients 
with rese ted stage IA  r IB NSCLC. A p ssible ex epti n t  
the pr hibiti n    adjuvant therapy in this setting is the stage 
IB patient with a rese ted lesi n ≥4  m.

As with any treatment re  mmendati n, the risks and 
bene ts    adjuvant  hem therapy sh uld be   nsidered  n 
an individual patient basis. I  a de isi n is made t  pr  eed 
with adjuvant  hem therapy, in general, treatment sh uld be 
initiated 6–12 weeks a er surgery, assuming the patient has 
 ully re  vered, and sh uld be administered   r n  m re than 
  ur  y les. Alth ugh a  isplatin-based  hem therapy is the 
pre erred treatment regimen,  arb platin  an be substituted 
  r  isplatin in patients wh  are unlikely t  t lerate  isplatin 
  r reas ns su h as redu ed renal  un ti n, presen e    neu-
r pathy,  r hearing impairment. N  spe i    hem therapy 
regimen is   nsidered  ptimal in this setting, alth ugh plati-
num plus vin relbine is m st   mm nly used.

Neoadjuvant  hem therapy, whi h is the appli ati n 
    hem therapy administered be ore an attempted surgi-
 al rese ti n, has been adv  ated by s me experts  n the 
assumpti n that su h an appr a h will m re e e tively extin-
guish    ult mi r metastases   mpared t  p st perative 
 hem therapy. In additi n, it is th ught that pre perative 
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518 TABLE 36-10  
ADJUVANT CHEMOTHERAPY TRIALS IN NON-SMALL-CELL LUNG CANCER

TRIAL  STAGE  TREATMENT  NO. OF PATIENTS  5-YEAR SURVIVAL (% ) P

IALT  I–III  Cisplatin-based
Control

932
835

44.5
40.4

< .03

BR10  IB–II  Cisplatin + vinorelbine
Control

242
240

69
54

.03

ANITA  IB–IIIA  Cisplatin + vinorelbine Control  407
433

60
58

.017

ALPI  I–III  MVP
Control

548
540

50
45

.49

BLT  I–III  Cisplatin-based
Control

192
189

60
58

.90

CALGB  IB  Carboplatin + paclitaxel  173
171

59
57

.10

Abbrevia t ions: ALPI, Adjuvant Lung Cancer Project Italy; ANITA, Adjuvant Navelbine International Trialist Association; BLT, Big Lung Trial; CALGB, Cancer 
and Lung Cancer Group B; IALT, International Adjuvant Lung Cancer Trial; MVP, mitomycin, vindesine, and cisplatin.

 hem therapy might render an in perable lesi n rese table. 
With the ex epti n    superi r sul us tum rs, h wever, the 
r le    ne adjuvant  hem therapy in stage I t  III disease is 
n t well de ned. H wever, a meta-analysis    15 rand m-
ized   ntr lled trials inv lving m re than 2300 patients 
with stage I t  III NSCLC suggested there may be a m dest 
5-year survival bene t (i.e., ~5%) that is virtually identi al 
t  the survival bene t a hieved with p st perative  hem -
therapy. A   rdingly, ne adjuvant therapy may pr ve use ul 
in sele ted  ases (see bel w). A de isi n t  use ne adjuvant 
 hem therapy sh uld always be made in   nsultati n with an 
experien ed surge n.

In sh uld be n ted that all patients with rese ted NSCLC 
are at high risk    re urren e, m st    whi h    urs within 
18–24 m nths    surgery,  r devel ping a se  nd primary 
lung  an er. T us, it is reas nable t    ll w these patients 
with peri di  imaging studies. Given the results    the NLS , 
peri di  C  s ans appear t  be the m st appr priate s reen-
ing m dality. Based  n the timing    m st re urren es, s me 
guidelines re  mmend a   ntrasted  hest C  s an every 6 
m nths   r the  rst 3 years a er surgery,   ll wed by yearly 
C  s ans    the  hest with ut   ntrast therea er.

MANAGEMENT OF STAGE III NSCLC Management    patients with 
stage III NSCLC usually requires a   mbined-m dality 
appr a h. Patients with stage IIIA disease   mm nly are 
strati ed int  th se with “n nbulky”  r “bulky” mediastinal 
lymph n de (N2) disease. Alth ugh the de niti n    “bulky” 
N2 disease varies s mewhat in the literature, the usual  riteria 
in lude the size    a d minant lymph n de (i.e., >2–3  m in 
sh rt-axis diameter as measured by C ), gr upings    multiple 
smaller lymph n des, eviden e    extra apsular n dal inv lve-
ment,  r inv lvement    m re than tw  lymph n de stati ns. 
T e distin ti n between n nbulky and bulky stage IIIA dis-
ease is mainly used t  sele t p tential  andidates   r up ront 

surgi al rese ti n  r   r rese ti n a er ne adjuvant therapy. 
Many aspe ts    therapy    patients with stage III NSCLC 
remain   ntr versial, and the  ptimal treatment strategy has 
n t been  learly de ned. M re ver, alth ugh there are many 
p tential treatment  pti ns, n ne yields a very high pr babil-
ity     ure. Furtherm re, be ause stage III disease is highly 
heter gene us, n  single treatment appr a h  an be re  m-
mended   r all patients. Key  a t rs guiding treatment  h i es 
in lude the parti ular   mbinati n    tum r ( ) and n dal 
(N) disease, the ability t  a hieve a   mplete surgi al rese ti n 
i  indi ated, and the patient’s  verall physi al   nditi n and 
pre eren es. F r example, in  are ully sele ted patients with 
limited stage IIIA disease where inv lved mediastinal lymph 
n des  an be   mpleted rese ted, initial surgery   ll wed by 
p st perative  hem therapy (with  r with ut radiati n ther-
apy) may be indi ated. By   ntrast,   r patients with  lini ally 
evident bulky mediastinal lymph n de inv lvement, the stan-
dard appr a h t  treatment is   n urrent  hem radi therapy. 
Nevertheless, in s me  ases, the latter gr up    patients may be 
 andidates   r surgery   ll wing  hem radi therapy.

Absent and Nonbulky Mediastinal (N2, N3) Lymph Node Disease F r the 
subset    stage IIIA patients initially th ught t  have  lini al 
stage I  r II disease (i.e., path l gi  inv lvement    mediasti-
nal [N2] lymph n des is not dete ted pre peratively), surgi al 
rese ti n is   en the treatment     h i e. T is is   ll wed by 
adjuvant  hem therapy in patients with mi r s  pi  lymph 
n de inv lvement in a rese ti n spe imen. P st perative radi-
ati n therapy (POR ) may als  have a r le   r th se with  l se 
 r p sitive surgi al margins. Patients with tum rs inv lving 
the  hest wall  r pr ximal airways within 2  m    the  arina 
with hilar lymph n de inv lvement (but n t N2 disease) are 
 lassi ed as having  3N1 stage IIIA disease. T ey t   are 
best managed with surgi al rese ti n, i  te hni ally  easible, 
  ll wed by adjuvant  hem therapy i    mpletely rese ted. 
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519Patients with tum rs ex eeding 7  m in size als  are n w  las-
si ed as  3 and are   nsider stage IIIA i  tum r has spread 
t  N1 n des. T e appr priate initial management    these 
patients inv lves surgi al rese ti n when  easible, pr vided 
the mediastinal staging is negative,   ll wed by adjuvant  he-
m therapy   r th se wh  a hieve   mplete tum r rese ti n. 
Patients with  3N0  r  3N1 disease due t  the presen e    
satellite n dules within the same l be as the primary tum r 
als  are  andidates   r surgery, as are patients with ipsilateral 
n dules in an ther l be and negative mediastinal n des (IIIA, 
 4N0  r  4N1). Alth ugh data regarding adjuvant  hem -
therapy in the latter subsets    patients are limited, it is   en 
re  mmended.

Patients with  4N0-1 were re lassi ed as having stage 
IIIA tum rs in the seventh editi n    the  NM system. 
T ese patients may have inv lvement    the  arina, supe-
ri r vena  ava,  r a vertebral b dy and yet still be  andi-
dates   r surgi al rese ti n in sele ted  ir umstan es. T e 
de isi n t  pr  eed with an attempted rese ti n must be 
made in   nsultati n with an experien ed th ra i  surge n 
  en in ass  iati n with a vas ular  r  ardia  surge n and 
an  rth pedi  surge n depending  n tum r l  ati n. H w-
ever, i  an in  mplete rese ti n is inevitable  r i  there is 
eviden e    N2 inv lvement (stage IIIB), surgery   r  4 dis-
ease is   ntraindi ated. M st  4 lesi ns are best treated with 
 hem radi therapy.

T e r le    POR  in patients with   mpletely rese ted 
stage III NSCLC is   ntr versial.    a large extent, the use    
POR  is di tated by the presen e  r absen e    N2 inv lve-
ment and, t  a lesser degree, by the biases    the treating phy-
si ian. Using the Surveillan e, Epidemi l gy, and End Results 
(SEER) database, a re ent meta-analysis    POR  identi ed a 
signi  ant in rease in survival in patients with N2 disease but 
n t in patients with N0  r N1 disease. An earlier analysis by 
the POR  Meta-analysis  rialist Gr up using an  lder data-
base pr du ed similar results.

Known Mediastinal (N2, N3) Lymph Node Disease When path l gi  
inv lvement    mediastinal lymph n des is d  umented pre-
 peratively, a   mbined-m dality appr a h is re  mmended 
assuming the patient is a  andidate   r treatment with  urative 
intent. T ese patients are at high risk   r b th l  al and distant 
re urren e i  managed with rese ti n al ne. F r patients with 
stage III disease wh  are n t  andidates   r initial surgi al 
rese ti n, concurrent  hem radi therapy is m st   mm nly 
used as the initial treatment. C n urrent  hem radi therapy 
has been sh wn t  pr du e superi r survival   mpared t  
sequential  hem radi therapy; h wever, it als  is ass  iated 
with greater h st t xi ities (in luding  atigue, es phagitis, 
and neutr penia). T ere  re,   r patients with a g  d per  r-
man e status,   n urrent  hem radi therapy is the pre erred 
treatment appr a h, whereas sequential  hem radi therapy 
may be m re appr priate   r patients with a per  rman e sta-
tus that is n t as g  d. F r patients wh  are n t  andidates 
  r a   mbined-m dality treatment appr a h, typi ally due 
t  a p  r per  rman e status  r a   m rbidity that makes 

 hem therapy untenable, radi therapy al ne may pr vide a 
m dest survival bene t in additi n t  sympt m palliati n.

F r patients with p tentially rese table N2 disease, 
it remains un ertain whether surgery a er ne adjuvant 
 hem radi therapy impr ves survival. In an NCI-sp ns red 
Intergr up rand mized trial   mparing   n urrent  hem ra-
di therapy al ne t    n urrent  hem radi therapy   ll wed 
by attempted surgi al rese ti n, n  survival bene t was 
 bserved in the trim dality arm   mpared t  the bim dal-
ity therapy. In  a t, patients subje ted t  a pneum ne t my 
had a w rse survival  ut  me. By   ntrast, th se treated with 
a l be t my appeared t  have a survival advantage based  n 
a retr spe tive subset analysis. T us, in  are ully sele ted, 
 therwise healthy patients with n nbulky mediastinal lymph 
n de inv lvement, surgery may be a reas nable  pti n i  the 
primary tum r  an be  ully rese ted with a l be t my. T is is 
n t the  ase i  a pneum ne t my is required t  a hieve   m-
plete rese ti n.

Superior Sulcus Tumors (Pancoast Tumors) Superi r sul us tum rs 
represent a distin tive subset    stage III disease. T ese tum rs 
arise in the apex    the lung and may invade the se  nd and 
third ribs, the bra hial plexus, the sub lavian vessels, the stel-
late gangli n, and adja ent vertebral b dies. T ey als  may 
be ass  iated with Pan  ast syndr me,  hara terized by pain 
that may arise in the sh ulder  r  hest wall  r radiate t  the 
ne k. Pain  hara teristi ally radiates t  the ulnar sur a e    
the hand. H rner’s syndr me (en phthalm s, pt sis, mi sis, 
and anhydr sis) due t  invasi n    the paravertebral sympa-
theti   hain may be present as well. Patients with these tum rs 
sh uld underg  the same staging pr  edures as all patients 
with stage II and III NSCLC. Ne adjuvant  hem therapy  r 
  mbined  hem radi therapy   ll wed by surgery is reserved 
  r th se with ut N2 inv lvement. T is appr a h yields ex el-
lent survival  ut  mes (>50% 5-year survival in patients with 
an R0 rese ti n). Patients with N2 disease are less likely t  
bene t  r m surgery and  an be managed with  hem radi -
therapy al ne. Patients presenting with metastati  disease  an 
be treated with radiati n therapy (with  r with ut  hem ther-
apy)   r sympt m palliati n.

MANAGEMENT OF METASTATIC NSCLC Appr ximately 40%    NSCLC 
patients present with advan ed, stage IV disease at the time 
   diagn sis. T ese patients have a p  r median survival (4–6 
m nths) and a 1-year survival    10% when managed with 
best supp rtive  are al ne. In additi n, a signi  ant number 
   patients wh   rst presented with early-stage NSCLC will 
eventually relapse with distant disease. Patients wh  have 
re urrent disease have a better pr gn sis than th se present-
ing with metastati  disease at the time    diagn sis. Standard 
medi al management, the judi i us use    pain medi ati ns, 
and the appr priate use    radi therapy and  hem therapy 
  rm the   rnerst ne    management. Chem therapy palliates 
sympt ms, impr ves the quality    li e, and impr ves survival 
in patients with stage IV NSCLC, parti ularly in patients with 
g  d per  rman e status. In additi n, e  n mi  analysis has 
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520   und  hem therapy t  be   st-e e tive palliati n   r stage 
IV NSCLC. H wever, the use     hem therapy   r NSCLC 
requires  lini al experien e and  are ul judgment t  balan e 
p tential bene ts and t xi ities. O  n te, the early appli ati n 
   palliative  are in   njun ti n with  hem therapy is ass  i-
ated with impr ved survival and a better quality    li e.

First Line Chemotherapy for Metastatic or Recurrent NSCLC A land-
mark meta-analysis published in 1995 pr vided the earliest 
meaning ul indi ati n that  hem therapy   uld pr vide a sur-
vival bene t in metastati  NSCLC as  pp sed t  supp rtive 
 are al ne. H wever, the survival bene t was seemingly   n-
 ned t   isplatin-based  hem therapy regimens (hazard rati  
0.73; 27% redu ti n in the risk    death; 10% impr vement in 
survival at 1 year). T ese data laun hed tw  de ades     lini al 
resear h aimed at dete ting the  ptimal  hem therapy regimen 
  r advan ed NSCLC. F r the m st part, h wever, these e  rts 
pr ved unsu  ess ul be ause the  verwhelming maj rity    
rand mized trials sh wed n  maj r survival impr vement 
with any  ne regimen versus an ther (Table 36-11). On the 
 ther hand, di eren es in pr gressi n- ree survival,   st, side 

e e ts, and s hedule were  requently  bserved. T ese  rst-line 
studies were later extended t  elderly patients, where d ublet 
 hem therapy was   und t  impr ve  verall survival   m-
pared t  single agents in the “ t” elderly (e.g., elderly patients 
with n  maj r   m rbidities) and in patients with an ECOG 
per  rman e status    2. An  ng ing debate in the treatment 
   patients with advan ed NSCLC is the appr priate durati n 
   platinum-based  hem therapy. Several large phase III ran-
d mized trials have  ailed t  sh w a meaning ul bene t   r 
in reasing the durati n    platinum-based d ublet  hem -
therapy bey nd   ur t  six  y les. In  a t, l nger durati n    
 hem therapy has been ass  iated with in reased t xi ities 
and impaired quality    li e. T ere  re, pr l nged  r nt-line 
therapy (bey nd   ur t  six  y les) with platinum-based regi-
mens is n t re  mmended. Maintenan e therapy   ll wing 
initial platinum-based therapy is dis ussed bel w.

Alth ugh spe i   tum r hist l gy was  n e   nsidered 
irrelevant t  treatment  h i e in NSCLC, with the re ent re -
 gniti n that sele ted  hem therapy agents per  rm quite 
di erently in squam us versus aden  ar in mas, a  urate 

TABLE 36-11  
FIRST-LINE CHEMOTHERAPY TRIALS FOR METASTATIC NON-SMALL-CELL LUNG CANCER

TRIAL  REGIMEN  NO. OF PATIENTS  RR (% )
MEDIAN SURVIVAL 
(MONTHS)

ECOG1594  Cisplatin + paclitaxel
Cisplatin + gemcitabine
Cisplatin + docetaxel
Carboplatin + paclitaxel

288
288
289
290

21
22
17
17

 7.8
 8.1
 7.4
 8.1

TAX-326  Cisplatin + docetaxel
Cisplatin + vinorelbine
Carboplatin + docetaxel

406
394
404

32
25
24

11.3
10.1
 9.4

EORTC  Cisplatin + paclitaxel
Cisplatin + gemcitabine
Paclitaxel + gemcitabine

159
160
161

32
37
28

 8.1
 8.9
 6.7

ILCP  Cisplatin + gemcitabine
Carboplatin + paclitaxel
Cisplatin + vinorelbine

205
204
203

30
32
30

 9.8
 9.9
 9.5

SWOG  Cisplatin + vinorelbine
Carboplatin + paclitaxel

202
206

28
25

 8.0
 8.0

FACS  Cisplatin + irinotecan
Carboplatin + paclitaxel
Cisplatin + gemcitabine
Cisplatin + vinorelbine

145
145
146
145

31
32
30
33

13.9
12.3
14.0
11.4

Scagliotti  Cisplatin + gemcitabine
Cisplatin + pemetrexed

863
862

28
31

10.3
10.3

iPASSa Carboplatin + paclitaxel  608  32  17.3
Ge tinib  609  43  18.6

aEnrolled selected patients: 18 years o  age or older, had histologic or cytologically con rmed stage IIIB or IV non-small-cell lung cancer with histologic 
 eatures o  adenocarcinoma (including bronchioloalveolar carcinoma), were nonsmokers (de ned as patients who had smoked <100 cigarettes in their li e-
time) or  ormer light smokers (those who had stopped smoking at least 15 years previously and had a total o  ≤10 pack-years o  smoking), and had had no 
previous chemotherapy or biologic or immunologic therapy.
Abbrevia t ions: ECOG, Eastern Cooperative Oncology Group; EORTC, European Organization  or Research and Treatment o  Cancer; ILCP, Italian Lung 
Cancer Project; SWOG, Southwest Oncology Group; FACS, Follow-up A ter Colorectal Surgery; iPASS, Iressa Pan-Asian Study.
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521determinati n    hist l gy has be  me essential. Spe i  ally, 
in a landmark rand mized phase III trial, patients with n n-
squam us NSCLC were   und t  have an impr ved survival 
when treated with  isplatin and pemetrexed   mpared t   is-
platin and gem itabine. By   ntrast, patients with squam us 
 ar in ma had an impr ved survival when treated with  is-
platin and gem itabine. T is survival di eren e is th ught t  
be related t  the di erential expressi n    thymidylate syn-
thase ( S),  ne    the targets    pemetrexed, between tum r 
types. Squam us  an ers have a mu h higher expressi n 
    S   mpared t  aden  ar in mas, a   unting   r their 
l wer resp nsiveness t  pemetrexed. By   ntrast, the a tiv-
ity    gem itabine is n t impa ted by the levels     S. Beva-
 izumab, a m n  l nal antib dy against VEGF, has been 
sh wn t  impr ve resp nse rate, pr gressi n- ree survival, 
and  verall survival in patients with advan ed disease when 
  mbined with  hem therapy (see bel w). H wever, beva i-
zumab  ann t be given t  patients with squam us  ell hist l-
 gy NSCLC be ause    their tenden y t  experien e seri us 
hem rrhagi  e e ts.

Agents That Inhibit Angiogenesis Beva izumab, a m n  l nal 
antib dy dire ted against VEGF, was the  rst antiangi geni  
agent appr ved   r the treatment    patients with advan ed 
NSCLC in the United States. T is drug primarily a ts by 
bl  king the gr wth    new bl  d vessels, whi h are required 
  r tum r viability.  w  rand mized phase III trials     hem -
therapy with  r with ut beva izumab had   n i ting results. 
T e  rst trial,   ndu ted in N rth Ameri a,   mpared  ar-
b platin plus pa litaxel with  r with ut beva izumab in 
patients with re urrent  r advan ed n nsquam us NSCLC 
and rep rted a signi  ant impr vement in resp nse rate, pr -
gressi n- ree survival, and  verall survival in patients treated 
with  hem therapy plus beva izumab versus  hem therapy 
al ne. Beva izumab-treated patients had a signi  antly higher 
in iden e    t xi ities. T e se  nd trial,   ndu ted in Eur pe, 
  mpared  isplatin/gem itabine with  r with ut beva i-
zumab in patients with re urrent  r advan ed n nsquam us 
NSCLC and rep rted a signi  ant impr vement in pr gres-
si n- ree survival but n  impr vement in  verall survival   r 
beva izumab-treated patients. A rand mized phase III trial 
  mpared  arb platin/pemetrexed and beva izumab t   ar-
b platin/pa litaxel and beva izumab as  rst-line therapy in 
patients with re urrent  r advan ed n nsquam us NSCLC 
and rep rted n  signi  ant di eren e in pr gressi n- ree sur-
vival  r  verall survival between treatment gr ups. T ere  re, 
 urrently  arb platin/pa litaxel and beva izumab  r  arb -
platin/pemetrexed and beva izumab are appr priate regimens 
  r  rst-line treatment   r stage IV n nsquam us NSCLC 
patients. O  n te, there are many small-m le ule inhibit rs    
VEGFR; h wever, these VEGFR  KIs have n t pr ven t  be 
e e tive in the treatment    NSCLC.

Maintenance Therapy for Metastatic NSCLC Maintenan e  hem -
therapy in n npr gressing patients (patients with a   mplete 
resp nse, partial resp nse,  r stable disease) is a   ntr ver-
sial t pi  in the treatment    NSCLC. C n eptually, there are 

tw  types    maintenan e strategies: (1) swit h maintenan e 
therapy, where patients re eive   ur t  six  y les    platinum-
based  hem therapy and are swit hed t  an entirely di erent 
regimen; and (2)   ntinuati n maintenan e therapy, where 
patients re eive   ur t  six  y les    platinum-based  hem -
therapy and then the platinum agent is dis  ntinued but the 
agent it is paired with is   ntinued (Table 36-12).  w  studies 
investigated swit h maintenan e single-agent  hem therapy 
with d  etaxel  r pemetrexed in n npr gressing patients 
  ll wing treatment with  rst-line platinum-based  hem -
therapy. B th trials rand mized patients t  immediate single-
agent therapy versus  bservati n and rep rted impr vements 
in pr gressi n- ree and  verall survival. In b th trials, a signi -
i ant p rti n    patients in the  bservati n arm did n t re eive 
therapy with the agent under investigati n up n disease 
pr gressi n; 37%    study patients never re eived d  etaxel 
in the d  etaxel study and 81%    patients never re eived 
pemetrexed in the pemetrexed study. In the trial    mainte-
nan e d  etaxel versus  bservati n, survival was identi al t  
the treatment gr up in the subset    patients wh  re eived 
d  etaxel  n pr gressi n, indi ating this is an a tive agent in 
NSCLC. T ese data are n t available   r the pemetrexed study. 
 w  additi nal trials evaluated swit h maintenan e therapy 
with erl tinib a er platinum-based  hem therapy in patients 
with advan ed NSCLC and rep rted an impr vement in 
pr gressi n- ree survival and  verall survival in the erl tinib 
treatment gr up. Currently, maintenan e pemetrexed  r erl -
tinib   ll wing platinum-based  hem therapy in patients with 
advan ed NSCLC are appr ved by the U.S. FDA. H wever, 
maintenan e therapy is n t with ut t xi ity and, at this time, 
sh uld be   nsidered  n an individual patient basis.

Targeted Therapies for Select Molecular Cohorts of NSCLC As the ef -
 a y    traditi nal  yt t xi   hem therapeuti  agents pla-
teaued in NSCLC, there was a  riti al need t  de ne n vel 
therapeuti  treatment strategies. T ese n vel strategies have 
largely been based  n the identi  ati n    s mati  driver 
mutati ns within the tum r. T ese driver mutati ns    ur in 
genes en  ding signaling pr teins that, when aberrant, drive 
initiati n and maintenan e    tum r  ells. Imp rtantly, driver 
mutati ns  an serve as A hilles’ heels   r tum rs, i  their gene 
pr du ts  an be targeted therapeuti ally with small-m le ule 
inhibit rs. F r example, EGFR mutati ns have been dete ted 
in 10–15%    N rth Ameri an patients diagn sed with 
NSCLC. EGFR mutati ns are ass  iated with y unger age, 
light (<10 pa k-year) and n nsm kers, and aden  ar in ma 
hist l gy. Appr ximately 90%    these mutati ns are ex n 19 
deleti ns  r ex n 21 L858R p int mutati ns within the EGFR 
 K d main, resulting in hypera tivati n    b th EGFR kinase 
a tivity and d wnstream signaling. Lung tum rs that harb r 
a tivating mutati ns within the EGFR kinase d main display 
high sensitivity t  small-m le ule EGFR  KIs. Erl tinib and 
a atinib are FDA-appr ved  ral small-m le ule  KIs that 
inhibit EGFR. Outside the United States, ge tinib als  is avail-
able. Several large, internati nal, phase III studies have dem-
 nstrated impr ved resp nse rates, pr gressi n- ree survival, 
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522 TABLE 36-12  
MAINTENANCE THERAPY TRIALS

GROUP  CT

SURVIVAL

NO. OF PATIENTS  OS (MONTHS)  PFS (MONTHS)

Switch Maintenance
Fidias  Immediate docetaxel

Delayed docetaxel
153
156

12.3
 9.7

5.7
2.7

Ciuleanu  Pemetrexed
BSC

444
222

13.4
10.6

4.3
2.6

Paramount  Pemetrexed
BSC

472
297

13.9
11.0

4.1
2.8

ATLAS  Bev + erlotinib
Bev + placebo

384
384

15.9
13.9

4.8
3.8

SATURN  Erlotinib
Placebo

437
447

12.3
11.1

2.9
2.6

Continuation Maintenance
ECOG4599  Bev 15 mg/kg

BSC
444
434

12.3
10.3

6.2
4.5

AVAiL  Bev 15 mg/kg
Bev 7.5 mg/kg
Placebo

351
345
347

13.4
13.6
13.1

6.5
6.7
6.1

POINTBREAK  Pemetrexed + Bev 15 mg/kg
Bev 15 mg/kg

8.6
6.9

Abbrevia t ions: Bev, bevacizumab; BSC, best supportive care; CT, chemotherapy; OS, overall survival; PFS, progression- ree survival.

and  verall survival in patients with EGFR mutati n–p sitive 
NSCLC patients treated with an EGFR  KI as   mpared with 
standard  rst-line  hem therapy regimens (Table 36-13).

Alth ugh resp nse rates with EGFR  KI therapy are 
 learly superi r in patients with lung tum rs harb ring 
a tivating EGFR kinase d main mutati ns, the EGFR  KI 
erl tinib is als  FDA appr ved   r se  nd- and third-line 
therapy in patients with advan ed NSCLC irrespective    
tum r gen type. T e reas n   r this apparent dis repan y 
is that erl tinib was initially evaluated in lung  an er be ore 
the dis  very    EGFR a tivating mutati ns. In  a t, EGFR 
mutati ns were initially identi ed in lung  an er by study-
ing the tum rs    patients wh  had dramati  resp nses t  
this agent. With the rapid pa e    s ienti   dis  very, addi-
ti nal driver mutati ns in lung  an er have been identi-
 ed and targeted therapeuti ally with impressive  lini al 
results. F r example,  hr m s mal rearrangements inv lv-
ing the anaplasti  lymph ma kinase (ALK) gene  n  hr m -
s me 2 have been   und in ~3-7%    NSCLC. T e result    
these ALK rearrangements is hypera tivati n    the ALK  K 
d main. Similar t  EGFR, ALK rearrangements are typi ally 
(but n t ex lusively) ass  iated with y unger age, light (<10 
pa k-year) and n nsm kers, and aden  ar in ma hist l gy. 
Remarkably, ALK rearrangements were initially des ribed 

TABLE 36 -13  
RESULTS OF PHASE III TRIALS COMPARING 
CHEMOTHERAPY AND FIRST-LINE EGFR TKI IN EGFR 
MUTATION–POSITIVE PATIENTS

STUDY  THERAPY
NO. OF 
PATIENTS  ORR (% )

PFS 
(MONTHS)

IPASS  CbP  129  47   6.3
Ge tinib  132  71   9.3

EURTAC  CG   87  15   5.2
Erlotinib   86  58   9.7

OPTIMAL  CG   72  36   4.6
Erlotinib   82  83  13.1

NEJOO2  CG  114  31  5.4
Ge tinib  114  74  10.8

WJTOG3405  CD  89  31   6.3
Ge tinib   88  62   9.2

LUX LUNG 3  CP  115  23   6.9
A atinib  230  56  11.1

Abbrevia t ions: CbP, carboplatin and paclitaxel; CD, cisplatin and 
docetaxel; CG, cisplatin and gemcitabine; CP, cisplatin and paclitaxel; ORR, 
overall response rate; PFS, progression- ree survival.
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523in lung  an er in 2007, and by 2011, the  rst ALK inhibi-
t r,  riz tinib, re eived FDA appr val   r patients with lung 
tum rs harb ring ALK rearrangements.

In additi n t  EGFR and ALK,  ther driver mutati ns 
have been dis  vered with varying  requen ies in NSCLC, 
in luding KRAS, BRAF, PIK3CA, NRAS, AKT1, MET, MEK1 
(MAP2K1), ROS1, and RET. Mutati ns within the KRAS 
G Pase are   und in appr ximately 20%    lung aden  ar-
 in mas.    date, h wever, n  small-m le ule inhibit rs 
are available t  spe i  ally target mutant KRAS. Ea h    
the  ther driver mutati ns    urs in less than 1–3%    lung 
aden  ar in mas. T e great maj rity    the driver mutati ns 
are mutually ex lusive, and there are  ng ing  lini al studies 
  r their spe i   inhibit rs. F r example, the BRAF inhibi-
t r vemura enib and the RE  inhibit r  ab zantinib have 
already dem nstrated ef  a y in patients with lung  an er 
harb ring BRAF mutati ns  r RET gene  usi ns, respe tively. 
M st    these mutati ns are present in aden  ar in ma; 
h wever, mutati ns that may be linked t   uture targeted 
therapies in squam us  ell  ar in mas are emerging. In addi-
ti n, there are a tive resear h e  rts aimed at de ning n vel 
targetable mutati ns in lung  an er as well as de ning me h-
anisms    a quired resistan e t  small-m le ule inhibit rs 
used in the treatment    patients with NSCLC.

Second Line Chemotherapy and Beyond Se  nd-line therapy   r 
advan ed NSCLC was alm st never re  mmended until a 
seminal study in 2000 sh wed that d  etaxel impr ved sur-
vival   mpared t  supp rtive  are al ne. As  rst-line  hem -
therapy regimens impr ve, a substantial number    patients 
will maintain a g  d per  rman e status and a desire   r 
 urther therapy when they devel p re urrent disease. Cur-
rently, several agents are FDA appr ved   r se  nd-line use in 
NSCLC in luding d  etaxel, pemetrexed, erl tinib (appr ved 
  r se  nd-line therapy regardless    tum r gen type), and 
 riz tinib (  r patients with ALK-mutant lung  an er  nly). 
M st    the survival bene t   r any    these agents is realized 
in patients wh  maintain a g  d per  rman e status.

Immunotherapy F r m re than 30 years, the investigati n    
va  ines and immun therapies in lung  an er has yielded little 
in the way    meaning ul bene t. Re ently, h wever, this per-
 epti n has  hanged based  n preliminary results    studies 
using m n  l nal antib dies that a tivate antitum r immu-
nity thr ugh bl  kade    immune  he kp ints. F r example, 
ipilimumab, a m n  l nal antib dy dire ted at  yt t xi    
lymph  yte antigen-4 (C LA-4), was studied in   mbinati n 
with pa litaxel plus  arb platin in patients with b th SCLC 
and NSCLC. T ere appeared t  be a small but n t statisti ally 
signi  ant advantage t  the   mbinati n when ipilimumab 
was instituted a er several  y les     hem therapy. A ran-
d mized phase III trial in SCLC is under way t  validate these 
data. Antib dies t  the    ell pr grammed  ell death re ept r 
1 (PD-1), niv lumab and pembr lizumab, have been sh wn t  
pr du e resp nses in lung  an er, renal  ell  an er, and mela-
n ma. Many    these resp nses have had very l ng durati n 

(i.e., >1 year). M n  l nal antib dies t  the PD-1 ligand (anti-
PDL-1), whi h may be expressed  n the tum r  ell, have als  
been sh wn t  pr du e resp nses in patients with melan ma 
and lung  an er. Preliminary studies in melan ma suggest that 
the   mbinati n    ipilimumab and niv lumab   uld pr du e 
higher resp nse rates   mpared t  either agent al ne. A simi-
lar strategy is being investigated in SCLC patients. Further 
evaluati n    these agents in b th NSCLC and SCLC is  ng -
ing in   mbinati n with already appr ved  hem therapy and 
targeted agents.

Supportive Care N  dis ussi n    the treatment strategies   r 
patients with advan ed lung  an er w uld be   mplete with-
 ut a menti n    supp rtive  are. C in ident with advan es in 
 hem therapy and targeted therapy was a piv tal study that 
dem nstrated that the early integrati n    palliative  are with 
standard treatment strategies impr ved b th quality    li e and 
m  d   r patients with advan ed lung  an er. Aggressive pain 
and sympt m   ntr l is an imp rtant   mp nent   r  ptimal 
treatment    these patients.

TREATMENT Small-Cell Lung Cancer

SURGERY FOR LIMITED-DISEASE SMALL-CELL LUNG CANCER SCLC is a 
highly aggressive disease  hara terized by its rapid d ubling 
time, high gr wth  ra ti n, early devel pment    disseminated 
disease, and dramati  resp nse t   rst-line  hem therapy and 
radiati n. In general, surgi al rese ti n is not r utinely re -
 mmended   r patients be ause even patients with LD-SCLC 
still have    ult mi r metastases. H wever, the m st re ent 
Ameri an C llege    Chest Physi ians Eviden e-Based Clini al 
Pra ti e Guidelines re  mmend surgi al rese ti n  ver n n-
surgi al treatment in SCLC patients with  lini al stage I disease 
a er a th r ugh evaluati n   r distant metastases and inva-
sive mediastinal stage evaluati n (grade 2C). A er rese ti n, 
these patients sh uld re eive platinum-based adjuvant  hem -
therapy (grade 1C). I  the hist l gi  diagn sis    SCLC is made 
in patients  n review    a rese ted surgi al spe imen, su h 
patients sh uld re eive standard SCLC  hem therapy as well.

CHEMOTHERAPY Chem therapy signi  antly pr l ngs survival 
in patients with SCLC. F ur t  six  y les    platinum-based 
 hem therapy with either  isplatin  r  arb platin plus either 
et p side  r irin te an has been the mainstay    treatment 
  r nearly three de ades and is re  mmended  ver  ther  he-
m therapy regimens irrespe tive    initial stage. Cy l ph s-
phamide, d x rubi in (Adriamy in), and vin ristine (CAV) 
may be an alternative   r patients wh  are unable t  t lerate 
a platinum-based regimen. Despite resp nse rates t   rst-line 
therapy as high as 80%, the median survival ranges  r m 12 t  
20 m nths   r patients with LD and  r m 7 t  11 m nths   r 
patients with ED. Regardless    disease extent, the maj rity    
patients relapse and devel p  hem therapy-resistant disease. 
Only 6–12%    patients with LD-SCLC and 2%    patients 
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Progress ion

During firs t-line
therapy

<90 days  a fte r end
of firs t-line  therapy

Topotecan or CAV
or clinica l tria l

>90 days  a fte r end
of firs t-line  therapy

“Refractory”

“Res is tant”  “Sens itive”

Cons ider pa llia tive
radiotherapy or

clinica l tria l

Recha llenge  with
firs t-line  chemother-

apy regimen

FIGURE 36 -7
Man ag em ent  o   recu rren t  sm a ll ce ll lu n g  can ce r  SCLC . 
CAV, cyclophosphamide, doxorubicin, and vincristine. (Adapted 
with permission from JP van Meerbeeck et al: Lancet 378:1741, 2011.)

with ED-SCLC live bey nd 5 years. T e pr gn sis is espe ially 
p  r   r patients wh  relapse within the  rst 3 m nths    
therapy; these patients are said t  have chemotherapy-resistant 
disease. Patients are said t  have sensitive disease i  they relapse 
m re than 3 m nths a er their initial therapy and are th ught 
t  have a s mewhat better  verall survival. T ese patients 
als  are th ught t  have the greatest p tential bene t  r m 
se  nd-line  hem therapy (Fig. 36-7).   p te an is the  nly 
FDA-appr ved agent   r se  nd-line therapy in patients with 
SCLC.   p te an has  nly m dest a tivity and  an be given 
either intraven usly  r  rally. In  ne rand mized trial, 141 
patients wh  were n t   nsidered  andidates   r  urther IV 
 hem therapy were rand mized t  re eive either  ral t p te-
 an  r best supp rtive  are. Alth ugh the resp nse rate t   ral 
t p te an was  nly 7%,  verall survival was signi  antly bet-
ter in patients re eiving  hem therapy (median survival time, 
26 weeks vs 14 weeks; p = .01). M re ver, patients given t p -
te an had a sl wer de line in quality    li e than did th se n t 
re eiving  hem therapy. Other agents with similar l w levels 
   a tivity in the se  nd-line setting in lude irin te an, pa li-
taxel, d  etaxel, vin relbine,  ral et p side, and gem itabine. 
Clearly n vel treatments   r this all t     mm n disease are 
desperately needed.

THORACIC RADIATION THERAPY T  ra i  radiati n therapy ( R ) 
is a standard   mp nent    indu ti n therapy   r g  d per  r-
man e status and limited-stage SCLC patients. Meta-analyses 
indi ate that  hem therapy   mbined with  hest irradiati n 
impr ves 3-year survival by appr ximately 5% as   mpared 

with  hem therapy al ne. T e 5-year survival rate, h wever, 
remains disapp intingly l w at ~10–15%. M st   mm nly, 
 R  is   mbined with  isplatin and et p side  hem therapy 
due t  a superi r t xi ity pr  le as   mpared t  anthra y line-
  ntaining  hem therapy regimens. As  bserved in l  ally 
advan ed NSCLC, concurrent  hem radi therapy is m re 
e e tive than sequential  hem radiati n but is ass  iated with 
signi  antly m re es phagitis and hemat l gi  t xi ity. Ide-
ally  R  sh uld be administered with the  rst tw   y les    
 hem therapy be ause later appli ati n appears slightly less 
e e tive. I    r reas ns     tness  r availability, this regimen 
 ann t be   ered,  R  sh uld   ll w indu ti n  hem ther-
apy. With respe t t   ra ti nati n     R , twi e-daily 1.5-Gy 
 ra ti ned radiati n therapy has been sh wn t  impr ve sur-
vival in LD-SCLC patients but is ass  iated with higher rates 
   grade 3 es phagitis and pulm nary t xi ity. Alth ugh it is 
 easible t  deliver  n e-daily radiati n therapy d ses up t  70 
Gy   n urrently with  isplatin-based  hem therapy, there are 
n  data t  supp rt equivalen y    this appr a h   mpared 
with the 45-Gy twi e-daily radi therapy d se. T ere  re, the 
 urrent standard regimen    a 45-Gy d se administered in  
1.5-Gy  ra ti ns twi e daily   r 30 days is being   mpared 
with higher-d se regimens in tw  phase III trials,  ne in the 
United States and  ne in Eur pe. Patients sh uld be  are ully 
sele ted   r   n urrent  hem radiati n therapy based  n 
g  d per  rman e status and adequate pulm nary reserve. 
T e r le    radi therapy in ED-SCLC is largely restri ted t  
palliati n    tum r-related sympt ms su h as b ne pain and 
br n hial  bstru ti n.

PROPHYLACTIC CRANIAL IRRADIATION Pr phyla ti   ranial irradiati n 
(PCI) sh uld be   nsidered in all patients with either LD-
SCLC  r ED-SCLC wh  have resp nded well t  initial ther-
apy. A meta-analysis in luding seven trials and 987 patients 
with LD-SCLC wh  had a hieved a   mplete remissi n a er 
up r nt  hem therapy yielded a 5.4% impr vement in  ver-
all survival   r patients treated with PCI. In patients with 
ED-SCLC wh  have resp nded t   rst-line  hem therapy, 
a pr spe tive rand mized phase III trial sh wed that PCI 
redu ed the    urren e    sympt mati  brain metastases and 
pr l nged disease- ree and  verall survival   mpared t  n  
radiati n therapy. L ng-term t xi ities, in luding de  its in 
  gniti n, have been rep rted a er PCI but are dif  ult t  s rt 
 ut  r m the e e ts     hem therapy  r n rmal aging.

SUMMARY

T e management    NSCLC has underg ne maj r 
 hange in the past de ade.    a lesser extent, the same 
is true   r SCLC. F r patients with early-stage disease, 
advan es in radi therapy and surgi al pr  edures as 
well as new systemi  therapies have greatly impr ved 
pr gn sis in b th diseases. F r patients with advan ed 
disease, maj r pr gress in understanding tum r genet-
i s has led t  the devel pment    targeted inhibit rs 
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based spe i  ally  n the tum r’s m le ular pr  le. 
Furtherm re, in reased understanding    h w t  a ti-
vate the immune system t  drive antitum r immunity 
is pr ving t  be a pr mising therapeuti  strategy   r 
s me patients with advan ed lung  an er. In Fig. 36-8, 
we pr p se an alg rithm    the treatment appr a h   r 

patient with stage IV NSCLC. H wever, the reality is 
that the maj rity    patients treated with targeted thera-
pies  r  hem therapy eventually devel p resistan e, 
whi h pr vides str ng m tivati n   r  urther resear h 
and enr llment    patients  nt   lini al trials in this 
rapidly ev lving area.

FIGURE 36 -8
Ap p roach  to  f rst  lin e  th e rap y in  a  p a t ien t  with  stag e  IV n on  sm a ll ce ll lu n g  can ce r NSCLC. EGFRmut, EGFR mutation; FDA, 
Food and Drug Administration.
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Dan  L. Longo  

T e thymus is derived  rom the third and  ourth pha-
ryngeal pouches and is located in the anterior medi-
astinum. It is composed o  epithelial and stromal cells 
derived  rom the pharyngeal pouch and lymphoid 
precursors derived  rom mesodermal cells. It is the 
site to which bone marrow precursors that are com-
mitted to di erentiate into   cells migrate to complete 
their di erentiation. Like many organs, it is organized 
into  unctional regions, in this case the cortex and the 
medulla. T e cortex o  the thymus contains ~85% o  
the lymphoid cells, and the medulla contains ~15%. It 
appears that the primitive bone marrow progenitors 
enter the thymus at the corticomedullary junction and 
migrate  rst through the cortex toward the periphery o  
the gland and then toward the medulla as they mature. 
Medullary thymocytes have a phenotype that cannot 
be distinguished readily  rom that o  mature peripheral 
blood and lymph node   cells.

Several things can go wrong with the thymus, but 
thymic abnormalities are very rare. I  the thymus does 
not develop properly, serious de ciencies in  -cell 
development ensue and severe immunode ciency is 
seen. I  a lymphoid cell within the thymus becomes 
neoplastic, the disease that develops is a lymphoma. 
T e majority o  lymphoid tumors that develop in the 
thymus are derived  rom the precursor   cells, and the 
tumor is a precursor  -cell lymphoblastic lymphoma 
(Chap. 16). Rare B cells exist in the thymus, and when 
they become neoplastic, the tumor is a mediasti-
nal (thymic) B cell lymphoma (Chap. 16). Hodgkin’s 
disease, particularly the nodular sclerosing subtype, 
o en involves the anterior mediastinum. Extranodal 
marginal zone (mucosa-associated lymphoid tissue 
[MAL ]) lymphomas have been reported to involve 
the thymus in the setting o  Sjögren’s syndrome or 
other autoimmune disorders, and the lymphoma cells 
o en express IgA instead o  IgM on their sur ace. 
Castleman’s disease can involve the thymus. Germ 
cell tumors and carcinoid tumors occasionally may 

THYMOMA

CHAP TER 3 7

arise in the thymus. I  the epithelial cells o  the thy-
mus become neoplastic, the tumor that develops is a 
thymoma.

CLINICAL PRESENTATION AND 
DIFFERENTIAL DIAGNOSIS

T ymoma, although rare (0.1–0.15 cases per 100,000 
person-years), is the most common cause o  an ante-
rior mediastinal mass in adults, accounting  or ~40% 
o  all mediastinal masses. T e other major causes o  
anterior mediastinal masses are lymphomas, germ 
cell tumors, and substernal thyroid tumors. Carci-
noid tumors, lipomas, and thymic cysts also may 
produce radiographic masses. A er combination che-
motherapy  or another malignancy, teenagers and 
young adults may develop a rebound thymic hyperpla-
sia in the  rst  ew months a er treatment. Granuloma-
tous in ammatory diseases (tuberculosis, sarcoidosis) 
can produce thymic enlargement. T ymomas are most 
common in the   h and sixth decades, are uncommon 
in children, and are distributed evenly between men 
and women.

About 40–50% o  patients are asymptomatic; masses 
are detected incidentally on routine chest radiographs. 
When symptomatic, patients may have cough, chest 
pain, dyspnea,  ever, wheezing,  atigue, weight loss, 
night sweats, or anorexia. Occasionally, thymomas may 
obstruct the superior vena cava. Pericardial e usion 
may be present. About 40% o  patients with thymoma 
have another systemic autoimmune illness related to 
the thymoma. About 30% o  patients with thymoma 
have myasthenia gravis, 5–8% have pure red cell apla-
sia, and ~5% have hypogammaglobulinemia. T ymoma 
with hypogammaglobulinemia also is called Good’s 
syndrome. Among patients with myasthenia gravis, 
~10–15% have a thymoma. T ymoma more rarely may 
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527be associated with polymyositis, systemic lupus erythe-
matosus, thyroiditis, Sjögren’s syndrome, ulcerative coli-
tis, pernicious anemia, Addison’s disease, sti  person 
syndrome, scleroderma, and panhypopituitarism. In 
one series, 70% o  patients with thymoma were  ound to 
have another systemic illness.

DIAGNOSIS AND STAGING

Once a mediastinal mass is detected, a surgical 
procedure is required  or de nitive diagnosis. An ini-
tial mediastinoscopy or limited thoracotomy can be 
undertaken to get suf cient tissue to make an accu-
rate diagnosis. Fine-needle aspiration is poor at dis-
tinguishing between lymphomas and thymomas but is 
more reliable in diagnosing germ cell tumors and met-
astatic carcinoma. T ymomas and lymphomas require 
suf cient tissue to examine the tumor architecture to 
assure an accurate diagnosis and obtain prognostic 
in ormation.

Once a diagnosis o  thymoma is de ned, subse-
quent staging generally occurs at surgery. However, 
chest computed tomography (C ) scans can assess 
local invasiveness in some instances. Magnetic reso-
nance imaging (MRI) has a de ned role in the staging 
o  posterior mediastinal tumors, but it is not clear that 
it adds important in ormation to the C  scan in ante-
rior mediastinal tumors. Somatostatin receptor imaging 
with indium-labeled somatostatin analogues may be o  
value. I  invasion is not distinguished by noninvasive 
testing, an e ort to resect the entire tumor should be 
undertaken. I  invasion is present, neoadjuvant chemo-
therapy may be warranted be ore surgery (see “ reat-
ment” section below).

Some 90% o  thymomas are in the anterior medi-
astinum, but some may be in other mediastinal sites 
or even the neck, based on aberrant migration o  the 
developing thymic enlage.

T e staging system  or thymoma was developed by 
Masaoka and colleagues (Table 37-1). It is an anatomic 
system in which the stage is increased on the basis 
o  the degree o  invasiveness. T e 5-year survival o  
patients in the various stages is as  ollows: stage I, 96%; 
stage II, 86%; stage III, 69%; and stage IV, 50%. T e 
French Study Group on T ymic  umors (GE  ) has 
proposed modi cations to the Masaoka scheme based 
on the degree o  surgical removal because the extent o  
surgery has been noted to be a prognostic indicator. In 
their system, stage I tumors are divided into A and B 
on the basis o  whether the surgeon suspects adhesions 
to adjacent structures; stage III tumors are divided 
into A and B based on whether disease was subtotally 
resected or only biopsied. T e concurrence between 
the two systems is high.

PATHOLOGY AND ETIOLOGY

T ymomas are epithelial tumors, and all o  them have 
malignant potential. It is not worthwhile to try to divide 
them into benign and malignant  orms; the key prog-
nostic  eature is whether they are noninvasive or inva-
sive. About 65% o  thymomas are encapsulated and 
noninvasive, and about 35% are invasive. T ey may 
have a variable percentage o  lymphocytes within the 
tumor, but genetic studies suggest that the lymphocytes 
are benign polyclonal cells. T e epithelial component o  
the tumor may consist primarily o  round or oval cells 
derived mainly  rom the cortex or spindle-shaped cells 
derived mainly  rom the medulla or combinations o  
the two types (World Health Organization classi ca-
tion; Table 37-2). Cytologic  eatures are not reliable 
predictors o  biologic behavior. In part, this unreliabil-
ity may be related to the moderate reproducibility o  the 
system. About 90% o  A, AB, and B1 tumors are local-
ized. A very small number o  patients have aggressive 
histology  eatures characteristic o  carcinomas. T ymic 
carcinomas are invasive and have a poor prognosis.

Genetic lesions are common in thymomas. T e most 
common abnormalities a ect chromosome 6p21.3 (the 
MHC locus) and 6p25.2-25.3 (usually loss o  hetero-
zygosity). Abnormalities a ecting a number o  other 
genes altered in other types o  tumors are also seen, 

TABLE 37 -1  
MASAOKA STAGING SYSTEM FOR THYMOMAS

STAGE  DIAGNOSTIC CRITERIA

I  Macroscopically and microscopically completely 
encapsulated; no invasion through capsule

II
 IIA  Microscopic invasion outside the capsule
 IIB  Macroscopic invasion into surrounding  at or 

grossly adherent to pleura or pericardium
III
 IIIA  Macroscopic invasion into neighboring organs, 

pericardium, or pleura but not great vessels
 IIIB  Macroscopic invasion into neighboring organs 

that includes great vessels
IV
 IVA  Pleural or pericardial dissemination
 IVB  Lymphatic or hematogenous metastases

STAGE  
DISTRIBUTION, %

5-YEAR  
SURVIVAL, %

10-YEAR  
SURVIVAL, %

I  36  95–100  86–100
II  26  70–100  50–100
III  22  68–89  47–60
IV  10  47–69  0–11

Source: From A Masaoka et al: Cancer 48:2485, 1981. Updated  rom  
S Tomaszek et al: Ann Thorac Surg 87:1973, 2009, and CB Falkson et al:  
J Thorac Oncol 4:911, 2009.
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528 TABLE 37-2  
WORLD HEALTH ORGANIZATION (WHO) HISTOLOGIC 
CLASSIFICATION OF THYMUS TUMORS

TYPE  HISTOLOGIC DESCRIPTION

A  Medullary thymoma
AB  Mixed thymoma
B1  Predominantly cortical thymoma
B2  Cortical thymoma
B3  Well-dif erentiated thymic carcinoma
C  Thymic carcinoma

TYPE  DISTRIBUTION, %
PROGNOSIS (10-YEAR 
DISEASE-FREE SURVIVAL), %

A  8  100
AB  26  90–100
B1  15  78–94
B2  28  83
B3  15  36
C  8  0–35

Source: From S Tomaszek et al: Ann Thorac Surg 87:1973, 2009.

including p53, RB, FHIT, and APC. T ymic carcinomas 
may overexpress c-kit, HER2, or growth  actor recep-
tor genes (epidermal growth  actor receptor and insu-
lin-like growth  actor receptor). Some data suggest that 
Epstein-Barr virus may be associated with thymomas. 
Some tumors overexpress the p21 ras gene product. 
However, molecular pathogenesis remains unde ned. 
A thymoma susceptibility locus has been de ned on rat 
chromosome 7, but the relationship between this gene 
locus, termed Tsr1, and human thymoma has not been 
examined.

INFLUENCE OF THYMECTOMY ON THE 
COURSE OF ACCOMPANYING DISEASES
Patients with myasthenia gravis have a high incidence 
o  thymic abnormalities (~80%), but overt thymoma 
is present in only ~10–15% o  patients with myasthe-
nia gravis. It is thought that the thymus plays a role in 
breaking sel -tolerance and generating   cells that rec-
ognize the acetylcholine receptor as a  oreign antigen. 
Although patients with thymoma and myasthenia gra-
vis are less likely to have a remission in the myasthe-
nia as a consequence o  thymectomy than are patients 
with thymic abnormalities other than thymoma, the 
course o  myasthenia gravis is not signi cantly di er-
ent in patients with or without thymoma. T ymectomy 

produces at least some symptomatic improvement in 
~65% o  patients with myasthenia gravis. In one large 
series, thymoma patients with myasthenia gravis had a 
better long-term survival  rom thymoma resection than 
did those without myasthenia gravis.

About 30–50% o  patients with pure red cell aplasia 
have a thymoma. T ymectomy results in the resolution 
o  pure red cell aplasia in ~30% o  patients. About 10% 
o  patients with hypogammaglobulinemia have a thy-
moma, but hypogammaglobulinemia rarely responds to 
thymectomy.

TREATMENT Thymoma

 reatment is determined by the stage o  disease. For patients 
with encapsulated tumors and stage I disease, complete resec-
tion is suf cient to cure 96% o  patients. For patients with 
stage II disease, complete resection may be  ollowed by 30–60 
Gy o  postoperative radiation therapy to the site o  the pri-
mary tumor. However, the value o  radiation therapy in this 
setting has not been established. T e main predictors o  
long-term survival are Masaoka stage and completeness o  
resection. For patients with stage III and IV disease, the use 
o  neoadjuvant chemotherapy  ollowed by radical surgery, 
with or without additional radiation therapy, and additional 
consolidation chemotherapy has been associated with excel-
lent survival. Chemotherapy regimens that are most e ective 
generally include a platinum compound (either cisplatin or 
carboplatin) and an anthracycline. Addition o  cyclophospha-
mide, vincristine, and prednisone seems to improve response 
rates. Response rates o  50–93% have been reported in series 
o  patients each o  which involved  ewer than 40 patients. A 
single most e ective regimen has not been de ned. No ran-
domized controlled phase III studies have been reported. I  
surgery a er neoadjuvant chemotherapy  ails to produce 
a complete resection o  residual disease, radiation therapy 
(50–60 Gy) may help reduce recurrence rates.

T is multimodality approach appears to be superior 
to the use o  surgery  ollowed by radiation therapy alone, 
which produces a 5-year survival o  ≤50% in patients with 
advanced-stage disease.

Some thymic carcinomas express c-kit, and one patient 
whose c-kit locus was mutated responded dramatically to 
imatinib. Many thymomas express epidermal growth  actor 
receptors, but the antibodies to the receptor and the kinase 
inhibitors that block its action have not been evaluated sys-
tematically. Octreotide plus prednisone produces responses 
in about one-third o  patients.
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Breast cancer is a malignant proli eration o  epithelial 
cells lining the ducts or lobules o  the breast. In the year 
2014, about 180,000 cases o  invasive breast cancer and 
40,000 deaths will occur in the United States. In addi-
tion, about 2000 men will be diagnosed with breast 
cancer. Epithelial malignancies o  the breast are the 
most common cause o  cancer in women (excluding 
skin cancer), accounting  or about one-third o  all can-
cer in women. As a result o  improved treatment and 
earlier detection, the mortality rate  rom breast cancer 
has begun to decrease very substantially in the United 
States. T is Chapter will not consider rare malignancies 
presenting in the breast, such as sarcomas and lympho-
mas, but will  ocus on the epithelial cancers.

GENETIC CONSIDERATIONS
 Human breast cancer is a clonal disease; a single 
trans ormed cell—the product o  a series o  
somatic (acquired) or germline mutations—is 

eventually able to express  ull malignant potential. T us, 
breast cancer may exist  or a long period as either a non-
invasive disease or an invasive but nonmetastatic dis-
ease. T ese  acts have signi cant clinical rami cations.

Not more than 10% o  human breast cancers can be 
linked directly to germline mutations. Several genes 
have been implicated in  amilial cases. T e Li-Fraumeni 
syndrome is characterized by inherited mutations in the 
p53 tumor-suppressor gene, which lead to an increased 
incidence o  breast cancer, osteogenic sarcomas, and 
other  malignancies. Inherited mutations in P EN have 
also been reported in breast cancer.

Another tumor-suppressor gene, BRCA1, has been 
identi ed at the chromosomal locus 17q21; this gene 
encodes a zinc  nger protein, and the protein product 
 unctions as a transcription  actor and is involved in 
gene repair. Women who inherit a mutated allele o  this 
gene  rom either parent have at least a 60–80% li etime 

BREAST CANCER
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chance o  developing breast cancer and about a 33% 
chance o  developing ovarian cancer. T e risk is higher 
among women born a er 1940, presumably due to pro-
motional e ects o  hormonal  actors. Men who carry a 
mutant allele o  the gene have an increased incidence 
o  prostate cancer and breast cancer. A  ourth gene, 
termed BRCA2, which has been localized to chromo-
some 13q12, is also associated with an increased inci-
dence o  breast cancer in men and women.

Germline mutations in BRCA1 and BRCA2 can be 
readily detected; patients with these mutations should 
be counseled appropriately. All women with strong 
 amily histories  or breast cancer should be re erred 
to genetic screening programs, particularly women o  
Ashkenazi Jewish descent who have a high likelihood 
o  a speci c  ounder BRCA1 mutation (substitution o  
adenine  or guanine at position 185).

Even more important than the role these genes play 
in inherited  orms o  breast cancer may be their role 
in sporadic breast cancer. A p53 mutation is present 
in nearly 40% o  human breast cancers as an acquired 
de ect. Acquired mutations in P EN occur in about 
10% o  the cases. BRCA1 mutation in sporadic pri-
mary breast cancer has not been reported. However, 
decreased expression o  BRCA1 mRNA (possibly via 
gene methylation) and abnormal cellular location o  
the BRCA1 protein have been  ound in some breast 
cancers. Loss o  heterozygosity o  BRCA1 and BRCA2 
suggests that tumor-suppressor activity may be inacti-
vated in sporadic cases o  human breast cancer. Finally, 
increased expression o  a dominant oncogene plays a 
role in about a quarter o  human breast cancer cases. 
T e product o  this gene, a member o  the epidermal 
growth  actor receptor super amily, is called erbB2 
(HER/2 neu) and is overexpressed in these breast can-
cers due to gene ampli cation; this overexpression can 
contribute to trans ormation o  human breast epithe-
lium and is the target o  e ective systemic therapy in 
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530 adjuvant and metastatic disease settings. A series o  
acquired “driver” mutations have been identi ed in 
sporadic breast cancer by major sequencing consor-
tia. Un ortunately, most occur in no more than 5% o  
cases and generally do not have e ective agents to target 
them, so “personalized medicine” is  or now more o  a 
dream than a reality.

EPIDEMIOLOGY

Breast cancer is a hormone-dependent disease. Women 
without  unctioning ovaries who never receive estro-
gen replacement therapy do not develop breast cancer. 
T e  emale-to-male ratio is about 150:1. For most epi-
thelial malignancies, a log-log plot o  incidence versus 
age shows a single-component straight-line increase 
with every year o  li e. A similar plot  or breast cancer 
shows two components: a straight-line increase with 
age but with a decrease in slope beginning at the age o  
menopause. T e three dates in a woman’s li e that have 
a major impact on breast cancer incidence are age at 
menarche, age at  rst  ull-term pregnancy, and age at 
menopause. Women who experience menarche at age 
16 years have only 50–60% o  the breast cancer risk o  a 
woman having menarche at age 12 years; the lower risk 
persists throughout li e. Similarly, menopause occur-
ring 10 years be ore the median age o  menopause (52 
years), whether natural or surgically induced, reduces 
li etime breast cancer risk by about 35%. Women who 
have a  rst  ull-term pregnancy by age 18 years have 
a 30–40% lower risk o  breast cancer compared with 
nulliparous women. T us, length o  menstrual li e—
particularly the  raction occurring be ore  rst  ull-term 
pregnancy—is a substantial component o  the total risk 
o  breast cancer. T ese three  actors (menarche, age o  
 rst  ull-term pregnancy, and menopause) can account 
 or 70–80% o  the variation in breast cancer  requency 
in di erent countries. Also, duration o  maternal nurs-
ing correlates with substantial risk reduction indepen-
dent o  either parity or age at  rst  ull-term pregnancy.

International variation in incidence has provided 
some o  the most important clues on hormonal car-
cinogenesis. A woman living to age 80 years in North 
America has one chance in nine o  developing invasive 
breast cancer. Asian women have one-  h to one-tenth 
the risk o  breast cancer o  women in North America 
or Western Europe. Asian women have substantially 
lower concentrations o  estrogens and progesterone. 
T ese di erences cannot be explained on a genetic basis 
because Asian women living in a Western environment 
have sex steroid hormone concentrations and risks 
identical to those o  their Western counterparts. T ese 
migrant women, and more notably their daughters, 
also di er markedly in height and weight  rom Asian 

women in Asia; height and weight are critical regula-
tors o  age o  menarche and have substantial e ects on 
plasma concentrations o  estrogens.

T e role o  diet in breast cancer etiology is contro-
versial. While there are associative links between total 
caloric and  at intake and breast cancer risk, the exact 
role o   at in the diet is unproven. Increased caloric 
intake contributes to breast cancer risk in multiple 
ways: earlier menarche, later age at menopause, and 
increased postmenopausal estrogen concentrations 
re ecting enhanced aromatase activities in  atty tis-
sues. On the other hand, central obesity is both a risk 
 actor  or occurrence and recurrence o  breast can-
cer. Moderate alcohol intake also increases the risk by 
an unknown mechanism. Folic acid supplementation 
appears to modi y risk in women who use alcohol but is 
not additionally protective in abstainers. Recommenda-
tions  avoring abstinence  rom alcohol must be weighed 
against other social pressures and the possible cardio-
protective e ect o  moderate alcohol intake. Chronic 
low-dose aspirin use is associated with a decreased inci-
dence o  breast cancer. Depression is also associated 
with both occurrence and recurrence o  breast cancer.

Understanding the potential role o  exogenous hor-
mones in breast cancer is o  extraordinary importance 
because millions o  American women regularly use oral 
contraceptives and postmenopausal hormone replace-
ment therapy. T e most credible meta-analyses o  oral 
contraceptive use suggest that these agents cause a small 
increased risk o  breast cancer. By contrast, oral con-
traceptives o er a substantial protective e ect against 
ovarian epithelial tumors and endometrial cancers. 
Hormone replacement therapy (HR ) has a power-
 ul e ect on breast cancer risk. Data  rom the Women’s 
Health Initiative (WHI) trial showed that conjugated 
equine estrogens plus progestins increased the risk o  
breast cancer and adverse cardiovascular events but 
decreased the risk o  bone  ractures and colorectal can-
cer. On balance, there were more negative events with 
HR ; 6–7 years o  HR  nearly doubled the risk o  
breast cancer. A parallel WHI trial with >12,000 women 
enrolled testing conjugated estrogens alone (estrogen 
replacement therapy in women who have had hyster-
ectomies) showed no signi cant increase in breast can-
cer incidence. T us, there are serious concerns about 
long-term HR  use in terms o  cardiovascular disease 
and breast cancer. T e WHI trial o  conjugated equine 
estrogen alone demonstrated  ew adverse e ects  or 
women age <70; however, no comparable sa ety data 
are available  or other more potent  orms o  estrogen 
replacement, and they should not be routinely used as 
substitutes. HR  in women previously diagnosed with 
breast cancer increases recurrence rates. Rapid decrease 
in the number o  women on HR  has already led to a 
coincident decrease in breast cancer incidence.
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531In addition to the other  actors, radiation is a risk 
 actor in younger women. Women who have been 
exposed be ore age 30 years to radiation in the  orm 
o  multiple  uoroscopies (200–300 cGy) or treatment 
 or Hodgkin’s disease (>3600 cGy) have a substan-
tial increase in risk o  breast cancer, whereas radiation 
exposure a er age 30 years appears to have a minimal 
carcinogenic e ect on the breast.

EVALUATION OF BREAST MASSES IN 
MEN AND WOMEN

Because the breasts are a common site o  potentially  atal 
malignancy in women, examination o  the breast is an 
essential part o  the physical examination. Un ortunately, 
internists  requently do not examine breasts in men, and 
in women, they are apt to de er this evaluation to gyne-
cologists. Because o  the plausible association between 
early detection and improved outcome, it is the duty o  
every physician to identi y breast abnormalities at the ear-
liest possible stage and to institute a diagnostic workup. 
Women should be trained in breast sel -examination 
(BSE). Although breast cancer in men is unusual, unilat-
eral lesions should be evaluated in the same manner as in 
women, with the recognition that gynecomastia in men 
can sometimes begin unilaterally and is o en asymmetric.

Virtually all breast cancer is diagnosed by biopsy o  
a nodule detected either on a mammogram or by pal-
pation. Algorithms have been developed to enhance the 
likelihood o  diagnosing breast cancer and reduce the 
 requency o  unnecessary biopsy (Fig. 38-1).

Ques tionable  mass
“thickening”

Reexamine  follicula r
phase  mens trua l cycle

Biopsy

Mammogram

Solid mass

Pos tmenopaus al Patient
 (with dominant mas s )

Management by “triple  
diagnos is” or biopsy

Premenopaus al Patient

Routine  screening

Mass  gone
Cys t
(see  Fig. 38-3)

Mass  pe rs is ts

Suspicious

Aspira tion

Dominant mass

ALGORITHM FOR BREAST MASS PALPATION

“Benign”

FIGURE 38 -1
Ap p roach  to  a  p a lp ab le  b reast  m ass.

THE PALPABLE BREAST MASS
Women should be strongly encouraged to examine their 
breasts monthly. A potentially  awed study  rom China 
has suggested that BSE does not alter survival, but given 
its sa ety, the procedure should still be encouraged. At 
worst, this practice increases the likelihood o  detecting 
a mass at a smaller size when it can be treated with more 
limited surgery. Breast examination by the physician 
should be per ormed in good light so as to see retrac-
tions and other skin changes. T e nipple and areolae 
should be inspected, and an attempt should be made to 
elicit nipple discharge. All regional lymph node groups 
should be examined, and any lesions should be mea-
sured. Physical examination alone cannot exclude malig-
nancy. Lesions with certain  eatures are more likely to be 
cancerous (hard, irregular, tethered or  xed, or painless 
lesions). A negative mammogram in the presence o  a 
persistent lump in the breast does not exclude malig-
nancy. Palpable lesions require additional diagnostic 
procedures, including biopsy.

In premenopausal women, lesions that are either 
equivocal or nonsuspicious on physical examination 
should be reexamined in 2–4 weeks, during the  ol-
licular phase o  the menstrual cycle. Days 5–7 o  the 
cycle are the best time  or breast examination. A domi-
nant mass in a postmenopausal woman or a dominant 
mass that persists through a menstrual cycle in a pre-
menopausal woman should be aspirated by  ne-needle 
biopsy or re erred to a surgeon. I  nonbloody  uid is 
aspirated, the diagnosis (cyst) and therapy have been 
accomplished together. Solid lesions that are persis-
tent, recurrent, complex, or bloody cysts require mam-
mography and biopsy, although in selected patients 
the so-called triple diagnostic technique (palpation, 
mammography, aspiration) can be used to avoid biopsy 
(Figs. 38-1, 38-2, and 38-3). Ultrasound can be used in 

Suspicious  Not suspicious

Not suspicious

Not suspicious

Dominant Mas s

Mammogram Mammogram

Biopsy Fine-needle  a spira tion

Cons ider observa tion

Suspicious

Suspicious

ALGORITHM FOR DIAGNOSIS

FIGURE 38 -2
Th e  “t rip le  d iag n osis” tech n iq u e.
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Mammogram &
biopsy

Res idua l mass

Fluid reaccumula tes Repea t aspira tion

Fluid reaccumula tes
Routine  screening (mammogra m
highly recommended if pa tient
over 35 & no s tudy within a  year)

No

Yes

No

Yes

No

Yes

Cys t As pirated

Bloody fluidNonbloody fluid

ALGORITHM FOR CYST MANAGEMENT

FIGURE 38 -3
Man ag em ent  o f a  b rea st  cyst .

Mammographic
Abnormality

Normal Probably norma l;
cance r risk < 3%

Probably benign;
risk 3–20% Suspicious

3 – 6
month f/u

Routine
f/u

Surgica l
biopsy

S te reotactic
core  or

surgica l biopsy

Additiona l s tudies  including spot magnifica tion, oblique
views, aspira tion, and ultra sound as  indicated.

Assess
risks

MAMMOGRAPHY ALGORITHM

FIGURE 38 -4
Ap p roach es to  ab n o rm alit ie s d e tected  b y m am m o g ram .

place o   ne-needle aspiration to distinguish cysts  rom 
solid lesions. Not all solid masses are detected by ultra-
sound; thus, a palpable mass that is not visualized on 
ultrasound must be presumed to be solid.

Several points are essential in pursuing these man-
agement decision trees. First, risk- actor analysis is 
not part o  the decision structure. No constellation 
o  risk  actors, by their presence or absence, can be 
used to exclude biopsy. Second,  ine-needle aspira-
tion should be used only in centers that have proven 
skill in obtaining such specimens and analyzing 
them.  he likelihood o  cancer is low in the setting 
o  a “triple negative” (benign- eeling lump, nega-
tive mammogram, and negative  ine-needle aspira-
tion), but it is not zero.  he patient and physician 
must be aware o  a 1% risk o   alse negatives.  hird, 
additional technologies such as magnetic resonance 
imaging (MRI), ultrasound, and sestamibi imag-
ing cannot be used to exclude the need  or biopsy, 
although in unusual circumstances, they may pro-
voke a biopsy.

THE ABNORMAL MAMMOGRAM
Diagnostic mammography should not be con used with 
screening mammography, which is per ormed a er a 
palpable abnormality has been detected. Diagnostic 
mammography is aimed at evaluating the rest o  the 
breast be ore biopsy is per ormed or occasionally is 
part o  the triple-test strategy to exclude immediate 
biopsy.

Subtle abnormalities that are  irst detected by 
screening mammography should be evaluated care-
 ully by compression or magni ied views.  hese 
abnormalities include clustered microcalci ica-
tions, densities (especially i  spiculated), and new 

or enlarging architectural distortion. For some non-
palpable lesions, ultrasound may be help ul either to 
identi y cysts or to guide biopsy. I  there is no pal-
pable lesion and detailed mammographic studies 
are unequivocally benign, the patient should have 
routine  ollow-up appropriate to the patient’s age. It 
cannot be stressed too strongly that in the presence 
o  a breast lump a negative mammogram does not 
rule out cancer.

I  a nonpalpable mammographic lesion has a low 
index o  suspicion, mammographic  ollow-up in 
3–6 months is reasonable. Workup o  indeterminate 
and suspicious lesions has been rendered more com-
plex by the advent o  stereotactic biopsies. Morrow 
and colleagues have suggested that these procedures 
are indicated  or lesions that require biopsy but are 
likely to be benign—that is,  or cases in which the 
procedure probably will eliminate additional sur-
gery. When a lesion is more probably malignant, open 
biopsy should be per ormed with a needle localization 
technique. Others have proposed more widespread use 
o  stereotactic core biopsies  or nonpalpable lesions on 
economic grounds and because diagnosis leads to ear-
lier treatment planning. However, stereotactic diagno-
sis o  a malignant lesion does not eliminate the need 
 or de nitive surgical procedures, particularly i  breast 
conservation is attempted. For example, a er a breast 
biopsy with needle localization (i.e., local excision) o  
a stereotactically diagnosed malignancy, reexcision 
may still be necessary to achieve negative margins.  o 
some extent, these issues are decided on the basis o  
re erral pattern and the availability o  the resources 
 or stereotactic core biopsies. A reasonable approach is 
shown in Fig. 38-4.
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533BREAST MASSES IN THE PREGNANT OR 
LACTATING WOMAN
During pregnancy, the breast grows under the in uence 
o  estrogen, progesterone, prolactin, and human placen-
tal lactogen. Lactation is suppressed by progesterone, 
which blocks the e ects o  prolactin. A er delivery, lacta-
tion is promoted by the  all in progesterone levels, which 
leaves the e ects o  prolactin unopposed. T e develop-
ment o  a dominant mass during pregnancy or lacta-
tion should never be attributed to hormonal changes. A 
dominant mass must be treated with the same concern 
in a pregnant woman as any other. Breast cancer devel-
ops in 1 in every 3000–4000 pregnancies. Stage  or stage, 
breast cancer in pregnant patients is no di erent  rom 
premenopausal breast cancer in nonpregnant patients. 
However, pregnant women o en have more advanced 
disease because the signi cance o  a breast mass was not 
 ully considered and/or because o  endogenous hormone 
stimulation. Persistent lumps in the breast o  pregnant or 
lactating women cannot be attributed to benign changes 
based on physical  ndings; such patients should be 
promptly re erred  or diagnostic evaluation.

BENIGN BREAST MASSES
Only about 1 in every 5–10 breast biopsies leads to a 
diagnosis o  cancer, although the rate o  positive biopsies 
varies in di erent countries and clinical settings. (T ese 
di erences may be related to interpretation, medico-legal 
considerations, and availability o  mammograms.) T e 
vast majority o  benign breast masses are due to “ bro-
cystic” disease, a descriptive term  or small  uid- lled 
cysts and modest epithelial cell and  brous tissue hyper-
plasia. However,  brocystic disease is a histologic, not a 
clinical, diagnosis, and women who have had a biopsy 
with benign  ndings are at greater risk o  developing 
breast cancer than those who have not had a biopsy. T e 
subset o  women with ductal or lobular cell proli eration 
(about 30% o  patients), particularly the small  raction 
(3%) with atypical hyperplasia, have a  our old greater 
risk o  developing breast cancer than those women who 
have not had a biopsy, and the increase in the risk is 
about nine old  or women in this category who also have 
an a ected  rst-degree relative. T us, care ul  ollow-up 
o  these patients is required. By contrast, patients with 
a benign biopsy without atypical hyperplasia are at little 
risk and may be  ollowed routinely.

SCREENING

Breast cancer is virtually unique among the epithe-
lial tumors in adults in that screening (in the  orm o  
annual mammography) improves survival. Meta-analysis 

examining outcomes  rom every randomized trial o  
mammography conclusively shows a 25–30% reduction 
in the chance o  dying  rom breast cancer with annual 
screening a er age 50 years; the data  or women between 
ages 40 and 50 years are almost as positive; however, 
since the incidence is much lower in younger women, 
there are more  alse positives. While controversy con-
tinues to surround the assessment o  screening mam-
mography, the preponderance o  data strongly supports 
the bene ts o  screening mammography. New analyses 
o  older randomized studies have occasionally suggested 
that screening may not work. While the design de ects in 
some older studies cannot be retrospectively corrected, 
most experts, including panels o  the American Society 
o  Clinical Oncology and the American Cancer Soci-
ety (ACS), continue to believe that screening conveys 
substantial bene t. Furthermore, the pro ound drop in 
breast cancer mortality rate seen over the past decade 
is unlikely to be solely attributable to improvements 
in therapy. It seems prudent to recommend annual or 
biannual mammography  or women past the age o  40 
years. Although no randomized study o  BSE has ever 
shown any improvement in survival, its major bene t 
is identi cation o  tumors appropriate  or conservative 
local therapy. Better mammographic technology, includ-
ing digitized mammography, routine use o  magni ed 
views, and greater skill in mammographic interpreta-
tion, combined with newer diagnostic techniques (MRI, 
magnetic resonance spectroscopy, positron emission 
tomography, etc.) may make it possible to identi y breast 
cancers even more reliably and earlier. Screening by any 
technique other than mammography is not indicated. 
However, the ACS suggests that younger women who 
are BRCA1 or BRCA2 carriers or untested  rst-degree 
relatives o  women with cancer; women with a history 
o  radiation therapy to the chest between ages 10 and 
30 years; women with a li etime risk o  breast cancer o  
at least 20%; and women with a history o  Li-Fraumeni, 
Cowden, or Bannayan-Riley-Ruvalcaba syndromes may 
bene t  rom MRI screening, where the higher sensitivity 
may outweigh the loss o  speci city.

STAGING

Correct staging o  breast cancer patients is o  extraor-
dinary importance. Not only does it permit an accurate 
prognosis, but in many cases, therapeutic decision-
making is based largely on the  NM (primary tumor, 
regional nodes, metastasis) classi cation (Table 38-1). 
Comparison with historic series should be undertaken 
with caution, as the staging has changed several times 
in the past 20 years. T e current staging is complex and 
results in signi cant changes in outcome by stage as 
compared with prior staging systems.
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534 TABLE 38-1  
STAGING OF BREAST CANCER
Prim ary Tu m o r  T 
T0  No evidence o  primary tumor
TIS  Carcinoma in situ
T1  Tumor ≤2 cm
T1a  Tumor >0.1 cm but ≤0.5 cm
T1b  Tumor >0.5 but ≤1 cm
T1c  Tumor >1 cm but ≤2 cm
T2  Tumor >2 cm but ≤5 cm
T3  Tumor >5 cm
T4  Extension to chest wall, in ammation, satellite lesions, ulcerations
Reg ion a l Lym p h  No d es  N 
PN0(i–)  No regional lymph node metastasis histologically, negative IHC
PN0(i+)  No regional lymph node metastasis histologically, positive IHC, no IHC cluster greater than 0.2 mm
PN0(mol–)  No regional lymph node metastasis histologically, negative molecular f ndings (RT-PCR)
PN0(mol+)  No regional lymph node metastasis histologically, positive molecular f ndings (RT-PCR)
PN1  Metastasis in one to three axillary lymph nodes, or in internal mammary nodes with microscopic dis-

ease detected by sentinel lymph node dissection but not clinically apparent
PN1mi  Micrometastasis (>0.2 mm, none >2 mm)
PN1a  Metastasis in one to three axillary lymph nodes
PN1b  Metastasis in internal mammary nodes with microscopic disease detected by sentinel lymph node 

dissection but not clinically apparenta

PN1c  Metastasis in one to three axillary lymph nodes and in internal mammary lymph nodes with micro-
scopic disease detected by sentinel lymph node dissection but not clinically apparent.a (I  asso-
ciated with greater than three positive axillary lymph nodes, the internal mammary nodes are 
classif ed as pN3b to re ect increased tumor burden.)

pN2  Metastasis in  our to nine axillary lymph nodes, or in clinically apparent internal mammary lymph 
nodes in the absence o  axillary lymph node metastasis

pN3  Metastasis in 10 or more axillary lymph nodes, or in in raclavicular lymph nodes, or in clinically 
apparenta ipsilateral internal mammary lymph nodes in the presence o  1 or more positive axillary 
lymph nodes; or in more than 3 axillary lymph nodes with clinically negative microscopic metastasis 
in internal mammary lymph nodes; or in ipsilateral subcarinal lymph nodes

Distan t  Me ta sta sis  M 
M0  No distant metastasis
M1  Distant metastasis (includes spread to ipsilateral supraclavicular nodes)
Stag e  Grou p in g
Stage 0  TIS  N0  M0
Stage I  T1  N0  M0
Stage IIA  T0  N1  M0

T1  N1  M0
T2  N0  M0

Stage IIB  T2  N1  M0
T3  N0  M0

Stage IIIA  T0  N2  M0
T1  N2  M0
T2  N2  M0
T3  N1, N2  M0

Stage IIIB  T4  N0, N1, N2  M0
Stage IIIC  Any T  N3  M0
Stage IV  Any T  Any N  M1

aClinically apparent is def ned as detected by imaging studies (excluding lymphoscintigraphy) or by clinical examination.
Abbrevia t ions: IHC, immunohistochemistry; RT-PCR, reverse transcriptase polymerase chain reaction.
Source: Used with permission o  the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source  or this material is the AJCC Cancer 
Staging Manual, 7th ed. New York, Springer, 2010; www.springeronline.com.
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TREATMENT Breast Cancer

One o  the most exciting aspects o  breast cancer biology has 
been its subdivision into at least  ve subtypes based on gene 
expression pro ling.
1. Luminal A: T e luminal tumors express cytokera-

tins 8 and 18, have the highest levels o  estrogen recep-
tor expression, tend to be low grade, are most likely to 
respond to endocrine therapy, and have a  avorable prog-
nosis. T ey tend to be less responsive to chemotherapy.

2. Luminal B:  umor cells are also o  luminal epithelial 
origin, but with a gene expression pattern distinct  rom 
luminal A. Prognosis is somewhat worse that luminal A.

3. Normal breast–like: T ese tumors have a gene expres-
sion pro le reminiscent o  nonmalignant “normal” breast 
epithelium. Prognosis is similar to the luminal B group. 
T is subtype is somewhat controversial and may repre-
sent contamination o  the sample by normal mammary 
epithelium.

4. HER2 amplif ed: T ese tumors have ampli cation o  the 
HER2 gene on chromosome 17q and  requently exhibit 
coampli cation and overexpression o  other genes adja-
cent to HER2. Historically the clinical prognosis o  such 
tumors was poor. However, with the advent o  trastu-
zumab and other targeted therapies, the clinical outcome 
o  HER2-positive patients is markedly improving.

5. Basal: T ese estrogen receptor/progesterone receptor–
negative and HER2-negative tumors (so-called triple 
negative) are characterized by markers o  basal/myoepi-
thelial cells. T ey tend to be high grade, and express cyto-
keratins 5/6 and 17 as well as vimentin, p63, CD10, 
α-smooth muscle actin, and epidermal growth  actor 
receptor (EGFR). Patients with BRCA mutations also  all 
within this molecular subtype. T ey also have stem cell 
characteristics.

PRIMARY BREAST CANCER Breast-conserving treatments, con-
sisting o  the removal o  the primary tumor by some  orm o  
lumpectomy with or without irradiating the breast, result in 
a survival that is as good as (or slightly superior to) that a er 
extensive surgical procedures, such as mastectomy or modi-
 ed radical mastectomy, with or without  urther irradiation. 
Postlumpectomy breast irradiation greatly reduces the risk o  
recurrence in the breast. While breast conservation is asso-
ciated with a possibility o  recurrence in the breast, 10-year 
survival is at least as good as that a er more extensive sur-
gery. Postoperative radiation to regional nodes  ollowing mas-
tectomy is also associated with an improvement in survival. 
Because radiation therapy can also reduce the rate o  local or 
regional recurrence, it should be strongly considered  ollow-
ing mastectomy  or women with high-risk primary tumors 
(i.e.,  2 in size, positive margins, positive nodes). At present, 
nearly one-third o  women in the United States are managed 
by lumpectomy. Breast-conserving surgery is not suitable  or 
all patients: it is not generally suitable  or tumors >5 cm (or  or 
smaller tumors i  the breast is small),  or tumors involving the 

nipple-areola complex,  or tumors with extensive intraductal 
disease involving multiple quadrants o  the breast,  or women 
with a history o  collagen-vascular disease, and  or women 
who either do not have the motivation  or breast conserva-
tion or do not have convenient access to radiation therapy. 
However, these groups probably do not account  or more than 
one-third o  patients who are treated with mastectomy. T us, 
a great many women still undergo mastectomy who could 
sa ely avoid this procedure and probably would i  appropri-
ately counseled.

Sentinel lymph node biopsy (SLNB) is generally the stan-
dard o  care  or women with localized breast cancer and 
clinically negative axilla. I  SLNB is negative, more extensive 
axillary surgery is not required, avoiding much o  the risk o  
lymphedema  ollowing more extensive axillary dissections. 
In the presence o  minimal involvement o  a sentinel lymph 
node,  urther axillary surgery is not required.

An extensive intraductal component is a predictor o  
recurrence in the breast, and so are several clinical variables. 
Both axillary lymph node involvement and involvement o  
vascular or lymphatic channels by metastatic tumor in the 
breast are associated with a higher risk o  relapse in the breast 
but are not contraindications to breast-conserving treatment. 
When these patients are excluded, and when lumpectomy 
with negative tumor margins is achieved, breast conservation 
is associated with a recurrence rate in the breast o  5% or less. 
T e survival o  patients who have recurrence in the breast 
is somewhat worse than that o  women who do not. T us, 
recurrence in the breast is a negative prognostic variable  or 
long-term survival. However, recurrence in the breast is not 
the cause o  distant metastasis. I  recurrence in the breast 
caused metastatic disease, then women treated with lumpec-
tomy, who have a higher rate o  recurrence in the breast, 
should have poorer survival than women treated with mas-
tectomy, and they do not. Most patients should consult with a 
radiation oncologist be ore making a  nal decision concern-
ing local therapy. However, a multimodality clinic in which 
the surgeon, radiation oncologist, medical oncologist, and 
other caregivers cooperate to evaluate the patient and develop 
a treatment plan is usually considered a major advantage by 
patients.

Adjuvant Therapy T e use o  systemic therapy a er local man-
agement o  breast cancer substantially improves survival. 
More than hal  o  the women who would otherwise die o  
metastatic breast cancer remain disease- ree when treated 
with the appropriate systemic regimen. T ese data have grown 
more and more impressive with longer  ollow-up and more 
e ective regimens.

PROGNOSTIC VARIABLES T e most important prognostic variables 
are provided by tumor staging. T e size o  the tumor and the 
status o  the axillary lymph nodes provide reasonably accurate 
in ormation on the likelihood o  tumor relapse. T e relation 
o  pathologic stage to 5-year survival is shown in Table 38-2. 
For most women, the need  or adjuvant therapy can be read-
ily de ned on this basis alone. In the absence o  lymph node 
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536 TABLE 38-2  
5-YEAR SURVIVAL RATE FOR BREAST CANCER  
BY STAGE

STAGE  5-YEAR SURVIVAL, %

0  99
I  92
IIA  82
IIB  65
IIIA  47
IIIB  44
IV  14

Source: Modif ed  rom data o  the National Cancer Institute: Surveillance, 
Epidemiology, and End Results (SEER).

involvement, involvement o  microvessels (either capillaries or 
lymphatic channels) in tumors is nearly equivalent to lymph 
node involvement. T e greatest controversy concerns women 
with intermediate prognoses. T ere is rarely justif cation  or 
adjuvant chemotherapy in most women with tumors <1 cm in 
size whose axillary lymph nodes are negative. HER2-positive 
tumors are a potential exception. Detection o  breast cancer 
cells either in the circulation or bone marrow is associated 
with an increased relapse rate. T e most exciting development 
in this area is the use o  gene expression arrays to analyze pat-
terns o  tumor gene expression. Several groups have indepen-
dently de ned gene sets that reliably predict disease- ree and 
overall survival  ar more accurately than any single prognos-
tic variable including the Oncotype DX  ̄analysis o  21 genes. 
Also, the use o  such standardized risk assessment tools such 
as Adjuvant! Online (www.adjuvantonline.com) is very help-
 ul. T ese tools are highly recommended in otherwise ambig-
uous circumstances.

Estrogen receptor status and progesterone receptor status are 
o  prognostic signi cance.  umors that lack either or both o  
these receptors are more likely to recur than tumors that have 
them.

Several measures o  tumor growth rate correlate with early 
relapse. S-phase analysis using  ow cytometry is the most 
accurate measure. Indirect S-phase assessments using anti-
gens associated with the cell cycle, such as PCNA (Ki67), are 
also valuable.  umors with a high proportion (more than 
the median) o  cells in S-phase pose a greater risk o  relapse; 
chemotherapy o ers the greatest survival bene t  or these 
tumors. Assessment o  DNA content in the  orm o  ploidy is 
o  modest value, with nondiploid tumors having a somewhat 
worse prognosis.

Histologic classif cation o  the tumor has also been used as 
a prognostic  actor.  umors with a poor nuclear grade have 
a higher risk o  recurrence than tumors with a good nuclear 
grade. Semiquantitative measures such as the Elston score 
improve the reproducibility o  this measurement.

Molecular changes in the tumor are also use ul.  umors 
that overexpress erbB2 (HER2/neu) or have a mutated p53 

gene have a worse prognosis. Particular interest has cen-
tered on erbB2 overexpression as measured by immunohis-
tochemistry or  uorescence in situ hybridization.  umors 
that overexpress erbB2 are more likely to respond to doxo-
rubicin-containing regimens; erbB2 overexpression also pre-
dicts those tumors that will respond to HER2/neu antibodies 
(trastuzumab) (Herceptin) and HER2/neu kinase inhibitors.

Other variables that have also been used to evaluate prog-
nosis include proteins associated with invasiveness, such as 
type IV collagenase, cathepsin D, plasminogen activator, plas-
minogen activator receptor, and the metastasis-suppressor 
gene nm23. None o  these has been widely accepted as a 
prognostic variable  or therapeutic decision-making. One 
problem in interpreting these prognostic variables is that 
most o  them have not been examined in a study using a large 
cohort o  patients.

ADJUVANT REGIMENS Adjuvant therapy is the use o  systemic 
therapies in patients whose known disease has received local 
therapy but who are at risk o  relapse. Selection o  appropriate 
adjuvant chemotherapy or hormone therapy is highly contro-
versial in some situations. Meta-analyses have helped to de ne 
broad limits  or therapy but do not help in choosing optimal 
regimens or in choosing a regimen  or certain subgroups 
o  patients. A summary o  recommendations is shown in  
Table 38-3. In general, premenopausal women  or whom any 
 orm o  adjuvant systemic therapy is indicated should receive 
multidrug chemotherapy. Antihormone therapy improves 
survival in premenopausal patients who are estrogen receptor 
positive and should be added  ollowing completion o  chemo-
therapy. Prophylactic surgical or medically induced castra-
tion may also be associated with a substantial survival bene t 
(primarily in estrogen receptor–positive patients) but is not 
widely used in this country.

Data on postmenopausal women are also controversial. 
T e impact o  adjuvant chemotherapy is quantitatively less 
clear-cut than in premenopausal patients, particularly in 
estrogen receptor–positive cases, although survival advan-
tages have been shown. T e  rst decision is whether chemo-
therapy or endocrine therapy should be used. While adjuvant 
endocrine therapy (aromatase inhibitors and tamoxi en) 
improves survival regardless o  axillary lymph node status, 
the improvement in survival is modest  or patients in whom 
multiple lymph nodes are involved. For this reason, it has 
been usual to give chemotherapy to postmenopausal patients 
who have no medical contraindications and who have more 
than one positive lymph node; hormone therapy is com-
monly given subsequently. For postmenopausal women  or 
whom systemic therapy is warranted but who have a more 
 avorable prognosis (based more commonly on analysis such 
as the Oncotype DX methodology), hormone therapy may 
be used alone. Large clinical trials have shown superiority 
 or aromatase inhibitors over tamoxi en alone in the adjuvant 
setting, although tamoxi en appears essentially equivalent in 
women who are obese and there ore presumably have higher 
endogenous concentrations o  estrogen. Un ortunately the 
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537TABLE 38 -3  
SUGGESTED APPROACHES TO ADJUVANT THERAPY

AGE GROUP
LYMPH NODE 
STATUSa

ESTROGEN 
RECEPTOR (ER) 
STATUS  TUMOR  RECOMMENDATION

Premenopausal  Positive  Any  Any  Multidrug chemotherapy + tamoxi en i  ER-positive + 
trastuzumab in HER2/neu-positive tumors

Premenopausal  Negative  Any  >2 cm, or 1–2 cm 
with other poor 
prognostic 
variables

Multidrug chemotherapy + tamoxi en i  ER-positive + 
trastuzumab in HER2/neu-positive tumors. Consider 
Oncotype or similar testing.

Postmenopausal  Positive  Negative  Any  Multidrug chemotherapy + trastuzumab in HER2/neu-
positive tumors

Postmenopausal  Positive  Positive  Any  Aromatase inhibitors and tamoxi en with or without 
chemotherapy + trastuzumab in HER2/neu-positive 
tumors

Postmenopausal  Negative  Positive  >2 cm, or 1–2 cm 
with other poor 
prognostic 
variables

Aromatase inhibitors and tamoxi en + trastuzumab in 
HER2/neu-positive tumors

Postmenopausal  Negative  Negative  >2 cm, or 1–2 cm 
with other poor 
prognostic 
variables

Consider multidrug chemotherapy + trastuzumab in 
HER2/neu-positive tumors

aAs determined by pathologic examination.

optimal plan is unclear.  amoxi en  or 5 years  ollowed by 
an aromatase inhibitor, the reverse strategy, or even switch-
ing to an aromatase inhibitor a er 2–3 years o  tamoxi en has 
been shown to be better than tamoxi en alone. Continuation 
o  tamoxi en  or 10 years yields  urther bene t and is a rea-
sonable decision  or women with less  avorable prognoses. 
Un ortunately, multiple studies have revealed very subopti-
mal adherence to long-term adjuvant endocrine regimens, 
and every e ort should be made to encourage their continu-
ous use. No valid in ormation currently permits selection 
among the three clinically approved aromatase inhibitors. 
Concomitant use o  bisphosphonates is almost always war-
ranted; however, it is not  nally settled as to whether their 
prophylactic use increases survival in addition to just 
decreasing recurrences in bone.

Most comparisons o  adjuvant chemotherapy regimens 
show little di erence among them, although small advantages 
 or doxorubicin-containing regimens and “dose-dense” regi-
mens are usually seen.

One approach—so-called neoadjuvant chemotherapy—
involves the administration o  adjuvant therapy be ore de ni-
tive surgery and radiation therapy. Because the objective 
response rates o  patients with breast cancer to systemic ther-
apy in this setting exceed 75%, many patients will be “down-
staged” and may become candidates  or breast-conserving 
therapy. However, overall survival has not been improved 
using this approach as compared with the same drugs given 
postoperatively. Patients who achieve a pathologic complete 

remission a er neoadjuvant chemotherapy not unexpect-
edly have a substantially improved survival. T e neoadjuvant 
setting also provides a wonder ul opportunity  or the evalu-
ation o  new agents. For example, a second HER2 targeting 
antibody, pertuzumab, has been shown to provide additional 
bene t when combined with trastuzumab in the neoadjuvant 
setting.

Other adjuvant treatments under investigation include the 
use o  taxanes, such as paclitaxel and docetaxel, and therapy 
based on alternative kinetic and biologic models. In such 
approaches, high doses o  single agents are used separately 
in relatively dose-intensive cycling regimens. Node-positive 
patients treated with doxorubicin-cyclophosphamide  or  our 
cycles  ollowed by  our cycles o  a taxane have a substantial 
improvement in survival compared with women receiving 
doxorubicin-cyclophosphamide alone, particularly in women 
with estrogen receptor–negative tumors. In addition, admin-
istration o  the same drug combinations at the same dose but 
at more  requent intervals (every 2 weeks with cytokine sup-
port as compared with the standard every 3 weeks) is even 
more e ective. Among the 25% o  women whose tumors 
overexpress HER2/neu, addition o  trastuzumab given con-
currently with a taxane and then  or a year a er chemother-
apy produces signi cant improvement in survival. Although 
longer  ollow-up will be important, this is now the standard 
care  or most women with HER2/neu-positive breast cancers. 
Cardiotoxicity, immediate and long-term, remains a concern, 
and  urther e orts to exploit non-anthracycline-containing 
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538 regimens are being pursued. Very-high-dose therapy with 
stem cell transplantation in the adjuvant setting has not 
proved superior to standard-dose therapy and should not be 
routinely used.

A variety o  exciting approaches are close to adoption, and 
the literature needs to be  ollowed attentively.  yrosine kinase 
inhibitors such as lapatinib and additional HER2-targeting 
antibodies such as pertuzumab are very promising. Finally, as 
described in the next section, a novel class o  agents target-
ing DNA repair—the so-called poly–ADP ribose polymerase 
(PARP) inhibitors—is likely to have a major e ect on breast 
cancers either caused by BRCA1 or BRCA2 mutations or 
sharing similar de ects in DNA repair in their etiology.

SYSTEMIC THERAPY OF METASTATIC DISEASE About one-third o  
patients treated  or apparently localized breast cancer develop 
metastatic disease. Although a small number o  these patients 
enjoy long remissions when treated with combinations o  sys-
temic and local therapy, most eventually succumb to meta-
static disease. T e median survival  or all patients diagnosed 
with metastatic breast cancer is less than 3 years. So  tissue, 
bony, and visceral (lung and liver) metastases each account  or 
approximately one-third o  sites o  initial relapses. However, by 
the time o  death, most patients will have bony involvement. 
Recurrences can appear at any time a er primary therapy. A 
very cruel  act about breast cancer recurrences is that at least 
hal  o  all breast cancer recurrences occur >5 years a er initial 
therapy. It is now clear that a variety o  host  actors can in uence 
recurrence rates, including depression and central obesity, and 
these diseases should be managed as aggressively as possible.

Because the diagnosis o  metastatic disease alters the out-
look  or the patient so drastically, it should rarely be made 
without a con rmatory biopsy. Every oncologist has seen 
patients with tuberculosis, gallstones, sarcoidosis, or other 
nonmalignant diseases misdiagnosed and treated as though 
they had metastatic breast cancer or even second malignan-
cies such as multiple myeloma thought to be recurrent breast 
cancer. T is is a catastrophic mistake and justi es biopsy 
 or virtually every patient at the time o  initial suspicion o  
metastatic disease. Furthermore, there are well-documented 
changes in hormone receptor status that can occur and sub-
stantially alter treatment decisions.

T e choice o  therapy requires consideration o  local ther-
apy needs, the overall medical condition o  the patient, and 
the hormone receptor status o  the tumor, as well as clini-
cal judgment. Because therapy o  systemic disease is pallia-
tive, the potential toxicities o  therapies should be balanced 
against the response rates. Several variables in uence the 
response to systemic therapy. For example, the presence o  
estrogen and progesterone receptors is a strong indication 
 or endocrine therapy. On the other hand, patients with short 
disease- ree intervals, rapidly progressive visceral disease, 
lymphangitic pulmonary disease, or intracranial disease are 
unlikely to respond to endocrine therapy.

In many cases, systemic therapy can be withheld while the 
patient is managed with appropriate local therapy. Radiation 

therapy and occasionally surgery are e ective at relieving 
the symptoms o  metastatic disease, particularly when bony 
sites are involved. Many patients with bone-only or bone-
dominant disease have a relatively indolent course. Under 
such circumstances, systemic chemotherapy has a modest 
e ect, whereas radiation therapy may be e ective  or long 
periods. Other systemic treatments, such as strontium-89 
and/or bisphosphonates, may provide a palliative bene t 
without inducing objective responses. Most patients with 
metastatic disease, and certainly all who have bone involve-
ment, should receive concurrent bisphosphonates. Because 
the goal o  therapy is to maintain well-being  or as long as 
possible, emphasis should be placed on avoiding the most 
hazardous complications o  metastatic disease, including 
pathologic  racture o  the axial skeleton and spinal cord com-
pression. New back pain in patients with cancer should be 
explored aggressively on an emergent basis; to wait  or neu-
rologic symptoms is a potentially catastrophic error. Meta-
static involvement o  endocrine organs can cause pro ound 
dys unction, including adrenal insuf ciency and hypopi-
tuitarism. Similarly, obstruction o  the biliary tree or other 
impaired organ  unction may be better managed with a local 
therapy than with a systemic approach.

Many patients are inappropriately treated with toxic regi-
mens into their last days o  li e. O en oncologists are unwill-
ing to have the dif cult conversations that are required 
with patients nearing the end o  li e, and not uncommonly, 
patients and  amilies can pressure physicians into treatments 
with very little survival value. Palliative care consultation 
and realistic assessment o  treatment expectations need to be 
reviewed with patients and  amilies. We urge consideration o  
palliative care consultations  or patients who have received at 
least two lines o  therapy  or metastatic disease.

Endocrine Therapy Normal breast tissue is estrogen dependent. 
Both primary and metastatic breast cancer may retain this 
phenotype. T e best means o  ascertaining whether a breast 
cancer is hormone dependent is through analysis o  estrogen 
and progesterone receptor levels on the tumor.  umors that 
are positive  or the estrogen receptor and negative  or the pro-
gesterone receptor have a response rate o  ~30%.  umors that 
are positive  or both receptors have a response rate approach-
ing 70%. I  neither receptor is present, the objective response 
rates are <5%. Receptor analyses provide in ormation as to 
the correct ordering o  endocrine therapies as opposed to 
chemotherapy. Because o  their lack o  toxicity and because 
some patients whose receptor analyses are reported as nega-
tive respond to endocrine therapy, an endocrine treatment 
should be attempted in virtually every patient with metastatic 
breast cancer. Potential endocrine therapies are summarized in  
Table 38-4. T e choice o  endocrine therapy is usually deter-
mined by toxicity pro le and availability. In most postmeno-
pausal patients, the initial endocrine therapy should be an 
aromatase inhibitor rather than tamoxi en. For the subset o  
postmenopausal women who are estrogen receptor–positive 
but also HER2/neu-positive, response rates to aromatase 
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539TABLE 38 -4  
ENDOCRINE THERAPIES FOR BREAST CANCER

THERAPY  COMMENTS

Castration  For premenopausal women
 Surgical
 LHRH agonists
Antiestrogens
Tamoxi en  Use ul in pre- and postmenopausal 

womena

“Pure” antiestrogens  Responses in tamoxi en-resistant 
and aromatase inhibitor–resistant 
patientsa

Surgical adrenalectomy  Rarely used second-line choice
Aromatase inhibitors  Low toxicity; now f rst choice  or 

metastatic diseasea

High-dose progestogens  Common  ourth-line choice a ter 
aromatase inhibitors, tamoxi en, 
and  ulvestrant

Hypophysectomy  Rarely used
Additive androgens or 
estrogens

Plausible  ourth-line therapies; 
potentially toxic

aConsider retreatment with Everolimus in combination  or disease progression
Abbrevia t ion: LHRH, luteinizing hormone–releasing hormone.

inhibitors are substantially higher than to tamoxi en. Aroma-
tase inhibitors are not used in premenopausal women because 
their hypothalamus can respond to estrogen deprivation by 
producing gonadotropins that promote estrogen synthesis. 
Newer “pure” antiestrogens that are  ree o  agonistic e ects 
are also e ective. Cases in which tumors shrink in response to 
tamoxi en withdrawal (as well as withdrawal o  pharmacologic 
doses o  estrogens) have been reported. A series o  studies with 
aromatase inhibitors, tamoxi en, and  ulvestrant have all shown 
that the addition o  everolimus to the hormonal treatment can 
lead to signi cant bene t a er progression on the endocrine 
agent alone. Everolimus (an m OR inhibitor) in coordina-
tion with endocrine agents is now being explored as  ront-line 
therapy and in the adjuvant setting. Endogenous estrogen  or-
mation may be blocked by analogues o  luteinizing  hormone–
releasing hormone in premenopausal women. Additive 
endocrine therapies, including treatment with progestogens, 
estrogens, and androgens, may also be tried in patients who 
respond to initial endocrine therapy; the mechanism o  action 
o  these latter therapies is unknown. Patients who respond to 
one endocrine therapy have at least a 50% chance o  respond-
ing to a second endocrine therapy. It is not uncommon  or 
patients to respond to two or three sequential endocrine thera-
pies; however, combination endocrine therapies do not appear 
to be superior to individual agents, and combinations o  che-
motherapy with endocrine therapy are not use ul. T e median 
survival o  patients with metastatic disease is approximately  
2 years, although many patients, particularly older persons and 

those with hormone-dependent disease, may respond to endo-
crine therapy  or 3–5 years or longer.

Chemotherapy Unlike many other epithelial malignancies, 
breast cancer responds to multiple chemotherapeutic agents, 
including anthracyclines, alkylating agents, taxanes, and 
antimetabolites. Multiple combinations o  these agents have 
been  ound to improve response rates somewhat, but they 
have had little e ect on duration o  response or survival. T e 
choice among multidrug combinations  requently depends on 
whether adjuvant chemotherapy was administered and, i  so, 
what type. Although patients treated with adjuvant regimens 
such as cyclophosphamide, methotrexate, and  uorouracil 
(CMF regimens) may subsequently respond to the same com-
bination in the metastatic disease setting, most oncologists use 
drugs to which the patients have not been previously exposed. 
Once patients have progressed a er combination drug ther-
apy, it is most common to treat them with single agents. Given 
the signi cant toxicity o  most drugs, the use o  a single e ec-
tive agent will minimize toxicity by sparing the patient expo-
sure to drugs that would be o  little value. No method to select 
the drugs most ef cacious  or a given patient has been demon-
strated to be use ul.

Most oncologists use either an anthracycline or pacli-
taxel  ollowing  ailure with the initial regimen. However, the 
choice has to be balanced with individual needs. One ran-
domized study has suggested that docetaxel may be supe-
rior to paclitaxel. A nanoparticle  ormulation o  paclitaxel 
(Abraxane) is also e ective.

T e use o  a humanized antibody to erbB2 (trastu-
zumab [Herceptin]) combined with paclitaxel can improve 
response rate and survival  or women whose metastatic 
tumors overexpress erbB2. A novel antibody conjugate 
(ADC) that links trastuzumab to a cytotoxic agent has 
been approved  or management o  HER2-positive breast 
cancer. T e magnitude o  the survival extension is mod-
est in patients with metastatic disease. Similarly, the use o  
bevacizumab (Avastin) has improved the response rate and 
response duration to paclitaxel. Objective responses in pre-
viously treated patients may also be seen with gemcitabine, 
vinca alkaloids, capecitabine, vinorelbine, and oral etopo-
side, as well as a new class o  agents, epothilones. T ere are 
 ew comparative trials o  one agent versus another in met-
astatic disease. It is a sad  act that choices are o en in u-
enced by aggressive marketing o  new very expensive agents 
that have not been shown to be superior to other generic 
agents. Platinum-based agents have become  ar more widely 
used in both the adjuvant and advanced disease settings 
 or some breast cancers, particularly those o  the “triple-
negative” subtype.

HIGH-DOSE CHEMOTHERAPY INCLUDING AUTOLOGOUS BONE MARROW TRANSPLANTA-
TION Autologous bone marrow transplantation combined with 
high doses o  single agents can produce objective responses even 
in heavily pretreated patients. However, such responses are rarely 
durable and do not alter the clinical course  or most patients with 
advanced metastatic disease.
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540 STAGE III BREAST CANCER Between 10 and 25% o  patients pres-
ent with so-called locally advanced, or stage III, breast cancer 
at diagnosis. Many o  these cancers are technically operable, 
whereas others, particularly cancers with chest wall involve-
ment, in ammatory breast cancers, or cancers with large 
matted axillary lymph nodes, cannot be managed with sur-
gery initially. Although no randomized trials have shown any 
survival bene t  or neoadjuvant regimens as compared to 
adjuvant therapy, this approach has gained widespread use. 
More than 90% o  patients with locally advanced breast cancer 
show a partial or better response to multidrug chemotherapy 
regimens that include an anthracycline. Early administration 
o  this treatment reduces the bulk o  the disease and  requently 
makes the patient a suitable candidate  or salvage surgery and/
or radiation therapy. T ese patients should be managed in 
multimodality clinics to coordinate surgery, radiation ther-
apy, and systemic chemotherapy. Such approaches produce 
long-term disease- ree survival in about 30–50% o  patients. 
T e neoadjuvant setting is also an ideal time to evaluate the 
ef cacy o  novel treatments because the e ect on the tumor 
can be directly assessed.

BREAST CANCER PREVENTION Women who have one breast cancer 
are at risk o  developing a contralateral breast cancer at a rate 
o  approximately 0.5% per year. When adjuvant tamoxi en or 
an aromatase inhibitor is administered to these patients, the 
rate o  development o  contralateral breast cancers is reduced. 
In other tissues o  the body, tamoxi en has estrogen-like 
e ects that are bene cial, including preservation o  bone min-
eral density and long-term lowering o  cholesterol. However, 
tamoxi en has estrogen-like e ects on the uterus, leading to 
an increased risk o  uterine cancer (0.75% incidence a er  
5 years on tamoxi en).  amoxi en also increases the risk 
o  cataract  ormation. T e Breast Cancer Prevention  rial 
(BCP ) revealed a >49% reduction in breast cancer among 
women with a risk o  at least 1.66% taking the drug  or 5 years.  
Raloxi ene has shown similar breast cancer prevention 
potency but may have di erent e ects on bone and heart. T e 
two agents have been compared in a prospective random-
ized prevention trial (the Study o   amoxi en and Raloxi ene 
[S AR] trial). T e agents are approximately equivalent in pre-
venting breast cancer with  ewer thromboembolic events and 
endometrial cancers with raloxi ene; however, raloxi ene did 
not reduce noninvasive cancers as e ectively as tamoxi en, 
so no clear winner has emerged. A newer selective estrogen 
receptor modulator (SERM), laso oxi ene, has been shown to 
reduce cardiovascular events in addition to breast cancer and 
 ractures, and  urther studies o  this agent should be watched 
with interest. It should be recalled that prevention o  contra-
lateral breast cancers in women diagnosed with one cancer is 
a reasonable surrogate  or breast cancer prevention because 
these are second primaries not recurrences. In this regard, 
the aromatase inhibitors are all considerably more e ective 
than tamoxi en; however, they are not approved  or primary 
breast cancer prevention. It remains puzzling that agents with 
the sa ety pro le o  raloxi ene, which can reduce breast cancer 

risk by 50% with additional bene ts in preventing osteopo-
rotic  racture, are still so in requently prescribed. T ey should 
be  ar more commonly o ered to women than they are.

NONINVASIVE BREAST CANCER Breast cancer develops as a series 
o  molecular changes in the epithelial cells that lead to ever 
more malignant behavior. Increased use o  mammography has 
led to more  requent diagnoses o  noninvasive breast cancer. 
T ese lesions  all into two groups: ductal carcinoma in situ 
(DCIS) and lobular carcinoma in situ (lobular neoplasia). T e 
management o  both entities is controversial.

Ductal Carcinoma In Situ Proli eration o  cytologically malignant 
breast epithelial cells within the ducts is termed DCIS. Atypi-
cal hyperplasia may be dif cult to di erentiate  rom DCIS. At 
least one-third o  patients with untreated DCIS develop inva-
sive breast cancer within 5 years. However, many low-grade 
DCIS lesions do not appear to progress over many years; 
there ore, many patients are overtreated. Un ortunately there 
is no reliable means o  distinguishing patients who require 
treatment  rom those who may be sa ely observed. For many 
years, the standard treatment  or this disease was mastec-
tomy. However, treatment o  this condition by lumpectomy 
and radiation therapy gives survival that is as good as the sur-
vival  or invasive breast cancer treated by mastectomy. In one 
randomized trial, the combination o  wide excision plus irra-
diation  or DCIS caused a substantial reduction in the local 
recurrence rate as compared with wide excision alone with 
negative margins, although survival was identical in the two 
arms. No studies have compared either o  these regimens to 
mastectomy. Addition o  tamoxi en to any DCIS surgical/radi-
ation therapy regimen  urther improves local control. Data  or 
aromatase inhibitors in this setting are not available.

Several prognostic  eatures may help to identi y patients at 
high risk  or local recurrence a er either lumpectomy alone 
or lumpectomy with radiation therapy. T ese include exten-
sive disease; age <40; and cytologic  eatures such as necrosis, 
poor nuclear grade, and comedo subtype with overexpression 
o  erbB2. Some data suggest that adequate excision with care-
 ul determination o  pathologically clear margins is associ-
ated with a low recurrence rate. When surgery is combined 
with radiation therapy, recurrence (which is usually in the 
same quadrant) occurs with a  requency o  ≤10%. Given the 
 act that hal  o  these recurrences will be invasive, about 5% 
o  the initial cohort will eventually develop invasive breast 
cancer. A reasonable expectation o  mortality  or these 
patients is about 1%, a  gure that approximates the mortality 
rate  or DCIS managed by mastectomy. Although this train 
o  reasoning has not  ormally been proved valid, it is reason-
able to recommend that patients who desire breast preserva-
tion, and in whom DCIS appears to be reasonably localized, 
be managed by adequate surgery with meticulous pathologic 
evaluation,  ollowed by breast irradiation and tamoxi en. For 
patients with localized DCIS, axillary lymph node dissection 
is unnecessary. More controversial is the question o  what 
management is optimal when there is any degree o  inva-
sion. Because o  a signi cant likelihood (10–15%) o  axillary 
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541TABLE 38-5 BREAST CANCER SURVEILLANCE 
GUIDELINES

TEST  FREQUENCY

Reco m m en d ed
History; eliciting symptoms; 
physical examination

q3–6 months × 3 years;  
q6–12 months × 2 years; 
then annually

Breast sel -examination  Monthly
Mammography  Annually
Pelvic examination  Annually (particularly  or 

patients on SERMs)
Patient education about 
symptoms o  recurrence

Ongoing

Coordination o  care  Ongoing
No t  Recom m en d ed
Complete blood count
Serum chemistry studies
Chest radiographs
Bone scans
Ultrasound examination o  the liver
Computed tomography o  chest, abdomen, or pelvis
Tumor markers CA 15-3, CA 27-29, CEA

Abbrevia t ions: CEA, carcinoembryonic antigen; SERM, selective estro-
gen receptor modulator.
Source: Recommended Breast Cancer Surveillance Guidelines, ASCO Edu-
cation Book, Fall, 1997.

lymph node involvement even when the primary lesion 
shows only microscopic invasion, it is prudent to do at least a 
sentinel lymph node sampling  or all patients with any degree 
o  invasion. Further management is dictated by the presence 
o  nodal spread.

Lobular Neoplasia Proli eration o  cytologically malignant cells 
within the lobules is termed lobular neoplasia. Nearly 30% o  
patients who have had adequate local excision o  the lesion 
develop breast cancer (usually in ltrating ductal carcinoma) 
over the next 15–20 years. Ipsilateral and contralateral can-
cers are equally common. T ere ore, lobular neoplasia may be 
a premalignant lesion that suggests an elevated risk o  subse-
quent breast cancer, rather than a  orm o  malignancy itsel , 
and aggressive local management seems unreasonable. Most 
patients should be treated with an SERM or an aromatase 
inhibitor ( or postmenopausal women)  or 5 years and  ol-
lowed with care ul annual mammography and semiannual 
physical examinations. Additional molecular analysis o  these 
lesions may make it possible to discriminate between patients 
who are at risk o   urther progression and require additional 
therapy and those in whom simple  ollow-up is adequate.

MALE BREAST CANCER Breast cancer is about 1/150th as  requent 
in men as in women; 1720 men developed breast cancer in 
2006. It usually presents as a unilateral lump in the breast and 
is  requently not diagnosed promptly. Given the small amount 
o  so  tissue and the unexpected nature o  the problem, locally 
advanced presentations are somewhat more common. When 
male breast cancer is matched to  emale breast cancer by age 
and stage, its overall prognosis is identical. Although gyneco-
mastia may initially be unilateral or asymmetric, any unilateral 
mass in a man older than age 40 years should receive a care ul 
workup including biopsy. On the other hand, bilateral sym-
metric breast development rarely represents breast cancer and 
is almost invariably due to endocrine disease or a drug e ect. 
It should be kept in mind, nevertheless, that the risk o  cancer 
is much greater in men with gynecomastia; in such men, gross 
asymmetry o  the breasts should arouse suspicion o  cancer. 
Male breast cancer is best managed by mastectomy and axil-
lary lymph node dissection or SLNB. Patients with locally 
advanced disease or positive nodes should also be treated with 
irradiation. Approximately 90% o  male breast cancers contain 
estrogen receptors, and approximately 60% o  cases with met-
astatic disease respond to endocrine therapy. No randomized 
studies have evaluated adjuvant therapy  or male breast can-
cer.  wo historic experiences suggest that the disease responds 

well to adjuvant systemic therapy, and, i  not medically contra-
indicated, the same criteria  or the use o  adjuvant therapy in 
women should be applied to men.

T e sites o  relapse and spectrum o  response to chemo-
therapeutic drugs are virtually identical  or breast cancers in 
either sex.

FOLLOW-UP OF BREAST CANCER PATIENTS Despite the availability o  
sophisticated and expensive imaging techniques and a wide 
range o  serum tumor marker tests, survival is not in uenced 
by early diagnosis o  relapse. Surveillance guidelines are given 
in Table 38-5. Despite pressure  rom patients and their  ami-
lies, routine computed tomography scans (or other imaging) 
are not recommended.
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Upper gastrointestinal cancers include malignancies 
arising in the esophagus, stomach, and small intestine.

ESOPHAGEAL CANCER

INCIDENCE AND ETIOLOGY
Cancer o  the esophagus is an increasingly com-
mon and extremely lethal malignancy. T e diag-
nosis was made in 18,170 Americans in 2014 and 

led to 15,450 deaths. Almost all esophageal cancers are 
either squamous cell carcinomas or adenocarcinomas; 
the two histologic subtypes have a similar clinical pre-
sentation but di erent causative  actors.

Worldwide, squamous cell carcinoma is the more 
common cell type, having an incidence that rises strik-
ingly in association with geographic location. It occurs 
 requently within a region extending  rom the southern 
shore o  the Caspian Sea on the west to northern China 
on the east, encompassing parts o  Iran, central Asia, 
A ghanistan, Siberia, and Mongolia. Familial increased 
risk has been observed in regions with high incidence, 
although gene associations are not yet de ned. High-
incidence “pockets” o  the disease are also present in such 
disparate locations as Finland, Iceland, Curaçao, south-
eastern A rica, and northwestern France. In North Amer-
ica and western Europe, the disease is more common in 
blacks than whites and in males than  emales; it appears 
most o en a er age 50 and seems to be associated with a 
lower socioeconomic status. Such cancers generally arise 
in the cervical and thoracic portions o  the esophagus.

A variety o  causative  actors have been implicated in 
the development o  squamous cell cancers o  the esoph-
agus (Table 39-1). In the United States, the etiology o  
such cancers is primarily related to excess alcohol con-
sumption and/or cigarette smoking. T e relative risk 
increases with the amount o  tobacco smoked or alco-
hol consumed, with these  actors acting synergistically. 

UPPER GASTROINTESTINAL TRACT CANCERS

CHAP TER 3 9

T e consumption o  whiskey is linked to a higher inci-
dence than the consumption o  wine or beer. Squamous 
cell esophageal carcinoma has also been associated with 
the ingestion o  nitrates, smoked opiates, and  ungal 
toxins in pickled vegetables, as well as mucosal damage 
caused by such physical insults as long-term exposure 
to extremely hot tea, the ingestion o  lye, radiation-
induced strictures, and chronic achalasia. T e presence 
o  an esophageal web in association with glossitis and 
iron de ciency (i.e., Plummer-Vinson or Paterson-Kelly 
syndrome) and congenital hyperkeratosis and pitting o  
the palms and soles (i.e., tylosis palmaris et plantaris) 
have each been linked with squamous cell esophageal 
cancer, as have dietary de ciencies o  molybdenum, 
zinc, selenium, and vitamin A. Patients with head and 
neck cancer are at increased risk o  squamous cell can-
cer o  the esophagus.

TABLE 39 -1  
SOME ETIOLOGIC FACTORS ASSOCIATED WITH 
SQUAMOUS CELL CANCER OF THE ESOPHAGUS
Excess alcohol consumption
Cigarette smoking
Other ingested carcinogens
 Nitrates (converted to nitrites)
 Smoked opiates
 Fungal toxins in pickled vegetables
Mucosal damage  rom physical agents
 Hot tea
 Lye ingestion
 Radiation-induced strictures
 Chronic achalasia
Host susceptibility
Esophageal web with glossitis and iron de ciency  
(i.e., Plummer-Vinson or Paterson-Kelly syndrome)

Congenital hyperkeratosis and pitting o  the palms and soles 
(i.e., tylosis palmaris et plantaris)

? Dietary de ciencies o  selenium, molybdenum, zinc, and 
vitamin A
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543TABLE 39 -2  
SOME ETIOLOGIC FACTORS ASSOCIATED WITH 
ADENOCARCINOMA OF THE ESOPHAGUS
Chronic gastroesophageal ref ux
Obesity
Barrett’s esophagus
Male sex
Cigarette smoking

For unclear reasons, the incidence o  squamous cell 
esophageal cancer has decreased somewhat in both the 
black and white populations in the United States over 
the past 40 years, whereas the rate o  adenocarcinoma 
has risen seven old, particularly in white males (male-
to- emale ratio o  6:1). Whereas squamous cell cancers 
comprised the vast majority o  esophageal cancers in 
the United States as recently as 40–50 years ago, more 
than 75% o  esophageal tumors are now adenocarcino-
mas, with the incidence o  this histologic subtype con-
tinuing to increase rapidly. Understanding the cause  or 
this increase is the  ocus o  current investigation.

Several strong etiologic associations have been observed 
to account  or the development o  adenocarcinoma o  
the esophagus (Table 39-2). Such tumors arise in the dis-
tal esophagus in association with chronic gastric re ux, 
o en in the presence o  Barrett’s esophagus (replacement 
o  the normal squamous epithelium o  the distal esopha-
gus by columnar mucosa), which occurs more commonly 
in obese individuals. Adenocarcinomas arise within dys-
plastic columnar epithelium in the distal esophagus. Even 
be ore  rank neoplasia is detectable, aneuploidy and p53 
mutations are  ound in the dysplastic epithelium. T ese 
adenocarcinomas behave clinically like gastric adenocarci-
nomas, although they are not associated with Helicobacter 
pylori in ections. Approximately 15% o  esophageal adeno-
carcinomas overexpress the HER2/neu gene.

CLINICAL FEATURES
About 5% o  esophageal cancers occur in the upper 
third o  the esophagus (cervical esophagus), 20% in the 
middle third, and 75% in the lower third. Squamous 
cell carcinomas and adenocarcinomas cannot be distin-
guished radiographically or endoscopically.

Progressive dysphagia and weight loss o  short dura-
tion are the initial symptoms in the vast majority o  
patients. Dysphagia initially occurs with solid  oods and 
gradually progresses to include semisolids and liquids. By 
the time these symptoms develop, the disease is already 
very advanced, because dif culty in swallowing does 
not occur until >60% o  the esophageal circum erence 
is in ltrated with cancer. Dysphagia may be associated 
with pain on swallowing (odynophagia), pain radiat-
ing to the chest and/or back, regurgitation or vomiting, 

and aspiration pneumonia. T e disease most commonly 
spreads to adjacent and supraclavicular lymph nodes, 
liver, lungs, pleura, and bone.  racheoesophageal  stulas 
may develop, primarily in patients with upper and mid-
esophageal tumors. As with other squamous cell carcino-
mas, hypercalcemia may occur in the absence o  osseous 
metastases, probably  rom parathormone-related peptide 
secreted by tumor cells (Chap. 54).

DIAGNOSIS
Attempts at endoscopic and cytologic screening  or 
carcinoma in patients with Barrett’s esophagus, while 
e ective as a means o  detecting high-grade dyspla-
sia, have not yet been shown to reduce the likelihood 
o  death  rom esophageal adenocarcinoma. Esopha-
goscopy should be per ormed in all patients suspected 
o  having an esophageal abnormality, to both visualize 
and identi y a tumor and also to obtain histopathologic 
con rmation o  the diagnosis. Because the popula-
tion o  persons at risk  or squamous cell carcinoma o  
the esophagus (i.e., smokers and drinkers) also has a 
high rate o  cancers o  the lung and the head and neck 
region, endoscopic inspection o  the larynx, trachea, 
and bronchi should also be carried out. A thorough 
examination o  the  undus o  the stomach (by retro-
 exing the endoscope) is imperative as well. T e extent 
o  tumor spread to the mediastinum and para-aortic 
lymph nodes should be assessed by computed tomog-
raphy (C ) scans o  the chest and abdomen and by 
endoscopic ultrasound. Positron emission tomography 
scanning provides a use ul assessment o  the presence 
o  distant metastatic disease, o ering accurate in or-
mation regarding spread to mediastinal lymph nodes, 
which can be help ul in de ning radiation therapy 
 elds. Such scans, when per ormed sequentially, appear 
to provide a means o  making an early assessment o  
responsiveness to preoperative chemotherapy.

TREATMENT Esophageal Cancer

T e prognosis  or patients with esophageal carcinoma is poor. 
Approximately 10% o  patients survive 5 years a er the diag-
nosis; thus, management  ocuses on symptom control. Surgi-
cal resection o  all gross tumor (i.e., total resection) is  easible 
in only 45% o  cases, with residual tumor cells  requently pres-
ent at the resection margins. Such esophagectomies have been 
associated with a postoperative mortality rate o  approxi-
mately 5% due to anastomotic  stulas, subphrenic abscesses, 
and cardiopulmonary complications. Although debate regard-
ing the comparative bene ts o  transthoracic versus transhia-
tal resections has continued, experienced thoracic surgeons 
are now  avoring minimally invasive transthoracic esopha-
gectomies. Endoscopic resections o  super cial squamous cell 
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544 cancers or adenocarcinomas are being examined but have not 
yet been shown to result in a similar likelihood o  survival as 
observed with conventional surgical procedures. Similarly, 
the value o  endoscopic ablation o  dysplastic lesions in an 
area o  Barrett’s esophagus on reducing subsequent mortality 
 rom esophageal carcinoma is uncertain. Some experts have 
advocated  undoplication surgery (i.e., the removal o  the 
gastroesophageal junction) as a means o  cancer prevention 
in patients with Barrett’s esophagus; again, objective data are 
not yet available to  ully assess the risks versus bene ts o  this 
invasive procedure. About 20% o  patients who survive a total 
surgical resection live  or 5 years. T e evaluation o  chemo-
therapeutic agents in patients with esophageal carcinoma has 
been hampered by ambiguity in the de nition o  “response” 
and the debilitated physical condition o  many treated indi-
viduals, particularly those with squamous cell cancers. None-
theless, signi cant reductions in the size o  measurable tumor 
masses have been reported in 15–25% o  patients given sin-
gle-agent treatment and in 30–60% o  patients treated with 
drug combinations that include cisplatin. In the small subset 
o  patients whose tumors overexpress the HER2/neu gene, 
the addition o  the monoclonal antibody trastuzumab (Her-
ceptin) appears to  urther enhance the likelihood o  bene t, 
particularly in patients with gastroesophageal lesions. T e use 
o  the antiangiogenic agent bevacizumab (Avastin) seems to 
be o  limited value in the setting o  esophageal cancer. Com-
bination chemotherapy and radiation therapy as the initial 
therapeutic approach, either alone or  ollowed by an attempt 
at operative resection, seems to be bene cial. When adminis-
tered along with radiation therapy, chemotherapy produces a 
better survival outcome than radiation therapy alone. T e use 
o  preoperative chemotherapy and radiation therapy  ollowed 
by esophageal resection appears to prolong survival compared 
with surgery alone according to several randomized trials and 
a meta-analysis; some reports suggest that no additional ben-
e t accrues when surgery is added i  signi cant shrinkage o  
tumor has been achieved by the chemoradiation combination.

For the incurable, surgically unresectable patient with 
esophageal cancer, dysphagia, malnutrition, and the man-
agement o  tracheoesophageal  stulas are major issues. 
Approaches to palliation include repeated endoscopic dilata-
tion, the surgical placement o  a gastrostomy or jejunostomy 
 or hydration and  eeding, endoscopic placement o  an expan-
sive metal stent to bypass the tumor, and radiation therapy.

TUMORS OF THE STOMACH

GASTRIC ADENOCARCINOMA
Incidence a nd Epidemiology

For unclear reasons, the incidence and mortality 
rates  or gastric cancer have decreased in the 
United States during the past 80 years, although the 

disease remains the second most  requent cause o  

worldwide cancer-related death. T e mortality rate  rom 
gastric cancer in the United States has dropped in men 
 rom 28 to 5.8 per 100,000 persons, whereas in women, 
the rate has decreased  rom 27 to 2.8 per 100,000. None-
theless, in 2014, 22,220 new cases o  stomach cancer were 
diagnosed in the United States, and 10,990 Americans died 
o  the disease. Although the incidence o  gastric cancer has 
decreased worldwide, it remains high in such disparate 
geographic regions as Japan, China, Chile, and Ireland.

T e risk o  gastric cancer is greater among lower 
socioeconomic classes. Migrants  rom high- to low-
incidence nations maintain their susceptibility to gastric 
cancer, whereas the risk  or their o spring approximates 
that o  the new homeland. T ese  ndings suggest that 
an environmental exposure, probably beginning early in 
li e, is related to the development o  gastric cancer, with 
dietary carcinogens considered the most likely  actor(s).

Pa thology

About 85% o  stomach cancers are adenocarcinomas, 
with 15% due to lymphomas, gastrointestinal stromal 
tumors (GIS s), and leiomyosarcomas. Gastric adeno-
carcinomas may be subdivided into two categories: a 
dif use type, in which cell cohesion is absent, so that 
individual cells in ltrate and thicken the stomach wall 
without  orming a discrete mass; and an intestinal type, 
characterized by cohesive neoplastic cells that  orm 
glandlike tubular structures. T e di use carcinomas 
occur more o en in younger patients, develop through-
out the stomach (including the cardia), result in a loss 
o  distensibility o  the gastric wall (so-called linitis plas-
tica, or “leather bottle” appearance), and carry a poorer 
prognosis. Di use cancers have de ective intercellular 
adhesion, mainly as a consequence o  loss o  expres-
sion o  E-cadherin. Intestinal-type lesions are  requently 
ulcerative, more commonly appear in the antrum and 
lesser curvature o  the stomach, and are o en preceded 
by a prolonged precancerous process, o en initiated by  
H. pylori in ection. Although the incidence o  di use car-
cinomas is similar in most populations, the intestinal type 
tends to predominate in the high-risk geographic regions 
and is less likely to be  ound in areas where the  requency 
o  gastric cancer is declining. T us, di erent etiologic 
 actor(s) are likely involved in these two subtypes. In 
the United States, ~30% o  gastric cancers originate in 
the distal stomach, ~20% arise in the midportion o  the 
stomach, and ~40% originate in the proximal third o  the 
stomach. T e remaining 10% involve the entire stomach.

Etio logy

T e long-term ingestion o  high concentrations o  
nitrates  ound in dried, smoked, and salted  oods 
appears to be associated with a higher risk. T e nitrates 
are thought to be converted to carcinogenic nitrites by 
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545TABLE 39 -3  
NITRATE-CONVERTING BACTERIA AS A FACTOR IN 
THE CAUSATION OF GASTRIC CARCINOMAa

Exogenous sources o  nitrate-converting bacteria:
  Bacterially contaminated  ood (common in lower  

 socioeconomic classes, who have a higher incidence o   
 the disease; diminished by improved  ood preservation and  
 re rigeration)

 Helicobacter pylori in ection
Endogenous  actors  avoring growth o  nitrate-converting  
bacteria in the stomach:

 Decreased gastric acidity
  Prior gastric surgery (antrectomy) (15- to 20-year latency  

 period)
 Atrophic gastritis and/or pernicious anemia
 ? Prolonged exposure to histamine H2-receptor antagonists

aHypothesis: Dietary nitrates are converted to carcinogenic nitrites by 
bacteria.

bacteria (Table 39-3). Such bacteria may be introduced 
exogenously through the ingestion o  partially decayed 
 oods, which are consumed in abundance worldwide 
by the lower socioeconomic classes. Bacteria such as 
H. pylori may also contribute to this e ect by causing 
chronic in ammatory atrophic gastritis, loss o  gastric 
acidity, and bacterial growth in the stomach. Although 
the risk  or developing gastric cancer is thought to 
be six old higher in people in ected with H. pylori, it 
remains uncertain whether eradicating the bacteria 
a er in ection has already occurred actually reduces 
this risk. Loss o  acidity may occur when acid-produc-
ing cells o  the gastric antrum have been removed sur-
gically to control benign peptic ulcer disease or when 
achlorhydria, atrophic gastritis, and even pernicious 
anemia develop in the elderly. Serial endoscopic exami-
nations o  the stomach in patients with atrophic gastri-
tis have documented replacement o  the usual gastric 
mucosa by intestinal-type cells. T is process o  intesti-
nal metaplasia may lead to cellular atypia and eventual 
neoplasia. Because the declining incidence o  gastric 
cancer in the United States primarily re ects a decline 
in distal, ulcerating, intestinal-type lesions, it is con-
ceivable that better  ood preservation and the availabil-
ity o  re rigeration  or all socioeconomic classes have 
decreased the dietary ingestion o  exogenous bacteria. 
H. pylori has not been associated with the di use, more 
proximal  orm o  gastric carcinoma or with cancers 
arising at the gastroesophageal junction or in the distal 
esophagus. Approximately 10–15% o  adenocarcinomas 
appearing in the proximal stomach, the gastroesopha-
geal junction, and the distal esophagus overexpress the 
HER2/neu gene; individuals whose tumors demonstrate 
this overexpression bene t  rom treatment directed 
against this target (i.e., trastuzumab [Herceptin]).

Several additional etiologic  actors have been associated 
with gastric carcinoma. Gastric ulcers and adenomatous 

polyps have occasionally been linked, but data on a cause-
and-e ect relationship are unconvincing. T e inadequate 
clinical distinction between benign gastric ulcers and small 
ulcerating carcinomas may, in part, account  or this pre-
sumed association. T e presence o  extreme hypertrophy 
o  gastric rugal  olds (i.e., Ménétrier’s disease), giving the 
impression o  polypoid lesions, has been associated with 
a striking  requency o  malignant trans ormation; such 
hypertrophy, however, does not represent the presence o  
true adenomatous polyps. Individuals with blood group A 
have a higher incidence o  gastric cancer than persons with 
blood group O; this observation may be related to di er-
ences in the mucous secretion, leading to altered muco-
sal protection  rom carcinogens. A germline mutation in 
the E-cadherin gene (CDH1), inherited in an autosomal 
dominant pattern and coding  or a cell adhesion protein, 
has been linked to a high incidence o  occult di use-type 
gastric cancers in young asymptomatic carriers. Duodenal 
ulcers are not associated with gastric cancer.

Clin ica l fea tures

Gastric cancers, when super cial and surgically cur-
able, usually produce no symptoms. As the tumor 
becomes more extensive, patients may complain o  
an insidious upper abdominal discom ort varying 
in intensity  rom a vague, postprandial  ullness to a 
severe, steady pain. Anorexia, o en with slight nausea, 
is very common but is not the usual presenting com-
plaint. Weight loss may eventually be observed, and 
nausea and vomiting are particularly prominent in 
patients whose tumors involve the pylorus; dysphagia 
and early satiety may be the major symptoms caused 
by di use lesions originating in the cardia. T ere may 
be no early physical signs. A palpable abdominal mass 
indicates long-standing growth and predicts regional 
extension.

Gastric carcinomas spread by direct extension 
through the gastric wall to the perigastric tissues, 
occasionally adhering to adjacent organs such as the 
pancreas, colon, or liver. T e disease also spreads via 
lymphatics or by seeding o  peritoneal sur aces. Metasta-
ses to intraabdominal and supraclavicular lymph nodes 
occur  requently, as do metastatic nodules to the ovary 
(Krukenberg’s tumor), periumbilical region (“Sister 
Mary Joseph node”), or peritoneal cul-de-sac (Blumer’s 
shel  palpable on rectal or vaginal examination); malig-
nant ascites may also develop. T e liver is the most com-
mon site  or hematogenous spread o  tumor.

T e presence o  iron-de ciency anemia in men and 
o  occult blood in the stool in both sexes mandates a 
search  or an occult gastrointestinal tract lesion. A care-
 ul assessment is o  particular importance in patients 
with atrophic gastritis or pernicious anemia. Unusual 
clinical  eatures associated with gastric adenocarcinomas 
include migratory thrombophlebitis, microangiopathic 

39_Hematology_ch39_p542-550.indd   545  04/08/16   4:12 PM



S

E

C

T

I

O

N

 

I

X

N

e

o

p

l

a

s

t

i

c

 

D

i

s

o

r

d

e

r

s

546

TABLE 39-4  
STAGING SYSTEM FOR GASTRIC CARCINOMA

STAGE  TNM  FEATURES

DATA FROM ACS IN THE UNITED STATES

NO. OF CASES, %  5-YEAR SURVIVAL, %

0  TisN0M0  Node negative; limited to mucosa  1  90
IA  T1N0M0  Node negative; invasion o  lamina propria or submucosa  7  59
IB  T2N0M0

T1N1M0
Node negative; invasion o  muscularis propria  10  44

II  T1N2M0
T2N1M0

Node positive; invasion beyond mucosa but within wall
or

17  29

T3N0M0  Node negative; extension through wall
IIIA  T2N2M0

T3N1-2M0
Node positive; invasion o  muscularis propria or through wall  21  15

IIIB  T4N0-1M0  Node negative; adherence to surrounding tissue  14  9
IIIC  T4N2-3M0  >3 nodes positive; invasion o  serosa or adjacent structures

T3N3M0  7 or more positive nodes; penetrates wall without invading 
serosa or adjacent structures

IV  T4N2M0  Node positive; adherence to surrounding tissue  30  3
or

T1-4N0-2-M1  Distant metastases

Abbrevia t ions: ACS, American Cancer Society; TNM, tumor, node, metastasis.

hemolytic anemia, di use seborrheic keratoses (so-
called Leser- rélat sign), and acanthosis nigricans.

Dia gnosis

T e use o  double-contrast radiographic examinations 
has been supplanted by esophagogastroscopy and C  
scanning  or the evaluation o  patients with epigastric 
complaints.

Gastric ulcers identi ed at the time o  such endo-
scopic procedure may appear benign but merit biopsy 
in order to exclude a malignancy. Malignant gastric 
ulcers must be recognized be ore they penetrate into 
surrounding tissues, because the rate o  cure o  early 
lesions limited to the mucosa or submucosa is >80%. 
Because gastric carcinomas are dif cult to distinguish 
clinically or endoscopically  rom gastric lymphomas, 
endoscopic biopsies should be made as deeply as pos-
sible, due to the submucosal location o  lymphoid 
tumors.

T e staging system  or gastric carcinoma is shown in 
Table 39-4.

TREATMENT Adenocarcinoma

Complete surgical removal o  the tumor with resection o  adja-
cent lymph nodes o ers the only chance  or cure. However, 
this is possible in less than a third o  patients. A subtotal 

gastrectomy is the treatment o  choice  or patients with dis-
tal carcinomas, whereas total or near-total gastrectomies are 
required  or more proximal tumors. T e inclusion o  extended 
lymph node dissection in these procedures appears to con er 
an added risk  or complications without providing a meaning-
 ul enhancement in survival. T e prognosis  ollowing complete 
surgical resection depends on the degree o  tumor penetration 
into the stomach wall and is adversely in uenced by regional 
lymph node involvement and vascular invasion, characteristics 
 ound in the vast majority o  American patients. As a result, the 
probability o  survival a er 5 years  or the 25–30% o  patients 
able to undergo complete resection is ~20%  or distal tumors 
and <10%  or proximal tumors, with recurrences continuing 
 or at least 8 years a er surgery. In the absence o  ascites or 
extensive hepatic or peritoneal metastases, even patients whose 
disease is believed to be incurable by surgery should be o ered 
resection o  the primary lesion. Reduction o  tumor bulk is the 
best  orm o  palliation and may enhance the probability o  ben-
e t  rom subsequent therapy. In high-incidence regions such as 
Japan and Korea, where the use o  endoscopic screening pro-
grams has identi ed patients with super cial tumors, the use o  
laparoscopic gastrectomy has gained popularity. In the United 
States and western Europe, the use o  this less invasive surgical 
approach remains investigational.

Gastric adenocarcinoma is a relatively radioresistant 
tumor, and the adequate control o  the primary tumor 
requires doses o  external-beam irradiation that exceed the 
tolerance o  surrounding structures, such as bowel mucosa 
and spinal cord. As a result, the major role o  radiation 
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547therapy in patients has been palliation o  pain. Radiation 
therapy alone a er a complete resection does not prolong 
survival. In the setting o  surgically unresectable disease lim-
ited to the epigastrium, patients treated with 3500–4000 cGy 
did not live longer than similar patients not receiving radio-
therapy; however, survival was prolonged slightly when 
5- uorouracil (5-FU) plus leucovorin was given in combina-
tion with radiation therapy (3-year survival 50% vs 41%  or 
radiation therapy alone). In this clinical setting, the 5-FU 
likely  unctions as a radiosensitizer.

T e administration o  combinations o  cytotoxic drugs to 
patients with advanced gastric carcinoma has been associ-
ated with partial responses in 30–50% o  cases; responders 
appear to bene t  rom treatment. Such drug combinations 
have generally included cisplatin combined with epirubicin 
or docetaxel and in usional 5-FU or capecitabine, or with iri-
notecan. Despite the encouraging response rates, complete 
remissions are uncommon, the partial responses are tran-
sient, and the overall impact o  multidrug therapy on sur-
vival has been limited; the median survival time  or patients 
treated in this manner remains less than 12 months. As with 
adenocarcinomas arising in the esophagus, the addition o  
bevacizumab (Avastin) to chemotherapy regimens in treating 
gastric cancer appears to provide limited bene t. However, 
preliminary results utilizing another antiangiogenic com-
pound—ramucirumab (Cyranza)—in the treatment o  gastric 
cancer are encouraging. T e use o  adjuvant chemotherapy 
alone  ollowing the complete resection o  a gastric cancer has 
only minimally improved survival. However, combination 
chemotherapy administered be ore and a er surgery (peri-
operative treatment) as well as postoperative chemotherapy 
combined with radiation therapy reduces the recurrence rate 
and prolongs survival.

PRIMARY GASTRIC LYMPHOMA

Primary lymphoma o  the stomach is relatively 
uncommon, accounting  or <15% o  gastric malignan-
cies and ~2% o  all lymphomas. T e stomach is, how-
ever, the most  requent extranodal site  or lymphoma, 
and gastric lymphoma has increased in  requency 
during the past 35 years. T e disease is dif cult to 
distinguish clinically  rom gastric adenocarcinoma; 
both tumors are most o en detected during the sixth 
decade o  li e; present with epigastric pain, early sati-
ety, and generalized  atigue; and are usually character-
ized by ulcerations with a ragged, thickened mucosal 
pattern demonstrated by contrast radiographs or 
endoscopic appearance. T e diagnosis o  lymphoma 
o  the stomach may occasionally be made through 
cytologic brushings o  the gastric mucosa but usually 
requires a biopsy at gastroscopy or laparotomy. Failure 
o  gastroscopic biopsies to detect lymphoma in a given 
case should not be interpreted as being conclusive, 

because super cial biopsies may miss the deeper lym-
phoid in ltrate. T e macroscopic pathology o  gas-
tric lymphoma may also mimic adenocarcinoma, 
consisting o  either a bulky ulcerated lesion localized 
in the corpus or antrum or a di use process spread-
ing throughout the entire gastric submucosa and even 
extending into the duodenum. Microscopically, the 
vast majority o  gastric lymphoid tumors are lympho-
mas o  B-cell origin. Histologically, these tumors may 
range  rom well-di erentiated, super cial processes 
(mucosa-associated lymphoid tissue [MAL ]) to 
high-grade, large-cell lymphomas. Like gastric adeno-
carcinoma, in ection with H. pylori increases the risk 
 or gastric lymphoma in general and MAL  lympho-
mas in particular. Large-cell lymphomas o  the stom-
ach spread initially to regional lymph nodes (o en to 
Waldeyer’s ring) and may then disseminate.

TREATMENT Primary Gastric Lymphoma

Primary gastric lymphoma is a  ar more treatable disease 
than adenocarcinoma o  the stomach, a  act that underscores 
the need  or making the correct diagnosis. Antibiotic treat-
ment to eradicate H. pylori in ection has led to regression o  
about 75% o  gastric MAL  lymphomas and should be con-
sidered be ore surgery, radiation therapy, or chemotherapy 
is undertaken in patients having such tumors. A lack o  
response to such antimicrobial treatment has been linked to 
a speci c chromosomal abnormality, i.e., t(11;18). Respond-
ing patients should undergo periodic endoscopic surveillance 
because it remains unclear whether the neoplastic clone is 
eliminated or merely suppressed, although the response to 
antimicrobial treatment is quite durable. Subtotal gastrec-
tomy, usually  ollowed by combination chemotherapy, has 
led to 5-year survival rates o  40–60% in patients with local-
ized high-grade lymphomas. T e need  or a major surgical 
procedure has been questioned, particularly in patients with 
preoperative radiographic evidence o  nodal involvement,  or 
whom chemotherapy (CHOP [cyclophosphamide, doxoru-
bicin, vincristine, and prednisone]) plus rituximab is highly 
e ective therapy. A role  or radiation therapy is not de ned 
because most recurrences develop at distant sites.

GASTRIC (NONLYMPHOID) SARCOMA

Leiomyosarcomas and GIS s make up 1–3% o  gas-
tric neoplasms. T ey most  requently involve the ante-
rior and posterior walls o  the gastric  undus and o en 
ulcerate and bleed. Even those lesions that appear 
benign on histologic examination may behave in a 
malignant  ashion. T ese tumors rarely invade adja-
cent viscera and characteristically do not metasta-
size to lymph nodes, but they may spread to the liver 
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548 and lungs. T e treatment o  choice is surgical resec-
tion. Combination chemotherapy should be reserved 
 or patients with metastatic disease. All such tumors 
should be analyzed  or a mutation in the c-kit receptor. 
GIS s are unresponsive to conventional chemotherapy; 
yet ~50% o  patients experience objective response 
and prolonged survival when treated with imatinib 
mesylate (Gleevec) (400–800 mg PO daily), a selective 
inhibitor o  the c-kit tyrosine kinase. Many patients 
with GIS  whose tumors have become re ractory to 
imatinib subsequently bene t  rom sunitinib (Sutent) 
or regora enib (Stivarga), other inhibitors o  the c-kit 
tyrosine kinase.

TUMORS OF THE SMALL INTESTINE

Small-bowel tumors comprise <3% o  gastrointesti-
nal neoplasms. Because o  their rarity and inaccessi-
bility, a correct diagnosis is o en delayed. Abdominal 
symptoms are usually vague and poorly de ned, and 
conventional radiographic studies o  the upper and 
lower intestinal tract o en appear normal. Small-
bowel tumors should be considered in the di eren-
tial diagnosis in the  ollowing situations: (1) recurrent, 
unexplained episodes o  crampy abdominal pain; (2) 
intermittent bouts o  intestinal obstruction, especially 
in the absence o  in ammatory bowel disease (IBD) 
or prior abdominal surgery; (3) intussusception in the 
adult; and (4) evidence o  chronic intestinal bleeding in 
the presence o  negative conventional and endoscopic 
examination. A care ul small-bowel barium study 
should be considered in such a circumstance; the diag-
nostic accuracy may be improved by in using barium 
through a nasogastric tube placed into the duodenum 
(enteroclysis). Alternatively, capsule endoscopic proce-
dures have been used.

BENIGN TUMORS
T e histology o  benign small-bowel tumors is dif cult 
to predict on clinical and radiologic grounds alone. 
T e symptomatology o  benign tumors is not distinc-
tive, with pain, obstruction, and hemorrhage being the 
most  requent symptoms. T ese tumors are usually dis-
covered during the   h and sixth decades o  li e, more 
o en in the distal rather than the proximal small intes-
tine. T e most common benign tumors are adenomas, 
leiomyomas, lipomas, and angiomas.

Adenoma s

T ese tumors include those o  the islet cells and Brun-
ner’s glands as well as polypoid adenomas. Islet cell ade-
nomas are occasionally located outside the pancreas; 

the associated syndromes are discussed in Chap. 51. 
Brunner’s gland adenomas are not truly neoplastic but 
represent a hypertrophy or hyperplasia o  submuco-
sal duodenal glands. T ese appear as small nodules 
in the duodenal mucosa that secrete a highly viscous 
alkaline mucus. Most o en, this is an incidental radio-
graphic  nding not associated with any speci c clinical 
disorder.

Polypoid  a denoma s

About 25% o  benign small-bowel tumors are polyp-
oid adenomas (see Table 40-2). T ey may present as 
single polypoid lesions or, less commonly, as papillary 
villous adenomas. As in the colon, the sessile or papil-
lary  orm o  the tumor is sometimes associated with a 
coexisting carcinoma. Occasionally, patients with Gard-
ner’s syndrome develop premalignant adenomas in the 
small bowel; such lesions are generally in the duode-
num. Multiple polypoid tumors may occur through-
out the small bowel (and occasionally the stomach and 
colorectum) in the Peutz-Jeghers syndrome. T e polyps 
are usually hamartomas (juvenile polyps) having a low 
potential  or malignant degeneration. Mucocutaneous 
melanin deposits as well as tumors o  the ovary, breast, 
pancreas, and endometrium are also associated with 
this autosomal dominant condition.

Leiomyoma s

T ese neoplasms arise  rom smooth-muscle components 
o  the intestine and are usually intramural, a ecting 
the overlying mucosa. Ulceration o  the mucosa may 
cause gastrointestinal hemorrhage o  varying severity. 
Cramping or intermittent abdominal pain is  requently 
encountered.

Lipoma s

T ese tumors occur with greatest  requency in the distal 
ileum and at the ileocecal valve. T ey have a character-
istic radiolucent appearance and are usually intramural 
and asymptomatic, but on occasion cause bleeding.

Angioma s

While not true neoplasms, these lesions are important 
because they  requently cause intestinal bleeding. T ey 
may take the  orm o  telangiectasia or hemangiomas. 
Multiple intestinal telangiectasias occur in a nonhe-
reditary  orm con ned to the gastrointestinal tract or 
as part o  the hereditary Osler-Rendu-Weber syndrome. 
Vascular tumors may also take the  orm o  isolated 
hemangiomas, most commonly in the jejunum. Angi-
ography, especially during bleeding, is the best proce-
dure  or evaluating these lesions.
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549MALIGNANT TUMORS

While rare, small-bowel malignancies occur in patients 
with long-standing regional enteritis and celiac sprue 
as well as in individuals with AIDS. Malignant tumors 
o  the small bowel are  requently associated with 
 ever, weight loss, anorexia, bleeding, and a palpable 
abdominal mass. A er ampullary carcinomas (many o  
which arise  rom biliary or pancreatic ducts), the most 
 requently occurring small-bowel malignancies are 
adenocarcinomas, lymphomas, carcinoid tumors, and 
leiomyosarcomas.

ADENOCARCINOMAS
T e most common primary cancers o  the small bowel 
are adenocarcinomas, accounting  or ~50% o  malig-
nant tumors. T ese cancers occur most o en in the 
distal duodenum and proximal jejunum, where they 
tend to ulcerate and cause hemorrhage or obstruction. 
Radiologically, they may be con used with chronic 
duodenal ulcer disease or with Crohn’s disease i  the 
patient has long-standing regional enteritis. T e diag-
nosis is best made by endoscopy and biopsy under 
direct vision. Surgical resection is the treatment o  
choice with suggested postoperative adjuvant chemo-
therapy options generally  ollowing treatment patterns 
used in the management o  colon cancer.

LYMPHOMAS
Lymphoma in the small bowel may be primary or sec-
ondary. A diagnosis o  a primary intestinal lymphoma 
requires histologic con rmation in a clinical setting in 
which palpable adenopathy and hepatosplenomegaly 
are absent and no evidence o  lymphoma is seen on 
chest radiograph, C  scan, or peripheral blood smear 
or on bone marrow aspiration and biopsy. Symptoms 
re erable to the small bowel are present, usually accom-
panied by an anatomically discernible lesion. Secondary 
lymphoma o  the small bowel consists o  involvement o  
the intestine by a lymphoid malignancy extending  rom 
involved retroperitoneal or mesenteric lymph nodes 
(Chap. 16).

Primary intestinal lymphoma accounts  or ~20% o  
malignancies o  the small bowel. T ese neoplasms are 
non-Hodgkin’s lymphomas; they usually have a di use, 
large-cell histology and are o    cell origin. Intestinal 
lymphoma involves the ileum, jejunum, and duode-
num, in decreasing  requency—a pattern that mirrors 
the relative amount o  normal lymphoid cells in these 
anatomic areas. T e risk o  small-bowel lymphoma 
is increased in patients with a prior history o  malab-
sorptive conditions (e.g., celiac sprue), regional enteri-
tis, and depressed immune  unction due to congenital 

immunode ciency syndromes, prior organ transplanta-
tion, autoimmune disorders, or AIDS.

T e development o  localized or nodular masses 
that narrow the lumen results in periumbilical pain 
(made worse by eating) as well as weight loss, vomit-
ing, and occasional intestinal obstruction. T e diag-
nosis o  small-bowel lymphoma may be suspected 
 rom the appearance on contrast radiographs o  pat-
terns such as in ltration and thickening o  mucosal 
 olds, mucosal nodules, areas o  irregular ulceration, 
or stasis o  contrast material. T e diagnosis can be 
con rmed by surgical exploration and resection o  
involved segments. Intestinal lymphoma can occasion-
ally be diagnosed by peroral intestinal mucosal biopsy, 
but because the disease mainly involves the lamina 
propria,  ull-thickness surgical biopsies are usually 
required.

Resection o  the tumor constitutes the initial treat-
ment modality. While postoperative radiation therapy 
has been given to some patients  ollowing a total resec-
tion, most authorities  avor short-term (three cycles) 
systemic treatment with combination chemotherapy. 
T e  requent presence o  widespread intraabdomi-
nal disease at the time o  diagnosis and the occasional 
multicentricity o  the tumor o en make a total resec-
tion impossible. T e probability o  sustained remission 
or cure is ~75% in patients with localized disease but is 
~25% in individuals with unresectable lymphoma. In 
patients whose tumors are not resected, chemotherapy 
may lead to bowel per oration.

A unique  orm o  small-bowel lymphoma, di usely 
involving the entire intestine, was  rst described in 
oriental Jews and Arabs and is re erred to as immu-
noproli erative small intestinal disease (IPSID), Medi-
terranean lymphoma, or α heavy chain disease. T is 
is a B cell tumor. T e typical presentation includes 
chronic diarrhea and steatorrhea associated with 
vomiting and abdominal cramps; clubbing o  the 
digits may be observed. A curious  eature in many 
patients with IPSID is the presence in the blood and 
intestinal secretions o  an abnormal IgA that con-
tains a shortened α heavy chain and is devoid o  light 
chains. It is suspected that the abnormal α chains are 
produced by plasma cells in ltrating the small bowel. 
T e clinical course o  patients with IPSID is gener-
ally one o  exacerbations and remissions, with death 
 requently resulting  rom either progressive malnutri-
tion and wasting or the development o  an aggressive 
lymphoma. T e use o  oral antibiotics such as tetra-
cycline appears to be bene cial in the early phases o  
the disorder, suggesting a possible in ectious etiol-
ogy. Combination chemotherapy has been adminis-
tered during later stages o  the disease, with variable 
results. Results are better when antibiotics and che-
motherapy are combined.
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550 CARCINOID TUMORS
Carcinoid tumors arise  rom argentaf n cells o  the 
crypts o  Lieberkühn and are  ound  rom the distal 
duodenum to the ascending colon, areas embryologi-
cally derived  rom the midgut. More than 50% o  intes-
tinal carcinoids are  ound in the distal ileum, with most 
congregating close to the ileocecal valve. Most intesti-
nal carcinoids are asymptomatic and o  low malignant 
potential, but invasion and metastases may occur, lead-
ing to the carcinoid syndrome (Chap. 51).

LEIOMYOSARCOMAS
Leiomyosarcomas o en are >5 cm in diameter and 
may be palpable on abdominal examination. Bleed-
ing, obstruction, and per oration are common. Such 
tumors should be analyzed  or the expression o  mutant 
c-kit receptor (de ning GIS ), and in the presence o  
metastatic disease, justi ying treatment with imatinib 
mesylate (Gleevec) or, in imatinib-re ractory patients, 
sunitinib (Sutent) or regora enib (Stivarga).

39_Hematology_ch39_p542-550.indd   550  04/08/16   4:12 PM



551

Rob ert  J. Mayer 

Lower gastrointestinal cancers include malignant tumors 
o  the colon, rectum, and anus.

COLORECTAL CANCER

INCIDENCE
Cancer o  the large bowel is second only to lung 
cancer as a cause o  cancer death in the United 
States: 136,830 new cases occurred in 2014, and 

50,310 deaths were due to colorectal cancer. T e inci-
dence rate has decreased signi cantly during the past 
25 years, likely due to enhanced and more compliantly 
 ollowed screening practices. Similarly, mortality rates 
in the United States have decreased by approximately 
25%, resulting largely  rom earlier detection and 
improved treatment.

POLYPS AND MOLECULAR PATHOGENESIS
Most colorectal cancers, regardless o  etiology, arise 
 rom adenomatous polyps. A polyp is a grossly visible 
protrusion  rom the mucosal sur ace and may be classi-
 ed pathologically as a nonneoplastic hamartoma (e.g., 
juvenile polyp), a hyperplastic mucosal proli eration 
(hyperplastic polyp), or an adenomatous polyp. Only 
adenomas are clearly premalignant, and only a minor-
ity o  adenomatous polyps evolve into cancer. Adeno-
matous polyps may be  ound in the colons o  ~30% o  
middle-aged and ~50% o  elderly people; however, <1% 
o  polyps ever become malignant. Most polyps produce 
no symptoms and remain clinically undetected. Occult 
blood in the stool is  ound in <5% o  patients with 
polyps.

A number o  molecular changes are noted in ade-
nomatous polyps and colorectal cancers that are 
thought to re ect a multistep process in the evolution 
o  normal colonic mucosa to li e-threatening invasive 

LOWER GASTROINTESTINAL CANCERS

CHAP TER 4 0

carcinoma. T ese developmental steps toward carcino-
genesis include, but are not restricted to, point muta-
tions in the K-ras protooncogene; hypomethylation o  
DNA, leading to gene activation; loss o  DNA (allelic 
loss) at the site o  a tumor-suppressor gene (the adeno-
matous polyposis coli [APC] gene) on the long arm o  
chromosome 5 (5q21); allelic loss at the site o  a tumor-
suppressor gene located on chromosome 18q (the 
deleted in colorectal cancer [DCC] gene); and allelic 
loss at chromosome 17p, associated with mutations in 
the p53 tumor-suppressor gene (see Fig. 25-2). T us, 
the altered proli erative pattern o  the colonic mucosa, 
which results in progression to a polyp and then to 
carcinoma, may involve the mutational activation o  
an oncogene  ollowed by and coupled with the loss o  
genes that normally suppress tumorigenesis. It remains 
uncertain whether the genetic aberrations always occur 
in a de ned order. Based on this model, however, can-
cer is believed to develop only in those polyps in which 
most (i  not all) o  these mutational events take place.

Clinically, the probability o  an adenomatous polyp 
becoming a cancer depends on the gross appearance o  
the lesion, its histologic  eatures, and its size. Adeno-
matous polyps may be pedunculated (stalked) or sessile 
( at-based). Invasive cancers develop more  requently 
in sessile polyps. Histologically, adenomatous polyps 
may be tubular, villous (i.e., papillary), or tubulovillous. 
Villous adenomas, most o  which are sessile, become 
malignant more than three times as o en as tubular 
adenomas. T e likelihood that any polypoid lesion in 
the large bowel contains invasive cancer is related to the 
size o  the polyp, being negligible (<2%) in lesions <1.5 
cm, intermediate (2–10%) in lesions 1.5–2.5 cm, and 
substantial (10%) in lesions >2.5 cm in size.

Following the detection o  an adenomatous polyp, 
the entire large bowel should be visualized endo-
scopically because synchronous lesions are noted in 
about one-third o  cases. Colonoscopy should then 
be repeated periodically, even in the absence o  a 
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TABLE 40-1  
RISK FACTORS FOR THE DEVELOPMENT OF 
COLORECTAL CANCER
Diet: Animal  at
Hereditary syndromes
 Polyposis coli
 MYH-associated polyposis
 Nonpolyposis syndrome (Lynch’s syndrome)
In ammatory bowel disease
Streptococcus bovis bacteremia
? Tobacco use

previously documented malignancy, because such 
patients have a 30–50% probability o  developing 
another adenoma and are at a higher-than-average risk 
 or developing a colorectal carcinoma. Adenomatous 
polyps are thought to require >5 years o  growth be ore 
becoming clinically signi cant; colonoscopy need not 
be carried out more  requently than every 3 years  or 
the vast majority o  patients.

ETIOLOGY AND RISK FACTORS
Risk  actors  or the development o  colorectal 
cancer are listed in Table 40-1.

Diet

T e etiology  or most cases o  large-bowel cancer 
appears to be related to environmental  actors. T e 
disease occurs more o en in upper socioeconomic 
populations who live in urban areas. Mortality  rom 
colorectal cancer is directly correlated with per capita 
consumption o  calories, meat protein, and dietary  at 
and oil as well as elevations in the serum cholesterol 
concentration and mortality  rom coronary artery dis-
ease. Geographic variations in incidence largely are 
unrelated to genetic di erences, since migrant groups 
tend to assume the large-bowel cancer incidence rates 
o  their adopted countries. Furthermore, population 
groups such as Mormons and Seventh Day Adventists, 
whose li estyle and dietary habits di er somewhat  rom 
those o  their neighbors, have signi cantly lower-than-
expected incidence and mortality rates  or colorectal 
cancer. T e incidence o  colorectal cancer has increased 
in Japan since that nation has adopted a more “West-
ern” diet. At least three hypotheses have been proposed 
to explain the relationship to diet, none o  which is  ully 
satis actory.

Anim al fats
One hypothesis is that the ingestion o  animal  ats 
 ound in red meats and processed meat leads to 
an increased proportion o  anaerobes in the gut 

micro ora, resulting in the conversion o  normal bile 
acids into carcinogens. T is provocative hypothesis is 
supported by several reports o  increased amounts o  
 ecal anaerobes in the stools o  patients with colorectal 
cancer. Diets high in animal (but not vegetable)  ats are 
also associated with high serum cholesterol, which is 
also associated with enhanced risk  or the development 
o  colorectal adenomas and carcinomas.

Insu lin  resistance
T e large number o  calories in Western diets coupled 
with physical inactivity has been associated with a 
higher prevalence o  obesity. Obese persons develop 
insulin resistance with increased circulating levels 
o  insulin, leading to higher circulating concentra-
tions o  insulin-like growth  actor type I (IGF-I). T is 
growth  actor appears to stimulate proli eration o  the 
intestinal mucosa.

Fib er
Contrary to prior belie s, the results o  randomized 
trials and case-controlled studies have failed to show 
any value  or dietary  ber or diets high in  ruits and 
vegetables in preventing the recurrence o  colorectal 
adenomas or the development o  colorectal cancer.

T e weight o  epidemiologic evidence, however, 
implicates diet as being the major etiologic  actor  or 
colorectal cancer, particularly diets high in animal  at 
and in calories.

HEREDITARY FACTORS AND SYNDROMES
Up to 25% o  patients with colorectal cancer have a 
 amily history o  the disease, suggesting a hereditary 
predisposition. Inherited large-bowel cancers can be 
divided into two main groups: the well-studied but 
uncommon polyposis syndromes and the more com-
mon nonpolyposis syndromes (Table 40-2).

Polyposis co li

Polyposis coli ( amilial polyposis o  the colon) is a rare 
condition characterized by the appearance o  thousands 
o  adenomatous polyps throughout the large bowel. It is 
transmitted as an autosomal dominant trait; the occa-
sional patient with no  amily history probably devel-
oped the condition due to a spontaneous mutation. 
Polyposis coli is associated with a deletion in the long 
arm o  chromosome 5 (including the APC gene) in both 
neoplastic (somatic mutation) and normal (germline 
mutation) cells. T e loss o  this genetic material (i.e., 
allelic loss) results in the absence o  tumor-suppressor 
genes whose protein products would normally inhibit 
neoplastic growth. T e presence o  so  tissue and bony 
tumors, congenital hypertrophy o  the retinal pigment 
epithelium, mesenteric desmoid tumors, and ampullary 
cancers in addition to the colonic polyps characterizes 
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553TABLE 40 -2  
HEREDITABLE (AUTOSOMAL DOMINANT) GASTROINTESTINAL POLYPOSIS SYNDROMES

SYNDROME
DISTRIBUTION OF 
POLYPS  HISTOLOGIC TYPE

MALIGNANT 
POTENTIAL  ASSOCIATED LESIONS

Familial adenomatous 
polyposis

Large intestine  Adenoma  Common  None

Gardner’s syndrome  Large and small 
intestines

Adenoma  Common  Osteomas,  bromas, lipomas, epidermoid 
cysts, ampullary cancers, congenital 
hypertrophy o  retinal pigment 
epithelium

Turcot’s syndrome  Large intestine  Adenoma  Common  Brain tumors
MYH-associated 
polyposis

Large intestine  Adenoma  Common  None

Nonpolyposis syndrome 
(Lynch’s syndrome)

Large intestine (o ten 
proximal)

Adenoma  Common  Endometrial and ovarian tumors (most 
 requently) gastric, genitourinary, pancre-
atic, biliary cancers (less  requently)

Peutz-Jeghers syndrome  Small and large 
intestines, stomach

Hamartoma  Rare  Mucocutaneous pigmentation; tumors o  
the ovary, breast, pancreas, endometrium

Juvenile polyposis  Large and small 
intestines, stomach

Hamartoma, rarely 
progressing to 
adenoma

Rare  Various congenital abnormalities

a subset o  polyposis coli known as Gardner’s syndrome. 
T e appearance o  malignant tumors o  the central 
nervous system accompanying polyposis coli de nes 
Turcot’s syndrome. T e colonic polyps in all these con-
ditions are rarely present be ore puberty but are gen-
erally evident in a ected individuals by age 25. I  the 
polyposis is not treated surgically, colorectal cancer will 
develop in almost all patients be ore age 40. Polyposis 
coli results  rom a de ect in the colonic mucosa, lead-
ing to an abnormal proli erative pattern and impaired 
DNA repair mechanisms. Once the multiple polyps are 
detected, patients should undergo a total colectomy. 
Medical therapy with nonsteroidal anti-in ammatory 
drugs (NSAIDs) such as sulindac and selective cyclo-
oxygenase-2 inhibitors such as celecoxib can decrease 
the number and size o  polyps in patients with polypo-
sis coli; however, this e ect on polyps is only temporary, 
and the use o  NSAIDs has not been shown to reduce 
the risk o  cancer. Colectomy remains the primary ther-
apy/prevention. T e o spring o  patients with polypo-
sis coli, who o en are prepubertal when the diagnosis 
is made in the parent, have a 50% risk  or developing 
this premalignant disorder and should be care ully 
screened by annual  exible sigmoidoscopy until age 
35. Proctosigmoidoscopy is a su cient screening pro-
cedure because polyps tend to be evenly distributed 
 rom cecum to anus, making more invasive and expen-
sive techniques such as colonoscopy or barium enema 
unnecessary.  esting  or occult blood in the stool is an 
inadequate screening maneuver. I  a causative germline 
AP C mutation has been identi ed in an a ected  amily 

member, an alternative method  or identi ying carri-
ers is testing DNA  rom peripheral blood mononuclear 
cells  or the presence o  the speci c APC mutation. T e 
detection o  such a germline mutation can lead to a 
de nitive diagnosis be ore the development o  polyps.

MYH-Associa ted polyposis

MYH-associated polyposis (MAP) is a rare autosomal 
recessive syndrome caused by a biallelic mutation in 
the MUT4H gene. T is hereditary condition may have a 
variable clinical presentation, resembling polyposis coli 
or colorectal cancer occurring in younger individuals 
without polyposis. Screening and colectomy guidelines 
 or this syndrome are less clear than  or polyposis coli, 
but annual to biennial colonoscopic surveillance is gen-
erally recommended starting at age 25–30.

Heredita ry nonpolyposis co lon ca ncer

Hereditary nonpolyposis colon cancer (HNPCC), also 
known as Lynch’s syndrome, is another autosomal domi-
nant trait. It is characterized by the presence o  three or 
more relatives with histologically documented colorec-
tal cancer, one o  whom is a  rst-degree relative o  the 
other two; one or more cases o  colorectal cancer diag-
nosed be ore age 50 in the  amily; and colorectal can-
cer involving at least two generations. In contrast to 
polyposis coli, HNPCC is associated with an unusu-
ally high  requency o  cancer arising in the proximal 
large bowel. T e median age  or the appearance o  an 
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554 adenocarcinoma is <50 years, 10–15 years younger 
than the median age  or the general population. Despite 
having a poorly di erentiated, mucinous histologic 
appearance, the proximal colon tumors that charac-
terize HNPCC have a better prognosis than sporadic 
tumors  rom patients o  similar age. Families with 
HNPCC o en include individuals with multiple pri-
mary cancers; the association o  colorectal cancer with 
either ovarian or endometrial carcinomas is especially 
strong in women, and an increased appearance o  gas-
tric, small-bowel, genitourinary, pancreaticobiliary, 
and sebaceous skin tumors has been reported as well. 
It has been recommended that members o  such  ami-
lies undergo annual or biennial colonoscopy beginning 
at age 25 years, with intermittent pelvic ultrasonogra-
phy and endometrial biopsy  or af icted women; such 
a screening  strategy has not yet been validated. HNPCC 
is associated with germline mutations o  several genes, 
particularly hMSH2 on chromosome 2 and hMLH1 on 
chromosome 3. T ese mutations lead to errors in DNA 
replication and are thought to result in DNA instability 
because o  de ective repair o  DNA mismatches result-
ing in abnormal cell growth and tumor development. 
 esting tumor cells through molecular analysis o  DNA 
or immunohistochemical staining o  para n- xed tis-
sue  or “microsatellite instability” (sequence changes 
re ecting de ective mismatch repair) in patients with 
colorectal cancer and a positive  amily history  or 
colorectal or endometrial cancer may identi y probands 
with HNPCC.

INFLAMMATORY BOWEL DISEASE
Large-bowel cancer is increased in incidence in patients 
with long-standing in ammatory bowel disease (IBD). 
Cancers develop more commonly in patients with 
ulcerative colitis than in those with granulomatous (i.e., 
Crohn’s) colitis, but this impression may result in part 
 rom the occasional di culty o  di erentiating these 
two conditions. T e risk o  colorectal cancer in a patient 
with IBD is relatively small during the initial 10 years 
o  the disease, but then appears to increase at a rate o  
~0.5–1% per year. Cancer may develop in 8–30% o  
patients a er 25 years. T e risk is higher in younger 
patients with pancolitis.

Cancer surveillance strategies in patients with IBD 
are unsatis actory. Symptoms such as bloody diarrhea, 
abdominal cramping, and obstruction, which may sig-
nal the appearance o  a tumor, are similar to the com-
plaints caused by a  are-up o  the underlying disease. 
In patients with a history o  IBD lasting ≥15 years 
who continue to experience exacerbations, the surgical 
removal o  the colon can signi cantly reduce the risk 
 or cancer and also eliminate the target organ  or the 
underlying chronic gastrointestinal disorder. T e value 

o  such surveillance techniques as colonoscopy with 
mucosal biopsies and brushings  or less symptomatic 
individuals with chronic IBD is uncertain. T e lack o  
uni ormity regarding the pathologic criteria that char-
acterize dysplasia and the absence o  data that such 
surveillance reduces the development o  lethal cancers 
have made this costly practice an area o  controversy.

OTHER HIGH-RISK CONDITIONS
Streptococcus bovis ba cteremia

For unknown reasons, individuals who develop endo-
carditis or septicemia  rom this  ecal bacterium have a 
high incidence o  occult colorectal tumors and, possi-
bly, upper gastrointestinal cancers as well. Endoscopic 
or radiographic screening appears advisable.

Toba cco use

Cigarette smoking is linked to the development o  
colorectal adenomas, particularly a er >35 years o  
tobacco use. No biologic explanation  or this associa-
tion has yet been proposed.

PRIMARY PREVENTION
Several orally administered compounds have been 
assessed as possible inhibitors o  colon cancer. T e 
most e ective class o  chemopreventive agents is aspi-
rin and other NSAIDs, which are thought to suppress 
cell proli eration by inhibiting prostaglandin synthesis. 
Regular aspirin use reduces the risk o  colon adeno-
mas and carcinomas as well as death  rom large-bowel 
cancer; such use also appears to diminish the likeli-
hood  or developing additional premalignant adenomas 
 ollowing success ul treatment  or a prior colon car-
cinoma. T is e ect o  aspirin on colon carcinogenesis 
increases with the duration and dosage o  drug use. Oral 
 olic acid supplements and oral calcium supplements 
appear to reduce the risk o  adenomatous polyps and 
colorectal cancers in case-controlled studies. T e value o  
vitamin D as a  orm o  chemoprevention is under study. 
Antioxidant vitamins such as ascorbic acid, tocoph-
erols, and β-carotene are ine ective at reducing the 
incidence o  subsequent adenomas in patients who have 
undergone the removal o  a colon adenoma. Estrogen 
replacement therapy has been associated with a reduc-
tion in the risk o  colorectal cancer in women, conceiv-
ably by an e ect on bile acid synthesis and composition 
or by decreasing synthesis o  IGF-I.

SCREENING
T e rationale  or colorectal cancer screening programs 
is that the removal o  adenomatous polyps will prevent 
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TABLE 40 -3  
SCREENING STRATEGIES FOR COLORECTAL CANCER
Digital rectal examination
Stool testing
• Occult blood
• Fecal DNA
Imaging
• Contrast barium enema
• Virtual (i.e., computed tomography colonography)
Endoscopy
• Flexible sigmoidoscopy
• Colonoscopy

colorectal cancer, and that earlier detection o  localized, 
super cial cancers in asymptomatic individuals will 
increase the surgical cure rate. Such screening programs 
are particularly important  or individuals with a  am-
ily history o  the disease in  rst-degree relatives. T e 
relative risk  or developing colorectal cancer increases 
to 1.75 in such individuals and may be even higher i  
the relative was af icted be ore age 60. T e prior use 
o  proctosigmoidoscopy as a screening tool was based 
on the observation that 60% o  early lesions are located 
in the rectosigmoid. For unexplained reasons, how-
ever, the proportion o  large-bowel cancers arising in 
the rectum has been decreasing during the past several 
decades, with a corresponding increase in the propor-
tion o  cancers in the more proximal descending colon. 
As such, the potential  or proctosigmoidoscopy to 
detect a su cient number o  occult neoplasms to make 
the procedure cost-e ective has been questioned.

Screening strategies  or colorectal cancer that have 
been examined during the past several decades are 
listed in Table 40-3.

Many programs directed at the early detection o  
colorectal cancers have  ocused on digital rectal exami-
nations and  ecal occult blood (i.e., stool guaiac) test-
ing. T e digital examination should be part o  any 
routine physical evaluation in adults older than age 
40 years, serving as a screening test  or prostate can-
cer in men, a component o  the pelvic examination in 
women, and an inexpensive maneuver  or the detec-
tion o  masses in the rectum. However, because o  the 
proximal migration o  colorectal tumors, its value as 
an overall screening modality  or colorectal cancer has 
become limited. T e development o  the  ecal occult 
blood test has greatly  acilitated the detection o  occult 
 ecal blood. Un ortunately, even when per ormed 
optimally, the  ecal occult blood test has major limita-
tions as a screening technique. About 50% o  patients 
with documented colorectal cancers have a negative 
 ecal occult blood test, consistent with the intermit-
tent bleeding pattern o  these tumors. When random 

cohorts o  asymptomatic persons have been tested, 
2–4% have  ecal occult blood-positive stools. Colorec-
tal cancers have been  ound in <10% o  these “test-
positive” cases, with benign polyps being detected in an 
additional 20–30%. T us, a colorectal neoplasm will not 
be  ound in most asymptomatic individuals with occult 
blood in their stool. Nonetheless, persons  ound to have 
 ecal occult blood-positive stool routinely undergo  ur-
ther medical evaluation, including sigmoidoscopy and/
or colonoscopy—procedures that are not only uncom-
 ortable and expensive but also associated with a small 
risk  or signi cant complications. T e added cost o  
these studies would appear justi able i  the small num-
ber o  patients  ound to have occult neoplasms because 
o   ecal occult blood screening could be shown to have 
an improved prognosis and prolonged survival. Pro-
spectively controlled trials have shown a statistically 
signi cant reduction in mortality rate  rom colorectal 
cancer  or individuals undergoing annual stool guaiac 
screening. However, this bene t only emerged a er 
>13 years o   ollow-up and was extremely expensive to 
achieve, because all positive tests (most o  which were 
 alsely positive) were  ollowed by colonoscopy. More-
over, these colonoscopic examinations quite likely pro-
vided the opportunity  or cancer prevention through 
the removal o  potentially premalignant adenomatous 
polyps because the eventual development o  cancer 
was reduced by 20% in the cohort undergoing annual 
screening.

With the appreciation that the carcinogenic process 
leading to the progression o  the normal bowel mucosa 
to an adenomatous polyp and then to a cancer is the 
result o  a series o  molecular changes, investigators 
have examined  ecal DNA  or evidence o  mutations 
associated with such molecular changes as evidence o  
the occult presence o  precancerous lesions or actual 
malignancies. Such a strategy has been tested in more 
than 4000 asymptomatic individuals whose stool was 
assessed  or occult blood and  or 21 possible mutations 
in  ecal DNA; these study subjects also underwent colo-
noscopy. Although the  ecal DNA strategy suggested 
the presence o  more advanced adenomas and cancers 
than did the  ecal occult blood testing approach, the 
overall sensitivity, using colonoscopic  ndings as the 
standard, was less than 50%, diminishing enthusiasm 
 or  urther pursuit o  the  ecal DNA screening strategy.

T e use o  imaging studies to screen  or colorectal 
cancers has also been explored. Air contrast barium ene-
mas had been used to identi y sources o  occult blood in 
the stool prior to the advent o   beroptic endoscopy; the 
cumbersome nature o  the procedure and inconvenience 
to patients limited its widespread adoption. T e intro-
duction o  computed tomography (C ) scanning led to 
the development o  virtual (i.e., C ) colonography as an 
alternative to the growing use o  endoscopic screening 
techniques. Virtual colonography was proposed as being 
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556 equivalent in sensitivity to colonoscopy and being avail-
able in a more widespread manner because it did not 
require the same degree o  operator expertise as  berop-
tic endoscopy. However, virtual colonography requires 
the same cathartic preparation that has limited wide-
spread acceptance o  endoscopic colonoscopy, is diag-
nostic but not therapeutic (i.e., patients with suspicious 
 ndings must undergo a subsequent endoscopic proce-
dure  or polypectomy or biopsy), and, in the setting o  
general radiology practices, appears to be less sensitive 
as a screening technique when compared with endo-
scopic procedures.

With the appreciation o  the inadequacy o   ecal 
occult blood testing alone, concerns about the practi-
cality o  imaging approaches, and the wider adoption 
o  endoscopic examinations by the primary care com-
munity, screening strategies in asymptomatic persons 
have changed. At present, both the American Cancer 
Society and the National Comprehensive Cancer Net-
work suggest either  ecal occult blood testing annu-
ally coupled with  exible sigmoidoscopy every 5 years 
or colonoscopy every 10 years beginning at age 50 in 
asymptomatic individuals with no personal or  am-
ily history o  polyps or colorectal cancer. T e recom-
mendation  or the inclusion o   exible sigmoidoscopy 
is strongly supported by the recently published results 
o  three randomized trials per ormed in the United 
States, the United Kingdom, and Italy, involving more 
than 350,000 individuals, which consistently showed 
that periodic (even single) sigmoidoscopic examina-
tions, a er more than a decade o  median  ollow-up, 
lead to an approximate 21% reduction in the develop-
ment o  colorectal cancer and a more than 25% reduc-
tion in mortality  rom the malignant disease. Less than 
20% o  participants in these studies underwent a sub-
sequent colonoscopy. In contrast to the cathartic prepa-
ration required be ore colonoscopic procedures, which 
is only per ormed by highly trained specialists,  exible 
sigmoidoscopy requires only an enema as preparation 
and can be accurately per ormed by nonspecialty phy-
sicians or physician-extenders. T e randomized screen-
ing studies using  exible sigmoidoscopy led to the 
estimate that approximately 650 individuals needed to 
be screened to prevent one colorectal cancer death; this 
contrasts with the data  or mammography where the 
number o  women needing to be screened to prevent 
one breast cancer death is 2500, rein orcing the e cacy 
o  endoscopic surveillance  or colorectal cancer screen-
ing. Presumably the bene t  rom the sigmoidoscopic 
screening is the result o  the identi cation and removal 
o  adenomatous polyps; it is intriguing that this bene-
 t has been achieved using a technique that leaves the 
proximal hal  o  the large bowel unvisualized.

It remains to be seen whether surveillance colonos-
copy, which has gained increasing popularity in the 
United States  or colorectal cancer screening, will prove 

to be more e ective than  exible sigmoidoscopy. Ongo-
ing randomized trials being conducted in Europe are 
addressing this issue. Although  exible sigmoidoscopy 
only visualizes the distal hal  o  the large bowel, leading 
to the assumption that colonoscopy represents a more 
in ormative approach, colonoscopy has been reported 
as being less accurate  or screening the proximal rather 
than the distal colon, perhaps due to technical consider-
ations but also possibly because o  a greater  requency 
o  serrated (i.e., “ at”) polyps in the right colon, which 
are more di cult to identi y. At present, colonoscopy 
per ormed every 10 years has been o ered as an alter-
native to annual  ecal occult blood testing with periodic 
(every 5 years)  exible sigmoidoscopy. Colonoscopy has 
been shown to be superior to double-contract barium 
enema and also to have a higher sensitivity  or detect-
ing villous or dysplastic adenomas or cancers than the 
strategy using occult  ecal blood testing and  exible sig-
moidoscopy. Whether colonoscopy per ormed every 10 
years beginning at age 50 is medically superior and eco-
nomically equivalent to  exible sigmoidoscopy remains 
to be determined.

CLINICAL FEATURES
Presenting symptoms

Symptoms vary with the anatomic location o  the tumor. 
Because stool is relatively liquid as it passes through 
the ileocecal valve into the right colon, cancers arising 
in the cecum and ascending colon may become quite 
large without resulting in any obstructive symptoms 
or noticeable alterations in bowel habits. Lesions o  
the right colon commonly ulcerate, leading to chronic, 
insidious blood loss without a change in the appearance 
o  the stool. Consequently, patients with tumors o  the 
ascending colon o en present with symptoms such as 
 atigue, palpitations, and even angina pectoris and are 
 ound to have a hypochromic, microcytic anemia indic-
ative o  iron de ciency. Because the cancers may bleed 
intermittently, a random  ecal occult blood test may be 
negative. As a result, the unexplained presence o  iron-
de ciency anemia in any adult (with the possible excep-
tion o  a premenopausal, multiparous woman) mandates 
a thorough endoscopic and/or radiographic visualiza-
tion o  the entire large bowel (Fig. 40-1).

Because stool becomes more  ormed as it passes into 
the transverse and descending colon, tumors arising 
there tend to impede the passage o  stool, resulting in 
the development o  abdominal cramping, occasional 
obstruction, and even per oration. Radiographs o  the 
abdomen o en reveal characteristic annular, constrict-
ing lesions (“apple-core” or “napkin-ring”) (Fig. 40-2).

Cancers arising in the rectosigmoid are o en asso-
ciated with hematochezia, tenesmus, and narrowing 
o  the caliber o  stool; anemia is an in requent  nding. 
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FIGURE 40 -2
Annu lar, constrict ing  ad enocarcinom a of the  d escend ing  
colon. This radiographic appearance is re erred to as an “apple-core” 
lesion and is always highly suggestive o  malignancy.

FIGURE 40 -1
Do u b le  co n trast  a ir b a riu m  en em a  revealing a sessile 
tumor o  the cecum in a patient with iron-de ciency anemia 
and guaiac-positive stool. The lesion at surgery was a stage II 
adenocarcinoma.

Sta ging, prognostic fa ctors,  
a nd pa tterns of sprea d

T e prognosis  or individuals having colorectal cancer 
is related to the depth o  tumor penetration into the 
bowel wall and the presence o  both regional lymph 
node involvement and distant metastases. T ese vari-
ables are incorporated into the staging system intro-
duced by Dukes and subsequently applied to a  NM 
classi cation method, in which   represents the depth 
o  tumor penetration, N the presence o  lymph node 
involvement, and M the presence or absence o  dis-
tant metastases (Fig. 40-3). Super cial lesions that 
do not involve regional lymph nodes and do not 
penetrate through the submucosa ( 1) or the mus-
cularis ( 2) are designated as stage I ( 1–2N0M0) dis-
ease; tumors that penetrate through the muscularis 
but have not spread to lymph nodes are stage II dis-
ease ( 3-4N0M0); regional lymph node involvement 
de nes stage III ( XN1-2M0) disease; and metastatic 
spread to sites such as liver, lung, or bone indicates 
stage IV ( XNXM1) disease. Unless gross evidence o  
metastatic disease is present, disease stage cannot be 
determined accurately be ore surgical resection and 
pathologic analysis o  the operative specimens. It is not 
clear whether the detection o  nodal metastases by spe-
cial immunohistochemical molecular techniques has 
the same prognostic implications as disease detected by 
routine light microscopy.

Most recurrences a er a surgical resection o  a 
large-bowel cancer occur within the  rst 4 years, mak-
ing 5-year survival a  airly reliable indicator o  cure. 
T e likelihood  or 5-year survival in patients with 
colorectal cancer is stage-related (Fig. 40-3). T at like-
lihood has improved during the past several decades 
when similar surgical stages have been compared. 
T e most plausible explanation  or this improve-
ment is more thorough intraoperative and patho-
logic staging. In particular, more exacting attention 
to pathologic detail has revealed that the prognosis 
 ollowing the resection o  a colorectal cancer is not 
related merely to the presence or absence o  regional 
lymph node involvement; rather, prognosis may be 
more precisely gauged by the number o  involved 
lymph nodes (one to three lymph nodes [“N1”] vs 
 our or more lymph nodes [“N2”]) and the num-
ber o  nodes examined. A minimum o  12 sampled 
lymph nodes is thought necessary to  accurately de ne 
tumor stage, and the more nodes examined, the bet-
ter. Other predictors o  a poor prognosis a er a total 
surgical resection include tumor penetration through 
the bowel wall into pericolic  at, poorly di erentiated 
histology, per oration and/or tumor adherence to adja-
cent organs (increasing the risk  or an anatomically 
adjacent recurrence), and venous invasion by tumor  
(Table 40-4). Regardless o  the clinicopathologic stage, 

While these symptoms may lead patients and their 
physicians to suspect the presence o  hemorrhoids, the 
development o  rectal bleeding and/or altered bowel 
habits demands a prompt digital rectal examination and 
proctosigmoidoscopy.
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558 Staging of colorecta l cance r

S tage  a t
presenta tion

Mucosa

Serosa

Fa t
Lymph nodes

Muscula ris
mucosa

Muscula ris
propria

Submucosa

Stage I  II

T3
Through

muscularis

70–85%

31%

25%

IV

M
Dis tant

metas tases

<5%

20%

15%

T2
Not through
muscula ris

>90%

T1
No deeper

than
submucosa

>95%

23%

34%

III

N2
 ≥4 lymph node

metas tases

25–60%

N1
1–3 lymph node

metas tases

50–70%

26%

26%

Colon

Recta l

Extent of tumor

5-year surviva l

FIGURE 40 -3
Stag in g  an d  p ro g n o sis fo r p a t ien ts with  co lo recta l can ce r.

TABLE 40-4  
PREDICTORS OF POOR OUTCOME FOLLOWING 
TOTAL SURGICAL RESECTION OF COLORECTAL 
CANCER
Tumor spread to regional lymph nodes
Number o  regional lymph nodes involved
Tumor penetration through the bowel wall
Poorly dif erentiated histology
Per oration
Tumor adherence to adjacent organs
Venous invasion
Preoperative elevation o  CEA titer (>5 ng/mL)
Aneuploidy
Speci c chromosomal deletion (e.g., mutation in the b-raf gene)

Abbrevia t ion: CEA, carcinoembryonic antigen.

a preoperative elevation o  the plasma carcinoem-
bryonic antigen (CEA) level predicts eventual tumor 
recurrence. T e presence o  aneuploidy and speci c 
chromosomal deletions, such as a mutation in the b-raf 
gene in tumor cells, appears to predict  or a higher risk 
 or metastatic spread. Conversely, the detection o  mic-
rosatellite instability in tumor tissue indicates a more 
 avorable outcome. In contrast to most other cancers, 
the prognosis in colorectal cancer is not in uenced by 
the size o  the primary lesion when adjusted  or nodal 
involvement and histologic di erentiation.

Cancers o  the large bowel generally spread to 
regional lymph nodes or to the liver via the portal 
venous circulation. T e liver represents the most  re-
quent visceral site o  metastasis; it is the initial site o  
distant spread in one-third o  recurring colorectal can-
cers and is involved in more than two-thirds o  such 
patients at the time o  death. In general, colorectal can-
cer rarely spreads to the lungs, supraclavicular lymph 
nodes, bone, or brain without prior spread to the liver. 
A major exception to this rule occurs in patients having 
primary tumors in the distal rectum,  rom which tumor 
cells may spread through the paravertebral venous 
plexus, escaping the portal venous system and thereby 
reaching the lungs or supraclavicular lymph nodes 
without hepatic involvement. T e median survival a er 
the detection o  distant metastases has ranged in the 
past  rom 6–9 months (hepatomegaly, abnormal liver 
chemistries) to 24–30 months (small liver nodule ini-
tially identi ed by elevated CEA level and subsequent 
C  scan), but e ective systemic therapy is signi cantly 
improving this prognosis.

E orts to use gene expression pro les to identi y 
patients at risk o  recurrence or those particularly likely 
to bene t  rom adjuvant therapy have not yet yielded 
practice-changing results. Despite a burgeoning litera-
ture examining a host o  prognostic  actors, pathologic 
stage at diagnosis remains the best predictor o  long-
term prognosis. Patients with lymphovascular invasion 
and high preoperative CEA levels are likely to have a 
more aggressive clinical course.
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TREATMENT Colorectal Cancer

 otal resection o  tumor is the optimal treatment when a 
malignant lesion is detected in the large bowel. An evalu-
ation  or the presence o  metastatic disease, including a 
thorough physical examination, biochemical assessment o  
liver  unction, measurement o  the plasma CEA level, and 
a C  scan o  the chest, abdomen, and pelvis, should be per-
 ormed be ore surgery. When possible, a colonoscopy o  the 
entire large bowel should be per ormed to identi y synchro-
nous neoplasms and/or polyps. T e detection o  metastases 
should not preclude surgery in patients with tumor-related 
symptoms such as gastrointestinal bleeding or obstruc-
tion, but it o en prompts the use o  a less radical operative 
procedure. T e necessity  or a primary tumor resection in 
asymptomatic individuals with metastatic disease is an area 
o  controversy. At the time o  laparotomy, the entire perito-
neal cavity should be examined, with thorough inspection 
o  the liver, pelvis, and hemidiaphragm and care ul palpa-
tion o  the  ull length o  the large bowel. Following recovery 
 rom a complete resection, patients should be observed care-
 ully  or 5 years by semiannual physical examinations and 
blood chemistry measurements. I  a complete colonoscopy 
was not per ormed preoperatively, it should be carried out 
within the  rst several postoperative months. Some authori-
ties  avor measuring plasma CEA levels at 3-month intervals 
because o  the sensitivity o  this test as a marker  or other-
wise undetectable tumor recurrence. Subsequent endoscopic 
surveillance o  the large bowel, probably at triennial inter-
vals, is indicated, because patients who have been cured o  
one colorectal cancer have a 3–5% probability o  developing 
an additional bowel cancer during their li etime and a >15% 
risk  or the development o  adenomatous polyps. Anasto-
motic (“suture-line”) recurrences are in requent in colorectal 
cancer patients, provided the surgical resection margins are 
adequate and  ree o  tumor. T e value o  periodic C  scans 
o  the abdomen, assessing  or an early, asymptomatic indica-
tion o  tumor recurrence, is an area o  uncertainty, with some 
experts recommending the test be per ormed annually  or the 
 rst 3 postoperative years.

Radiation therapy to the pelvis is recommended  or 
patients with rectal cancer because it reduces the 20–25% 
probability o  regional recurrences  ollowing complete surgi-
cal resection o  stage II or III tumors, especially i  they have 
penetrated through the serosa. T is alarmingly high rate 
o  local disease recurrence is believed to be due to the  act 
that the contained anatomic space within the pelvis limits 
the extent o  the resection and because the rich lymphatic 
network o  the pelvic side wall immediately adjacent to the 
rectum  acilitates the early spread o  malignant cells into 
surgically inaccessible tissue. T e use o  sharp rather than 
blunt dissection o  rectal cancers (total mesorectal excision) 
appears to reduce the likelihood o  local disease recurrence 
to ~10%. Radiation therapy, either pre- or postoperatively, 
 urther reduces the likelihood o  pelvic recurrences but does 

not appear to prolong survival. Combining radiation therapy 
with 5- uorouracil (5-FU)-based chemotherapy, pre erably 
prior to surgical resection, lowers local recurrence rates and 
improves overall survival. Preoperative radiotherapy is indi-
cated  or patients with large, potentially unresectable rectal 
cancers; such lesions may shrink enough to permit subse-
quent surgical removal. Radiation therapy is not e ective as 
the primary treatment o  colon cancer.

Systemic therapy  or patients with colorectal cancer has 
become more e ective. 5-FU remains the backbone o  treat-
ment  or this disease. Partial responses are obtained in 15–20% 
o  patients. T e probability o  tumor response appears to be 
somewhat greater  or patients with liver metastases when 
chemotherapy is in used directly into the hepatic artery, but 
intraarterial treatment is costly and toxic and does not appear 
to appreciably prolong survival. T e concomitant adminis-
tration o   olinic acid (leucovorin) improves the e cacy o  
5-FU in patients with advanced colorectal cancer, presum-
ably by enhancing the binding o  5-FU to its target enzyme, 
thymidylate synthase. A three old improvement in the par-
tial response rate is noted when  olinic acid is combined with 
5-FU; however, the e ect on survival is marginal, and the opti-
mal dose schedule remains to be de ned. 5-FU is generally 
administered intravenously but may also be given orally in the 
 orm o  capecitabine (Xeloda) with seemingly similar e cacy.

Irinotecan (CP -11), a topoisomerase 1 inhibitor, pro-
longs survival when compared to supportive care in patients 
whose disease has progressed on 5-FU. Furthermore, the 
addition o  irinotecan to 5-FU and leucovorin (LV) (e.g., 
FOLFIRI) improves response rates and survival o  patients 
with metastatic disease. T e FOLFIRI regimen is as  ollows: 
irinotecan, 180 mg/m2 as a 90-min in usion on day 1; LV, 
400 mg/m2 as a 2-h in usion during irinotecan administra-
tion; immediately  ollowed by 5-FU bolus, 400 mg/m2, and 
46-h continuous in usion o  2.4–3 g/m2 every 2 weeks. Diar-
rhea is the major side e ect  rom irinotecan. Oxaliplatin, a 
platinum analogue, also improves the response rate when 
added to 5-FU and LV (FOLFOX) as initial treatment o  
patients with metastatic disease. T e FOLFOX regimen is as 
 ollows: 2-h in usion o  LV (400 mg/m2 per day)  ollowed by 
a 5-FU bolus (400 mg/m2 per day) and 22-h in usion (1200 
mg/m2) every 2 weeks, together with oxaliplatin, 85 mg/m2 
as a 2-h in usion on day 1. Oxaliplatin  requently causes a 
dose-dependent sensory neuropathy that o en but not always 
resolves  ollowing the cessation o  therapy. FOLFIRI and 
FOLFOX are equal in e cacy. In metastatic disease, these 
regimens may produce median survivals o  2 years.

Monoclonal antibodies are also e ective in patients with 
advanced colorectal cancer. Cetuximab (Erbitux) and panitu-
mumab (Vectibix) are directed against the epidermal growth 
 actor receptor (EGFR), a transmembrane glycoprotein 
involved in signaling pathways a ecting growth and proli -
eration o  tumor cells. Both cetuximab and panitumumab, 
when given alone, have been shown to bene t a small pro-
portion o  previously treated patients, and cetuximab appears 
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560 to have therapeutic synergy with such chemotherapeutic 
agents as irinotecan, even in patients previously resistant to 
this drug; this suggests that cetuximab can reverse cellular 
resistance to cytotoxic chemotherapy. T e antibodies are not 
e ective in the approximate 40% subset o  colon tumors that 
contain mutated K-ras. T e use o  both cetuximab and pani-
tumumab can lead to an acne-like rash, with the development 
and severity o  the rash being correlated with the likeli-
hood o  antitumor e cacy. Inhibitors o  the EGFR tyrosine 
kinase such as erlotinib ( arceva) or sunitinib (Sutent) do not 
appear to be e ective in colorectal cancer.

Bevacizumab (Avastin) is a monoclonal antibody directed 
against the vascular endothelial growth  actor (VEGF) and is 
thought to act as an antiangiogenesis agent. T e addition o  
bevacizumab to irinotecan-containing combinations and to 
FOLFOX initially appeared to signi cantly improve the out-
come observed with chemotherapy alone, but subsequent 
studies have suggested a lesser degree o  bene t. T e use o  
bevacizumab can lead to hypertension, proteinuria, and an 
increased likelihood o  thromboembolic events.

Patients with solitary hepatic metastases without clini-
cal or radiographic evidence o  additional tumor involve-
ment should be considered  or partial liver resection, because 
such procedures are associated with 5-year survival rates o  
25–30% when per ormed on selected individuals by experi-
enced surgeons.

T e administration o  5-FU and LV  or 6 months a er 
resection o  tumor in patients with stage III disease leads to 
a 40% decrease in recurrence rates and 30% improvement 
in survival. T e likelihood o  recurrence has been  urther 
reduced when oxaliplatin has been combined with 5-FU and 
LV (e.g., FOLFOX); unexpectedly, the addition o  irinotecan 
to 5-FU and LV as well as the addition o  either bevacizumab 
or cetuximab to FOLFOX did not signi cantly enhance out-
come. Patients with stage II tumors do not appear to bene t 
appreciably  rom adjuvant therapy, with the use o  such treat-
ment generally restricted to those patients having biologic 
characteristics (e.g., per orated tumors,  4 lesions, lympho-
vascular invasion) that place them at higher likelihood  or 
recurrence. T e addition o  oxaliplatin to adjuvant treatment 
 or patients older than age 70 and those with stage II disease 
does not appear to provide any therapeutic bene t.

In rectal cancer, the delivery o  preoperative or postop-
erative combined-modality therapy (5-FU plus radiation 
therapy) reduces the risk o  recurrence and increases the 
chance o  cure  or patients with stage II and III tumors, with 
the preoperative approach being better tolerated. T e 5-FU 
acts as a radiosensitizer when delivered together with radia-
tion therapy. Li e-extending adjuvant therapy is used in only 
about hal  o  patients older than age 65 years. T is age bias 
is un ortunate because the bene ts and likely the tolerance o  
adjuvant therapy in patients age ≥65 years appear similar to 
those seen in younger individuals.

CANCERS OF THE ANUS

Cancers o  the anus account  or 1–2% o  the malignant 
tumors o  the large bowel. Most such lesions arise in the 
anal canal, the anatomic area extending  rom the ano-
rectal ring to a zone approximately hal way between the 
pectinate (or dentate) line and the anal verge. Carcino-
mas arising proximal to the pectinate line (i.e., in the 
transitional zone between the glandular mucosa o  the 
rectum and the squamous epithelium o  the distal anus) 
are known as basaloid, cuboidal, or cloacogenic tumors; 
about one-third o  anal cancers have this histologic pat-
tern. Malignancies arising distal to the pectinate line 
have squamous histology, ulcerate more  requently, 
and constitute ~55% o  anal cancers. T e prognosis  or 
patients with basaloid and squamous cell cancers o  the 
anus is identical when corrected  or tumor size and the 
presence or absence o  nodal spread.

T e development o  anal cancer is associated with 
in ection by human papillomavirus, the same organ-
ism etiologically linked to cervical cancer. T e virus 
is sexually transmitted. T e in ection may lead to anal 
warts (condyloma acuminata), which may progress to 
anal intraepithelial neoplasia and on to squamous cell 
carcinoma. T e risk  or anal cancer is increased among 
homosexual males, presumably related to anal inter-
course. Anal cancer risk is increased in both men and 
women with AIDS, possibly because their immuno-
suppressed state permits more severe papillomavirus 
in ection. Vaccination against human papilloma viruses 
may reduce the eventual risk  or anal cancer. Anal can-
cers occur most commonly in middle-aged persons and 
are more  requent in women than men. At diagnosis, 
patients may experience bleeding, pain, sensation o  a 
perianal mass, and pruritus.

Radical surgery (abdominal-perineal resection with 
lymph node sampling and a permanent colostomy) was 
once the treatment o  choice  or this tumor type. T e 
5-year survival rate a er such a procedure was 55–70% 
in the absence o  spread to regional lymph nodes and 
<20% i  nodal involvement was present. An alternative 
therapeutic approach combining external beam radia-
tion therapy with concomitant chemotherapy (5-FU 
and mitomycin C) has resulted in biopsy-proven disap-
pearance o  all tumor in >80% o  patients whose initial 
lesion was <3 cm in size.  umor recurrences develop in 
<10% o  these patients, meaning that ~70% o  patients 
with anal cancers can be cured with nonoperative 
treatment and without the need  or a colostomy. Sur-
gery should be reserved  or the minority o  individuals 
who are  ound to have residual tumor a er being man-
aged initially with radiation therapy combined with 
chemotherapy.
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HEPATOCELLULAR CARCINOMA

INCIDENCE
Hepatocellular carcinoma (HCC) is one o  the 
most common malignancies worldwide. T e 
annual global incidence is approximately 1 mil-

lion cases, with a male-to- emale ratio o  approximately 
4:1 (1:1 without cirrhosis to 9:1 in many high-incidence 
countries). T e incidence rate equals the death rate. In 
the United States, approximately 22,000 new cases are 
diagnosed annually, with 18,000 deaths. T e death rates 
in males in low-incidence countries such as the United 
States are 1.9 per 100,000 per year; in intermediate areas 
such as Austria and South A rica, they range  rom 
5.1–20; and in high-incidence areas such as in the 
Orient (China and Korea), they are as high as 23.1–150 
per 100,000 per year (Table 41-1). T e incidence o  
HCC in the United States is approximately 3 per 
100,000 persons, with signi cant gender, ethnic, and 
geographic variations. T ese numbers are rapidly 
increasing and may be an underestimate. Approxi-
mately 4 million chronic hepatitis C virus (HCV) carri-
ers are in the United States alone. Approximately 10% o  
them, or 400,000, are likely to develop cirrhosis. 
Approximately 5%, or 20,000, o  these patients may 
develop HCC annually. Add to this the two other com-
mon predisposing  actors—hepatitis B virus (HBV) and 
chronic alcohol consumption—and 60,000 new HCC 
cases annually seem possible. Future advances in HCC 
survival will likely depend in part on immunization 
strategies  or HBV (and HCV) and earlier diagnosis by 
screening o  patients at risk o  HCC development.

Current direct ions

With the U.S. HCV epidemic, HCC is increasing 
in most states, and obesity-associated liver disease 
(nonalcoholic steatohepatitis [NASH]) is increasingly 
recognized as a cause.

TUMORS OF THE LIVER AND BILIARY TREE

CHAP TER 4 1

EPIDEMIOLOGY
T ere are two general types o  epidemiologic 
studies o  HCC—those o  country-based inci-
dence rates ( able 41-1) and those o  migrants. 

Endemic hot spots occur in areas o  China and sub-
Saharan A rica, which are associated both with high 
endemic hepatitis B carrier rates as well as mycotoxin 
contamination o   oodstu s (a atoxin B1), stored 
grains, drinking water, and soil. Environmental  actors 

TABLE 41-1  
AGE-ADJUSTED INCIDENCE RATES FOR 
HEPATOCELLULAR CARCINOMA

COUNTRY

PERSONS PER 100,000 PER YEAR

MALE  FEMALE

Argentina    6.0   2.5
Brazil, Reci e    9.2   8.3
Brazil, Sao Paulo    3.8   2.6
Mozambique  112.9  30.8
South A rica, Cape: Black  26.3   8.4
South A rica, Cape: White    1.2   0.6
Senegal   25.6   9.0
Nigeria   15.4   3.2
Gambia   33.1  12.6
Burma  25.5   8.8
Japan    7.2   2.2
Korea   13.8   3.2
China, Shanghai   34.4  11.6
India, Bombay   4.9   2.5
India, Madras    2.1   0.7
Great Britain    1.6   0.8
France    6.9   1.2
Italy, Varese    7.1   2.7
Norway    1.8   1.1
Spain, Navarra    7.9   4.7
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TABLE 41-2  
FACTORS ASSOCIATED WITH AN INCREASED RISK OF 
DEVELOPING HEPATOCELLULAR CARCINOMA

COMMON  UNUSUAL

Cirrhosis  rom any cause  Primary biliary cirrhosis
Hepatitis B or C chronic 
in ection

Hemochromatosis

Ethanol chronic consumption  α1 Antitrypsin de ciency
NASH/NAFL  Glycogen storage diseases
Af atoxin B1 or other 
mycotoxins

Citrullinemia
Porphyria cutanea tarda
Hereditary tyrosinemia
Wilson’s disease

Abbrevia t ions: NAFL, nonalcoholic  atty liver; NASH, nonalcoholic 
steatohepatitis.

are important,  or example, Japanese in Japan have a 
higher incidence than Japanese living in Hawaii, who 
in turn have a higher incidence than those living in 
Cali ornia.

ETIOLOGIC FACTORS
Chemica l ca rcinogens

Causative agents  or HCC have been studied 
along two general lines. First are agents identi-
 ed as carcinogenic in experimental animals 

(particularly rodents) that are thought to be present 
in the human environment (Table 41-2). Second is 
the association o  HCC with various other clinical 
conditions. Probably the best-studied and most 
potent ubiquitous natural chemical carcinogen is a 
product o  the Aspergillus  ungus, called a atoxin B1. 
T is mold and a atoxin product can be  ound in a 
variety o  stored grains in hot, humid places, where 
peanuts and rice are stored in unre rigerated condi-
tions. A atoxin contamination o   oodstu s correlates 
well with incidence rates in A rica and to some extent 
in China. In endemic areas o  China, even  arm ani-
mals such as ducks have HCC. T e most potent car-
cinogens appear to be natural products o  plants, 
 ungi, and bacteria, such as bush trees containing pyr-
rolizidine alkaloids as well as tannic acid and sa role. 
Pollutants such as pesticides and insecticides are 
known rodent carcinogens.

Hepa tit is

Both case-control and cohort studies have 
shown a strong association between chronic 
hepatitis B carrier rates and increased incidence 

o  HCC. In  aiwanese male postal carriers who were 

hepatitis B sur ace antigen (HBsAg)-positive, a 98- old 
greater risk  or HCC was  ound compared to HBsAg-
negative individuals. T e incidence o  HCC in Alaskan 
natives is markedly increased related to a high preva-
lence o  HBV in ection. HBV-based HCC may involve 
rounds o  hepatic destruction with subsequent proli er-
ation and not necessarily  rank cirrhosis. T e increase 
in Japanese HCC incidence rates in the last three 
decades is thought to be  rom hepatitis C. A large-scale 
World Health Organization (WHO)-sponsored inter-
vention study is currently under way in Asia involving 
HBV vaccination o  the newborn. HCC in A rican 
blacks is not associated with severe cirrhosis but is 
poorly di erentiated and very aggressive. Despite uni-
 orm HBV carrier rates among the South A rican 
Bantu, there is a nine old di erence in HCC incidence 
between Mozambicans living along the coast and 
inland. T ese di erences are attributed to the addi-
tional exposure to dietary a atoxin B1 and other carci-
nogenic mycotoxins. A typical interval between 
HCV-associated trans usion and subsequent HCC is 
approximately 30 years. HCV-associated HCC patients 
tend to have more  requent and advanced cirrhosis, but 
in HBV-associated HCC, only hal  the patients have 
cirrhosis, with the remainder having chronic active 
hepatitis.

Other et io logic condit ions

T e 75–85% association o  HCC with underlying 
cirrhosis has long been recognized, more typi-
cally with macronodular cirrhosis in Southeast 

Asia, but also with micronodular cirrhosis (alcohol) in 
Europe and the United States. It is still not clear 
whether cirrhosis itsel  is a predisposing  actor to the 
development o  HCC or whether the underlying causes 
o  the cirrhosis are actually the carcinogenic  actors. 
However, ~20% o  U.S. patients with HCC do not have 
underlying cirrhosis. Several underlying conditions are 
associated with an increased risk  or cirrhosis-associ-
ated HCC ( able 41-2), including hepatitis, alcohol, 
autoimmune chronic active hepatitis, cryptogenic cir-
rhosis, and NASH. A less common association is with 
primary biliary cirrhosis and several metabolic diseases 
including hemochromatosis, Wilson’s disease, α1 anti-
trypsin de ciency, tyrosinemia, porphyria cutanea 
tarda, glycogenesis types 1 and 3, citrullinemia, and 
orotic aciduria. T e etiology o  HCC in those 20% o  
patients who have no cirrhosis is currently unclear, and 
their HCC natural history is not well-de ned.

Current direct ions

Many patients have multiple etiologies, and the interac-
tions o  HBV, HCV, alcohol, smoking, and a atoxins are 
just beginning to be explored.
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563CLINICAL FEATURES
Symptoms

T ese include abdominal pain, weight loss, weak-
ness, abdominal  ullness and swelling, jaundice, 
and nausea (Table 41-3). Presenting signs and 

symptoms di er somewhat between high- and low-
incidence areas. In high-risk areas, especially in South 
A rican blacks, the most common symptom is abdominal 
pain; by contrast, only 40–50% o  Chinese and Japanese 
patients present with abdominal pain. Abdominal swell-
ing may occur as a consequence o  ascites due to the 
underlying chronic liver disease or may be due to a rapidly 
expanding tumor. Occasionally, central necrosis or acute 
hemorrhage into the peritoneal cavity leads to death. In 
countries with an active surveillance program, HCC tends 
to be identi ed at an earlier stage, when symptoms may be 
due only to the underlying disease. Jaundice is usually due 
to obstruction o  the intrahepatic ducts  rom underlying 
liver disease. Hematemesis may occur due to esophageal 
varices  rom the underlying portal hypertension. Bone 
pain is seen in 3–12% o  patients, but necropsies show 
pathologic bone metastases in ~20% o  patients. However, 
25% o  patients may be asymptomatic.

Physica l signs

Hepatomegaly is the most common physical sign, 
occurring in 50–90% o  the patients. Abdominal bruits 
are noted in 6–25%, and ascites occurs in 30–60% 
o  patients. Ascites should be examined by cytology. 
Splenomegaly is mainly due to portal hypertension. 
Weight loss and muscle wasting are common, par-
ticularly with rapidly growing or large tumors. Fever 
is  ound in 10–50% o  patients,  rom unclear cause. 
T e signs o  chronic liver disease may o en be present, 
including jaundice, dilated abdominal veins, palmar 
erythema, gynecomastia, testicular atrophy, and periph-
eral edema. Budd-Chiari syndrome can occur due to 
HCC invasion o  the hepatic veins, with tense ascites 
and a large tender liver.

Pa ra neopla stic syndromes

Most paraneoplastic syndromes in HCC are biochemi-
cal abnormalities without associated clinical conse-
quences. T ey include hypoglycemia (also caused by 
end-stage liver  ailure), erythrocytosis, hypercalce-
mia, hypercholesterolemia, dys brinogenemia, carci-
noid syndrome, increased thyroxin-binding globulin, 
changes in secondary sex characteristics (gynecomas-
tia, testicular atrophy, and precocious puberty), and 
porphyria cutanea tarda. Mild hypoglycemia occurs in 
rapidly growing HCC as part o  terminal illness, and 
pro ound hypoglycemia may occur, although the cause 
is unclear. Erythrocytosis occurs in 3–12% o  patients 

TABLE 41 -3  
HEPATOCELLULAR CARCINOMA CLINICAL 
PRESENTATION (N = 547)

SYMPTOM  NO. OF PATIENTS (% )

No symptom  129 (24)
Abdominal pain  219 (40)
Other (workup o  anemia and various 
diseases)

 64 (12)

Routine physical exam  nding, 
elevated LFTs

129 (24)

Weight loss  112 (20)
Appetite loss  59 (11)
Weakness/malaise   83 (15)
Jaundice   30 (5)
Routine CT scan screening o  known 
cirrhosis

 92 (17)

Cirrhosis symptoms (ankle swelling, 
abdominal bloating, increased girth, 
pruritus, GI bleed)

 98 (18)

Diarrhea    7 (1)
Tumor rupture      1
Pa t ien t  Ch aracte rist ics
Mean age (yr)  56 ± 13
Male:Female  3:1
Ethnicity
 White  72%
 Middle Eastern  10%
 Asian  13%
 A rican American   5%
Cirrhosis  81%
No cirrhosis  19%
Tu m or Ch aracte rist ics
Hepatic tumor numbers
 1  20%
 2  25%
 3 or more  65%
Portal vein invasion  75%
Unilobar  25%
Bilobar  75%

Abbrevia t ions: CT, computed tomography; GI, gastrointestinal; LFT, liver 
 unction test.

and hypercholesterolemia in 10–40%. A high percent-
age o  patients have thrombocytopenia associated 
with their  brosis or leukopenia, resulting  rom portal 
hypertension, and not  rom cancer in ltration o  bone 
marrow, as in other tumor types. Furthermore, large 
HCCs have normal or high platelet levels (thrombocy-
tosis), as in ovarian and other gastrointestinal cancers, 
probably related to elevated interleukin 6 (IL-6) levels.

STAGING
Multiple clinical staging systems  or HCC have been 
described. A widely used one has been the American 
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564 Joint Committee on Cancer (AJCC) tumor-node-
metastasis ( NM) classi cation. However, the Cancer 
o  the Liver Italian Program (CLIP) system is now pop-
ular because it takes cirrhosis into account, based on 
the original Okuda system (Table 41-4). Patients with 
Okuda stage III disease have a dire prognosis because 
they usually cannot be curatively resected, and the con-
dition o  their liver typically precludes chemotherapy. 
Other staging systems have been proposed, and a con-
sensus is needed. T ey are all based on combining the 
prognostic  eatures o  liver damage with those o  tumor 
aggressiveness and include the Barcelona Clinic Liver 
Cancer (BCLC) system  rom Spain (Fig. 41-1), which 
is externally validated and incorporates baseline sur-
vival estimates; the Chinese University Prognostic Index 
(CUPI); the important and simple Japan Integrated Stag-
ing Score (JIS); and SLiDe, which stands  or s tage, li ver 
damage, and de s-γ-carboxy prothrombin. CLIP and 
BCLC appear most popular in the West, whereas JIS is 
 avored in Japan. Each system has its champions. T e 
best prognosis is  or stage I, solitary tumors less than 2 
cm in diameter without vascular invasion. Adverse prog-
nostic  eatures include ascites, jaundice, vascular inva-
sion, and elevated α  etoprotein (AFP). Vascular invasion 
in particular has pro ound e ects on prognosis and may 
be microscopic or macroscopic (visible on computed 
tomography [C ] scans). Most large tumors have micro-
scopic vascular invasion, so  ull staging can usually be 
made only a er surgical resection. Stage III disease con-
tains a mixture o  lymph node–positive and–negative 
tumors. Stage III patients with positive lymph node dis-
ease have a poor prognosis, and  ew patients survive 1 
year. T e prognosis o  stage IV is poor a er either resec-
tion or transplantation, and 1-year survival is rare.

TABLE 41-4  
CLIP AND OKUDA STAGING SYSTEMS FOR HEPATOCELLULAR CARCINOMA

CLIP CLASSIFICATION

VARIABLES

POINTS

0  1  2

i. Tumor number  Single  Multiple  –
 Hepatic replacement by tumor (%)  <50  <50  >50
ii. Child-Pugh score  A  B  C
iii. α Fetoprotein level (ng/mL)  <400  ≥400  –
iv. Portal vein thrombosis (CT)  No  Yes  –
CLIP stages (score = sum o  points): CLIP 0, 0 points; CLIP 1, 1 point; CLIP 2, 2 points; CLIP 3, 3 points.
Oku d a  Classif ca t ion

Tu m or Exten t a Ascite s  Alb u m in   g /L  Bilirub in   m g /d L 
≥50%  <50  +  −  ≤3  >3  ≥ 3  <3
(+)  (−)  (+)  (−)  (+)  (−)  (+)  (−)
Okuda stages: stage 1, all (−); stage 2, 1 or 2 (+); stage 3, 3 or 4 (+).

aExtent o  liver occupied by tumor.
Abbrevia t ion: CLIP, Cancer o  the Liver Italian Program.

New directions

Consensus is needed on staging. T ese systems will 
soon be re ned or upended by proteomics.

APPROACH TO THE PATIENT: 
Hepatocellular Carcinoma
HISTORY AND PHYSICAL T e history is important in evaluat-
ing putative predisposing  actors, including a history o  
hepatitis or jaundice, blood trans usion, or use o  intrave-
nous drugs. A  amily history o  HCC or hepatitis should 
be sought and a detailed social history taken to include job 
descriptions  or industrial exposure to possible carcino-
genic drugs as well as contraceptive hormones. Physical ex-
amination should include assessing stigmata o  underlying 
liver disease such as jaundice, ascites, peripheral edema, 
spider nevi, palmar erythema, and weight loss. Evaluation 
o  the abdomen  or hepatic size, masses or ascites, hepatic 
nodularity and tenderness, and splenomegaly is needed, as 
is assessment o  overall per ormance status and psychoso-
cial evaluation.

SEROLOGIC ASSAYS AFP is a serum tumor marker  or HCC; 
however, it is only increased in approximately one-hal  o  
U.S. patients. T e lens culinaris agglutinin-reactive  rac-
tion o  AFP (AFP-L3) assay is thought to be more speci c. 
T e other widely used assay is that  or des-γ-carboxy pro-
thrombin (DCP), a protein induced by vitamin K absence 
(PIVKA-2). T is protein is increased in as many as 80% o  
HCC patients but may also be elevated in patients with vi-
tamin K de ciency; it is always elevated a er war arin use. 
It may also predict  or portal vein invasion. Both AFP-L3 
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FIGURE 41 -1
Barce lo n a  Clin ic Live r Can ce r  BCLC  stag in g  classif ca t ion  
an d  t rea tm en t  sch ed u le . Patients with very early hepatocellu-
lar carcinoma (HCC) (stage 0) are optimal candidates  or resection. 
Patients with early HCC (stage A) are candidates  or radical ther-
apy (resection, liver transplantation [LT], or local ablation via per-
cutaneous ethanol injection [PEI] or radio requency [RF] ablation). 
Patients with intermediate HCC (stage B) bene t  rom transcath-
eter arterial chemoembolization (TACE). Patients with advanced 
HCC, de ned as presence o  macroscopic vascular invasion, 

extrahepatic spread, or cancer-related symptoms (Eastern Coop-
erative Oncology Group per ormance status 1 or 2) (stage C), ben-
e t  rom sora enib. Patients with end-stage disease (stage D) will 
receive symptomatic treatment. Treatment strategy will transition 
 rom one stage to another on treatment  ailure or contraindica-
tions  or the procedures. CLT, cadaveric liver transplantation; LDLT, 
living donor liver transplantation; PST, Per ormance Status Test. 
(Modif ed  rom JM Llovet et al: JNCI 100:698, 2008.)

Resection Liver transplanta tion
(CLT/LDLT)

Cura tive  trea tments  (30%)
5-yr surviva l: 40–70%

Randomized controlled tria ls  (50%)
Median surviva l 11–20 months

Symptomatic
trea tment (20%)

Surviva l <3 months

PEI/RF  TACE  Sorafenib

Advanced s tage  (C)
Porta l invas ion,

N1, M1, PST 1-2

Inte rmedia te
s tage  (B)

Multinodula r, PST 0

Very early s tage  (0)
S ingle  <2 cm

carcinoma in s itu

Single

Porta l
pressure /
bilirubin

Normal

Increased
Associa ted
diseases

No  Yes

3 nodules
≤3 cm

Stage  0
PST 0, Child-Pugh A

Early s tage  (A)
Single  or 3 nodules

<3 cm, PST 0
PST

End s tage  (D)

Stage  D
PST >2, Child-Pugh C

Stage  A-C
PST 0–2, Child-Pugh A–B

HCC

and DCP are U.S. Food and Drug Administration (FDA) 
approved. Many other assays have been developed, such 
as glypican-3, but none have greater aggregate sensitivity 
and speci city. In a patient presenting with either a new 
hepatic mass or other indications o  recent hepatic decom-
pensation, carcinoembryonic antigen (CEA), vitamin B12, 
AFP,  erritin, PIVKA-2, and antimitochondrial antibody 
should be measured, and standard liver  unction tests 
should be per ormed, including prothrombin time (P ), 
partial thromboplastin time (P  ), albumin, transami-
nases, γ-glutamyl transpeptidase, and alkaline phospha-
tase. γ-Glutamyl transpeptidase and alkaline phosphatase 
may be particularly important in the 50% o  HCC patients 
who have low AFP levels. Decreases in platelet count and 
white blood cell count may re ect portal hypertension and 
associated hypersplenism. Hepatitis A, B, and C serology 
should be measured. I  HBV or HCV serology is positive, 

quantitative measurements o  HBV DNA or HCV RNA 
are needed.

New Directions Newer biomarkers are being evaluated, 
especially tissue- and serum-based genomics pro ling. 
Newer plasma biomarkers include glypican-3, osteopon-
tin, insulin-like growth  actor I, and vascular endothelial 
growth  actor. However, they are still in process o  valida-
tion. Furthermore, the commercial availability o  kits  or 
isolating circulating tumor cells is permitting the molecu-
lar pro ling o  HCCs without the need  or  urther tissue 
biopsy.

RADIOLOGY An ultrasound examination o  the liver is an 
excellent screening tool. T e two characteristic vascular 
abnormalities are hypervascularity o  the tumor mass 
(neovascularization or abnormal tumor- eeding arterial 
vessels) and thrombosis by tumor invasion o  otherwise 
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566 normal portal veins.  o determine tumor size and extent 
and the presence o  portal vein invasion accurately, a heli-
cal/triphasic C  scan o  the abdomen and pelvis, with  ast-
contrast bolus technique, should be per ormed to detect 
the vascular lesions typical o  HCC. Portal vein invasion is 
normally detected as an obstruction and expansion o  the 
vessel. A chest C  is used to exclude metastases. Magnetic 
resonance imaging (MRI) can also provide detailed in or-
mation, especially with the newer contrast agents. Ethiodol 
(Lipiodol) is an ethiodized oil emulsion retained by liver 
tumors that can be delivered by hepatic artery injection 
(5–15 mL)  or C  imaging 1 week later. For small tumors, 
Ethiodol injection is very help ul be ore biopsy because 
the histologic presence o  the dye constitutes proo  that the 
needle biopsied the mass under suspicion. A prospective 
comparison o  triphasic C , gadolinium-enhanced MRI, 
ultrasound, and  uorodeoxyglucose positron emission 
tomography (FDG-PE ) showed similar results  or C , 
MRI, and ultrasound; PE  imaging appears to be positive 
in only a subset o  HCC patients. Abdominal C  versus 
MRI/C  uses a  aster single breath-hold, is less complex, 
and is less dependent on patient cooperation. MRI requires 
a longer examination, and ascites can cause arti acts, but 
MRI is better able to distinguish dysplastic or regenerative 
nodules  rom HCC. Imaging criteria have been developed 
 or HCC that do not require biopsy proo , as they have 
>90% speci city. T e criteria include nodules >1 cm with 
arterial enhancement and portal venous washout and,  or 
small tumors, speci ed growth rates on two scans per-
 ormed less than 6 months apart (Organ Procurement and 
 ransplant Network). Nevertheless, explant pathology a er 
liver transplant  or HCC has shown that ~20% o  patients 
diagnosed without biopsy did not actually have a tumor.

New Directions T e altered tumor vascularity that is a con-
sequence o  molecularly targeted therapies is the basis  or 
newer imaging techniques including contrast-enhanced 
ultrasound (CEUS) and dynamic MRI.

PATHOLOGIC DIAGNOSIS Histologic proo  o  the presence o  
HCC is obtained through a core liver biopsy o  the liver 
mass under ultrasound guidance, as well as random biopsy 
o  the underlying liver. Bleeding risk is increased compared 
to other cancers because (1) the tumors are hypervascular 
and (2) patients o en have thrombocytopenia and de-
creased liver-dependent clotting  actors. Bleeding risk is 
 urther increased in the presence o  ascites.  racking o  
tumor has an uncommon problem. Fine-needle aspirates 
can provide suf cient material  or diagnosis o  cancer, 
but core biopsies are pre erred.  issue architecture al-
lows the distinction between HCC and adenocarcinoma. 
Laparoscopic approaches can also be used. For patients 
suspected o  having portal vein involvement, a core biopsy 
o  the portal vein may be per ormed sa ely. I  positive, this 
is regarded as an exclusion criterion  or transplantation 
 or HCC.

New Directions Immunohistochemistry has become main-
stream. Prognostic subgroupings are being de ned based 
on growth signaling pathway proteins and genotyping 
strategies, including a prognostically signi cant  ve-gene 
pro le score. Furthermore, molecular pro ling o  the 
underlying liver has provided evidence  or a “ eld-e ect” 
o  cirrhosis in generating recurrent or new HCCs a er pri-
mary resection. In addition, characteristics o  HCC stem 
cells have been identi ed and include EpCAM, CD44, and 
CD90 expression, which may  orm the basis o  stem cell 
therapeutic targeting strategies.

SCREENING HIGH-RISK POPULATIONS
T ere are two goals o  screening, both in patients at 
increased risk  or developing HCC, such as those with 
cirrhosis. T e  rst goal is to detect smaller tumors that 
are potentially curable by ablation. T e second goal is 
to enhance survival, compared with patients who were 
not diagnosed by surveillance. Evidence  rom  aiwan 
has shown a survival advantage to population screen-
ing in HBV-positive patients, and other evidence has 
shown its ef cacy in diagnosis  or HCV. Prospective 
 studies in high-risk populations showed that ultra-
sound was more sensitive than AFP elevations alone, 
although most practitioners request both tests at 
6-month intervals  or HBV and HCV carriers, espe-
cially in the presence o  cirrhosis or worsening o  liver 
 unction tests. However, an Italian study in patients 
with cirrhosis identi ed a yearly HCC incidence o  
3% but showed no increase in the rate o  detection o  
potentially curable tumors with aggressive screening. 
Prevention strategies including universal vaccination 
against hepatitis are more likely to be e ective than 
screening e orts. Despite absence o   ormal guide-
lines, most practitioners obtain 6-month AFP and 
ultrasound (cheap and ubiquitous, even in poor coun-
tries) or C  (more sensitive, especially in overweight 
patients, but more costly) studies when  ollowing high-
risk patients (HBV carriers, HCV cirrhosis,  amily his-
tory o  HCC).

Current direct ions

Cost-bene t analysis is not yet convincing, even 
though screening is intuitively sound. However, stud-
ies  rom areas with high HBV carrier rates have 
shown a survival bene t  or screening as a result o  
earlier stage at diagnosis. A de nitive clinical trial 
on screening is unlikely, due to dif culties in obtain-
ing in ormed consent  or patients who are not to be 
screened. γ-Glutamyl transpeptidase appears use ul 
 or detecting small tumors.
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567PREVENTION
Prevention strategies can only be planned when the 
causes o  a cancer are known or strongly suspected. T is 
is true o   ew human cancers, with signi cant excep-
tions being smoking and lung cancer, papilloma virus 
and cancer o  the cervix uteri, and cirrhosis o  any 
cause or dietary contamination by a atoxin B1  or HCC. 
A atoxin B1 is one o  the most potent known chemi-
cal carcinogens and is a product o  the Aspergillus mold 
that grows on peanuts and rice when stored in hot and 
humid climates. T e obvious strategy is to re riger-
ate these  oodstu s when stored and to conduct sur-
veillance programs  or elevated a atoxin B1 levels, as 
happens in the United States, but not usually in Asia. 
HBV is commonly transmitted  rom mother to  etus 
in Asia (except Japan), and neonatal HBV vaccination 
programs have resulted in a big decrease in adolescent 
HBV and, thus, in predicted HCC rates. T ere are mil-
lions o  HBV and HCV carriers (4 million with HCV in 
the United States) who are already in ected. Nucleoside 
analogue–based chemoprevention (entecavir) o  HBV-
mediated HCC in Japan resulted in a  ve old decrease 
in HCC incidence over 5 years in cirrhotic but not in 
noncirrhotic HBV patients. More power ul and e ective 

HCV therapies promise the possibility o  prevention o  
HCV-based HCC in the  uture.

TREATMENT Hepatocellular Carcinoma

Most HCC patients have two liver diseases, cirrhosis and 
HCC, each o  which is an independent cause o  death. T e 
presence o  cirrhosis usually places constraints on resection 
surgery, ablative therapies, and chemotherapy. T us patient 
assessment and treatment planning have to take the sever-
ity o  the nonmalignant liver disease into account. T e clini-
cal management choices  or HCC can be complex (Fig. 41-2, 
Tables 41-5 and 41-6). T e natural history o  HCC is highly 
variable. Patients presenting with advanced tumors (vascu-
lar invasion, symptoms, extrahepatic spread) have a median 
survival o  ~4 months, with or without treatment.  reatment 
results  rom the literature are dif cult to interpret. Survival 
is not always a measure o  the ef cacy o  therapy because o  
the adverse e ects on survival o  the underlying liver disease. 
A multidisciplinary team, including a hepatologist, inter-
ventional radiologist, surgical oncologist, resection surgeon, 
transplant surgeon, and medical oncologist, is important  or 
the comprehensive management o  HCC patients.

FIGURE 41 -2
Hep ato ce llu la r ca rcinom a   HCC  t rea tm ent  a lg orithm . The 
initial clinical evaluation is aimed at assessing the extent o  the 
tumor and the underlying  unctional compromise o  the liver by 
cirrhosis. Patients are classi ed as having resectable disease or 
unresectable disease or as being candidates  or transplantation. 

AFP, α  etoprotein; LN, lymph node; MWA, microwave ablation; 
OLTX, orthotopic liver transplantation; PEI, percutaneous ethanol 
injection; RFA, radio requency ablation; TACE, transcatheter arte-
rial chemoembolization; UNOS, United Network  or Organ Sharing. 
Child’s A/B/C re ers to the Child-Pugh classi cation o  liver  ailure.

PEI/RFA/MWA

Single  les ion
<5 cm
Child’s  A/B

Tumor progress ion

Trans plant

TACE/90Yttrium/
New agent trials
Multifocal
>5 cm
Child’s  A/B

Sorafenib/Palliative  care
hormonal therapies
Child’s  C
Bilirubin ≥2
Metas tases

Neoadjuvant bridge
therapy
RFA/TACE/90Yttrium

Living  donor
trans plant
Suitable  donor
UNOS + crite ria

Ablation candidate

Res ection/RFA
Non-cirrhotic
Child’s  A
Single  les ion
No metas tases

Trans plant candidate

Trans plant evaluation
1 les ion <5 cm
3 les ions  a ll less  than 3 cm
Child’s  A/B/C; AFP <1000 ng/mL
No gross  vascula r invas ion

Not s uitable  for s urgery

Medical evaluation
Comorbid factors
4 les ions
Gross  vascula r invas ion
LN (+) or metas tas is

HCC diagnos ed

Cadaver donor
wait lis t

Yes

Sorafenib/New agent
clinical trials
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568 TABLE 41-5  
TREATMENT OPTIONS FOR HEPATOCELLULAR 
CARCINOMA
Su rg e ry
Resection
Liver transplantation
Lo ca l Ab la t ive  Th erap ies
Radio requency ablation (RFA)
Microwave ablation (MWA)
Cryosurgery
Percutaneous ethanol injection (PEI)
Reg ion a l Th erap ies: Hep at ic Arte ry Tran sca th e te r 
Trea tm en ts

Transarterial chemotherapy
Transarterial embolization
Transarterial chemoembolization
Transarterial drug-eluting beads
Transarterial radiotherapies:
 90Yttrium microspheres
 131Iodine– Ethiodol
Proton beam radiation
Co n  o rm a l Exte rn a l Beam  Rad ia t ion  an d  In ten sity 
Mod u la ted  Rad ia t io n  Th e rap y

Systemic therapies
Molecularly targeted therapies (sora enib, etc.)
Chemotherapy
Immunotherapy
Hormonal therapy + growth control
Su p p ort ive  Th erap ies

TABLE 41-6  
SOME RANDOMIZED CLINICAL TRIALS INVOLVING TRANSHEPATIC ARTERY CHEMOEMBOLIZATION (TACE) FOR 
HEPATOCELLULAR CARCINOMA

AUTHOR  YEAR  AGENTS 1  AGENTS 2  SURVIVAL EFFECT

Kawaii  1992  Doxorubicin + Embo  Embo  No
Chang  1994  Cisplatin + Embo  Embo  No
Hatanaka  1995  Cisplatin, doxorubicin, + Embo  Same + Lipiodol  No
Uchino  1993  Cisplatin, doxorubicin, + oral FU  Same + Tamoxi en  No
Lin  1988  Embo  Embo + IV FU  No
Yoshikawa  1994  Epirubicin + Ethiodol  Epirubicin  No
Pelletier  1990  Doxorubicin + Gel oam  None  No
Trinchet  1995  Cisplatin + Gel oam  None  No
Bruix  1998  Coils + Gel oam  None  No
Pelletier  1998  Cisplatin + Ethiodol  None  No
Trinchet  1995  Cisplatin + Gel oam  None  No
Lo  2002  Cisplatin + Ethiodol  None  Yes
Llovet  2002  Doxorubicin + Ethiodol  None  Yes

Abbrevia t ions: Embo, embolization; FU, 5-f uorouracil.

TNM STAGES I AND II HCC Early-stage tumors are success ully 
treated using various techniques, including surgical resec-
tion, local ablation (thermal, radio requency [RFA], or 
microwave ablation (MWA]), and local injection therapies  
( able 41-6). Because the majority o  patients with HCC su er 

 rom a  eld de ect in the cirrhotic liver, they are at risk  or 
subsequent multiple primary liver tumors. Many will also have 
signi cant underlying liver disease and may not tolerate major 
surgical loss o  hepatic parenchyma, and they may be eligible 
 or orthotopic liver transplant (OL X). Living related donor 
transplants have increased in popularity, resulting in absence 
o  waiting  or a transplant. An important principle in treat-
ing early-stage HCC in the nontransplant setting is to use 
liver-sparing treatments and to  ocus on treatment o  both the 
tumor and the cirrhosis.

Surgical Excision T e risk o  major hepatectomy is high (5–10% 
mortality rate) due to the underlying liver disease and the 
potential  or liver  ailure, but acceptable in selected cases and 
highly dependent on surgical experience. T e risk is lower in 
high-volume centers. Preoperative portal vein occlusion can 
sometimes be per ormed to cause atrophy o  the HCC-involved 
lobe and compensatory hypertrophy o  the noninvolved liver, 
permitting sa er resection. Intraoperative ultrasound is use-
 ul  or planning the surgical approach. T e ultrasound can 
image the proximity o  major vascular structures that may be 
encountered during the dissection. In cirrhotic patients, any 
major liver surgery can result in liver  ailure. T e Child-Pugh 
classi cation o  liver  ailure is still a reliable prognosticator  or 
tolerance o  hepatic surgery, and only Child A patients should 
be considered  or surgical resection. Child B and C patients 
with stages I and II HCC should be re erred  or OL X i  
appropriate, as well as patients with ascites or a recent history 
o  variceal bleeding. Although open surgical excision is the 
most reliable, the patient may be better served with a laparo-
scopic approach to resection, using RFA, MWA, or percutane-
ous ethanol injection (PEI). No adequate comparisons o  these 
di erent techniques have been undertaken, and the choice o  
treatment is usually based on physician skill. However, RFA 
has been shown to be superior to PEI in necrosis induction 
 or tumors <3 cm in diameter and is thought to be equivalent 
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569to open resection and, thus, is the treatment o   rst choice  or 
these small tumors. As tumors get larger than 3 cm, especially 
≥5 cm, the e ectiveness o  RFA-induced necrosis diminishes. 
T e combination o  transcatheter arterial chemoembolization 
( ACE) with RFA has shown superior results to  ACE alone 
in a prospective, randomized trial. Although vascular inva-
sion is a preeminent negative prognostic  actor, microvascular 
invasion in small tumors appears not to be a negative  actor.

Local Ablation Strategies RFA uses heat to ablate tumors. T e 
maximum size o  the probe arrays allows  or a 7-cm zone o  
necrosis, which would be adequate  or a 3- to 4-cm tumor. T e 
heat reliably kills cells within the zone o  necrosis.  reatment 
o  tumors close to the main portal pedicles can lead to bile 
duct injury and obstruction. T is limits the location o  tumors 
that are anatomically suited  or this technique. RFA can be 
per ormed percutaneously with C  or ultrasound guidance, 
or at the time o  laparoscopy with ultrasound guidance.

Local Injection Therapy Numerous agents have been used  or 
local injection into tumors, most commonly ethanol (PEI). T e 
relatively so  HCC within the hard background cirrhotic liver 
allows  or injection o  large volumes o  ethanol into the tumor 
without di usion into the hepatic parenchyma or leakage out 
o  the liver. PEI causes direct destruction o  cancer cells, but it 
is not selective  or cancer and will destroy normal cells in the 
vicinity. However, it usually requires multiple injections (aver-
age three), in contrast to one  or RFA. T e maximum size o  
tumor reliably treated is 3 cm, even with multiple injections.

CURRENT DIRECTIONS Resection and RFA each obtain similar 
results. However, a distinction has been made between the 
causes and prevention strategies needed to prevent early ver-
sus late tumor recurrences a er resection. Early recurrence 
has been linked to tumor invasion  actors, especially micro-
vascular tumor invasion with elevated transaminases, whereas 
late recurrence has been associated with cirrhosis and virus 
hepatitis  actors and, thus, the development o  new tumors. 
See the section on virus-directed adjuvant therapy below.

Liver Transplantation (OLTX) A viable option  or stages I and 
II tumors in the setting o  cirrhosis is OL X, with survival 
approaching that  or noncancer cases. OL X  or patients 
with a single lesion ≤5 cm or three or  ewer nodules, each  
≤3 cm (Milan criteria), resulted in excellent tumor- ree sur-
vival (≥70% at 5 years). For advanced HCC, OL X has been 
abandoned due to high tumor recurrence rates. Priority scor-
ing  or OL X previously led to HCC patients waiting too 
long  or their OL X, resulting in some tumors becoming too 
advanced during the patient’s wait  or a donated liver. A vari-
ety o  therapies were used as a “bridge” to OL X, including 
RFA,  ACE, and hepatic arterial 90Y-radioembolization. T ese 
pretransplant treatments allow patients to remain on the wait-
ing list longer, giving them greater opportunities to be trans-
planted, because they can stabilize the tumor and prevent it 
 rom growing in the months until a donor liver becomes avail-
able. What remains unclear, however, is whether this trans-
lates into prolonged survival a er transplant. Further, it is not 

known whether patients who have had their tumor(s) treated 
preoperatively  ollow the recurrence pattern predicted by their 
tumor status at the time o  transplant (i.e., post–local ablative 
therapy), or i  they  ollow the course set by their tumor param-
eters present be ore such treatment. T e United Network  or 
Organ Sharing (UNOS) point system  or priority scoring o  
OL X recipients now includes additional points  or patients 
with HCC. T e success o  living related donor liver transplanta-
tion programs has also led to patients receiving transplantation 
earlier  or HCC and o en with greater than minimal tumors.

CURRENT DIRECTIONS Expanded criteria  or larger HCCs beyond 
the Milan criteria (one lesion <5 cm or three lesions, each  
<3 cm), such as the University o  Cali ornia, San Francisco 
(UCSF) criteria (single lesion ≤6.5 cm or two lesions ≤4.5 cm 
with a total diameter ≤8 cm; 1- and 5-year survival rates o  
90 and 75%, respectively), are being increasingly accepted by 
various UNOS areas  or OL X with satis actory longer-term 
survival comparable to Milan criteria results. Furthermore, 
downstaging o  HCCs that are too large  or the Milan crite-
ria by medical therapy ( ACE) is increasingly recognized as 
acceptable treatment be ore OL X with equivalent outcomes 
to patients who originally were within Milan criteria. Within-
criteria patients with AFP levels >1000 ng/mL have excep-
tionally high post-OL X recurrence rates. Also, the use o  
“salvage” OL X a er recurrent HCC a er resection has pro-
duced con icting outcomes. Shortages o  organs combined 
with advances in resection sa ety have led to increasing use o  
resection  or patients with good liver  unction.

Adjuvant Therapy T e role o  adjuvant chemotherapy  or 
patients a er resection or OL X remains unclear. Both adju-
vant and neoadjuvant approaches have been studied, but no 
clear advantage in disease- ree or overall survival has been 
 ound. However, a meta-analysis o  several trials revealed 
a signi cant improvement in disease- ree and overall sur-
vival. Although analysis o  postoperative adjuvant systemic 
chemotherapy trials demonstrated no disease- ree or overall 
survival advantage, single studies o   ACE and neoadjuvant 
131I-Ethiodol showed enhanced survival a er resection.

Antiviral therapy, instead o  anticancer therapy, has been 
success ul in decreasing postresection tumor recurrences in the 
postresection adjuvant setting. Nucleoside analogues in HBV-
based HCC and peg-inter eron plus ribavirin  or HCV-based 
HCC have both been e ective in reducing recurrence rates.

CURRENT DIRECTIONS A large adjuvant trial examining resection 
and transplantation, with or without sora enib (see below) is 
in progress. T e success o  viral therapies in decreasing HCC 
recurrence a er resection is part o  a broader  ocus on the 
tumor microenvironment (stroma, blood vessels, in amma-
tory cells, and cytokines) as mediators o  HCC progression 
and as targets  or new therapies.

TNM STAGES III AND IV HCC Fewer surgical options exist  or stage III 
tumors involving major vascular structures. In patients with-
out cirrhosis, a major hepatectomy is  easible, although prog-
nosis is poor. Patients with Child A cirrhosis may be resected, 
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TABLE 41 -7  
TARGETED THERAPIES IN HEPATOCELLULAR 
CARCINOMA: TRIALS

PHASE III  TARGET  SURVIVAL (MO)

Sora enib vs placebo  Ra , VEGFR, PDGFR  10.7 vs 7.9
Sora enib vs placebo 
(Asians)

Ra , VEGFR, PDGFR  6.5 vs 4.2

Abbrevia t ions: PDGFR, platelet-derived growth  actor receptor; Ra , rap-
idly accelerated  brosarcoma; VEGFR vascular endothelial growth  actor 
receptor.

TABLE 41 -8  
PROMISING TARGETED THERAPIES THAT FAILED 
THEIR CLINICAL TRIAL GOALS
Sunitinib
Brivanib
Lini anib
Everolimus
Erlotinib
ThermaDox
Oncolytic virus JX-594
Bevacizumab
Bevacizumab plus erlotinib vs sora enib
Sora enib plus erlotinib vs sora enib

but a lobectomy is associated with signi cant morbidity and 
mortality rates, and long-term prognosis is poor. Nevertheless, 
a small percentage o  patients will achieve long-term survival, 
justi ying an attempt at resection when  easible. Because o  the 
advanced nature o  these tumors, even success ul resection 
can be  ollowed by rapid recurrence. T ese patients are not 
considered candidates  or transplantation because o  the high 
tumor recurrence rates, unless their tumors can  rst be down-
staged with neoadjuvant therapy. Decreasing the size o  the 
primary tumor allows  or less surgery, and the delay in surgery 
allows  or extrahepatic disease to mani est on imaging studies 
and avoid unhelp ul OL X. T e prognosis is poor  or stage IV 
tumors, and no surgical treatment is recommended.

Systemic Chemotherapy A large number o  controlled and 
uncontrolled clinical studies have been per ormed with most 
o  the major classes o  cancer chemotherapy. No single agent 
or combination o  agents given systemically reproducibly 
leads to even a 25% response rate or has any e ect on survival.

Regional Chemotherapy In contrast to the dismal results o  
systemic chemotherapy, a variety o  agents given via the 
hepatic artery have activity  or HCC con ned to the liver  
( able 41-6).  wo randomized controlled trials have shown a 
survival advantage  or  ACE in a selected subset o  patients. 
One used doxorubicin, and the other used cisplatin. Despite 
the  act that increased hepatic extraction o  chemotherapy has 
been shown  or very  ew drugs, some drugs such as cisplatin, 
doxorubicin, mitomycin C, and possibly neocarzinostatin, 
produce substantial objective responses when administered 
regionally. Few data are available on continuous hepatic arte-
rial in usion  or HCC, although pilot studies with cisplatin have 
shown encouraging responses. Because the reports have not 
usually strati ed responses or survival based on  NM staging, 
it is dif cult to know long-term prognosis in relation to tumor 
extent. Most o  the studies on regional hepatic arterial chemo-
therapy also use an embolizing agent such as Ethiodol, gelatin 
sponge particles (Gel oam), starch (Spherex), or microspheres. 
 wo products are composed o  microspheres o  de ned size 
ranges—Embospheres (Biospheres) and Contour SE—using 
particles o  40–120, 100–300, 300–500, and 500–1000 µm in 
size. T e optimal diameter o  the particles  or  ACE has yet 
to be de ned. Consistently higher objective response rates are 
reported  or arterial administration o  drugs together with 
some  orm o  hepatic artery occlusion compared with any  orm 
o  systemic chemotherapy to date. T e widespread use o  some 
 orm o  embolization in addition to chemotherapy has added 
to its toxicities. T ese include a  requent but transient  ever, 
abdominal pain, and anorexia (all in >60% o  patients). In addi-
tion, >20% o  patients have increased ascites or transient eleva-
tion o  transaminases. Cystic artery spasm and cholecystitis 
are also not uncommon. However, higher responses have also 
been obtained. T e hepatic toxicities associated with embo-
lization may be ameliorated by the use o  degradable starch 
microspheres, with 50–60% response rates.  wo randomized 
studies o   ACE versus placebo showed a survival advantage 
 or treatment ( able 41-6). In addition, it is not clear that 

 ormal oncologic C  response criteria are adequate  or HCC. A 
loss o  vascularity on C  without size change may be an index 
o  loss o  viability and thus o  response to  ACE. A major prob-
lem that  ACE trials have had in showing a survival advantage 
is that many HCC patients die o  their underlying cirrhosis, 
not the tumor. Nevertheless, two randomized controlled trials, 
one using doxorubicin and the other using cisplatin, showed a 
survival advantage  or  ACE versus placebo ( able 41-6). How-
ever, improving quality o  li e is a legitimate goal o  regional 
therapy. Drug-eluting beads using doxorubicin (DEB- ACE) 
have been claimed to produce equivalent survival with less tox-
icity, but this strategy has not been tested in a randomized trial.

Kinase Inhibitors A survival advantage has been observed  or 
the oral multikinase inhibitor, sora enib (Nexavar), versus pla-
cebo in two randomized trials. It targets both the Ra  mitogenic 
pathway and the vascular endothelial growth  actor receptor 
(VEGFR) endothelial vasculogenesis pathway. However, tumor 
responses were negligible, and the survival in the treatment arm 
in Asians was less than the placebo arm in the Western trial 
(Table 41-7). Sora enib has considerable toxicity, with 30–40% 
o  patients requiring “drug holidays,” dose reductions, or ces-
sation o  therapy. T e most common toxicities include  atigue, 
hypertension, diarrhea, mucositis, and skin changes, such as 
the pain ul hand- oot syndrome, hair loss, and itching, each in 
20–40% o  patients. Several “look-alike” new agents that also 
target angiogenesis have either proved to be in erior or more 
toxic. T ese include sunitinib, brivanib, lini anib, everolimus, 
and bevacizumab (Table 41-8). T e idea o  angiogenesis alone 
as a major HCC therapeutic target may need revision.
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571New Therapies Although prolonged survival has been 
reported in phase II trials using newer agents, such as 
bevacizumab plus erlotinib, the data  rom a phase III trial 
were disappointing. Several  orms o  radiation therapy have 
been used in the treatment o  HCC, including external-
beam radiation and con ormal radiation therapy. Radiation 
hepatitis remains a dose-limiting problem.  he pure beta 
emitter 90Yttrium attached to either glass ( heraSphere) 
or resin (SIR-Spheres) microspheres injected into a major 
branch hepatic artery has been assessed in phase II trials 
o  HCC and has encouraging tumor control and survival 
e  ects with minimal toxicities. Randomized phase III tri-
als comparing it to  ACE have yet to be completed.  he 
main attractiveness o  90Yttrium therapy is its sa ety in the 
presence o  major branch portal vein thrombosis, where 
 ACE is dangerous or contraindicated. Furthermore, exter-
nal-beam radiation has been reported to be sa e and use-
 ul in the control o  major branch portal or hepatic vein 
invasion (thrombosis) by tumors.  he studies have all 
been small. Vitamin K has been assessed in clinical trials 
at high dosage  or its HCC-inhibitory actions.  his idea is 
based on the characteristic biochemical de ect in HCC o  
elevated plasma levels o  immature prothrombin (DCP or 
PIVKA-2), due to a de ect in the activity o  prothrombin 
carboxylase, a vitamin K–dependent enzyme.  wo vitamin 
K randomized controlled trials  rom Japan show decreased 
tumor occurrence, but a major phase III trial aimed at lim-
iting postresection recurrence was not success ul.

CURRENT DIRECTIONS A number o  new kinase inhibitors are 
being evaluated  or HCC (Tables 41-9 and 41-10).  hese 
include the biologicals, such as Ra  kinase and vascular 
endothelial growth  actor (VEGF) inhibitors, and agents 
that target various steps o  the cell growth pathway. Current 
hopes  ocus particularly on the Met pathway inhibitors 
such as tivantinib and several IGF receptor antagonists. 
90Yttrium looks promising and without chemotherapy tox-
icities. It is particularly attractive because, unlike  ACE, 
it seems sa e in the presence o  portal vein thrombosis, a 
pathognomonic  eature o  HCC aggressiveness.  he bot-
tleneck o  liver donors  or OL X is at last widening with 
increasing use o  living donors, and criteria  or OL X  or 
larger HCCs are slowly expanding. Patient participation in 
clinical trials assessing new therapies is encouraged (www 
.clinicaltrials.gov).

 he main e  ort now is the evaluation o  combinations 
o  the compounds listed in  ables 41-7 to 41-9 that tar-
get di  erent pathways, as well as the combination o  any 
o  these targeted therapies, but especially sora enib, with 
 ACE or 90Yttrium radioembolization. Combining  ACE 
with sora enib appears to be sa e in phase II studies with 
promising survival data, but randomized studies are still 
in progress.  he same is true  or intra-arterial 90Yttrium 
plus sora enib as therapy  or HCC and as bridge to trans-
plant therapy.

TABLE 41 -10  
SOME NOVEL MEDICAL TREATMENTS FOR 
HEPATOCELLULAR CARCINOMA
EGF receptor antagonists: erlotinib, ge tinib, lapatinib, 
cetuximab, brivanib

Multikinase antagonists: sora enib, sunitinib
VEGF antagonist: bevacizumab
VEGFR antagonist: ABT-869 (lini anib)
mTOR antagonists: sirolimus, temsirolimus, everolimus
Proteasome inhibitors: bortezomib
Vitamin K
131I–Ethiodol (lipiodol)
131I–Ferritin
90Yttrium microspheres (TheraSphere, SIR-Spheres)
166Holmium, 188Rhenium
Three-dimensional con ormal radiation
Proton beam high-dose radiotherapy
Gamma kni e, CyberKni e
New targets: inhibitors o  cyclin dependent kinases (Cdk), 
TRAIL induction caspases, and stem cells

Abbrevia t ions: EGF, epidermal growth  actor; mTOR, mammalian target 
o  rapamycin; VEGF, vascular endothelial growth  actor; VEGFR, vascular 
endothelial growth  actor receptor.

TABLE 41 -9  
NEW TARGETED AGENTS AND THEIR TARGETS IN 
CURRENT CLINICAL TRIALS

TARGETS  INHIBITORS

EGF receptor  Erlotinib
Ge tinib
Cetuximab
Panitumumab

cMET  Tivantinib (ARQ197)
EMD1204831
Cabozantinib

VEGF receptor  Bevacizumab
Regora enib
Brivanib
Cediranib
Sunitinib

FGF1 receptor  AEW54
R1507 (MAb)
Linsitinib (OSI-906)
Brivanib

TRAIL-R1 (proapoptosis)  Mapatumumab
PDGF receptor  Sora enib

Dovitinib
Lini anib

IGF-I receptor  IMC-A12
B11B022
Cixutumumab

Ubiquitin-proteasome  Bortezomib

Abbrevia t ions: EGF, epidermal growth  actor; FGF1,  broblast growth 
 actor 1; IGF-I, insulin-like growth  actor I; PDGF, platelet-derived growth 
 actor; VEGF, vascular endothelial growth  actor.
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572 SIGNIFICANCE AND EVALUATION OF 
RESPONSES TO NONSURGICAL THERAPIES
 umor growth or spread is considered a poor prognos-
tic sign and evidence o  treatment  ailure. By contrast, 
patients receiving chemotherapy are judged to have 
a response i  there is shrinkage o  tumor size. Lack o  
response/size decrease has been thought o  as treatment 
 ailure. T ree considerations in HCC management have 
completely changed the views concerning nonshrinkage 
a er therapy. First, the correlation between response to 
chemotherapy and survival is poor in various tumors; 
in some tumors, such as ovarian cancer and small-cell 
lung cancer, substantial tumor shrinkage on chemo-
therapy is  ollowed by rapid tumor regrowth. Second, 
the Sora enib HCC Assessment Randomized Protocol 
(SHARP) phase III trial o  sora enib versus placebo  or 
unresectable HCC showed that survival could be signi -
cantly enhanced in the treatment arm with only 2% o  
the patients having tumor response but 70% o  patients 
having disease stabilization. T is observation has led to 
a reconsideration o  the use ulness o  response and the 
signi cance o  disease stability. T ird, HCC is a typically 
highly vascular tumor, and the vascularity is consid-
ered to be a measure o  tumor viability. As a result, the 
Response Evaluation Criteria in Solid  umors (RECIS ) 
have been modi ed to mRECIS , which requires mea-
surement o  vascular/viable tumor on the C  or MRI 
scan. A partial response is de ned as a 30% decrease in 
the sum o  diameters o  viable (arterially enhancing) 
target tumors. T e need  or semiquantitation o  tumor 
vascularity on scans has led to the introduction o  di -
 usion-weighted MRI imaging.  issue-speci c imaging 
agents such as gadoxetic acid (Primovist or Eovist) and 
the move to  unctional and genetic imaging mark a shi  
in approaches. Furthermore, plasma AFP response may 
be a biologic marker o  radiologic response.

TREATMENT SUMMARY
Long-term survival is associated with resection or abla-
tion or transplantation, all o  which can yield >70% 
5-year survival. Liver transplant is the only therapy 
that can treat the tumor and the underlying liver dis-
ease simultaneously and may be the most important 
advance in HCC therapy in 50 years. Un ortunately, it 
bene ts only patients with limited size tumors without 
macrovascular portal vein invasion. Untreated patients 
with multinodular asymptomatic tumors without vas-
cular invasion or extrahepatic spread have a median 
survival o  approximately 16 months. Chemoemboliza-
tion ( ACE) improves their median survival to 19–20 
months and is considered standard therapy  or these 
patients, who represent the majority o  HCC patients, 
although 90Yttrium therapy may provide similar results 
with less toxicity. Patients with advanced-stage disease, 

vascular invasion, or metastases have a median survival 
o  around 6 months. Among this group, outcomes may 
vary according to their underlying liver disease. It is 
this group at which kinase inhibitors are directed.

SUMMARY
The most common modes of pa tient 
presenta tion

1. A patient with known history o  hepatitis, jaun-
dice, or cirrhosis, with an abnormality on ultra-
sound or C  scan, or rising AFP or DCP (PIVKA-2)  
( able 41-5)

2. A patient with an abnormal liver  unction test as 
part o  a routine examination

3. Radiologic workup  or liver transplant  or cirrhosis
4. Symptoms o  HCC including cachexia, abdominal 

pain, or  ever

History a nd physica l exa mina tion

1. Clinical jaundice, asthenia, itching (scratches), 
tremors, or disorientation

2. Hepatomegaly, splenomegaly, ascites, peripheral 
edema, skin signs o  liver  ailure

Clinica l eva lua tion

1. Blood tests:  ull blood count (splenomegaly), liver 
 unction tests, ammonia levels, electrolytes, AFP 
and DCP (PIVKA-2), Ca2+ and Mg2+; hepatitis B, 
C, and D serology (and quantitative HBV DNA or 
HCV RNA, i  either is positive); neurotensin (spe-
ci c  or  brolamellar HCC)

2.  riphasic dynamic helical (spiral) C  scan o  liver 
(i  inadequate, then  ollow with an MRI); chest C  
scan; upper and lower gastrointestinal endoscopy 
( or varices, bleeding, ulcers); and brain scan (only i  
symptoms suggest)

3. Core biopsy: o  the tumor and separate biopsy o  the 
underlying liver

Thera py

1. HCC <2 cm: RFA, PEI, or resection ( ables 41-5  
and 41-6)

2. HCC >2 cm, no vascular invasion: liver resection, 
RFA, or OL X

3. Multiple unilobar tumors or tumor with vascular 
invasion:  ACE or sora enib

4. Bilobar tumors, no vascular invasion:  ACE with 
OL X  or patients with tumor response

5. Extrahepatic HCC or elevated bilirubin: sora enib or 
bevacizumab plus erlotinib (combination agent tri-
als are in progress)
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573OTHER PRIMARY LIVER TUMORS

FIBROLAMELLAR HCC (FL-HCC)
T is rarer variant o  HCC has a quite di erent biol-
ogy than adult-type HCC. None o  the known HCC 
causative  actors seem important here. It is typically a 
disease o  younger adults, o en teenagers and predomi-
nantly  emales. It is AFP-negative, but patients typically 
have elevated blood neurotensin levels, normal liver 
 unction tests, and no cirrhosis. Radiology is similar  or 
HCC, except that characteristic adult-type portal vein 
invasion is less common. Although it is o en multi o-
cal in the liver, and there ore not resectable, metasta-
ses are common, especially to lungs and locoregional 
lymph nodes, but survival is o en much better than 
with adult-type HCC. Resectable tumors are associ-
ated with 5-year survival ≥50%. Patients o en present 
with a huge liver or unexplained weight loss,  ever, or 
elevated liver  unction tests on routine evaluations. 
T ese huge masses suggest quite slow growth  or many 
tumors. Surgical resection is the best management 
option, even  or metastases, as these tumors respond 
much less well to chemotherapy than adult-type HCC. 
Although several series o  OL X  or FL-HCC have been 
reported, the patients seem to die  rom tumor recur-
rences, with a 2- to 5-year lag compared with OL X  or 
adult-type HCC. Anecdotal responses to gemcitabine 
plus cisplatin- ACE are reported.

Epithelio id  hema ngioendothelioma  (EHE)

T is rare vascular tumor o  adults is also usually mul-
ti ocal and can also be associated with prolonged sur-
vival, even in the presence o  metastases, which are 
commonly in the lung. T ere is usually no underlying 
cirrhosis. Histologically, these tumors are usually o  
borderline malignancy and express  actor VIII, con-
 rming their endothelial origin. OL X may produce 
prolonged survival.

Chola ngioca rcinoma  (CCC)

CCC typically re ers to mucin-producing adenocarci-
nomas (di erent  rom HCC) that arise  rom the biliary 
tract and have  eatures o  cholangiocyte di erentiation. 
T ey are grouped by their anatomic site o  origin, as 
intrahepatic (IHC), perihilar (central, ~65% o  CCCs), 
and peripheral (or distal, ~30% o  CCCs). IHC is the 
second most common primary liver tumor. Depend-
ing on the site o  origin, they have di erent  eatures and 
require di erent treatments. T ey arise on the basis o  
cirrhosis less  requently than HCC, but may compli-
cate primary biliary cirrhosis. However, cirrhosis and 
both primary biliary cirrhosis and HCV predispose to 
IHC. Nodular tumors arising at the bi urcation o  the 

common bile duct are called Klatskin tumors and are 
o en associated with a collapsed gallbladder, a  nding 
that mandates visualization o  the entire biliary tree. 
T e approach to management o  central and periph-
eral CCC is quite di erent. Incidence is increasing. 
Although most CCCs have no obvious cause (etiology 
unknown), a number o  predisposing  actors have been 
identi ed. Predisposing diseases include primary scle-
rosing cholangitis (10–20% o  primary sclerosing chol-
angitis [PSC] patients), an autoimmune disease, and 
liver  uke in Asians, especially Opisthorchis viverrini 
and Clonorchis sinensis. CCC seems also to be associ-
ated with any cause o  chronic biliary in ammation and 
injury, with alcoholic liver disease, choledocholithiasis, 
choledochal cysts (10%), and Caroli’s disease (a rare 
inherited  orm o  bile duct ectasia). CCC most typi-
cally presents as painless jaundice, o en with pruritus 
or weight loss. Diagnosis is made by biopsy, percutane-
ously  or peripheral liver lesions, or more commonly 
via endoscopic retrograde cholangiopancreatography 
(ERCP) under direct vision  or central lesions. T e 
tumors o en stain positively  or cytokeratins 7, 8, and 
19 and negatively  or cytokeratin 20. However, histol-
ogy alone cannot usually distinguish CCC  rom metas-
tases  rom colon or pancreas primary tumors. Serologic 
tumor markers appear to be nonspeci c, but CEA, CA 
19-9, and CA-125 are o en elevated in CCC patients 
and are use ul  or  ollowing response to therapy. Radio-
logic evaluation typically starts with ultrasound, which 
is very use ul in visualizing dilated bile ducts, and then 
proceeds with either MRI or magnetic resonance chol-
angiopancreatography (MRCP) or helical C  scans. 
Invasive cholangiopancreatography (ERCP) is then 
needed to de ne the biliary tree and obtain a biopsy or 
is needed therapeutically to decompress an obstructed 
biliary tree with internal stent placement. I  that  ails, 
then percutaneous biliary drainage will be needed, with 
the biliary drainage  owing into an external bag. Cen-
tral tumors o en invade the porta hepatis, and locore-
gional lymph node involvement by tumor is  requent. 
Incidence has been increasing in recent decades;  ew 
patients survive 5 years. T e usual treatment is surgical, 
but combination systemic chemotherapy may be e ec-
tive. A er complete surgical resection  or IHC, 5-year 
survival is 25–30%. Combination radiation therapy 
with liver transplant has produced a 5-year recurrence-
 ree survival rate o  65%.

TREATMENT Cholangiocarcinoma

Hilar CCC is resectable in ~30% o  patients and usually 
involves bile duct resection and lymphadenectomy  or prog-
nostication.  ypical survival is approximately 24 months, 
with recurrences being mainly in the operative bed but with 
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574 ~30% in the lungs and liver. Distal CCC, which involves the 
main ducts, is normally treated by resection o  the extra-
hepatic bile ducts, o en with pancreaticoduodenectomy. 
Survival is similar. Due to the high rates o  locoregional 
recurrences or positive surgical margins, many patients 
receive postoperative adjuvant radiotherapy. Its e ect on sur-
vival has not been assessed. Intraluminal brachyradiother-
apy has also shown some promise. However, photodynamic 
therapy enhanced survival in one study. In this technique, 
sodium por mer is injected intravenously and then subjected 
to intraluminal red light laser photoactivation. OL X has 
been assessed  or treatment o  unresectable CCC. Five-year 
survival was ~20%, so enthusiasm waned. However, neoadju-
vant radiotherapy with sensitizing chemotherapy has shown 
better survival rates  or CCC treated by OL X and is cur-
rently used by UNOS  or perihilar CCC <3 cm with neither 
intrahepatic or extrahepatic metastases. A 12-center data col-
lection study o  287 patients with perihilar CCC con rmed 
the bene t o  this approach in a subset o  patients, with a 
53% 5-year survival rate but with 10% patient dropout be ore 
transplantation. T e patients had neoadjuvant external radia-
tion with radiosensitizing therapy. Patients with tumors >3 
cm had signi cantly shorter survival. Multiple chemothera-
peutic agents have been assessed  or activity and survival 
in unresectable CCC. Most have been inactive. However, 
both systemic and hepatic arterial gemcitabine have shown 
promising results. T e combination o  cisplatin plus gem-
citabine has produced a survival advantage compared with 
gemcitabine alone in a 410-patient randomized controlled 
phase III trial  or patients with locally advanced or metastatic 
CCC and is now considered standard therapy  or unresect-
able CCC. Median overall survival in the combination arm 
was 11.7 months versus 8.1 months  or gemcitabine alone. 
Signi cant responses were seen mainly in patients with IHC 
and gallbladder cancer. However, neither surgery  or lymph 
node–positive disease nor regional chemotherapy in non-
surgical patients has shown any survival advantage thus  ar. 
Several case series have shown sa ety and some responses 
 or hepatic arterial chemotherapy with gemcitabine, drug-
eluting beads, and 90Yttrium microspheres, but no convinc-
ing clinical trials are available. Clinical trials are under way 
with targeted therapies. Bevacizumab plus erlotinib gave a 
10% partial response rate with median overall survival o  
9.9 months. A sora enib trial yielded an overall survival o  
4.4 months, but 50% o  the patients had received previous 
chemotherapy. Patients with unresectable tumors should be 
treated in clinical trials.

GALLBLADDER CANCER
Gallbladder (GB) cancer has an even worse prognosis 
than CCC, with a typical survival o  ~6 months or less. 
Women are a ected much more commonly than men 
(4:1), unlike HCC or CCC, and GB cancer occurs more 
 requently than CCC. Most patients have a history o  

antecedent gallstones, but very  ew patients with gall-
stones develop GB cancer (~0.2%). GB cancer presents 
similarly to CCC and is o en diagnosed unexpectedly 
during gallstone or cholecystitis surgery. Presenta-
tion is typically that o  chronic cholecystitis, chronic 
right upper quadrant pain, and weight loss. Use ul 
but nonspeci c serum markers include CEA and CA 
19-9. C  scans or MRCP typically reveal a GB mass. 
T e mainstay o  treatment is surgical, either simple or 
radical cholecystectomy  or stage I or II disease, respec-
tively. Survival rates are near 100% at 5 years  or stage 
I, and range  rom 60–90% at 5 years  or stage II. More 
advanced GB cancer has worse survival, and many 
patients are unresectable. Adjuvant radiotherapy, used 
in the presence o  local lymph node disease, has not 
been shown to enhance survival. Chemotherapy is not 
use ul in advanced or metastatic GB cancer.

CARCINOMA OF THE AMPULLA OF VATER
T is tumor arises within 2 cm o  the distal end o  the 
common bile duct and is mainly (90%) an adenocar-
cinoma. Locoregional lymph nodes are commonly 
involved (50%), and the liver is the most  requent site 
 or metastases. T e most common clinical presenta-
tion is jaundice, and many patients also have pruritus, 
weight loss, and epigastric pain. Initial evaluation is per-
 ormed with an abdominal ultrasound to assess vascu-
lar involvement, biliary dilation, and liver lesions. T is 
is  ollowed by a C  scan or MRI and especially MRCP. 
T e most e ective therapy is resection by pylorus-
sparing pancreaticoduodenectomy, an aggressive pro-
cedure resulting in better survival rates than with local 
resection. Survival rates are ~25% at 5 years in oper-
able patients with involved lymph nodes and ~50% in 
patients without involved nodes. Unlike CCC, approxi-
mately 80% o  patients are thought to be resectable at 
diagnosis. Adjuvant chemotherapy or radiotherapy has 
not been shown to enhance survival. For metastatic 
tumors, chemotherapy is currently experimental.

TUMORS METASTATIC TO THE LIVER
T ese are predominantly  rom colon, pancreas, and 
breast primary tumors but can originate  rom any organ 
primary. Ocular melanomas are prone to liver metas-
tasis.  umor spread to the liver normally carries a poor 
prognosis  or that tumor type. Colorectal and breast 
hepatic metastases were previously treated with continu-
ous hepatic arterial in usion chemotherapy. However, 
more e ective systemic drugs  or each o  these two can-
cers, especially the addition o  oxaliplatin to colorectal 
cancer regimens, have reduced the use o  hepatic artery 
in usion therapy. In a large randomized study o  sys-
temic versus in usional plus systemic chemotherapy  or 
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575resected colorectal metastases to the liver, the patients 
receiving in usional therapy had no survival advantage, 
mainly due to extrahepatic tumor spread. 90Yttrium resin 
beads are approved in the United States  or treatment 
o  colorectal hepatic metastases. T e role o  this modal-
ity, either alone or in combination with chemotherapy, 
is being evaluated in many centers. Palliation may be 
obtained  rom chemoembolization, PEI, or RFA.

BENIGN LIVER TUMORS
T ree common benign tumors occur and all are  ound 
predominantly in women. T ey are hemangiomas, ade-
nomas, and focal nodular hyperplasia (FNH). FNH is 
typically benign, and usually no treatment is needed. 
Hemangiomas are the most common and are entirely 
benign.  reatment is unnecessary unless their expansion 
causes symptoms. Adenomas are associated with contra-
ceptive hormone use. T ey can cause pain and can bleed 
or rupture, causing acute problems. T eir main interest 
 or the physician is a low potential  or malignant change 
and a 30% risk o  bleeding. For this reason, considerable 

e ort has gone into di erentiating these three entities 
radiologically. On discovery o  a liver mass, patients 
are usually advised to stop taking sex steroids, because 
adenoma regression may then occasionally occur. Ade-
nomas can o en be large masses ranging  rom 8–15 cm. 
Due to their size and de nite, but low, malignant poten-
tial and potential  or bleeding, adenomas are typically 
resected. T e most use ul diagnostic di erentiating tool 
is a triphasic C  scan per ormed with HCC  ast bolus 
protocol  or arterial-phase imaging, together with subse-
quent delayed venous-phase imaging. Adenomas usually 
do not appear on the basis o  cirrhosis, although both 
adenomas and HCCs are intensely vascular on the C  
arterial phase and both can exhibit hemorrhage (40% 
o  adenomas). However, adenomas have smooth, well-
de ned edges, and enhance homogeneously, especially 
in the portal venous phase on delayed images, when 
HCCs no longer enhance. FNHs exhibit a characteristic 
central scar that is hypovascular on the arterial-phase 
and hypervascular on the delayed-phase C  images. 
MRI is even more sensitive in depicting the characteris-
tic central scar o  FNH.
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Pancreatic cancer is the  ourth leading cause o  cancer 
death in the United States and is associated with a poor 
prognosis. Endocrine tumors a ecting the pancreas are 
discussed in Chap. 51. In ltrating ductal adenocar-
cinomas, the subject o  this Chapter, account  or the 
vast majority o  cases and arise most  requently in the 
head o  pancreas. At the time o  diagnosis, 85–90% o  
patients have inoperable or metastatic disease, which 
is re ected in the 5-year survival rate o  only 6%  or all 
stages combined. An improved 5-year survival o  up 
to 24% may be achieved when the tumor is detected at 
an early stage and when complete surgical resection is 
accomplished.

EPIDEMIOLOGY
Pancreatic cancer represents 3% o  all newly diagnosed 
malignancies in the United States. T e most common 
age group at diagnosis is 65–84 years  or both sexes. 
Pancreatic cancer was estimated to have been diagnosed 
in approximately 45,220 patients and accounted  or 
approximately 38,460 deaths in 2013. Although survival 
rates have almost doubled over the past 35 years  or this 
disease, overall survival remains low.

GLOBAL CONSIDERATIONS
An estimated 278,684 cases o  pancreatic cancer 
occur annually worldwide (the thirteenth most 
common cancer globally), with up to 60% o  

these cases diagnosed in more developed countries. It 
remains the eighth most common cause o  cancer death 
in men and the ninth most common in women. T e 
incidence is highest in the United States and western 
Europe and lowest in parts o  A rica and South Central 
Asia. However, increasing rates o  obesity, diabetes, and 
tobacco use in addition to access to diagnostic radiology 
in the developing world are likely to increase incidence 
rates in these countries. In this situation, consideration 

PANCREATIC CANCER

CHAP TER 4 2

o  the cost implications o  adoption o  current treat-
ment paradigms in resource-constrained environments 
will be necessary. Primary prevention such as limiting 
tobacco use and avoiding obesity may be more cost 
e ective than improvements in treatment o  preexisting 
disease.

RISK FACTORS
Cigarette smoking may be the cause o  up to 20–25% 
o  all pancreatic cancers and is the most common envi-
ronmental risk  actor  or this disease. A longstanding 
history o  type 1 or type 2 diabetes also appears to be 
a risk  actor; however, diabetes may also occur in asso-
ciation with pancreatic cancer, possibly con ounding 
this interpretation. Other risk  actors may include obe-
sity, chronic pancreatitis, and ABO blood group status. 
Alcohol does not appear to be a risk  actor unless excess 
consumption gives rise to chronic pancreatitis.

GENETIC AND MOLECULAR 
CONSIDERATIONS

Pancreatic cancer is associated with a number o  
well-de ned molecular hallmarks. T e  our genes 
most commonly mutated or inactivated in pancre-

atic cancer are KRAS (predominantly codon 12, in 
60–75% o  pancreatic cancers), the tumor-suppressor 
genes p16 (deleted in 95% o  tumors), p53 (inactivated or 
mutated in 50–70% o  tumors), and SMAD4 (deleted in 
55% o  tumors). T e pancreatic cancer precursor lesion 
pancreatic intraepithelial neoplasia (PanIN) acquires 
these genetic abnormalities in a progressive manner 
associated with increasing dysplasia; initial KRAS muta-
tions are  ollowed by p16 loss and  nally p53 and 
SMAD4 alterations. SMAD4 gene inactivation is associ-
ated with a pattern o  widespread metastatic disease in 
advanced-stage patients and poorer survival in patients 
with surgically resected pancreatic adenocarcinoma.
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577Up to 16% o  pancreatic cancers may be inherited. 
Germline mutations in the  ollowing genes are associ-
ated with a signi cantly increased risk o  pancreatic can-
cer and other cancers: (1) STK11 gene (Peutz-Jeghers 
syndrome), which carries a 132- old increased li etime 
risk o  pancreatic cancer above the general population; 
(2) BRCA2 (increased risk o  breast, ovarian, and pan-
creatic cancer); (3) p16/CDKN2A ( amilial atypical mul-
tiple mole melanoma), which carries an increased risk 
o  melanoma and pancreatic cancer; (4) PALB2, which 
con ers an increased risk o  breast and pancreatic can-
cer; (5) hMLH1 and MSH2 (Lynch syndrome), which 
carries an increased risk o  colon and pancreatic cancer; 
and (6) ATM (ataxia-telangiectasia), which carries an 
increased risk o  breast cancer, lymphoma, and pancre-
atic cancer. Familial pancreatitis and an increased risk 
o  pancreatic cancer are associated with mutations o  
the PRSS1 (serine protease 1) gene. However,  or most 
 amilial pancreatic syndromes, the underlying genetic 
cause remains unexplained. T e absolute number o  
a ected  rst-degree relatives is also correlated with 
increased cancer risk, and patients with at least two  rst-
degree relatives with pancreatic cancer should be con-
sidered to have  amilial pancreatic cancer until proven 
otherwise.

T e desmoplastic stroma surrounding pancreatic 
adenocarcinoma  unctions as a mechanical barrier to 
chemotherapy and secretes compounds essential  or 
tumor progression and metastasis. Key mediators o  
these  unctions include the activated pancreatic stel-
late cell and the glycoprotein SPARC (secreted protein 
acidic and rich in cysteine), which is expressed in 80% 
o  pancreatic ductal adenocarcinomas.  argeting this 
extracellular environment has become increasingly 
important in the treatment o  advanced disease.

SCREENING AND PRECURSOR LESIONS
Screening is not routinely recommended because the 
incidence o  pancreatic cancer in the general population 
is low (li etime risk 1.3%), putative tumor markers such 
as carbohydrate antigen 19-9 (CA19-9) and carcinoem-
bryonic antigen (CEA) have insu cient sensitivity, and 
computed tomography (C ) has inadequate resolution 
to detect pancreatic dysplasia. Endoscopic ultrasound 
(EUS) is a more promising screening tool, and preclini-
cal e orts are  ocused on identi ying biomarkers that 
may detect pancreatic cancer at an early stage. Consen-
sus practice recommendations based largely on expert 
opinion have chosen a threshold o  greater than  ve-
 old increased risk  or developing pancreatic cancer to 
select individuals who may bene t  rom screening. T is 
includes people with two or more  rst-degree relatives 
with pancreatic cancer, patients with Peutz-Jeghers syn-
drome, and BRCA 2, p16, and hereditary nonpolyposis 

colorectal cancer (HNPCC) mutation carriers with one 
or more a ected  rst-degree relatives.

PanIN represents a spectrum o  small (<5 mm) neo-
plastic but noninvasive precursor lesions o  the pancre-
atic ductal epithelium demonstrating mild, moderate, 
or severe dysplasia (PanIN 1–3, respectively); how-
ever, not all PanIN lesions will progress to  rank inva-
sive malignancy. Cystic pancreatic tumors such as 
intraductal mucinous papillary neoplasms (IPMNs) 
and mucinous cystic neoplasms (MCNs) are increas-
ingly detected radiologically and are  requently asymp-
tomatic. Main duct IPMNs are more likely to occur in 
older persons and have higher malignant potential than 
branched duct IPMNs (invasive cancer in 45% vs 18% 
o  resected lesions, respectively). In contrast, MCNs are 
solitary lesions o  the distal pancreas that do not com-
municate with the duct system. MCNs have an almost 
exclusive  emale distribution (95%). T e rate o  inva-
sive cancer in resected MCNs is lower (<18%) with 
increased rates associated with larger tumors or the 
presence o  nodules.

CLINICAL FEATURES
Clinica l presenta t ion

Obstructive jaundice occurs  requently when the can-
cer is located in the head o  the pancreas. T is may be 
accompanied by symptoms o  abdominal discom ort, 
pruritus, lethargy, and weight loss. Less common pre-
senting  eatures include epigastric pain, backache, new-
onset diabetes mellitus, and acute pancreatitis caused 
by pressure e ects on the pancreatic duct. Nausea and 
vomiting, resulting  rom gastroduodenal obstruction, 
may also be a symptom o  this disease.

Physica l signs

Patients can present with jaundice and cachexia, and 
scratch marks may be present. O  patients with oper-
able tumors, 25% have a palpable gallbladder (Cour-
voisier’s sign). Physical signs related to the development 
o  distant metastases include hepatomegaly, ascites, lef  
supraclavicular lymphadenopathy (Virchow’s node), 
and periumbilical nodules (Sister Mary Joseph’s nodes).

DIAGNOSIS
Dia gnostic ima ging

Patients who present with clinical  eatures suggestive 
o  pancreatic cancer undergo imaging to con rm the 
presence o  a tumor and to establish whether the mass 
is likely to be in ammatory or malignant in nature. 
Other imaging objectives include the local and distant 
staging o  the tumor, which will determine resectabil-
ity and provide prognostic in ormation. Dual-phase, 
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contrast-enhanced spiral C  is the imaging modality 
o  choice (Fig. 42-1). It provides accurate visualization 
o  surrounding viscera, vessels, and lymph nodes, thus 
determining tumor resectability. Intestinal in ltration 
and liver and lung metastases are also reliably depicted 
on C . T ere is no advantage o  magnetic resonance 
imaging (MRI) over C  in predicting tumor resectabil-
ity, but selected cases may bene t  rom MRI to charac-
terize the nature o  small indeterminate liver lesions and 
to evaluate the cause o  biliary dilatation when no obvi-
ous mass is seen on C . Endoscopic retrograde cholan-
giopancreatography (ERCP) is use ul  or revealing small 
pancreatic lesions, identi ying stricture or obstruc-
tion in pancreatic or common bile ducts, and  acilitat-
ing stent placement; however, it is associated with a 
risk o  pancreatitis (Fig. 42-2). Magnetic resonance 

cholangiopancreatography (MRCP) is a noninvasive 
method  or accurately depicting the level and degree o  
bile and pancreatic duct dilatation. EUS is highly sen-
sitive in detecting lesions less than 3 cm in size (more 
sensitive than C   or lesions <2 cm) and is use ul as a 
local staging tool  or assessing vascular invasion and 
lymph node involvement. Fluorodeoxyglucose positron 
emission tomography (FDG-PE ) should be considered 
be ore surgery or radical chemoradiotherapy (CR ), 
because it is superior to conventional imaging in detect-
ing distant metastases.

Tissue dia gnosis a nd cyto logy

Preoperative con rmation o  malignancy is not always 
necessary in patients with radiologic appearances 
consistent with operable pancreatic cancer. However, 
EUS-guided  ne-needle aspiration is the technique 
o  choice when there is any doubt, and also  or use 
in patients who require neoadjuvant treatment. It has 
an accuracy o  approximately 90% and has a smaller 
risk o  intraperitoneal dissemination compared with 
the percutaneous route. Percutaneous biopsy o  the 
pancreatic primary or liver metastases is only accept-
able in patients with inoperable or metastatic disease. 
ERCP is a use ul method  or obtaining ductal brush-
ings, but the sensitivity o  ERCP  or diagnosis ranges 
 rom 35 to 70%.

Serum ma rkers

 umor-associated CA19-9 is elevated in approximately 
70–80% o  patients with pancreatic carcinoma but is 
not recommended as a routine diagnostic or screening 
test because its sensitivity and speci city are inadequate 
 or accurate diagnosis. Preoperative CA19-9 levels cor-
relate with tumor stage, and postresection CA19-9 level 
has prognostic value. It is an indicator o  asymptomatic 
recurrence in patients with completely resected tumors 
and is used as a biomarker o  response in patients with 
advanced disease undergoing chemotherapy. A number 
o  studies have established a high pretreatment CA19-9 
level as an independent prognostic  actor.

STAGING
T e American Joint Committee on Cancer (AJCC) 
tumor-node-metastasis ( NM) staging o  pancreatic 
cancer takes into account the location and size o  the 
tumor, the involvement o  lymph nodes, and distant 
metastasis. T is in ormation is then combined to assign 
a stage (Fig. 42-3). From a practical standpoint, patients 
are grouped according to whether the cancer is resect-
able, locally advanced (unresectable, but without distant 
spread), or metastatic.

FIGURE 42 -1
Coronal com p uted  tom ograp hy showing  p ancreatic cancer 
and dilated intrahepatic and pancreatic ducts (arrows).

FIGURE 42 -2
End oscop ic re trograd e cholang iop ancreatograp hy showing 
contrast in dilated pancreatic duct (arrows).
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FIGURE 42 -3
Stag in g  o f p an crea t ic can ce r, an d  su rviva l acco rd in g  to  stag e. AJCC, American Joint Committee on Cancer. (Illustration by Stephen 
Millward.)
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TREATMENT Pancreatic Cancer

RESECTABLE DISEASE Approximately 10% o  patients present 
with localized nonmetastatic disease that is potentially suit-
able  or surgical resection. Approximately 30% o  patients have 
R1 resection (microscopic residual disease)  ollowing surgery. 
T ose who undergo R0 resection (no microscopic or macro-
scopic residual tumor) and who receive adjuvant treatment 
have the best chance o  cure, with an estimated median survival 
o  20–23 months and a 5-year survival o  approximately 20%. 
Outcomes are more  avorable in patients with small (<3 cm), 
well-di erentiated tumors and lymph node–negative disease.

Patients should have surgery in dedicated pancreatic cen-
ters that have lower postoperative morbidity and mortal-
ity rates. T e standard surgical procedure  or patients with 
tumors o  the pancreatic head or uncinate process is a pylo-
rus-preserving pancreaticoduodenectomy (modi ed Whip-
ple’s procedure). T e procedure o  choice  or tumors o  the 
pancreatic body and tail is a distal pancreatectomy, which 
routinely includes splenectomy.

Postoperative treatment improves long-term outcomes 
in this group o  patients. Adjuvant chemotherapy compris-
ing six cycles o  gemcitabine is common practice world-
wide based on data  rom three randomized controlled trials  
(Table 42-1). T e Charité Onkologie trial (CONKO 001) 
 ound that the use o  gemcitabine af er complete resection 
signi cantly delayed the development o  recurrent disease 
compared with surgery alone. T e European Study Group 
 or Pancreatic Cancer 3 (ESPAC-3) trial, which investigated 
the bene t o  adjuvant 5- uorouracil/ olinic acid (5-FU/FA) 
versus gemcitabine, revealed no survival di erence between 
the two drugs. However, the toxicity pro le o  adjuvant 
gemcitabine was superior to 5-FU/FA by virtue o  its lower 
incidence o  stomatitis and diarrhea. Adjuvant radiother-
apy is not commonly used in Europe based on the negative 
results o  the ESPAC-1 study. Adjuvant 5-FU-based CR  

with gemcitabine be ore and af er radiotherapy as used in 
the Radiation T erapy Oncology Group (R OG) 97-04 trial 
is pre erred in the United States. T is approach may be most 
bene cial in patients with bulky tumors involving the pan-
creatic head.

INOPERABLE LOCALLY ADVANCED DISEASE Approximately 30% 
o  patients present with locally advanced, unresectable, but 
nonmetastatic pancreatic carcinoma. T e median survival 
with gemcitabine is 9 months. Patients who respond to che-
motherapy or who achieve stable disease af er 3–6 months o  
gemcitabine have  requently been o ered consolidation radio-
therapy. However, a large, phase III, randomized controlled 
trial, LAP-07, did not demonstrate any improvement in survival 
 or patients treated with CR  af er 4 months o  disease control 
on either gemcitabine or a gemcitabine/erlotinib combination.

METASTATIC DISEASE Approximately 60% o  patients with pan-
creatic cancer present with metastatic disease. Patients with 
poor per ormance status do not usually bene t  rom che-
motherapy. Gemcitabine was the standard treatment with 
a median survival o  6 months and a 1-year survival rate o  
only 20%. T e addition o  nab-paclitaxel (an albumin bound 
nanoparticle  ormulation o  paclitaxel) to gemcitabine results 
in signi cantly improved 1-year survival compared to gem-
citabine alone (35% vs 22%, p <.001). Capecitabine, an oral 
 uoropyrimidine, has also been combined with gemcitabine 
(GEM-CAP) in a phase III trial that showed an improvement 
in response rate and progression- ree survival over single-agent 
gemcitabine, but no overall survival bene t. However, pooling 
o  two other randomized controlled trials with this trial in a 
meta-analysis resulted in a survival advantage with GEM-CAP. 
Addition o  erlotinib, a small-molecule epidermal growth  ac-
tor receptor inhibitor, produced a statistically signi cant but 
clinically marginal bene t when added to gemcitabine in the 
advanced disease setting. A phase III trial limited to good 
per ormance status patients with metastatic pancreatic cancer 

TABLE 42 -1  
PHASE III STUDIES OF ADJUVANT CHEMOTHERAPY IN RESECTED PANCREATIC CANCER

STUDY  COMPARATOR ARM  NO. OF PATIENTS

SURVIVAL

PFS/DFS (MONTHS)  MEDIAN SURVIVAL (MONTHS)

ESPAC-1, Neoptolemos 
et al: N Engl J Med 
350:1200, 2004

Chemotherapy ( olinic 
acid + bolus 5-FU) vs 
no chemotherapy

289  PFS 15.3 vs 9.4. (p = .02)  20.1 vs 15.5 (HR 0.71; 95% CI 
0.55–0.92; p = .009)

CONKO 001, Oettle et al: 
JAMA 297:267, 2007

Gemcitabine vs 
observation

368  Median DFS 13.4 vs 6.9 
(p <.001)

22.1 vs 20.2 (p = .06)

ESPAC-3, Neoptolemos 
et al: JAMA 304:1073, 
2010

5-FU/LV vs gemcitabine  1088  23 vs 23.6 (HR 0.94; 95% CI 
0.81–1.08, p = .39)

Abbrevia t ions: CI, con dence interval; CONKO, Charité Onkologie; DFS, disease- ree survival; ESPAC, European Study Group  or Pancreatic Cancer; 5-FU, 
5- uorouracil; HR, hazard ratio; LV, leucovorin; PFS, progression- ree survival.

42_Hematology_ch42_p576-581.indd   580  04/08/16   4:14 PM



 

C

H

A

P

T

E

R

 

4

2

P

a

n

c

r

e

a

t

i

c

 

C

a

n

c

e

r

581

showed improved survival with the combination o  5-FU/FA, 
irinotecan, and oxaliplatin (FOLFIRINOX) compared with 
gemcitabine, but with increased toxicity (Table 42-2).

FUTURE DIRECTIONS
T e early detection and  uture treatment o  pancre-
atic cancer relies on an improved understanding o  

molecular pathways involved in the development o  
this disease. T is will ultimately lead to the discovery 
o  novel agents and the identi cation o  patient groups 
who are likely to bene t most  rom targeted therapy.

Ac kn o wl ed g men t

Dr. Irene Chong is acknowledged for her work on this 
chapter in the HPIM 18th edition of Harrison’s Principles 
of Internal Medicine.

TABLE 42-2  
SELECTED PHASE III STUDIES EVALUATING CHEMOTHERAPY TREATMENT IN ADVANCED PANCREATIC CANCER

STUDY  COMPARATOR ARM
NO. OF 
PATIENTS

SURVIVAL

PFS (MONTHS)  MEDIAN SURVIVAL (MONTHS)

Moore et al: J Clin Oncol 
26:1960, 2007

Gemcitabine vs gemcitabine 
+ erlotinib

569  3.55 vs 3.75 (HR 0.77; 95%  
CI 0.64–0.92; p = .004)

5.91 vs 6.24 (HR 0.82; 95%  
CI 0.69–0.99; p = .038)

Cunningham et al: J Clin 
Oncol 27:5513, 2009

Gemcitabine vs gemcitabine 
+ capecitabine (GEM-CAP)

533  3.8 vs 5.3 (HR 0.78; 95%  
CI 0.66–0.93; p = .004)

6.2 vs 7.1 (HR 0.86; 95%  
CI 0.72–1.02; p = .08)

Von Hof  et al: N Engl J 
Med 369:1691, 2013

Gemcitabine vs gemcitabine 
+ nab-paclitaxel

861  3.7 vs 5.5 (HR 0.69; 95%  
CI 0.58–0.82; p <.001)

6.7 vs 8.5 (HR 0.72; 95%  
CI 0.62–0.83; p <.001)

Conroy et al: N Engl J 
Med 364:1817, 2011

Gemcitabine vs FOLFIRINOX  342  3.3 vs 6.4 (HR 0.47; 95%  
CI 0.37–0.59; p <.001)

6.8 vs 11.1 (HR 0.57; 95%  
CI 0.45–0.73; p <.001)
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BLADDER CANCER

 ransitional cell epithelium lines the urinary tract  rom 
the renal pelvis to the ureter, urinary bladder, and the 
proximal two-thirds o  the urethra. Cancers can occur 
at any point: 90% o  malignancies develop in the blad-
der, 8% in the renal pelvis, and 2% in the ureter or ure-
thra. Bladder cancer is the  ourth most common cancer 
in men and the thirteenth in women, with an estimated 
72,570 new cases and 15,210 deaths in the United States 
predicted  or the year 2013. T e almost 5:1 ratio o  inci-
dence to mortality re ects the higher  requency o  the 
less lethal super cial variants compared to the more 
lethal invasive and metastatic variants. T e incidence is 
roughly  our times higher in men than in women and 
two old higher in white men than in black men, with a 
median age o  65 years.

Once diagnosed, urothelial tumors exhibit polychro-
notropism, which is the tendency to recur over time in 
new locations in the urothelial tract. As long as urothe-
lium is present, continuous monitoring is required.

EPIDEMIOLOGY
Cigarette smoking is believed to contribute to up to 
50% o  urothelial cancers in men and nearly 40% in 
women.  he risk o  developing a urothelial cancer in 
male smokers is increased two- to  our old relative 
to nonsmokers and continues  or 10 years or longer 
a ter cessation. Other implicated agents include ani-
line dyes, the drugs phenacetin and chlornaphazine, 
and external beam radiation. Chronic cyclophospha-
mide exposure also increases risk, whereas vitamin 
A supplements appear to be protective. Exposure to 
Schistosoma haematobium, a parasite  ound in many 
developing countries, is associated with an increase 
in both squamous and transitional cell carcinomas o  
the bladder.

BLADDER AND RENAL CELL CARCINOMAS

CHAP TER 4 3

PATHOLOGY
Clinical subtypes are grouped into three categories: 75% 
are super cial, 20% invade muscle, and 5% are metastatic 
at presentation. Staging o  the tumor within the blad-
der is based on the pattern o  growth and depth o  inva-
sion. T e revised tumor, node, metastasis ( NM) staging 
system is illustrated in Fig. 43-1. About hal  o  invasive 
tumors presented originally as super cial lesions that 
later progressed.  umors are also rated by grade. Low-
grade (highly di erentiated) tumors rarely progress to a 
higher stage, whereas high-grade tumors do.

More than 95% o  urothelial tumors in the United 
States are transitional cell in origin. Pure squamous 
cancers with keratinization constitute 3%, adenocar-
cinomas 2%, and small cell tumors (o en with para-
neoplastic syndromes) <1%. Adenocarcinomas develop 
primarily in the urachal remnant in the dome o  the 
bladder or in the periurethral tissues. Paragangliomas, 
lymphomas, and melanomas are rare. O  the transi-
tional cell tumors, low-grade papillary lesions that grow 
on a central stalk are most common. T ese tumors are 
very  riable, have a tendency to bleed, and have a high 
risk  or recurrence, yet they rarely progress to the more 
lethal invasive variety. In contrast, carcinoma in situ 
(CIS) is a high-grade tumor that is considered a precur-
sor o  the more lethal muscle-invasive disease.

PATHOGENESIS
T e multicentric nature o  the disease and high recur-
rence suggests a  eld e ect in the urothelium that 
results in a predisposition to develop cancer. Molecu-
lar genetic analyses suggest that the super cial and 
invasive lesions develop along distinct molecular path-
ways. Low-grade noninvasive papillary tumors har-
bor constitutive activation o  the receptor tyrosine 
kinase-Ras signal transduction pathway and high  re-
quencies o   broblast growth  actor receptor 3 and 
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phosphoinositide-3 kinase α subunit mutations. In con-
trast, CIS and invasive tumors have a higher  requency 
o  TP53 and RB gene alterations. Within all clinical 
stages, including  is,  1, and  2 or greater lesions, 
tumors with alterations in p53, p21, and/or RB have a 
higher probability o  recurrence, metastasis, and death 
 rom disease.

CLINICAL PRESENTATION, DIAGNOSIS, 
AND STAGING
Hematuria occurs in 80–90% o  patients and o en 
re ects exophytic tumors. T e bladder is the most 
common source o  gross hematuria (40%), but benign 
cystitis (22%) is a more common cause than bladder 
cancer (15%). Microscopic hematuria is more com-
monly o  prostate origin (25%); only 2% o  bladder can-
cers produce microscopic hematuria. Once hematuria 
is documented, a urinary cytology, visualization o  the 
urothelial tract by computed tomography (C ) or mag-
netic resonance urogram or intravenous pyelogram, 

and cystoscopy are recommended i  no other etiology 
is  ound. Screening asymptomatic individuals  or hema-
turia increases the diagnosis o  tumors at an early stage 
but has not been shown to prolong li e. A er hematu-
ria, irritative symptoms are the next most common pre-
sentation. Ureteral obstruction may cause  ank pain. 
Symptoms o  metastatic disease are rarely the  rst pre-
senting sign.

T e endoscopic evaluation includes an examina-
tion under anesthesia to determine whether a pal-
pable mass is present. A  exible endoscope is inserted 
into the bladder, and bladder barbotage  or cytology 
is per ormed. Visual inspection includes mapping 
the location, size, and number o  lesions, as well as a 
description o  the growth pattern (solid vs papillary). 
All visible tumors should be resected, and a sample o  
the muscle underlying the tumor should be obtained to 
assess the depth o  invasion. Normal-appearing areas 
are biopsied at random to ensure no CIS is present. A 
notation is made as to whether a tumor was completely 
or incompletely resected. Selective catheterization and 

FIGURE 43 -1
Blad d er stag in g . TNM, tumor, node, metastasis.

Stage  TNM 5-Year
Survival

Superfic ial

Superfic ial

Infiltrating

Invas ion of
adjacent

s tructures

Lymph
node

invas ion

Dis tant
extens ion

IV

IV

IV

I

III

III

T1

Ta

Tis

T3a

T4a

T4b

L. Nodes %

26

7– 30

10–20%

T3b  50

35–50%

90%

70

100

100

60

Ois

Oa

T2 70%II
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584 visualization o  the upper tracts should be per ormed i  
the cytology is positive and no disease is visible in the 
bladder. Ultrasonography, C , and/or magnetic reso-
nance imaging (MRI) are used to determine whether a 
tumor extends to perivesical  at ( 3) and to document 
nodal spread. Distant metastases are assessed by C  o  
the chest and abdomen, MRI, or radionuclide imaging 
o  the skeleton.

TREATMENT Bladder Cancer

Management depends on whether the tumor invades muscle 
and whether it has spread to the regional lymph nodes and 
beyond. T e probability o  spread increases with increasing 
  stage.

NON–MUSCLE-INVASIVE DISEASE At a minimum, the management 
is complete endoscopic resection with or without intravesi-
cal therapy. T e decision to recommend intravesical therapy 
depends on the histologic subtype, number o  lesions, depth 
o  invasion, presence or absence o  CIS, and antecedent his-
tory. Recurrences develop in upward o  50% o  cases, o  which 
5-20% progress to a more advanced stage. In general, solitary 
papillary lesions are managed by transurethral surgery alone. 
CIS and recurrent disease are treated by transurethral surgery 
 ollowed by intravesical therapy.

Intravesical therapies are used in two general contexts: as 
an adjuvant to a complete endoscopic resection to prevent 
recurrence or to eliminate disease that cannot be controlled 
by endoscopic resection alone. Intravesical treatments are 
advised  or patients with di use CIS, recurrent disease, >40% 
involvement o  the bladder sur ace by tumor, or  1 disease. 
T e standard therapy, based on randomized comparisons, is 
Bacillus Calmette-Guérin (BCG) in six weekly instillations, 
o en  ollowed by maintenance administrations  or ≥1 year. 
Other agents with activity include mitomycin C, inter eron, 
and gemcitabine. T e side e ects o  intravesical therapies 
include dysuria, urinary  requency, and, depending on the 
drug, myelosuppression or contact dermatitis. Rarely, intra-
vesical BCG may produce a systemic illness associated with 
granulomatous in ections in multiple sites requiring antitu-
berculin therapy.

Following the endoscopic resection, patients are moni-
tored  or recurrence at 3-month intervals during the  rst 
year. Recurrence may develop anywhere along the urothelial 
tract, including the renal pelvis, ureter, or urethra. Persis-
tent disease in the bladder and new tumors are treated with 
a second course o  BCG or intravesical chemotherapy with 
valrubicin or gemcitabine. In some cases, cystectomy is rec-
ommended.  umors in the ureter or renal pelvis are typically 
managed by resection during retrograde examination or, in 
some cases, by instillation through the renal pelvis. Prostatic 
urethral tumors may require cystoprostatectomy i  the tumor 
cannot be resected completely.

MUSCLE-INVASIVE DISEASE T e treatment o  a tumor that has 
invaded muscle can be separated into control o  the primary 
tumor and systemic chemotherapy to treat micrometastatic 
disease. Radical cystectomy is the standard treatment in the 
United States, although in selected cases, a bladder-sparing 
approach is used. T is approach includes complete endoscopic 
resection; partial cystectomy; or a combination o  resection, 
systemic chemotherapy, and external beam radiation therapy. 
In some countries, external beam radiation therapy is consid-
ered standard. In the United States, it is generally limited to 
those patients deemed un t  or cystectomy, those with unre-
sectable local disease, or as part o  an experimental bladder-
sparing approach.

Indications  or cystectomy include muscle-invading 
tumors not suitable  or segmental resection; non–muscle-
invasive tumors unsuitable  or conservative management 
(e.g., due to multicentric and  requent recurrences resistant 
to intravesical instillations); high-grade  1 tumors especially 
i  associated with CIS; and bladder symptoms (e.g.,  requency 
or hemorrhage) that impair quality o  li e.

Radical cystectomy is major surgery that requires appro-
priate preoperative evaluation and management. It involves 
removal o  the bladder and pelvic lymph nodes and creation 
o  a conduit or reservoir  or urinary  ow. Grossly abnormal 
lymph nodes are evaluated by  rozen section. I  metastases 
are con rmed, the procedure is o en aborted. In males, radi-
cal cystectomy includes the removal o  the prostate, seminal 
vesicles, and proximal urethra. Impotence is universal unless 
the nerves responsible  or erectile  unction are preserved. In 
 emales, the procedure includes removal o  the bladder, ure-
thra, uterus,  allopian tubes, ovaries, anterior vaginal wall, 
and surrounding  ascia.

Several options are  requently used  or urinary diver-
sion. Ileal conduits bring urine directly  rom the ureter to 
the abdominal wall. Some patients receive either a continent 
cutaneous reservoir constructed  rom detubularized bowel or 
an orthotopic neobladder. Approximately 25% o  men receive 
a neobladder, leading to 85–90% continence during the day. 
Cutaneous reservoirs are drained by intermittent catheteriza-
tion. Contraindications to a neobladder include renal insuf -
ciency, an inability to sel -catheterize, or CIS or an exophytic 
tumor in the urethra. Di use CIS in the bladder is a relative 
contraindication based on the risk o  a urethral recurrence. 
Concurrent ulcerative colitis or Crohn’s disease may hinder 
the use o  bowel.

A partial cystectomy may be considered when the disease 
is limited to the dome o  the bladder, a ≥2 cm margin can be 
achieved, there is no associated CIS, and the bladder capac-
ity is adequate a er resection. T is occurs in 5–10% o  cases. 
Carcinomas in the ureter or in the renal pelvis are treated 
with nephroureterectomy with a bladder cu  to remove the 
tumor.

T e probability o  recurrence  ollowing surgery is based 
on pathologic stage, presence or absence o  lymphatic 
or vascular invasion, and nodal spread. Among those 
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whose cancers recur, the recurrence develops in a median 
o  1 year. Long-term outcomes vary by pathologic stage 
and histology (Table 43-1). T e number o  lymph nodes 
removed is also prognostic, whether or not the nodes con-
tained tumor.

Chemotherapy (described below) has been shown to pro-
long the survival o  patients with muscle-invasive disease 
when combined with de nitive treatment o  the bladder 
by radical cystectomy or radiation therapy. Presurgical (or 
neoadjuvant) chemotherapy has been the most thoroughly 
explored, and increases the cure rate by 5–15%, whereas post-
surgical (adjuvant) chemotherapy has not been proven de ni-
tively bene cial. For the majority o  patients, chemotherapy 
alone is inadequate to eradicate the disease. Use o  neoad-
juvant chemotherapy is increasing, although it still remains 
underused. Experimental studies are evaluating bladder pres-
ervation strategies by combining chemotherapy and radia-
tion therapy in patients whose tumors were endoscopically 
removed.

METASTATIC DISEASE T e primary goal o  metastatic disease 
treatment is to achieve complete remission with chemo-
therapy alone or with a combined-modality approach o  che-
motherapy  ollowed by surgical resection o  residual disease. 
One can de ne a goal in terms o  cure or palliation on the 
basis o  the probability o  achieving a complete response to 
chemotherapy using prognostic  actors, such as Karno sky 
per ormance status (KPS) (<80%) and whether the pattern 
o  spread is nodal or visceral (liver, lung, or bone). For those 
with zero, one, or two risk  actors, the probability o  com-
plete remission is 38, 25, and 5%, respectively, and median 
survival is 33, 13.4, and 9.3 months, respectively. Patients 
who have low KPS or who have visceral disease or bone 
metastases rarely achieve long-term survival. T e toxicities 
also vary as a  unction o  risk, and treatment-related mor-
tality rates are as high as 3–4% using some combinations in 
these poor-risk patient groups. For most patients, treatment 
is palliative, aimed at delaying or relieving cancer-related 
symptoms, because  ew patients experience durable com-
plete remissions.

TABLE 43-1  
SURVIVAL FOLLOWING SURGERY FOR BLADDER 
CANCER

PATHOLOGIC 
STAGE

5-YEAR  
SURVIVAL, %

10-YEAR 
SURVIVAL, %

T2,N0  89  87
T3a,N0  78  76
T3b,N0  62  61
T4,N0  50  45
Any T,N1  35  34

CHEMOTHERAPY A number o  chemotherapeutic drugs have 
activity as single agents; cisplatin, paclitaxel, and gemcitabine 
are considered most active. Standard therapy consists o  two-, 
three-, or  our-drug combinations. Overall response rates o  
>50% have been reported using combinations such as metho-
trexate, vinblastine, doxorubicin, and cisplatin (MVAC); gem-
citabine and cisplatin (GC); or gemcitabine, paclitaxel, and 
cisplatin (GPC). MVAC was considered standard, but the tox-
icities o  neutropenia and  ever, mucositis, diminished renal 
and auditory  unction, and peripheral neuropathy led to the 
development o  alternative regimens. At present, GC is used 
more commonly than MVAC based on the results o  a com-
parative trial o  MVAC versus GC that showed less neutro-
penia and  ever and less mucositis  or the GC regimen with 
similar response rates and median overall survival. Anemia 
and thrombocytopenia were more common with GC. GPC is 
not more e ective than GC.

Chemotherapy has also been tested in the neoadjuvant 
and adjuvant settings. In a randomized trial, patients receiv-
ing three cycles o  neoadjuvant MVAC  ollowed by cystec-
tomy had a signi cantly better median (6.2 years) and 5-year 
survival (57%) compared to cystectomy alone (median sur-
vival 3.8 years; 5-year survival 42%). Similar results were 
obtained in an international study o  three cycles o  cis-
platin, methotrexate, and vinblastine (CMV)  ollowed by 
either radical cystectomy or radiation therapy. T e decision 
to administer adjuvant therapy is based on recurrence risk 
a er cystectomy. Studies o  adjuvant chemotherapy have 
been underpowered, and most closed  or lack o  accrual. 
One underpowered study using the GPC regimen sug-
gested that adjuvant treatment improved survival, although 
many patients never received chemotherapy  or metastases. 
Another underpowered study did not show a bene t  or GC 
chemotherapy. T ere ore, preoperative chemotherapy is pre-
 erred when medically appropriate. Indications  or adjuvant 
chemotherapy in patients who did not receive neoadjuvant 
treatment include nodal disease, extravesical tumor exten-
sion, or vascular invasion in the resected specimen.

T e management o  bladder cancer is summarized in 
Table 43-2.

TABLE 43 -2  
MANAGEMENT OF BLADDER CANCER

NATURE OF LESION  MANAGEMENT APPROACH

Non–muscle-invasive 
disease

Endoscopic removal, usually with 
intravesical therapy

Muscle-invasive disease  Cystectomy ± systemic chemo-
therapy (before or after surgery)

Metastatic disease  Curative or palliative chemo-
therapy (based on prognostic 
factors) ± surgery
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TABLE 43-3  
CLASSIFICATION OF EPITHELIAL NEOPLASMS ARISING FROM THE KIDNEY

CARCINOMA TYPE  GROWTH PATTERN  CELL OF ORIGIN  CYTOGENETICS

Clear cell  Acinar or sarcomatoid  Proximal tubule  3p-, 5q+, 14q-
Papillary  Papillary or sarcomatoid  Proximal tubule  +7, +17, -Y
Chromophobe  Solid, tubular, or sarcomatoid  Distal tubules/cortical collecting duct  Whole arm losses  

(1, 2, 6, 10, 13, 17, and 21)
Oncocytic  Tumor nests  Cortical collecting duct  Undetermined
Collecting duct  Papillary or sarcomatoid  Medullary collecting duct  Undetermined

CARCINOMA OF THE RENAL PELVIS AND 
URETER

About 5000 cases o  renal pelvis and ureter cancer occur 
each year; nearly all are transitional cell carcinomas simi-
lar to bladder cancer in biology and appearance. T is 
tumor is associated with chronic phenacetin abuse and 
aristolochic acid consumption in Chinese herbal prepa-
rations; aristolochic acid also seems to be associated 
with Balkan nephropathy, a chronic interstitial nephritis 
endemic in Bulgaria, Greece, Bosnia-Herzegovina, and 
Romania. In addition, upper tract urothelial carcinoma 
is linked to hereditary nonpolyposis colorectal cancer.

T e most common symptom is painless gross hema-
turia, and the disease is usually detected on imaging 
during the workup  or hematuria. Patterns o  spread 
are like bladder cancer. For low-grade disease local-
ized to the renal pelvis and ureter, nephroureterectomy 
(including excision o  the distal ureter with a portion 
o  the bladder) is associated with 5-year survival o  
80–90%. More invasive or poorly di erentiated tumors 
are more likely to recur locally and to metastasize. Met-
astatic disease is treated with the chemotherapy used 
in bladder cancer, and the outcome is similar to that o  
metastatic bladder cancer.

RENAL CELL CARCINOMA

Renal cell carcinomas account  or 90–95% o  malig-
nant neoplasms arising  rom the kidney. Notable  eatures 
include resistance to cytotoxic agents, in requent responses 
to biologic response modi ers such as interleukin (IL) 2, 
robust activity to antiangiogenesis targeted agents, and a 
variable clinical course  or patients with metastatic disease, 
including anecdotal reports o  spontaneous regression.

EPIDEMIOLOGY
T e incidence o  renal cell carcinoma continues to rise 
and is now nearly 65,000 cases annually in the United 

States, resulting in 13,700 deaths. T e male-to- emale 
ratio is 2:1. Incidence peaks between the ages o  50 and 
70 years, although this malignancy may be diagnosed 
at any age. Many environmental  actors have been 
investigated as possible contributing causes; the stron-
gest association is with cigarette smoking. Risk is also 
increased  or patients who have acquired cystic disease 
o  the kidney associated with end-stage renal disease 
and  or those with tuberous sclerosis. Most cases are 
sporadic, although  amilial  orms have been reported. 
One is associated with von Hippel-Lindau (VHL) syn-
drome. VHL syndrome is an autosomal dominant dis-
order. Genetic studies identi ed the VHL gene on the 
short arm o  chromosome 3. Approximately 35% o  
individuals with VHL disease develop clear cell renal 
cell carcinoma. Other associated neoplasms include ret-
inal hemangioma, hemangioblastoma o  the spinal cord 
and cerebellum, pheochromocytoma, neuroendocrine 
tumors and cysts, and cysts in the epididymis o  the tes-
tis in men and the broad ligament in women.

PATHOLOGY AND GENETICS
Renal cell neoplasia represents a heterogeneous group 
o  tumors with distinct histopathologic, genetic, and 
clinical  eatures ranging  rom benign to high-grade 
malignant (Table 43-3). T ey are classi ed on the 
basis o  morphology and histology. Categories include 
clear cell carcinoma (60% o  cases), papillary tumors 
(5–15%), chromophobe tumors (5–10%), oncocytomas 
(5–10%), and collecting or Bellini duct tumors (<1%). 
Papillary tumors tend to be bilateral and multi ocal. 
Chromophobe tumors have a more indolent clinical 
course, and oncocytomas are considered benign neo-
plasms. In contrast, Bellini duct carcinomas, which are 
thought to arise  rom the collecting ducts within the 
renal medulla, are rare but o en very aggressive. Clear 
cell tumors, the predominant histology, are  ound in 
>80% o  patients who develop metastases. Clear cell 
tumors arise  rom the epithelial cells o  the proximal 
tubules and usually show chromosome 3p deletions. 
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587Deletions o  3p21–26 (where the VHL gene maps) 
are identi ed in patients with  amilial as well as spo-
radic tumors. VHL encodes a tumor suppressor pro-
tein that is involved in regulating the transcription o  
vascular endothelial growth  actor (VEGF), platelet-
derived growth  actor (PDGF), and a number o  other 
hypoxia-inducible proteins. Inactivation o  VHL leads 
to overexpression o  these agonists o  the VEGF and 
PDGF receptors, which promote tumor angiogen-
esis and tumor growth. Agents that inhibit proangio-
genic growth  actor activity show antitumor e ects. 
Enormous genetic variability has been documented in 
tumors  rom individual patients. Although the tumors 
have a clear clonal origin and o en contain VHL muta-
tions in common, di erent portions o  the primary 
tumor and di erent metastatic sites may have wide 
variation in genetic lesions they contain. T is tumor 
heterogeneity may underlie the emergence o  treatment 
resistance.

CLINICAL PRESENTATION
T e presenting signs and symptoms include hematu-
ria, abdominal pain, and a  ank or abdominal mass. 
Other symptoms are  ever, weight loss, anemia, and 
a varicocele. T e tumor is most commonly detected 
as an incidental  nding on a radiograph. Widespread 
use o  radiologic cross-sectional imaging procedures 
(C , ultrasound, MRI) contributes to earlier detec-
tion, including incidental renal masses detected during 
evaluation  or other medical conditions. T e increas-
ing number o  incidentally discovered low-stage tumors 
has contributed to an improved 5-year survival  or 
patients with renal cell carcinoma and increased use 

o  nephron-sparing surgery (partial nephrectomy). A 
spectrum o  paraneoplastic syndromes has been asso-
ciated with these malignancies, including erythrocyto-
sis, hypercalcemia, nonmetastatic hepatic dys unction 
(Stau er's syndrome), and acquired dys brinogenemia. 
Erythrocytosis is noted at presentation in only about 
3% o  patients. Anemia, a sign o  advanced disease, is 
more common.

T e standard evaluation o  patients with suspected 
renal cell tumors includes a C  scan o  the abdomen 
and pelvis, chest radiograph, urine analysis, and urine 
cytology. I  metastatic disease is suspected  rom the 
chest radiograph, a C  o  the chest is warranted. MRI 
is use ul in evaluating the in erior vena cava in cases o  
suspected tumor involvement or invasion by thrombus. 
In clinical practice, any solid renal masses should be 
considered malignant until proven otherwise; a de ni-
tive diagnosis is required. I  no metastases are dem-
onstrated, surgery is indicated, even i  the renal vein 
is invaded. T e di erential diagnosis o  a renal mass 
includes cysts, benign neoplasms (adenoma, angiomyo-
lipoma, oncocytoma), in ammatory lesions (pyelone-
phritis or abscesses), and other primary or metastatic 
cancers. Other malignancies that may involve the 
kidney include transitional cell carcinoma o  the renal 
pelvis, sarcoma, lymphoma, and Wilms’ tumor. All o  
these are less common causes o  renal masses than is 
renal cell cancer.

STAGING AND PROGNOSIS
Staging is based on the American Joint Committee 
on Cancer (AJCC) staging system (Fig. 43-2). Stage I 
tumors are <7 cm in greatest diameter and con ned to 

FIGURE 43 -2
Ren a l ce ll ca rcin o m a  stag in g . TNM, tumor, node, metastasis.
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588 the kidney, stage II tumors are ≥7 cm and con ned to 
the kidney, stage III tumors extend through the renal 
capsule but are con ned to Gerota’s  ascia (IIIa) or 
involve a single hilar lymph node (N1), and stage IV 
disease includes tumors that have invaded adjacent 
organs (excluding the adrenal gland) or involve mul-
tiple lymph nodes or distant metastases. T e 5-year 
survival rate varies by stage: >90%  or stage I, 85%  or 
stage II, 60%  or stage III, and 10%  or stage IV.

TREATMENT Renal Cell Carcinoma

LOCALIZED TUMOR
T e standard management  or stage I or II tumors and 
selected cases o  stage III disease is radical or partial nephrec-
tomy. A radical nephrectomy involves en bloc removal o  
Gerota’s  ascia and its contents, including the kidney, the ipsi-
lateral adrenal gland in some cases, and adjacent hilar lymph 
nodes. T e role o  a regional lymphadenectomy is controver-
sial. Extension into the renal vein or in erior vena cava (stage 
III disease) does not preclude resection even i  cardiopulmo-
nary bypass is required. I  the tumor is resected, hal  o  these 
patients have prolonged survival.

Nephron-sparing approaches via open or laparoscopic 
surgery may be appropriate  or patients who have only one 
kidney, depending on the size and location o  the lesion. 
A nephron-sparing approach can also be used  or patients 
with bilateral tumors. Partial nephrectomy techniques are 
applied electively to resect small masses  or patients with 
a normal contralateral kidney. Adjuvant therapy  ollowing 
this surgery does not improve outcome, even in cases with 
a poor prognosis.

ADVANCED DISEASE Surgery has a limited role  or patients 
with metastatic disease. Long-term survival may occur in 
patients who relapse a er nephrectomy in a solitary site that 
is removed. One indication  or nephrectomy with metastases 
at initial presentation is to alleviate pain or hemorrhage o  a 
primary tumor. Also, a cytoreductive nephrectomy be ore 
systemic treatment improves survival  or care ully selected 
patients with stage IV tumors.

Metastatic renal cell carcinoma is re ractory to chemo-
therapy. Cytokine therapy with IL-2 or inter eron α (IFN-α) 
produces regression in 10–20% o  patients. IL-2 produces 
durable complete remission in a small proportion o  cases. 
In general, cytokine therapy is considered unsatis actory  or 
most patients.

T e situation changed dramatically when two large-
scale randomized trials established a role  or antiangiogenic 
therapy, as predicted by the genetic studies. T ese trials 
separately evaluated two orally administered antiangiogenic 
agents, sora enib and sunitinib, that inhibited receptor tyro-
sine kinase signaling through the VEGF and PDGF recep-
tors. Both showed ef cacy as second-line treatment  ollowing 
progression during cytokine treatment, resulting in approval 
by regulatory authorities  or the treatment o  advanced renal 
cell carcinoma. A randomized phase III trial comparing suni-
tinib to IFN-α showed superior ef cacy  or sunitinib with 
an acceptable sa ety pro le. T e trial resulted in a change in 
the standard  rst-line treatment  rom IFN to sunitinib. Suni-
tinib is usually given orally at a dose o  50 mg/d  or 4 out o  
6 weeks. Pazopanib and axitinib are newer agents o  the same 
class. Pazopanib was compared to sunitinib in a random-
ized  rst-line phase III trial. Ef cacy was similar, and there 
was less  atigue and skin toxicity, resulting in better quality o  
li e scores  or pazopanib compared with sunitinib.  emsiro-
limus and everolimus, inhibitors o  the mammalian target o  
rapamycin (m OR), show activity in patients with untreated 
poor-prognosis tumors and in sunitinib/sora enib-re ractory 
tumors. Patients bene t  rom the sequential use o  axitinib 
and everolimus  ollowing progression to sunitinib or pazo-
panib  rst-line therapy.

T e prognosis o  metastatic renal cell carcinoma is vari-
able. In one analysis, no prior nephrectomy, a KPS <80, low 
hemoglobin, high corrected calcium, and abnormal lactate 
dehydrogenase were poor prognostic  actors. Patients with 
zero, one or two, and three or more  actors had a median sur-
vival o  24, 12, and 5 months, respectively. T ese tumors may 
 ollow an unpredictable and protracted clinical course. It may 
be best to document progression be ore considering systemic 
treatment.
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Benign and malignant changes in the prostate increase 
with age. Autopsies o  men in the eighth decade o  
li e show hyperplastic changes in >90% and malig-
nant changes in >70% o  individuals. T e high preva-
lence o  these diseases among the elderly, who o en 
have competing causes o  morbidity and mortality, 
mandates a risk-adapted approach to diagnosis and 
treatment. T is can be achieved by considering these 
diseases as a series o  states. Each state represents a dis-
tinct clinical milestone  or which therapy(ies) may be 
recommended based on current symptoms, the risk o  
developing symptoms, or death  rom disease in relation 
to death  rom other causes within a given time  rame. 
For benign proli erative disorders, symptoms o  urinary 
 requency, in ection, and potential  or obstruction are 
weighed against the side e ects and complications o  
medical or surgical intervention. For prostate malig-
nancies, the risks o  developing the disease, symptoms, 
or death  rom cancer are balanced against the morbidi-
ties o  the recommended treatments and preexisting 
comorbidities.

ANATOMY

T e prostate is located in the pelvis and is surrounded 
by the rectum, the bladder, the periprostatic and dor-
sal vein complexes and neurovascular bundles that 
are responsible  or erectile  unction, and the urinary 
sphincter that is responsible  or passive urinary con-
trol. T e prostate is composed o  branching tubu-
loalveolar glands arranged in lobules surrounded by 
 bromuscular stroma. T e acinar unit includes an epi-
thelial compartment made up o  epithelial, basal, and 
neuroendocrine cells and separated by a basement 
membrane, and a stromal compartment that includes 

CHAP TER 4 4

 broblasts and smooth-muscle cells. Prostate-speci c 
antigen (PSA) and prostatic acid phosphatase (PAP) are 
produced in the epithelial cells. Both prostate epithelial 
cells and stromal cells express androgen receptors (ARs) 
and depend on androgens  or growth.  estosterone, the 
major circulating androgen, is converted by the enzyme 
5α-reductase to dihydrotestosterone in the gland.

T e periurethral portion o  the gland increases in 
size during puberty and a er the age o  55 years due to 
the growth o  nonmalignant cells in the transition zone 
o  the prostate that surrounds the urethra. Most cancers 
develop in the peripheral zone, and cancers in this loca-
tion may be palpated during a digital rectal examina-
tion (DRE).

PROSTATE CANCER

In 2013, approximately 238,590 prostate cancer cases 
were diagnosed, and 29,720 men died  rom prostate 
cancer in the United States. T e absolute number o  
prostate cancer deaths has decreased in the past 5 years, 
which has been attributed by some to the widespread 
use o  PSA-based detection strategies. However, the 
bene t o  screening on survival is unclear. T e paradox 
o  management is that although 1 in 6 men will even-
tually be diagnosed with the disease, and the disease 
remains the second leading cause o  cancer deaths in 
men, only 1 man in 30 with prostate cancer will die o  
his disease.

EPIDEMIOLOGY
Epidemiologic studies show that the risk o  being diag-
nosed with prostate cancer increases by a  actor o  two 
i  one  rst-degree relative is a ected and by  our i  two 

BENIGN AND MALIGNANT DISEASES  
OF THE PROSTATE
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590 or more are a ected. Current estimates are that 40% 
o  early-onset and 5–10% o  all prostate cancers are 
hereditary. Prostate cancer a ects ethnic groups di er-
ently. Matched  or age, A rican-American males have 
both a higher incidence o  prostate cancer and larger 
tumors and more worrisome histologic  eatures than 
white males. Polymorphic variants o  the AR, the cyto-
chrome P450 C17, and the steroid 5α-reductase type II 
(SRD5A2) genes have been implicated in the variations 
in incidence.

T e prevalence o  autopsy-detected cancers is similar 
around the world, while the incidence o  clinical disease 
varies. T us, environmental and dietary  actors may 
play a role in prostate cancer growth and progression. 
High consumption o  dietary  ats, such as α-linoleic 
acid or the polycyclic aromatic hydrocarbons that  orm 
when red meats are cooked, is believed to increase risk. 
Similar to breast cancer in Asian women, the risk o  
prostate cancer in Asian men increases when they move 
to Western environments. Protective  actors include 
consumption o  the iso avonoid genistein (which 
inhibits 5α-reductase)  ound in many legumes, cruci er-
ous vegetables that contain the  isothiocyanate sul ora-
phane, retinoids such as lycopene  ound in tomatoes, 
and inhibitors o  cholesterol biosynthesis (e.g., statin 
drugs). T e development o  prostate cancer is a multi-
step process. One early change is hypermethylation o  
the GSTP1 gene promoter, which leads to loss o   unc-
tion o  a gene that detoxi es carcinogens. T e  nding 
that many prostate cancers develop adjacent to a lesion 
termed proli erative in ammatory atrophy (PIA) sug-
gests a role  or in ammation.

PREVENTION
Currently no drugs or dietary supplements are 
approved by the U.S. Food and Drug Administra-
tion (FDA)  or prevention o  prostate cancer, nor are 
any recommended by the major clinical guidelines. 
Although statins may have some protective e ect, the 
potential risks outweigh the bene ts given the small 
number o  men who die o  prostate cancer. T e results 
 rom several large, double-blind, randomized che-
moprevention trials established 5α-reductase inhibi-
tors (5ARI) as the most likely therapy to reduce the 
 uture risk o  a prostate cancer diagnosis. T e Prostate 
Cancer Prevention  rial (PCP ), in which men older 
than age 55 years received placebo or the 5ARI  naste-
ride, which inhibits the type 1 iso orm, showed a 25%  
(95% con dence interval 19–31%) reduction in the 
period prevalence o  prostate cancer across all age 
groups in  avor o   nasteride (18.4%) over placebo 
(24.4%). In the Reduction by Dutasteride o  Prostate 
Cancer Events (REDUCE) trial, a similar 23% reduc-
tion in the 4-year period prevalence was observed in 

 avor o  dutasteride (p = .001). Dutasteride inhibits both 
the type 1 and type 2 5ARI iso orms. While both stud-
ies met their endpoint, there was concern that most 
o  the cancers that were prevented were low risk and 
that there was a slightly higher rate o  clinically sig-
ni cant cancers (those with higher Gleason score) in 
the treatment arm. Neither drug was FDA-approved 
 or prostate cancer prevention. In comparison, the 
Selenium and Vitamin E Cancer Prevention  rial 
(SELEC ), which enrolled A rican-American men age 
≥50 years and others age ≥55 years, showed no di er-
ence in cancer incidence in patients receiving vitamin 
E (4.6%) or selenium (4.9%) alone or in combination 
(4.6%) relative to placebo (4.4%). A similar lack o  ben-
e t  or vitamin E, vitamin C, and selenium was seen in 
the Physicians Health Study II.

THE CLINICAL STATES MODEL
T e prostate cancer continuum— rom the appearance 
o  a preneoplastic and invasive lesion localized to the 
prostate, to a metastatic lesion that results in symp-
toms and, ultimately, mortality—can span decades. 
 o  acilitate disease management, competing risks are 
considered in the context o  a series o  clinical states  
(Fig. 44-1). T e states are de ned operationally on the 
basis o  whether or not a cancer diagnosis has been 
established and,  or those with a diagnosis, whether or 
not metastases are detectable on imaging studies and 
the measured level o  testosterone in the blood. With 
this approach, an individual resides in only one state 
and remains in that state until he has progressed. At 
each assessment, the decision to o er treatment and the 
speci c  orm o  treatment are based on the risk posed 
by the cancer relative to competing causes o  mortality 
that may be present in that individual. It  ollows that 
the more advanced the disease, the greater is the need 
 or treatment.

For those without a cancer diagnosis, the decision to 
undergo testing to detect a cancer is based on the indi-
vidual’s estimated li e expectancy and, separately, the 
probability that a clinically signi cant cancer may be 
present. For those with a prostate cancer diagnosis, the 
clinical states model considers the probability o  devel-
oping symptoms or dying  rom prostate cancer. T us, a 
patient with localized prostate cancer who has had all 
cancer removed surgically remains in the state o  local-
ized disease as long as the PSA remains undetectable. 
T e time within a state becomes a measure o  the ef -
cacy o  an intervention, although the e ect may not be 
assessable  or years. Because many men with active can-
cer are not at risk  or metastases, symptoms, or death, 
the clinical states model allows a distinction between 
cure—the elimination o  all cancer cells, the primary 
therapeutic objective when treating most cancers—and 
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FIGURE 44 -1
Clin ica l sta te s o   p ro sta te  can cer. PSA, prostate-speci c antigen.

cancer control, in which the tempo o  the illness is 
altered and symptoms are controlled until the patient 
dies o  other causes. T ese can be equivalent therapeu-
tically  rom a patient standpoint i  the patient has not 
experienced symptoms o  the disease or the treatment 
needed to control it. Even when a recurrence is docu-
mented, immediate therapy is not always necessary. 
Rather, as at the time o  diagnosis, the need  or inter-
vention is based on the tempo o  the illness as it un olds 
in the individual, relative to the risk-to-bene t ratio o  
the therapy being considered.

SCREENING AND DIAGNOSIS
Physica l exa mina tion

T e need to pursue a diagnosis o  prostate cancer is 
based on symptoms, an abnormal DRE, or, more typi-
cally, a change in or an elevated serum PSA. T e uro-
logic history should  ocus on symptoms o  outlet 
obstruction, continence, potency, or change in ejacula-
tory pattern.

T e DRE  ocuses on prostate size and consistency 
and abnormalities within or beyond the gland. Many 
cancers occur in the peripheral zone and may be pal-
pated on DRE. Carcinomas are characteristically hard, 
nodular, and irregular, while induration may also be 
due to benign prostatic hypertrophy (BPH) or calculi. 
Overall, 20–25% o  men with an abnormal DRE have 
cancer.

Prosta te-specif c a ntigen

PSA (kallikrein-related peptidase 3; KLK3) is a kalli-
krein-related serine protease that causes lique action 
o  seminal coagulum. It is produced by both nonma-
lignant and malignant epithelial cells and, as such, is 
prostate-speci c, not prostate cancer–speci c. Serum 
levels may also increase  rom prostatitis and BPH. 
Serum levels are not signi cantly a ected by DRE, but 
the per ormance o  a prostate biopsy can increase PSA 
levels up to ten old  or 8–10 weeks. PSA circulating in 
the blood is inactive and mainly occurs as a complex 
with the protease inhibitor α1-antichymotrypsin and 
as  ree (unbound) PSA  orms. T e  ormation o  com-
plexes between PSA, α2-macroglobulin, or other pro-
tease inhibitors is less signi cant. Free PSA is rapidly 
eliminated  rom the blood by glomerular  ltration with 
an estimated hal -li e o  12–18 h. Elimination o  PSA 
bound to α1-antichymotrypsin is slow (estimated hal -
li e o  1–2 weeks) because it too is largely cleared by 
the kidneys. Levels should be undetectable a er about 
6 weeks i  the prostate has been removed. Immunohis-
tochemical staining  or PSA can be used to establish a 
prostate cancer diagnosis.

 PSA-b ased  screen ing  and  early d etection
PSA testing was approved by the U.S. FDA in 1994  or 
early detection o  prostate cancer, and the widespread 
use o  the test has played a signi cant role in the pro-
portion o  men diagnosed with early-stage cancers: 
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592 more than 70–80% o  newly diagnosed cancers are 
clinically organ-con ned. T e level o  PSA in blood is 
strongly associated with the risk and outcome o  pros-
tate cancer. A single PSA measured at age 60 is associ-
ated (area under the curve [AUC] o  0.90) with li etime 
risk o  death  rom prostate cancer. Most prostate can-
cer deaths (90%) occur among men with PSA levels in 
the top quartile (>2 ng/mL), although only a minority 
o  men with PSA >2 ng/mL will develop lethal pros-
tate cancer. Despite this and mortality rate reductions 
reported  rom large randomized prostate cancer screen-
ing trials, routine use o  the test remains  controversial.

T e U.S. Preventive Services  ask Force (USPS F) 
reviewed the evidence  or screening  or prostate cancer 
and made a clear recommendation against screening. 
By giving a grade o  “D” in the recommendation state-
ment that was based on this review, the USPS F con-
cluded that “there is moderate or high certainty that 
this service has no net bene t or that the harms out-
weigh the bene ts.” Whether the harms o  screening, 
overdiagnosis, and overtreatment are justi ed by the 
bene ts in terms o  reduced prostate cancer mortality is 
open to reasonable doubt. In response to the USPS F, 
the American Urological Association (AUA) updated 
their consensus statement regarding prostate can-
cer screening. T ey concluded that the quality o  evi-
dence  or the bene ts o  screening was moderate, and 
evidence  or harm was high  or men age 55–69 years. 
For men outside this age range, evidence was lack-
ing  or bene t, but the harms o  screening, including 
overdiagnosis and overtreatment, remained. T e AUA 
recommends shared decision making considering PSA-
based screening  or men age 55–69, a target age group 
 or whom bene ts may outweigh harms. Outside this 
age range, PSA-based screening as a routine test was 
not recommended based on the available evidence. T e 
entire guideline is available at www.AUAnet.org/education/ 
guidelines/prostate-cancer-detection.cfm.

T e PSA criteria used to recommend a diagnostic 
prostate biopsy have evolved over time. However, based 
on the commonly used cut point  or prostate biopsy 
(a total PSA ≥4 ng/mL), most men with a PSA eleva-
tion do not have histologic evidence o  prostate can-
cer at biopsy. In addition, many men with PSA levels 
below this cut point harbor cancer cells in their pros-
tate. In ormation  rom the PCP  demonstrates that 
there is no PSA below which the risk o  prostate can-
cer is zero. T us, the PSA level establishes the likelihood 
that a man will harbor cancer i  he undergoes a prostate 
biopsy. T e goal is to increase the sensitivity o  the test 
 or younger men more likely to die o  the disease and to 
reduce the  requency o  detecting cancers o  low malig-
nant potential in elderly men more likely to die o  other 
causes. Patients with symptomatic prostatitis should 
have a course o  antibiotics be ore biopsy. However, the 

routine use o  antibiotics in an asymptomatic man with 
an elevated PSA level is strongly discouraged.

Prosta te  b iopsy

A diagnosis o  cancer is established by an image-guided 
needle biopsy. Direct visualization by transrectal ultra-
sound ( RUS) or magnetic resonance imaging (MRI) 
assures that all areas o  the gland are sampled. Con-
temporary schemas advise an extended-pattern 12-core 
biopsy that includes sampling  rom the peripheral zone 
as well as a lesion-directed palpable nodule or suspi-
cious image-guided sampling. Men with an abnor-
mal PSA and negative biopsy are advised to undergo a 
repeat biopsy.

Biop sy p atho logy
Each core o  the biopsy is examined  or the presence o  
cancer, and the amount o  cancer is quanti ed based 
on the length o  the cancer within the core and the 
percentage o  the core involved. O  the cancers identi-
 ed, >95% are adenocarcinomas; the rest are squamous 
or transitional cell tumors or, rarely, carcinosarcomas. 
Metastases to the prostate are rare, but in some cases 
colon cancers or transitional cell tumors o  the bladder 
invade the gland by direct extension.

When prostate cancer is diagnosed, a measure o  
histologic aggressiveness is assigned using the Gleason 
grading system, in which the dominant and secondary 
glandular histologic patterns are scored  rom 1 (well-
di erentiated) to 5 (undi erentiated) and summed 
to give a total score o  2–10  or each tumor. T e most 
poorly di erentiated area o  tumor (i.e., the area with 
the highest histologic grade) o en determines biologic 
behavior. T e presence or absence o  perineural inva-
sion and extracapsular spread is also recorded.

Prosta te  ca ncer sta ging

T e tumor, node, metastasis ( NM) staging system 
includes categories  or cancers identi ed solely on the 
basis o  an abnormal PSA ( 1c), those that are pal-
pable but clinically con ned to the gland ( 2), and 
those that have extended outside the gland ( 3 and  4)  
(Table 44-1, Fig. 44-2). DRE alone is inaccurate in 
determining the extent o  disease within the gland, the 
presence or absence o  capsular invasion, involvement 
o  seminal vesicles, and extension o  disease to lymph 
nodes. Because o  the inadequacy o  DRE  or stag-
ing, the  NM staging system was modi ed to include 
the results o  imaging. Un ortunately, no single test has 
proven to accurately indicate the stage or the presence 
o  organ-con ned disease, seminal vesicle involvement, 
or lymph node spread.

 RUS is the imaging technique most  requently used 
to assess the primary tumor, but its chie  use is directing 
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593TABLE 44 -1  
TNM CLASSIFICATION
TNM Stag in g  System   o r Prosta te  Can ce ra

Tx  Primary tumor cannot be assessed
T0  No evidence o  primary tumor
Lo ca lized  Disease
T1  Clinically inapparent tumor, neither palpable nor 

visible by imaging
T1a  Tumor incidental histologic  nding in ≤5% o  resected 

tissue; not palpable
T1b  Tumor incidental histologic  nding in >5% o  resected 

tissue
T1c  Tumor identi ed by needle biopsy (e.g., because o  

elevated PSA)
T2  Tumor con ned within prostateb

T2a  Tumor involves hal  o  one lobe or less
T2b  Tumor involves more than one hal  o  one lobe, not 

both lobes
T2c  Tumor involves both lobes
Lo ca l Exten sion
T3  Tumor extends through the prostate capsulec

T3a  Extracapsular extension (unilateral or bilateral)
T3b  Tumor invades seminal vesicle(s)
T4  Tumor is  xed or invades adjacent structures other 

than seminal vesicles such as external sphincter, rec-
tum, bladder, levator muscles, and/or pelvic wall.

Me ta sta t ic Disease
N1  Positive regional lymph nodes
M1  Distant metastases

aRevised  rom SB Edge et al (eds): AJCC Cancer Staging Manual, 7th ed. 
New York, Springer, 2010.
bTumor  ound in one or both lobes by needle biopsy, but not palpable or 
reliably visible by imaging, is classi ed as T1c. 
cInvasion into the prostatic apex or into (but not  beyond) the prostatic 
capsule is classi ed not as T3 but as T2.
Abbrevia t ions: PSA, prostate-speci c antigen; TNM, tumor, node, 
metastasis.

FIGURE 44 -2
T stag es o   p rosta te  can cer. A. T1—Clinically inapparent 
tumor, neither palpable nor visible by imaging; B. T2—Tumor 
 con ned within prostate; C. T3—Tumor extends through pros-
tate capsule and may invade the seminal vesicles; D. T4—Tumor 
is  xed or invades adjacent structures. Eighty-one percent o  
patients present with local disease (T1 and T2), which is asso-
ciated with a 5-year survival rate o  100%. An additional 12% 
o  patients present with regional disease (T3 and T4 without 

metastases), which is also associated with a 100%  survival rate 
a ter 5 years. Four percent o  patients present with distant dis-
ease (T4 with metastases), which is associated with a 28% 5-year 
survival rate. (Three percent o  patients are ungraded, and this 
group is associated with a 73% 5-year survival rate.) (Data from 
AJCC, http://seer.cancer.gov/statfacts/html/prost.html. Figure © 2014 
Memorial Sloan-Kettering Cancer Center; used with permission.)

A  B  C  D

prostate biopsies, not staging. No  RUS  nding con-
sistently indicates cancer with certainty. Computed 
tomography (C ) lacks sensitivity and speci city to 
detect extraprostatic extension and is in erior to MRI 
in visualization o  lymph nodes. In general, MRI per-
 ormed with an endorectal coil is superior to C  to 
detect cancer in the prostate and to assess local dis-
ease extent.  1-weighted MRI produces a high signal 
in the periprostatic  at, periprostatic venous plexus, 
perivesicular tissues, lymph nodes, and bone marrow. 
 2-weighted MRI demonstrates the internal architec-
ture o  the prostate and seminal vesicles. Most cancers 
have a low signal, while the normal peripheral zone has 
a high signal, although the technique lacks sensitivity 
and speci city. MRI is also use ul  or the planning o  
surgery and radiation therapy.

Radionuclide bone scans (bone scintigraphy) are 
used to evaluate spread to osseous sites. T is test is 
sensitive but relatively nonspeci c because areas o  
increased uptake are not always related to metastatic 
disease. Healing  ractures, arthritis, Paget’s disease, and 
other conditions will also cause abnormal uptake.  rue-
positive bone scans are uncommon when the PSA is 
<10 ng/mL unless the tumor is high grade.

TREATMENT Treatment of Prostate Cancer by Clinical State

CLINICALLY LOCALIZED PROSTATE CANCER Clinically localized pros-
tate cancers are those that appear to be nonmetastatic a er 
staging studies are per ormed. Patients with clinically local-
ized disease are managed by radical prostatectomy, radiation 
therapy, or active surveillance. Choice o  therapy requires the 
consideration o  several  actors: the presence o  symptoms, the 
probability that the untreated tumor will adversely a ect the 
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594 quality or duration o  survival and thus require treatment, and 
the probability that the tumor can be cured by single-modality 
therapy directed at the prostate or that it will require both local 
and systemic therapy to achieve cure.

Data  rom the literature do not provide clear evidence  or 
the superiority o  any one treatment relative to another. Com-
parison o  outcomes o  various  orms o  therapy is limited by 
the lack o  prospective trials, re erral bias, the experience o  
the treating teams, and di erences in endpoints and cancer 
control de nitions. O en, PSA relapse– ree survival is used 
because an e ect on metastatic progression or survival may 
not be apparent  or years. A er radical surgery to remove all 
prostate tissue, PSA should become undetectable in the blood 
within 6 weeks. I  PSA remains or becomes detectable a er 
radical prostatectomy, the patient is considered to have per-
sistent disease. A er radiation therapy, in contrast, PSA does 
not become undetectable because the remaining nonmalig-
nant elements o  the gland continue to produce PSA even i  
all cancer cells have been eliminated. Similarly, cancer control 
is not well de ned  or a patient managed by active surveil-
lance because PSA levels will continue to rise in the absence 
o  therapy. Other outcomes are time to objective progression 
(local or systemic), cancer-speci c survival, and overall sur-
vival; however, these outcomes may take years to assess.

T e more advanced the disease, the lower the probability 
o  local control and the higher the probability o  systemic 
relapse. More important is that within the categories o   1, 
 2, and  3 disease are cancers with a range o  prognoses. 
Some  3 tumors are curable with therapy directed solely at 
the prostate, and some  1 lesions have a high probability o  
systemic relapse that requires the integration o  local and sys-
temic therapy to achieve cure. For  1c cancers in particular, 
stage alone is inadequate to predict outcome and select treat-
ment; other  actors must be considered.

Nomograms  o better assess risk and guide treatment selection, 
many groups have developed prognostic models or nomo-
grams that use a combination o  the initial clinical   stage, 
biopsy Gleason score, and baseline PSA. Some use discrete cut 
points (PSA <10 or ≥10 ng/mL; Gleason score o  ≤6, 7, or ≥8); 
others employ nomograms that use PSA and Gleason score as 
continuous variables. More than 100 nomograms have been 
reported to predict the probability that a clinically signi cant 
prostate cancer is present, disease extent (organ-con ned vs 
non–organ-con ned, node-negative or -positive), or the prob-
ability o  success o  treatment  or speci c local therapies using 
pretreatment variables. Considerable controversy exists over 
what constitutes “high risk” based on a predicted probabil-
ity o  success or  ailure. In these situations, nomograms and 
predictive models can only go so  ar. Exactly what probabil-
ity o  success or  ailure would lead a physician to recommend 
and a patient to seek alternative approaches is controversial. 
As an example, it may be appropriate to recommend radical 
surgery  or a younger patient with a low probability o  cure. 
Nomograms are being re ned continually to incorporate addi-
tional clinical parameters, biologic determinants, and year o  

treatment, which can also a ect outcomes, making treatment 
decisions a dynamic process.

Treatment-Related Adverse Events T e  requency o  adverse 
events varies by treatment modality and the experience o  the 
treating team. For example,  ollowing radical prostatectomy, 
incontinence rates range  rom 2–47% and impotence rates 
range  rom 25–89%. Part o  the variability relates to how the 
complication is de ned and whether the patient or physi-
cian is reporting the event. T e time o  the assessment is also 
important. A er surgery, impotence is immediate but may 
reverse over time, while with radiation therapy impotence is 
not immediate but may develop over time. O  greatest concern 
to patients are the e ects on continence, sexual potency, and 
bowel  unction.

Radical Prostatectomy T e goal o  radical prostatectomy is to 
excise the cancer completely with a clear margin, to maintain 
continence by preserving the external sphincter, and to pre-
serve potency by sparing the autonomic nerves in the neuro-
vascular bundle. T e procedure is advised  or patients with 
a li e expectancy o  10 years or more and is per ormed via a 
retropubic or perineal approach or via a  minimally invasive 
robotic-assisted or hand-held laparoscopic approach. Out-
comes can be predicted using postoperative nomograms that 
consider pretreatment  actors and the pathologic  ndings 
at surgery. PSA  ailure is usually de ned as a value greater 
than 0.1 or 0.2 ng/mL. Speci c criteria to guide the choice 
o  one approach over another are lacking. Minimally inva-
sive approaches o er the advantage o  a shorter hospital stay 
and reduced blood loss. Rates o  cancer control, recovery o  
continence, and recovery o  erectile  unction are comparable 
between open and minimally invasive approaches. T e indi-
vidual surgeon rather than the surgical approach used is most 
important in determining outcomes a er surgery.

Neoadjuvant hormonal therapy has also been explored 
in an attempt to improve the outcomes o  surgery  or high-
risk patients, using a variety o  de nitions. T e results o  
several large trials testing 3 or 8 months o  androgen deple-
tion be ore surgery showed that serum PSA levels decreased 
by 96%, prostate volumes decreased by 34%, and margin 
positivity rates decreased  rom 41% to 17%. Un ortunately, 
hormones did not produce an improvement in PSA relapse–
 ree survival. T us, neoadjuvant hormonal therapy is not 
recommended.

Factors associated with incontinence  ollowing radical 
prostatectomy include older age and urethral length, which 
impacts the ability to preserve the urethra beyond the apex 
and the distal sphincter. T e skill and experience o  the sur-
geon are also  actors. Recovery o  erectile  unction is asso-
ciated with younger age, quality o  erections be ore surgery, 
and the absence o  damage to the neurovascular bundles. In 
general, erectile  unction begins to return about 6 months 
a er surgery i  both neurovascular bundles are preserved. 
Potency is reduced by hal  i  at least one neurovascular bun-
dle is sacri ced. Overall, with the availability o  drugs such as 
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595phosphodiesterase-5 (PDE5) inhibitors, intraurethral inserts 
o  alprostadil, and intracavernosal injections o  vasodilators, 
many patients recover satis actory sexual  unction.

Radiation Therapy Radiation therapy is given by external beam, 
by radioactive sources implanted into the gland, or by a com-
bination o  the two techniques.

EXTERNAL-BEAM RADIATION THERAPY Contemporary external-beam 
radiation therapy requires three-dimensional con ormal 
treatment plans to maximize the dose to the prostate and to 
minimize the exposure o  the surrounding normal tissue. 
Intensity-modulated radiation therapy (IMR ) permits shap-
ing o  the dose and allows the delivery o  higher doses to the 
prostate and a  urther reduction in normal tissue exposure 
than three-dimensional con ormal treatment alone. T ese 
advances have enabled the sa e administration o  doses >80 Gy 
and resulted in higher local control rates and  ewer side e ects.

Cancer control a er radiation therapy has been de ned 
by various criteria, including a decline in PSA to <0.5 or  
1 ng/mL, “nonrising” PSA values, and a negative biopsy o  
the prostate 2 years a er completion o  treatment. T e cur-
rent standard de nition o  biochemical  ailure (the Phoe-
nix de nition) is a rise in PSA by ≥2 ng/mL higher than the 
lowest PSA achieved. T e date o   ailure is “at call” and not 
backdated.

Radiation dose is critical to the eradication o  prostate 
cancer. In a representative study, a PSA nadir o  <1.0 ng/mL 
was achieved in 90% o  patients receiving 75.6 or 81.0 Gy ver-
sus 76% and 56% o  those receiving 70.2 and 64.8 Gy, respec-
tively. Positive biopsy rates at 2.5 years were 4%  or those 
treated with 81 Gy versus 27% and 36%  or those receiving 
75.6 and 70.2 Gy, respectively.

Overall, radiation therapy is associated with a higher  re-
quency o  bowel complications (mainly diarrhea and procti-
tis) than surgery. T e  requency relates directly to the volume 
o  the anterior rectal wall receiving  ull-dose treatment. In 
one series, grade 3 rectal or urinary toxicities were seen 
in 2.1% o  patients who received a median dose o  75.6 Gy, 
whereas grade 3 urethral strictures requiring dilatation devel-
oped in 1% o  cases, all o  whom had undergone a transure-
thral resection o  the prostate ( URP). Pooled data show that 
the  requency o  grade 3 and 4 toxicities is 6.9% and 3.5%, 
respectively,  or patients who received >70 Gy. T e  requency 
o  erectile dys unction is related to the age o  the patient, the 
quality o  erections pretreatment, the dose administered, and 
the time o  assessment. Postradiation erectile dys unction 
is related to a disruption o  the vascular supply and not the 
nerve  bers.

Neoadjuvant hormone therapy be ore radiation therapy 
has the aim o  decreasing the size o  the prostate and, con-
sequently, reducing the exposure o  normal tissues to  ull-
dose radiation, increasing local control rates, and decreasing 
the rate o  systemic  ailure. Short-term hormone therapy can 
reduce toxicities and improve local control rates, but long-
term treatment (2–3 years) is needed to prolong the time to 
PSA  ailure and lower the risk o  metastatic disease in men 

with high-risk cancers. T e impact on survival has been less 
clear.

BRACHYTHERAPY Brachytherapy is the direct implantation o  
radioactive sources (seeds) into the prostate. It is based on 
the principle that the deposition o  radiation energy in tissues 
decreases as a  unction o  the square o  the distance  rom the 
source (Chap. 29). T e goal is to deliver intensive irradiation 
to the prostate, minimizing the exposure o  the surround-
ing tissues. T e current standard technique achieves a more 
homogeneous dose distribution by placing seeds according 
to a customized template based on imaging assessment o  the 
cancer and computer-optimized dosimetry. T e implantation 
is per ormed transperineally as an outpatient procedure with 
real-time imaging.

Improvements in brachytherapy techniques have resulted 
in  ewer complications and a marked reduction in local  ail-
ure rates. In a series o  197 patients  ollowed  or a median o  
3 years, 5-year actuarial PSA relapse– ree survival  or patients 
with pretherapy PSA levels o  0–4, 4–10, and >10 ng/mL were 
98%, 90%, and 89%, respectively. In a separate report o  201 
patients who underwent posttreatment biopsies, 80% were 
negative, 17% were indeterminate, and 3% were positive. T e 
results did not change with longer  ollow-up. Nevertheless, 
many physicians  eel that implantation is best reserved  or 
patients with good or intermediate prognostic  eatures.

Brachytherapy is well tolerated, although most patients 
experience urinary  requency and urgency that can persist 
 or several months. Incontinence has been seen in 2–4% o  
cases. Higher complication rates are observed in patients who 
have undergone a prior  URP, whereas those with obstruc-
tive symptoms at baseline are at a higher risk  or retention 
and persistent voiding symptoms. Proctitis has been reported 
in <2% o  patients.

Active Surveillance Although prostate cancer is the most com-
mon  orm o  cancer a ecting men in the United States, 
patients are being diagnosed earlier and more  requently pres-
ent with early-stage disease. Active surveillance, described 
previously as watchful waiting or deferred therapy, is the policy 
o  monitoring the illness at  xed intervals with DREs, PSA 
measurements, and repeat prostate biopsies as indicated until 
histopathologic or serologic changes correlative o  progression 
warrant treatment with curative intent. It evolved  rom stud-
ies that evaluated predominantly elderly men with well-di -
 erentiated tumors who demonstrated no clinically signi cant 
progression  or protracted periods, recognition o  the contrast 
between incidence and disease-speci c mortality, the high 
prevalence o  autopsy cancers, and an e ort to reduce over-
treatment. A recent screening study estimated that between 
50–100 men with low-risk disease would need to be treated to 
prevent one prostate cancer–speci c death.

Arguing against active surveillance are the results o  a 
Swedish randomized trial o  radical prostatectomy versus 
active surveillance. With a median  ollow-up o  6.2 years, men 
treated by radical surgery had a lower risk o  prostate cancer 
death relative to active surveillance patients (4.6% vs 8.9%) 
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596 and a lower risk o  metastatic progression (hazard ratio 0.63). 
Case selection is critical, and determining clinical parameters 
predictive o  cancer aggressiveness that can be used to reliably 
select men most likely to bene t  rom active surveillance is an 
area o  intense study. In one prostatectomy series, it was esti-
mated that 10–15% o  those treated had “insigni cant” dis-
ease. One set o  criteria includes men with clinical  1c tumors 
that are biopsy Gleason grade 6 or less involving three or 
 ewer cores, each o  them having less than 50% involvement 
by tumor and a PSA density o  less than 0.15.

Concerns about active surveillance include the limited 
ability to predict pathologic  ndings by needle biopsy even 
when multiple cores are obtained, the recognized multi o-
cality o  the disease, and the possibility o  a missed opportu-
nity to cure the disease. Nomograms to help predict which 
patients can sa ely be managed by active surveillance con-
tinue to be re ned, and as their predictive accuracy improves, 
it can be anticipated that more patients will be candidates.

RISING PSA AFTER DEFINITIVE LOCAL THERAPY T is term is applied 
to a group o  patients in whom the sole mani estation o  dis-
ease is a rising PSA a er surgery and/or radiation therapy. By 
de nition, there is no evidence o  disease on an imaging study. 
For these patients, the central issue is whether the rise in PSA 
results  rom persistent disease in the primary site, systemic 
disease, or both. In theory, disease in the primary site may still 
be curable by additional local treatment.

T e decision to recommend radiation therapy a er pros-
tatectomy is guided by the pathologic  ndings at surgery, 
because imaging studies such as C  and bone scan are typi-
cally unin ormative. Some recommend a choline-11 posi-
tron emission tomography (PE ) scan, but availability in the 
United States is limited. Others recommend that a biopsy o  
the urethrovesical anastomosis be obtained be ore consider-
ing radiation, whereas others treat empirically based on risk. 
Factors that predict  or response to salvage radiation therapy 
are a positive surgical margin, lower Gleason score in the 
radical prostatectomy specimen, long interval  rom surgery 
to PSA  ailure, slow PSA doubling time, absence o  disease in 
the lymph nodes, and a low (<0.5–1 ng/mL) PSA value at the 
time o  radiation treatment. Radiation therapy is generally 
not recommended i  the PSA was persistently elevated a er 
surgery, which usually indicates that the disease has spread 
outside o  the area o  the prostate bed and is unlikely to be 
controlled with radiation therapy. As is the case  or other dis-
ease states, nomograms to predict the likelihood o  success 
are available.

For patients with a rising PSA a er radiation therapy, sal-
vage local therapy can be considered i  the disease was “cur-
able” at the time o  diagnosis, i  persistent disease has been 
documented by a biopsy o  the prostate, and i  no metastatic 
disease is seen on imaging studies. Un ortunately, case selec-
tion is poorly de ned in most series, and morbidities are 
signi cant. Options include salvage radical prostatectomy, 
salvage cryotherapy, salvage radiation therapy, and salvage 
irreversible electroporation.

T e rise in PSA a er surgery or radiation therapy may 
indicate subclinical or micrometastatic disease with or 
without local recurrence. In these cases, the need  or treat-
ment depends, in part, on the estimated probability that the 
patient will develop clinically detectable metastatic disease 
on a scan and in what time  rame. T at immediate therapy 
is not always required was shown in a series where patients 
who developed a biochemical recurrence a er radical prosta-
tectomy received no systemic therapy until metastatic disease 
was documented. Overall, the median time to metastatic pro-
gression by imaging was 8 years, and 63% o  the patients with 
rising PSA values remained  ree o  metastases at 5 years. Fac-
tors associated with progression included the Gleason score 
o  the radical prostatectomy specimen, time to recurrence, 
and PSA doubling time. For those with Gleason grade ≥8, the 
probability o  metastatic progression was 37%, 51%, and 71% 
at 3, 5, and 7 years, respectively. I  the time to recurrence was 
<2 years and PSA doubling time was long (>10 months), the 
proportions with metastatic disease at the same time intervals 
were 23%, 32%, and 53%, versus 47%, 69%, and 79% i  the 
doubling time was short (<10 months). PSA doubling times 
are also prognostic  or survival. In one series, all patients who 
succumbed to disease had PSA doubling times o  3 months 
or less.

Most physicians advise treatment i  the PSA doubling time 
is 12 months or less. A dif culty with predicting the risk o  
metastatic spread, symptoms, or death  rom disease in the 
rising PSA state is that most patients receive some  orm o  
therapy be ore the development o  metastases. Nevertheless, 
predictive models continue to be re ned.

METASTATIC DISEASE: NONCASTRATE T e state o  noncastrate met-
astatic prostate cancer includes men with metastases visible 
on an imaging study and noncastrate levels o  testosterone 
(>150 ng/dL). T e patient may be newly diagnosed or have a 
recurrence a er treatment  or localized disease. Symptoms o  
metastatic disease include pain  rom osseous spread, although 
many patients are asymptomatic despite extensive spread. 
Less common are symptoms related to marrow compromise 
(myelophthisis), spinal cord compression, or a coagulopathy.

Standard treatment is to deplete/lower androgens by 
medical or surgical means and/or to block androgen binding 
to the AR with antiandrogens. More than 90% o  male hor-
mones originate in the testes; <10% are synthesized in the 
adrenal gland. Surgical orchiectomy is the “gold standard” 
but is rarely used due to the availability o  e ective medical 
therapies and the more widespread use o  hormones on an 
intermittent basis by which patients are treated  or de ned 
periods o  time,  ollowing which the treatments are inten-
tionally discontinued (discussed  urther below) (Fig. 44-3).

Testosterone-Lowering Agents Medical therapies that lower tes-
tosterone levels include the gonadotropin-releasing hormone 
(GnRH) agonists/antagonists, 17,20-lyase inhibitors, CYP17 
inhibitors, estrogens, and progestational agents. O  these, 
GnRH analogues such as leuprolide acetate and goserelin 
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FIGURE 44 -3
Site s o   a ct io n  o   d if e ren t  h o rm o n e  th e rap ies. ACTH, adre-
nocorticotropic hormone; AR, androgen receptor; ARE, androgen-
response element; CRH, corticotropin-releasing hormone; DHEA, 
dehydroepiandrosterone; DHEA-S, dehydroepiandrosterone sul-
phate; DHT, dihydrotestosterone; GnRH, gonadotropin-releasing 
hormone; LH, luteinizing  hormone.

acetate initially produce a rise in luteinizing hormone and 
 ollicle-stimulating hormone,  ollowed by a downregulation 
o  receptors in the pituitary gland, which e ects a chemical 
castration. T ey were approved on the basis o  randomized 
comparisons showing an improved sa ety pro le (speci cally, 
reduced cardiovascular toxicities) relative to diethylstilbestrol 
(DES), with equivalent potency. T e initial rise in testoster-
one may result in a clinical  are o  the disease. As such, these 
agents are relatively contraindicated in men with signi cant 
obstructive symptoms, cancer-related pain, or spinal cord 
compromise. GnRH antagonists such as degarelix achieve 
castrate levels o  testosterone within 48 h without the initial 
rise in serum testosterone and do not cause a  are in the dis-
ease. Estrogens such as DES are rarely used due to the risk 
o  vascular complications such as  uid retention, phlebitis, 
embolic events, and stroke. Progestational agents alone are 
less ef cacious.

Agents that lower testosterone are associated with an 
androgen-depletion syndrome that includes hot  ushes, 
weakness,  atigue, loss o  libido, impotence, sarcopenia, ane-
mia, change in personality, and depression. Changes in lipids, 
obesity, and insulin resistance, along with an increased risk o  
diabetes and cardiovascular disease, can also occur, mimick-
ing the metabolic syndrome. A decrease in bone density may 
also result that worsens over time and results in an increased 
risk o  clinical  ractures. T is is a particular concern, o en 
underappreciated,  or men with preexisting osteopenia sec-
ondary to hypogonadism or glucocorticoid or alcohol use. 
Baseline  racture risk can be assessed using the Fracture Risk 
Assessment Scale (FRAX), and to minimize  racture risk, 
patients are advised to take calcium and vitamin D supple-
mentation, along with a bisphosphonate or the RANK ligand 
inhibitor, denosumab.

Antiandrogens First-generation nonsteroidal antiandrogens 
such as  utamide, bicalutamide, and nilutamide block ligand 
binding to the AR and were initially approved to block the 
disease  are that may occur with the rise in serum testos-
terone associated with GnRH agonist therapy. When antian-
drogens are given alone, testosterone levels typically increase 
above baseline, but relative to testosterone-lowering therapies, 
they cause  ewer hot  ushes, less o  an e ect on libido, less 
muscle wasting,  ewer personality changes, and less bone loss. 
Gynecomastia remains a signi cant problem but can be allevi-
ated in part by tamoxi en.

Most reported randomized trials suggest that the cancer-
speci c outcomes are in erior when antiandrogens are used 
alone. Bicalutamide, even at 150 mg (three times the recom-
mended dose), was associated with a shorter time to progres-
sion and in erior survival compared to surgical castration  or 
patients with established metastatic disease. Nevertheless, 
some men may accept the trade-o  o  a potentially in erior 
cancer outcome  or an improved quality o  li e.

Combined androgen blockade, the administration o  an 
antiandrogen plus a GnRH analogue or surgical orchiectomy, 
and triple androgen blockade, which includes the addition 
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598 o  a 5ARI, have not been shown to be superior to androgen 
depletion monotherapies and are no longer recommended. In 
practice, most patients who are treated with a GnRH agonist 
receive an antiandrogen  or the  rst 2–4 weeks o  treatment 
to protect against the  are.

Intermittent Androgen Deprivation Therapy (IADT) T e use o  hor-
mones in an “on-and-o ” approach was initially proposed 
as a way to prevent the selection o  cells that are resistant to 
androgen depletion and to reduce side e ects. T e hypoth-
esis is that by allowing endogenous testosterone levels to rise, 
the cells that survive androgen depletion will induce a nor-
mal di erentiation pathway. It is postulated that by allowing 
the surviving cells to proli erate in the presence o  androgen, 
sensitivity to subsequent androgen depletion will be retained 
and the chance o  developing a castration-resistant state will 
be reduced. Applied in the clinic, androgen depletion is con-
tinued  or 2–6 months beyond the point o  maximal response. 
Once treatment is stopped, endogenous testosterone levels 
increase, and the symptoms associated with hormone treat-
ment abate. PSA levels also begin to rise, and at some level, 
treatment is restarted. With this approach, multiple cycles 
o  regression and proli eration have been documented in 
individual patients. It is unknown whether the intermittent 
approach increases, decreases, or does not change the overall 
duration o  sensitivity to androgen depletion. T e approach 
is sa e, but long-term data are needed to assess the course in 
men with low PSA levels. A randomized trial showed simi-
lar survival time between patients treated with intermittent 
versus continuous treatment, with a slightly higher risk o  
prostate cancer–speci c mortality in the intermittent group, 
and higher cardiovascular mortality in patients on continuous 
therapy. T e intermittent therapy was  better tolerated.

Outcomes of Androgen Depletion T e anti–prostate cancer e ects 
o  the various androgen depletion/blockade strategies are 
similar, and the outcomes predictable: an initial response, 
then a period o  stability in which tumor cells are dormant 
and nonproli erative,  ollowed a er a variable period o  time 
by a rise in PSA and tumor regrowth as a castration-resistant 
lesion that  or most men is  invariably lethal. Androgen deple-
tion is not curative because cells that survive castration are 
present when the disease is  rst diagnosed. Considered by dis-
ease mani estation, PSA levels return to normal in 60–70% o  
cases, and measurable lesions regress in about 50%; improve-
ments in bone scan occur in 25% o  cases, but the majority o  
cases remain stable. T e duration o  response and survival is 
inversely proportional to disease extent at the time androgen 
depletion is  rst started, whereas the degree o  PSA decline at 
6 months has been shown to be prognostic. In a large-scale 
trial, PSA nadir proved prognostic.

An active question is whether hormones should be given 
in the adjuvant setting a er surgery or radiation treatment 
o  the primary tumor or whether to wait until PSA recur-
rence, metastatic disease, or symptoms are documented.  ri-
als in support o  early therapy have o en been underpowered 
relative to the reported bene t or have been criticized on 

methodologic grounds. One trial showing a survival ben-
e t  or patients treated with radiation therapy and 3 years o  
androgen depletion, relative to radiation alone, was criticized 
 or the poor outcomes o  the control group. Another showing 
a survival bene t  or patients with positive lymph nodes who 
were randomized to immediate medical or surgical castration 
compared to observation (p = .02) was criticized because the 
con dence intervals around the 5- and 8-year survival distri-
butions  or the two groups overlapped. A large randomized 
study comparing early to late hormone treatment (orchiec-
tomy or GnRH analogue) in patients with locally advanced or 
asymptomatic metastatic disease showed that patients treated 
early were less likely to progress  rom M0 to M1 disease, to 
develop pain, and to die o  prostate cancer. T is trial was 
criticized because therapy was delayed “too long” in the late-
treatment group. Noteworthy is that the American Society o  
Clinical Oncology Guidelines recommend de erring treat-
ment until the disease has recurred and the prognosis has 
been reassessed. T ese guidelines do not support immediate 
therapy.

METASTATIC DISEASE: CASTRATE Castration-resistant prostate 
cancer (CRPC) is de ned as disease that progresses despite 
androgen suppression by medical or surgical therapies where 
the measured levels o  testosterone are 50 ng/mL or lower. 
T e rise in PSA indicates continued signaling through the AR 
signaling axis, the result o  a series o  oncogenic changes that 
include overexpression o  androgen biosynthetic enzymes that 
can lead to increased intratumoral androgens, and overexpres-
sion o  the receptor itsel  that enables signaling to occur even 
in the setting o  low levels o  androgen. T e majority o  CRPC 
cases are not “hormone-re ractory,” and considering them as 
such can deny patients sa e and e ective treatment. CRPC can 
mani est in many ways. For some, it is a rise in PSA with no 
change in radiographs and no new symptoms. In others, it is a 
rising PSA and progression in bone with or without symptoms 
o  disease. Still others will show so  tissue disease with or 
without osseous metastases, and others have visceral spread.

For the individual patient, it is  rst essential to ensure that 
a castrate status be documented. Patients receiving an antian-
drogen alone, whose serum testosterone levels are elevated, 
should be treated  rst with a GnRH analogue or orchiec-
tomy and observed  or response. Patients on an antiandro-
gen in combination with a GnRH analogue should have the 
antiandrogen discontinued, because approximately 20% will 
respond to the selective discontinuation o  the antiandrogen.

Chemotherapy and New Agents T rough 2009, docetaxel was the 
only systemic therapy proven to prolong li e. As a single agent, 
the drug produced PSA declines in 50% o  patients, measur-
able disease regression in 25%, and improvement in both pre-
existing pain and prevention o   uture cancer-related pain. 
Since then, six agents with diverse mechanisms o  action that 
target the tumor itsel  or other aspects o  the metastatic pro-
cess have been proven to prolong li e and were FDA approved. 
T e  rst was sipuleucel- , the  rst  biologic approach shown to 
prolong li e in which antigen-presenting cells are activated ex 
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599vivo, pulsed with antigen, and rein used. T e second, cabazi-
taxel, a non–cross-resistant taxane, was shown to be superior 
to mitoxantrone in the post-docetaxel setting. T is was  ol-
lowed by the CYP17 inhibitor abiraterone acetate, which low-
ers androgen levels in the tumor, adrenal glands, and testis, 
and the next-generation antiandrogen enzalutamide, which 
not only has a higher binding af nity to the AR relative to  rst-
generation compounds, but uniquely inhibits nuclear location 
and DNA binding o  the receptor complex. Both abiraterone 
acetate and enzalutamide were  rst approved  or postchemo-
therapy treated patients on the basis o  placebo-controlled 
phase III trials—a  urther indication that these tumors are not 
uni ormly hormone-re ractory. T e indication  or abiraterone 
acetate was later expanded to the prechemotherapy setting, 
based on a second trial using a co-primary endpoint o  radio-
graphic progression– ree survival and overall survival. Similar 
results were seen with enzalutamide,  or which an expanded 
indication is also anticipated. Alpharadin (radium-223 chlo-
ride), an alpha-emitting bone-seeking radioisotope, has been 
shown to prolong li e in patients with symptoms related to 
osseous disease. T e alpharadin result validated the bone 
microenvironment as a therapeutic target independent o  
direct e ects on the tumor itsel , as no declines in PSA were 
observed in the trial. Notable is that in addition to a survival 
bene t, the drug also reduced the development o  signi cant 
skeletal events.

Other bone-targeted agents, such as the bisphosphonates 
and the RANK ligand inhibitor denosumab, protect against 
bone loss associated with androgen depletion and also reduce 
skeletal-related events by targeting bone osteoclasts. In one 
trial, denosumab was shown to be superior to zoledronic 
acid with respect to skeletal-related events, but had a slightly 
higher  requency o  osteonecrosis o  the jaw.

In clinical practice, most men seek to avoid chemotherapy 
and are  rst treated with a biologic agent and/or newer hor-
monal agent approved  or this indication. It is crucial to the 
management o  the individual patient to de ne therapeutic 
objectives be ore initiating treatment, as there are de ned 
standards o  care  or di erent disease mani estations. For 
example, sipuleucel-  is not indicated  or patients with symp-
toms or visceral disease because the e ects on the disease 
occur late. Similarly, alpharadin is not indicated  or patients 
with disease that is predominantly in so  tissue or who have 
osseous disease that is not causing symptoms.

Pain Management Management o  pain secondary to osseous 
metastatic disease is a critical part o  therapy. Optimal pal-
liation requires assessing whether the symptoms are  rom 
metastases that threaten or that are already a ecting the spi-
nal cord, the cauda equina, or the base o  the skull, which are 
best treated with external-beam radiation, as are single sites 
o  pain. Neurologic symptoms require emergency evaluation 
because loss o   unction may be permanent i  not addressed 
quickly. Because the disease is o en di use, palliation at one 
site is o en  ollowed by the emergence o  symptoms in a 
separate site that had not received radiation. In these cases, 

bone-seeking radioisotopes such as alpharadin or the beta 
emitter 153Sm-ED MP (Quadramet) can be considered in 
addition to abiraterone acetate, docetaxel, and mitoxantrone, 
each o  which is  ormally approved  or the palliation o  pain 
due to prostate cancer metastases.

BENIGN DISEASE

BENIGN PROSTATIC HYPERTROPHY
BPH is a pathologic process that contributes to the 
development o  lower urinary tract symptoms in men. 
Such symptoms, arising  rom lower urinary tract dys-
 unction, are  urther subdivided into obstructive 
symptoms (urinary hesitancy, straining, weak stream, 
terminal dribbling, prolonged voiding, incomplete 
emptying) and irritative symptoms (urinary  requency, 
urgency, nocturia, urge incontinence, small voided 
volumes). Lower urinary tract symptoms and other 
sequelae o  BPH are not just due to a mass e ect, but 
are also likely due to a combination o  the prostatic 
enlargement and age-related detrusor dys unction.

TREATMENT Benign Prostatic Hypertrophy

T e symptoms are generally measured using a validated, 
reproducible index that is designed to determine disease 
severity and response to therapy—the AUA’s Symptom Index 
(AUASI), also adopted as the International Prostate Symp-
tom Score (IPSS) (Table 44–2). Serial AUASI is particularly 
use ul in  ollowing patients as they are treated with various 
 orms o  therapy. Asymptomatic patients do not require treat-
ment regardless o  the size o  the gland, whereas patients 
with an inability to urinate, gross hematuria, recurrent in ec-
tion, or bladder stones may require surgery. In patients with 
symptoms, uro owmetry can identi y those with normal  ow 
rates who are unlikely to bene t  rom treatment, and blad-
der ultrasound can identi y those with high postvoid residu-
als who may need intervention. Pressure- ow (urodynamic) 
studies detect primary bladder dys unction. Cystoscopy is 
recommended i  hematuria is documented and to assess the 
urinary out ow tract be ore surgery. Imaging o  the upper 
tracts is advised  or patients with hematuria, a history o  cal-
culi, or prior urinary tract problems.

Symptomatic relie  is the most common reason men seek 
treatment  or BPH, and there ore the goal o  therapy  or BPH 
is usually relie  o  these symptoms. Alpha-adrenergic receptor 
antagonists are thought to treat the dynamic aspect o  BPH 
by reducing sympathetic tone o  the bladder outlet, thereby 
decreasing resistance and improving urinary  ow. 5ARIs are 
thought to treat the static aspect o  BPH by reducing prostate 
volume and having a similar, albeit delayed e ect. T ey have 
also proven to be bene cial in the prevention o  BPH progres-
sion, as measured by prostate volume, the risk o  developing 
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600 TABLE 44-2  
AUA SYMPTOM INDEX

QUESTIONS TO BE ANSWERED

AUA SYMPTOM SCORE (CIRCLE 1 NUMBER ON EACH LINE)

NOT AT ALL
LESS THAN 
1 TIME IN 5

LESS THAN 
HALF THE TIME

ABOUT HALF 
THE TIME

MORE THAN 
HALF THE TIME

ALMOST 
ALWAYS

Over the past month, how o ten have 
you had a sensation o  not emptying 
your bladder completely a ter you 
 nished urinating?

0  1  2  3  4  5

Over the past month, how o ten have 
you had to urinate again less than  
2 h a ter you  nished urinating?

0  1  2  3  4  5

Over the past month, how o ten 
have you  ound you stopped and 
started again several times when you 
urinated?

0  1  2  3  4  5

Over the past month, how o ten have 
you  ound it dif cult to postpone 
urination?

0  1  2  3  4  5

Over the past month, how o ten have 
you had a weak urinary stream?

0  1  2  3  4  5

Over the past month, how o ten have 
you had to push or strain to begin 
urination?

0  1  2  3  4  5

Over the past month, how many times 
did you most typically get up to uri-
nate  rom the time you went to bed 
at night until the time you got up in 
the morning?

(None)  (1 time)  (2 times)  (3 times)  (4 times)  (5 times)

Sum o  7 circled numbers (AUA Symptom Score): ____

Abbrevia t ions: AUA, American Urological Association.
Source: MJ Barry et al: J Urol 148:1549, 1992. Used with permission.

acute urinary retention, and the risk o  having BPH-related 
surgery. T e use o  an alpha-adrenergic receptor antagonist 
and a 5ARI as combination therapy seeks to provide symp-
tomatic relie  while preventing progression o  BPH.

Another class o  medications that has shown improve-
ment in lower urinary tract symptoms secondary to BPH is 
PDE5 inhibitors, used currently in the treatment o  erectile 
dys unction. All three o  the PDE5 inhibitors available in 
the United States, sildena l, vardena l, and tadala l, appear 
to be e ective in the treatment o  symptoms  secondary to 
BPH. T e use o  PDE5 inhibitors is not without controversy, 
however, given the  act that short-acting phosphodiesterase 
inhibitors such as sildena l need to be dosed separately  rom 
alpha blockers such as tamsulosin because o  potential hypo-
tensive e ects. Newer classes o  pharmacologic agents have 
been used to treat symptoms secondary to BPH. Symptoms 

due to BPH o en coexist with symptoms due to overactive 
bladder, and the most common pharmacologic agents  or the 
treatment o  overactive bladder symptoms are anticholiner-
gics. T is has led to multiple studies evaluating the ef cacy 
o  anticholinergics  or the treatment o  lower urinary tract 
symptoms secondary to BPH. Surgical therapy is now consid-
ered second-line therapy and is usually reserved  or patients 
a er a trial o  medical therapy. T e goal o  surgical therapy 
is to reduce the size o  the prostate, e ectively reducing resis-
tance to urine  ow.

Surgical approaches include  URP, transurethral inci-
sion, or removal o  the gland via a retropubic, suprapubic, or 
perineal approach. Also used are transurethral ultrasound-
guided laser-induced prostatectomy ( ULIP), stents, and 
hyperthermia.
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Primary germ cell tumors (GC s) o  the testis arising 
by the malignant trans ormation o  primordial germ 
cells constitute 95% o  all testicular neoplasms. In re-
quently, GC s arise  rom an extragonadal site, includ-
ing the mediastinum, retroperitoneum, and, very rarely, 
the pineal gland. T is disease is notable  or the young 
age o  the a icted patients, the totipotent capacity  or 
di erentiation o  the tumor cells, and its curability; 
approximately 95% o  newly diagnosed patients are 
cured. Experience in the management o  GC s leads to 
improved outcome.

INCIDENCE AND EPIDEMIOLOGY
 T e incidence o  testicular GC  is now approxi-
mately 8000 cases annually in the United States, 
resulting in nearly 400 deaths. T e tumor occurs 

most  requently in men between the ages o  20 and  
40 years. A testicular mass in a male ≥50 years should 
be regarded as a lymphoma until proved otherwise. 
GC  is at least  our to  ve times more common in 
white than in A rican-American males, and a higher 
incidence has been observed in Scandinavia and New 
Zealand than in the United States.

ETIOLOGY AND GENETICS
Cryptorchidism is associated with a several- old higher 
risk o  GC . Abdominal cryptorchid testes are at a 
higher risk than inguinal cryptorchid testes. Orchio-
pexy should be per ormed be ore puberty, i  possible. 
Early orchiopexy reduces the risk o  GC  and improves 
the ability to save the testis. An abdominal cryptorchid 
testis that cannot be brought into the scrotum should be 
removed. Approximately 2% o  men with GC s o  one 
testis will develop a primary tumor in the other testis. 
 esticular  eminization syndromes and  amily history 
increase the risk o  testicular GC , and Kline elter’s 
syndrome is associated with mediastinal GC .

TESTICULAR CANCER

CHAP TER 4 5

An isochromosome o  the short arm o  chromosome 
12 [i(12p)] is pathognomonic  or GC . Excess 12p copy 
number, either in the  orm o  i(12p) or as increased 12p 
on aberrantly banded marker chromosomes, occurs in 
nearly all GC s, but the gene(s) on 12p involved in the 
pathogenesis are not yet de ned.

CLINICAL PRESENTATION
A painless testicular mass is pathognomonic  or a tes-
ticular malignancy. More commonly, patients present 
with testicular discom ort or swelling suggestive o  epi-
didymitis and/or orchitis. In this circumstance, a trial o  
antibiotics is reasonable. However, i  symptoms persist 
or a residual abnormality remains, then testicular ultra-
sound examination is indicated.

Ultrasound o  the testis is indicated whenever a tes-
ticular malignancy is considered and  or persistent 
or pain ul testicular swelling. I  a testicular mass is 
detected, a radical inguinal orchiectomy should be per-
 ormed. Because the testis develops  rom the gonadal 
ridge, its blood supply and lymphatic drainage origi-
nate in the abdomen and descend with the testis into 
the scrotum. An inguinal approach is taken to avoid 
breaching anatomic barriers and permitting additional 
pathways o  spread.

Back pain  rom retroperitoneal metastases is com-
mon and must be distinguished  rom musculoskel-
etal pain. Dyspnea  rom pulmonary metastases occurs 
in requently. Patients with increased serum levels o  
human chorionic gonadotropin (hCG) may present 
with gynecomastia. A delay in diagnosis is associated 
with a more advanced stage and possibly worse survival.

T e staging evaluation  or GC  includes a deter-
mination o  serum levels o  α  etoprotein (AFP), hCG, 
and lactate dehydrogenase (LDH). A er orchiectomy, 
a computed tomography (C ) scan o  the chest, abdo-
men, and pelvis is generally per ormed. Stage I disease 
is limited to the testis, epididymis, or spermatic cord. 
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602 Stage II disease is limited to retroperitoneal (regional) 
lymph nodes. Stage III disease is disease outside the 
retroperitoneum, involving supradiaphragmatic nodal 
sites or viscera. T e staging may be “clinical”—de ned 
solely by physical examination, blood marker evalua-
tion, and radiographs—or “pathologic”—de ned by an 
operative procedure.

T e regional draining lymph nodes  or the testis 
are in the retroperitoneum, and the vascular supply 
originates  rom the great vessels ( or the right testis) 
or the renal vessels ( or the le  testis). As a result, the 
lymph nodes that are involved  rst by a right testicular 
tumor are the interaortocaval lymph nodes just below 
the renal vessels. For a le  testicular tumor, the  rst 
involved lymph nodes are lateral to the aorta (para-
aortic) and below the le  renal vessels. In both cases, 
 urther retroperitoneal nodal spread is in erior, con-
tralateral, and, less commonly, above the renal hilum. 
Lymphatic involvement can extend cephalad to the 
retrocrural, posterior mediastinal, and supraclavicular 
lymph nodes.  reatment is determined by tumor histol-
ogy (seminoma versus nonseminoma) and clinical stage 
(Fig. 45–1).

PATHOLOGY
GC s are divided into nonseminoma and seminoma 
subtypes. Nonseminomatous GC s are most  requent in 
the third decade o  li e and can display the  ull spectrum 
o  embryonic and adult cellular di erentiation. T is 
entity comprises  our histologies: embryonal carcinoma, 
teratoma, choriocarcinoma, and endodermal sinus 
(yolk sac) tumor. Choriocarcinoma, consisting o  both 
cytotrophoblasts and syncytiotrophoblasts, represents 
malignant trophoblastic di erentiation and is invariably 
associated with secretion o  hCG. Endodermal sinus 
tumor is the malignant counterpart o  the  etal yolk sac 
and is associated with secretion o  AFP. Pure embryonal 
carcinoma may secrete AFP or hCG, or both; this pat-
tern is biochemical evidence o  di erentiation.  eratoma 
is composed o  somatic cell types derived  rom two 
or more germ layers (ectoderm, mesoderm, or endo-
derm). Each o  these histologies may be present alone or 
in combination with others. Nonseminomatous GC s 
tend to metastasize early to sites such as the retroperi-
toneal lymph nodes and lung parenchyma. Sixty per-
cent o  patients present with disease limited to the testis  
(stage I), 20% with retroperitoneal metastases (stage II), 
and 20% with more extensive supradiaphragmatic nodal 
or visceral metastases (stage III).

Seminoma represents approximately 50% o  all 
GC s, has a median age in the  ourth decade, and gen-
erally  ollows a more indolent clinical course. Eighty 
percent o  patients present with stage I disease, approxi-
mately 10% with stage II disease, and 10% with stage III 

disease; lung or other visceral metastases are rare. 
When a tumor contains both seminoma and nonsemi-
noma components, patient management is directed by 
the more aggressive nonseminoma component.

TUMOR MARKERS
Care ul monitoring o  the serum tumor markers AFP 
and hCG is essential in the management o  patients 
with GC , because these markers are important  or 
diagnosis, as prognostic indicators, in monitoring treat-
ment response, and in the early detection o  relapse. 
Approximately 70% o  patients presenting with dis-
seminated nonseminomatous GC  have increased 
serum concentrations o  AFP and/or hCG. Although 
hCG concentrations may be increased in patients with 
either nonseminoma or seminoma histology, the AFP 
concentration is increased only in patients with non-
seminoma. T e presence o  an increased AFP level in 
a patient whose tumor shows only seminoma indicates 
that an occult nonseminomatous component exists, 
and the patient should be treated  or nonseminomatous 
GC . LDH levels are less speci c than AFP or hCG but 
are increased in 50–60% patients with metastatic non-
seminoma and in up to 80% o  patients with advanced 
seminoma.

AFP, hCG, and LDH levels should be determined 
be ore and a er orchiectomy. Increased serum AFP 
and hCG concentrations decay according to  rst-order 
kinetics; the hal -li e is 24–36 h  or hCG and 5–7 days 
 or AFP. AFP and hCG should be assayed serially dur-
ing and a er treatment. T e reappearance o  hCG 
and/or AFP or the  ailure o  these markers to decline 
according to the predicted hal -li e is an indicator o  
persistent or recurrent tumor.

TREATMENT Testicular Cancer

STAGE I NONSEMINOMA Patients with radiographs and physical 
examination showing no evidence o  disease and serum AFP 
and hCG concentrations that are either normal or declining to 
normal according to the known hal -li e have clinical stage I 
disease. Approximately 20–50% o  such patients will have ret-
roperitoneal lymph node metastases (pathologic stage II) but 
will still be cured in over 95% o  cases. Depending on risk o  
relapse, which is determined by the pathology (see below), 
surveillance, a nerve-sparing retroperitoneal lymph node 
dissection (RPLND), or adjuvant chemotherapy (one to two 
cycles o  bleomycin, etoposide, and cisplatin [BEP]) may be 
appropriate choices depending on the availability of surgical 
expertise and patient and physician preference. I  the primary 
tumor shows no evidence  or lymphatic or vascular invasion 
and is limited to the testis ( 1, clinical stage IA), then the 
risk o  relapse is only 10–20%. Because over 80% o  patients 

45_Hematology_ch45_p601-606.indd   602  04/08/16   4:16 PM



 
C H A P T E R  4 5T e s t i c u l a r  C a n c e r 6

0

3

FIGURE 45 -1
Germ  ce ll tum o r stag in g  an d  t rea tm en t . RPLND, retroperitoneal lymph node dissection; RT, radiotherapy.
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604 with clinical stage IA nonseminoma are cured with orchiec-
tomy alone and there is no survival advantage to RPLND (or 
adjuvant chemotherapy), surveillance is the pre erred treat-
ment option. T is avoids overtreatment with the potential  or 
both acute and long-term toxicities (see below). Surveillance 
requires patients to be care ully  ollowed with periodic chest 
radiography, physical examination, C  scan o  the abdomen, 
and serum tumor marker determinations. T e median time to 
relapse is approximately 7 months, and late relapses (>2 years) 
are rare. Noncompliant patients can be considered  or RPLND 
or adjuvant BEP.

I  lymphatic or vascular invasion is present or the tumor 
extends through the tunica, spermatic cord, or scrotum  
( 2 through  4, clinical stage IB), then the risk o  relapse is 
approximately 50%, and RPLND and adjuvant chemotherapy 
can be considered. Relapse rates are reduced to 3–5% a er 
one to two cycles o  adjuvant BEP. All three approaches (sur-
veillance, RPLND, and adjuvant BEP) should cure >95% o  
patients with clinical stage IB disease.

RPLND is the standard operation  or removal o  the 
regional lymph nodes o  the testis (retroperitoneal nodes). 
T e operation removes the lymph nodes draining the pri-
mary site and the nodal groups adjacent to the primary land-
ing zone. T e standard (modi ed bilateral) RPLND removes 
all node-bearing tissue down to the bi urcation o  the great 
vessels, including the ipsilateral iliac nodes. T e major long-
term e ect o  this operation is retrograde ejaculation with 
resultant in ertility. Nerve-sparing RPLND can preserve 
anterograde ejaculation in ~90% o  patients. Patients with 
pathologic stage I disease are observed, and only the <10% 
who relapse require additional therapy. I  nodes are  ound to 
be involved at RPLND, then a decision regarding adjuvant 
chemotherapy is made on the basis o  the extent o  retroperi-
toneal disease (see “Stage II Nonseminoma” below). Hence, 
because less than 20% o  patients require chemotherapy, o  
the three approaches, RPLND results in the lowest number o  
patients at risk  or the late toxicities o  chemotherapy.

STAGE II NONSEMINOMA Patients with limited, ipsilateral retro-
peritoneal adenopathy ≤2 cm in largest diameter and normal 
levels o  AFP and hCG can be treated with either a modi ed 
bilateral nerve-sparing RPLND or chemotherapy. T e local 
recurrence rate a er a properly per ormed RPLND is very low. 
Depending on the extent o  disease, the postoperative man-
agement options include either surveillance or two cycles o  
adjuvant chemotherapy. Surveillance is the pre erred approach 
 or patients with resected “low-volume” metastases (tumor 
nodes ≤2 cm in diameter and <6 nodes involved) because 
the probability o  relapse is one-third or less. For those who 
relapse, risk-directed chemotherapy is indicated (see sec-
tion on advanced GC  below). Because relapse occurs in 
≥50% o  patients with “high-volume” metastases (>6 nodes 
involved, or any involved node >2 cm in largest diameter, or 
extranodal tumor extension), two cycles o  adjuvant chemo-
therapy should be considered, as it results in a cure in ≥98% o  
patients. Regimens consisting o  etoposide plus cisplatin (EP) 

with or without bleomycin every 3 weeks are e ective and well 
tolerated.

Increased levels o  either AFP or hCG imply metastatic 
disease outside the retroperitoneum;  ull-dose (not adjuvant) 
chemotherapy is used in this setting. Primary management 
with chemotherapy is also  avored  or patients with larger 
(>2 cm) or bilateral retroperitoneal nodes (see section on 
advanced GC  below).

STAGES I AND II SEMINOMA Inguinal orchiectomy  ollowed by 
immediate retroperitoneal radiation therapy or surveillance 
with treatment at relapse both result in cure in nearly 100% o  
patients with stage I seminoma. Historically, radiation was the 
mainstay o  treatment, but the reported association between 
radiation and secondary malignancies and the absence o  a 
survival advantage o  radiation over surveillance has led many 
to  avor surveillance  or compliant patients. Approximately 
15% o  patients relapse, which is usually treated with chemo-
therapy. Longterm  ollow-up is essential, because approxi-
mately 30% o  relapses occur a er 2 years and 5% occur a er 
5 years. A single dose o  carboplatin has also been investigated 
as an alternative to radiation therapy; the outcome was similar, 
but long-term sa ety data are lacking, and the retroperitoneum 
remained the most  requent site o  relapse.

Generally, nonbulky retroperitoneal disease (stage IIA and 
small IIB) is treated with retroperitoneal radiation therapy. 
Approximately 90% o  patients achieve relapse- ree survival 
with retroperitoneal masses <3 cm in diameter. Due to higher 
relapse rates a er radiation  or bulkier disease, initial che-
motherapy is pre erred  or all stage IIC and some stage IIB 
patients. Chemotherapy has been studied as an alternative 
to radiation  or stage IIA and small stage IIB seminoma with 
lower recurrence rates compared with historical controls. 
T ese results, combined with studies demonstrating a three-
 old increase in the incidence o  secondary malignancies 
and cardiovascular disease among patients who receive both 
radiation and chemotherapy (patients relapsing a er radia-
tion  all into this category), have led some experts to pre er 
chemotherapy  or all stage II seminomas.

CHEMOTHERAPY FOR ADVANCED GCT Regardless o  histology, all 
patients with stage IIC and stage III and most with stage IIB 
GC  are treated with chemotherapy. Combination chemo-
therapy programs based on cisplatin at doses o  100 mg/m2 
plus etoposide at doses o  500 mg/m2 per cycle cure 70–80% 
o  such patients, with or without bleomycin, depending on 
risk strati cation (see below). A complete response (the com-
plete disappearance o  all clinical evidence o  tumor on physi-
cal examination and radiography plus normal serum levels o  
AFP and hCG  or ≥1 month) occurs a er chemotherapy alone 
in ~60% o  patients, and another 10–20% become disease  ree 
with surgical resection o  residual masses containing viable 
GC . Lower doses o  cisplatin result in in erior survival rates.

T e toxicity o   our cycles o  the BEP is substantial. Nausea, 
vomiting, and hair loss occur in most patients, although nau-
sea and vomiting have been markedly ameliorated by mod-
ern antiemetic regimens. Myelosuppression is  requent, and 
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TABLE 45 -1  
INTERNATIONAL GERM CELL CANCER CONSENSUS GROUP RISK CLASSIFICATION FOR ADVANCED GERM CELL 
TUMORS

RISK  NONSEMINOMA  SEMINOMA

Good  Gonadal or retroperitoneal primary site
Absent nonpulmonary visceral metastases
AFP <1000 ng/mL
β-hCG <5000 mIU/mL
LDH <1.5 × upper limit or normal (ULN)

Any primary site
Absent nonpulmonary visceral metastases
Any LDH, hCG

Intermediate  Gonadal or retroperitoneal primary site
Absent nonpulmonary visceral metastases
AFP 1000–10,000 ng/mL
β-hCG 5000–50,000 mIU/mL
LDH 1.5–10 × ULN

Any primary site
Presence o  nonpulmonary visceral metastases
Any LDH, hCG

Poor  Mediastinal primary site
Presence o  nonpulmonary visceral metastases
AFP >10,000 ng/mL
β-hCG
>50,000 mIU/mL
LDH >10 × ULN

No patients classif ed as poor prognosis

Abbrevia t ions: AFP, α  etoprotein; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.
Source: From International Germ Cell Cancer Consensus Group.

symptomatic bleomycin pulmonary toxicity occurs in ~5% 
o  patients.  reatment-induced mortality due to neutrope-
nia with septicemia or bleomycin-induced pulmonary  ailure 
occurs in 1–3% o  patients. Dose reductions  or myelosup-
pression are rarely indicated. Long-term permanent toxici-
ties include nephrotoxicity (reduced glomerular  ltration 
and persistent magnesium wasting), ototoxicity, peripheral 
neuropathy, and in ertility. When bleomycin is administered 
by weekly bolus injection, Raynaud’s phenomenon appears in 
5–10% o  patients. Other evidence o  small blood vessel dam-
age, such as transient ischemic attacks and myocardial in arc-
tion, is seen less o en.

RISK-DIRECTED CHEMOTHERAPY Because not all patients are cured 
and treatment may cause signi cant toxicities, patients are 
strati ed into “good-risk,” “intermediate-risk,” and “poor-risk” 
groups according to pretreatment clinical  eatures established 
by the International Germ Cell Cancer Consensus Group 
(Table 45-1). For good-risk patients, the goal is to achieve 
maximum ef cacy with minimal toxicity. For intermediate- 
and poor-risk patients, the goal is to identi y more e ective 
therapy with tolerable toxicity.

T e marker cut o s are included in the  NM (primary 
tumor, regional nodes, metastasis) staging o  GC . Hence, 
 NM stage groupings are based on both anatomy (site and 
extent o  disease) and biology (marker status and histology). 
Seminoma is either good- or intermediate-risk, based on the 
absence or presence o  nonpulmonary visceral metastases. 
No poor-risk category exists  or seminoma. Marker levels 
and primary site play no role in de ning risk  or seminoma. 
Nonseminomas have good-, intermediate-, and poor-risk 

categories based on the primary site o  the tumor, the pres-
ence or absence o  nonpulmonary visceral metastases, and 
marker levels.

For ~90% o  patients with good-risk GC s,  our cycles 
o  EP or three cycles o  BEP produce durable complete 
responses, with minimal acute and chronic toxicity, and a 
low relapse rate. Pulmonary toxicity is absent when bleomy-
cin is not used and is rare when therapy is limited to 9 weeks; 
myelosuppression with neutropenic  ever is less  requent; and 
the treatment mortality rate is negligible. Approximately 75% 
o  intermediate-risk patients and 50% o  poor-risk patients 
achieve durable complete remission with  our cycles o  BEP, 
and no regimen has proved superior.

POSTCHEMOTHERAPY SURGERY Resection o  residual metasta-
ses a er the completion o  chemotherapy is an integral part 
o  therapy. I  the initial histology is nonseminoma and the 
marker values have normalized, all sites o  residual disease 
should be resected. In general, residual retroperitoneal disease 
requires a modi ed bilateral RPLND. T oracotomy (unilateral 
or bilateral) and neck dissection are less  requently required 
to remove residual mediastinal, pulmonary parenchymal, or 
cervical nodal disease. Viable tumor (seminoma, embryo-
nal carcinoma, yolk sac tumor, or choriocarcinoma) will be 
present in 15%, mature teratoma in 40%, and necrotic debris 
and  brosis in 45% o  resected specimens. T e  requency o  
teratoma or viable disease is highest in residual mediastinal 
tumors. I  necrotic debris or mature teratoma is present, no 
 urther chemotherapy is necessary. I  viable tumor is present 
but is completely excised, two additional cycles o  chemother-
apy are given.
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606 I  the initial histology is pure seminoma, mature teratoma is 
rarely present, and the most  requent  nding is necrotic debris. 
For residual retroperitoneal disease, a complete RPLND is tech-
nically dif cult due to extensive postchemotherapy  brosis. 
Observation is recommended when no radiographic abnor-
mality exists on C  scan. Positive  ndings on a positron emis-
sion tomography (PE ) scan correlate with viable seminoma 
in residua and mandate surgical excision or biopsy.

SALVAGE CHEMOTHERAPY O  patients with advanced GC , 
20–30%  ail to achieve a durable complete response to  rst-
line chemotherapy. A combination o  vinblastine, i os amide, 
and cisplatin (VeIP) will cure approximately 25% o  patients 
as a second-line therapy. Patients are more likely to achieve 
a durable complete response i  they had a testicular primary 
tumor and relapsed  rom a prior complete remission to  rst-
line cisplatin-containing chemotherapy. Substitution o  pacli-
taxel  or vinblastine ( IP) in this setting was associated with 
durable remission in nearly two-thirds o  patients. In contrast, 
 or patients with a primary mediastinal nonseminoma or 
who did not achieve a complete response with  rst-line che-
motherapy, then VeIP standard-dose salvage therapy is rarely 
bene cial. Such patients are usually managed with high-dose 
chemotherapy and/or surgical resection.

Chemotherapy consisting o  dose-intensive, high-dose 
carboplatin plus high-dose etoposide, with peripheral blood 
stem cell support, induces a complete response in 25–40% o  
patients who have progressed a er i os amide-containing sal-
vage chemotherapy. Approximately one-hal  o  the complete 
responses will be durable. High-dose therapy is standard o  
care  or this patient population and has been suggested as the 
treatment o  choice  or all patients with relapsed or re ractory 
disease. Paclitaxel is active when incorporated into high-dose 
combination programs. Cure is still possible in some relapsed 
patients.

EXTRAGONADAL GCT
T e prognosis and management o  patients with 
extragonadal GC  depends on the tumor histol-
ogy and site o  origin. All patients with a diagnosis o  
extragonadal GC  should have a testicular ultrasound 
examination. Nearly all patients with retroperitoneal 
or mediastinal seminoma achieve a durable complete 
response to BEP or EP. T e clinical  eatures o  patients 
with primary retroperitoneal nonseminoma GC  are 
similar to those o  patients with a primary tumor o  tes-
tis origin, and care ul evaluation will  nd evidence o  

a primary testicular GC  in about two-thirds o  cases. 
In contrast, a primary mediastinal nonseminomatous 
GC  is associated with a poor prognosis; one-third o  
patients are cured with standard therapy ( our cycles o  
BEP). Patients with newly diagnosed mediastinal non-
seminoma are considered to have poor-risk disease and 
should be considered  or clinical trials testing regimens 
o  possibly greater ef cacy. In addition, mediastinal 
nonseminoma is associated with hematologic disorders, 
including acute myelogenous leukemia, myelodysplas-
tic syndrome, and essential thrombocytosis unrelated 
to previous chemotherapy. T ese hematologic disorders 
are very re ractory to treatment. Nonseminoma o  any 
primary site may change into other malignant histolo-
gies such as embryonal rhabdomyosarcoma or adeno-
carcinoma. T is is called malignant transformation. 
i(12p) has been identi ed in the trans ormed cell type, 
indicating GC  clonal origin.

A group o  patients with poorly di erentiated 
tumors o  unknown histogenesis, midline in distribu-
tion, and not associated with secretion o  AFP or hCG 
has been described; a  ew (10–20%) are cured by stan-
dard cisplatin-containing chemotherapy. An i(12p) is 
present in ~25% o  such tumors (the  raction that are 
cisplatin-responsive), con rming their origin  rom 
primitive germ cells. T is  nding is also predictive 
o  the response to cisplatin-based chemotherapy and 
resulting long-term survival. T ese tumors are hetero-
geneous; neuroepithelial tumors and lymphoma may 
also present in this  ashion.

FERTILITY
In ertility is an important consequence o  the treat-
ment o  GC s. Preexisting in ertility or impaired  ertil-
ity is o en present. Azoospermia and/or oligospermia 
are present at diagnosis in at least 50% o  patients with 
testicular GC s. Ejaculatory dys unction is associated 
with RPLND, and germ cell damage may result  rom 
cisplatin-containing chemotherapy. Nerve-sparing 
techniques to preserve the retroperitoneal sympathetic 
nerves have made retrograde ejaculation less likely in 
the subgroups o  patients who are candidates  or this 
operation. Spermatogenesis does recur in some patients 
a er chemotherapy. However, because o  the signi cant 
risk o  impaired reproductive capacity, semen analysis 
and cryopreservation o  sperm in a sperm bank should 
be recommended to all patients be ore treatment.
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Michae l V. Se id en  

OVARIAN CANCER

INCIDENCE AND PATHOLOGY
Cancer arising in or near the ovary is actually a collec-
tion o  diverse malignancies. T is collection o  malig-
nancies, o en re erred to as “ovary cancer,” is the most 
lethal gynecologic malignancy in the United States and 
other countries that routinely screen women  or cervi-
cal neoplasia. In 2014, it was estimated that there were 
21,980 cases o  ovarian cancer with 14,270 deaths in the 
United States. T e ovary is a complex and dynamic organ 
and, between the ages o  approximately 11 and 50 years, 
is responsible  or  ollicle maturation associated with egg 
maturation, ovulation, and cyclical sex steroid hormone 
production. T ese complex and linked biologic  unc-
tions are coordinated through a variety o  cells within 
the ovary, each o  which possesses neoplastic potential. 
By  ar the most common and most lethal o  the ovarian 
neoplasms arise  rom the ovarian epithelium or, alterna-
tively, the neighboring specialized epithelium o  the  al-
lopian tube, uterine corpus, or cervix. Epithelial tumors 
may be benign (50%), malignant (33%), or o  borderline 
malignancy (16%). Age in uences risk o  malignancy; 
tumors in younger women are more likely benign. T e 
most common o  the ovarian epithelial malignancies 
are serous tumors (50%); tumors o  mucinous (25%), 
endometrioid (15%), clear cell (5%), and transitional cell 
histology or Brenner tumor (1%) represent smaller pro-
portions o  epithelial ovarian tumors. In contrast, stro-
mal tumors arise  rom the steroid hormone–producing 
cells and likewise have di erent phenotypes and clinical 
presentations largely dependent on the type and quan-
tity o  hormone production.  umors arising in the germ 
cell are most similar in biology and behavior to testicular 
tumors in males (Chap. 45).

 umors may also metastasize to the ovary  rom breast, 
colon, appendiceal, gastric, and pancreatic primaries. 
Bilateral ovarian masses  rom metastatic mucin-secreting 
gastrointestinal cancers are termed Krukenberg tumors.

GYNECOLOGIC MALIGNANCIES

CHAP TER 4 6

OVARIAN CANCER OF EPITHELIAL ORIGIN
Epidemiology a nd pa thogenesis

A  emale has approximately a 1 in 72 li etime risk 
(1.6%) o  developing ovarian cancer, with the majority 
o  a ected women developing epithelial tumors. Each 
o  the histologic variants o  epithelial tumors is distinct 
with unique molecular  eatures. As a group o  malignan-
cies, epithelial tumors o  the ovary have a peak incidence 
in women in their sixties, although age at presentation 
can range across the extremes o  adult li e, with cases 
being reported in women in their twenties to nine-
ties. Each histologic subtype o  ovarian cancer likely 
has its own associated risk  actors. Serous cancer, the 
most common type o  epithelial ovarian cancer, is seen 
with increased  requency in women who are nullipa-
rous or have a history o  use o  talc agents applied to the 
perineum; other risk  actors include obesity and prob-
ably hormone replacement therapy. Protective  actors 
include the use o  oral contraceptives, multiparity, and 
breast- eeding. T ese protective  actors are thought to 
work through suppression o  ovulation and perhaps the 
associated reduction o  ovulation associated in amma-
tion o  the ovarian epithelium or, alternatively, the serous 
epithelium located within the  mbriae o  the  allopian 
tube. Other protective  actors, such as  allopian tube 
ligation, are thought to protect the ovarian epithelium 
(or perhaps the distal  allopian tube  mbriae)  rom car-
cinogens that migrate  rom the vagina to the tubes and 
ovarian sur ace epithelium. Mucinous tumors are more 
 requent in women with a history o  cigarette smoking, 
whereas endometrioid and clear cell tumors are more 
 requent in women with a history o  endometriosis.

Considerable evidence now suggests that the pre-
cursor cell to serous carcinoma o  the ovary might 
actually arise in the  mbria o  the  allopian tube with 
extension or metastasis to the ovarian sur ace or cap-
ture o  preneoplastic or neoplastic ex oliating tubal cells 
into an involuting ovarian  ollicle around the time o  

46_Hematology_ch46_p607-615.indd   607  04/08/16   4:24 PM



S

E

C

T

I

O

N

 

I

X

N

e

o

p

l

a

s

t

i

c

 

D

i

s

o

r

d

e

r

s

608 ovulation. Care ul histologic and molecular analysis o  
tubal epithelium demonstrates molecular and histologic 
abnormalities, termed serous tubular intraepithelial car-
cinoma (S IC) lesions, in a high proportion o  women 
undergoing risk-reducing salpingo-oophorectomies in 
the context o  high-risk germline mutations in BRCA1 
and BRCA2, as well as a modest proportion o  women 
with ovarian cancer in the absence o  such mutations.

Genetic risk fa ctors

A variety o  genetic syndromes substantially 
increase a woman’s risk o  developing ovarian can-
cer. Approximately 10% o  women with ovarian 

cancer have a germline mutation in one o  two DNA 
repair genes: BRCA1 (chromosome 17q12-21) or 
BRCA2 (chromosome 13q12-13). Individuals inheriting 
a single copy o  a mutant allele have a very high inci-
dence o  breast and ovarian cancer. Most o  these 
women have a  amily history that is notable  or multiple 
cases o  breast and/or ovarian cancer, although inheri-
tance through male members o  the  amily can camou-
 age this genotype through several generations. T e 
most common malignancy in these women is breast 
carcinoma, although women harboring germline 
BRCA1 mutations have a marked increased risk o  
developing ovarian malignancies in their  orties and   -
ties with a 30–50% li etime risk o  developing ovarian 
cancer. Women harboring a mutation in BRCA2 have a 
lower penetrance o  ovarian cancer with perhaps a 
20–40% chance o  developing this malignancy, with 
onset typically in their   ies or sixties. Women with a 
BRCA2 mutation also are at slightly increased risk o  
pancreatic cancer. Likewise women with mutations in 
the DNA mismatch repair genes associated with Lynch 
syndrome, type 2 (MSH2, MLH1, MLH6, PMS1, PMS2) 
may have a risk o  ovarian cancer as high as 1% per year 
in their  orties and   ies. Finally, a small group o  
women with  amilial ovarian cancer may have muta-
tions in other BRCA-associated genes such as RAD51, 
CHK2, and others. Screening studies in this select pop-
ulation suggest that current screening techniques, 
including serial evaluation o  the CA-125 tumor marker 
and ultrasound, are insuf cient at detecting early-stage 
and curable disease, so women with these germline 
mutations are advised to undergo prophylactic removal 
o  ovaries and  allopian tubes typically a er completing 
childbearing and ideally be ore age 35–40 years. Early 
prophylactic oophorectomy also protects these women 
 rom subsequent breast cancer with a reduction o  
breast cancer risk o  approximately 50%.

Presenta t ion

Neoplasms o  the ovary tend to be painless unless they 
undergo torsion. Symptoms are there ore typically 

related to compression o  local organs or due to symp-
toms  rom metastatic disease. Women with tumors 
localized to the ovary do have an increased incidence 
o  symptoms including pelvic discom ort, bloating, and 
perhaps changes in a woman’s typical urinary or bowel 
pattern. Un ortunately, these symptoms are  requently 
dismissed by either the woman or her health care team. 
It is believed that high-grade tumors metastasize early 
in the neoplastic process. Unlike other epithelial malig-
nancies, these tumors tend to ex oliate throughout the 
peritoneal cavity and thus present with symptoms asso-
ciated with disseminated intraperitoneal tumors. T e 
most common symptoms at presentation include a mul-
timonth period o  progressive complaints that typically 
include some combination o  heartburn, nausea, early 
satiety, indigestion, constipation, and abdominal pain. 
Signs include the rapid increase in abdominal girth due 
to the accumulation o  ascites that typically alerts the 
patient and her physician that the concurrent gastro-
intestinal symptoms are likely associated with serious 
pathology. Radiologic evaluation typically demonstrates 
a complex adnexal mass and ascites. Laboratory evalua-
tion usually demonstrates a markedly elevated CA-125, 
a shed mucin (Muc 16) associated with, but not spe-
ci c  or, ovarian cancer. Hematogenous and lymphatic 
spread are seen but are not the typical presentation. 
Ovarian cancers are divided into  our stages, with 
stage I tumors con ned to the ovary, stage II malignan-
cies con ned to the pelvis, and stage III tumors con ned 
to the peritoneal cavity (Table 46-1). T ese three stages 
are subdivided, with the most common presentation, 
stage IIIC, de ned as tumors with bulky intraperitoneal 
disease. About 60% o  women present with stage IIIC 
disease. Stage IV disease includes women with paren-
chymal metastases (liver, lung, spleen) or, alternatively, 
abdominal wall or pleural disease. T e 40% not present-
ing with stage IIIC disease are roughly evenly distrib-
uted among the other stages, although mucinous and 
clear cell tumors are overrepresented in stage I tumors.

Screening

Ovarian cancer is the   h most lethal malignancy in 
women in the United States. It is curable in early stages, 
but seldom curable in advanced stages; hence, the 
development o  e ective screening strategies is o  con-
siderable interest. Furthermore, the ovary is well visual-
ized with a variety o  imaging techniques, most notably 
transvaginal ultrasound. Early-stage tumors o en pro-
duce proteins that can be measured in the blood such 
as CA-125 and HE-4. Nevertheless, the incidence o  
ovarian cancer in the middle-aged  emale population is 
low, with only approximately 1 in 2000 women between 
the ages o  50 and 60 carrying an asymptomatic and 
undetected tumor. T us e ective screening techniques 
must be sensitive but, more importantly, highly speci c 
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609TABLE 46 -1  
STAGING AND SURVIVAL IN GYNECOLOGIC MALIGNANCIES

STAGE  OVARIAN
5-YEAR 
SURVIVAL, %  ENDOMETRIAL

5-YEAR 
SURVIVAL, %  CERVIX

5-YEAR 
SURVIVAL, %

0  —  —  Carcinoma in situ  100
I  Conf ned to 

ovary
90–95  Conf ned to corpus  89  Conf ned to uterus  85

II  Conf ned to 
pelvis

70–80  Involves corpus and 
cervix

73  Invades beyond uterus 
but not to pelvic wall

65

III  Intraabdominal 
spread

20–50  Extends outside the 
uterus but not out-
side the true pelvis or 
to lymph nodes

52  Extends to pelvic 
wall and/or lower 
third o  vagina, or 
hydronephrosis

35

IV  Spread outside 
abdomen

1–5  Extends outside the 
true pelvis or involves 
the bladder or rectum

17  Invades mucosa o  blad-
der or rectum or extends 
beyond the true pelvis

7

to minimize the number o   alse-positive results. Even 
a screening test with 98% speci city and 50% sensitivity 
would have a positive predictive value o  only about 1%. 
A large randomized study o  active screening versus 
usual standard care demonstrated that a screening pro-
gram consisting o  six annual CA-125 measurements 
and  our annual transvaginal ultrasounds in a popu-
lation o  women age 55–74 was not e ective at reduc-
ing death  rom ovarian cancer and was associated 
with signi cant morbidity in the screened arm due 
to complications associated with diagnostic testing 
in the screened group. Although ongoing studies are 
evaluating the utility o  alternative screening strategies, 
currently screening o  normal-risk women is not rec-
ommended outside o  a clinical trial.

TREATMENT Ovarian Cancer

In women presenting with a localized ovarian mass, the 
principal diagnostic and therapeutic maneuver is to deter-
mine i  the tumor is benign or malignant and, in the event 
that the tumor is malignant, whether the tumor arises in the 
ovary or is a site o  metastatic disease. Metastatic disease to 
the ovary can be seen  rom primary tumors o  the colon, 
appendix, stomach (Krukenberg tumors), and breast.  ypi-
cally women undergo a unilateral salpingo-oophorectomy, 
and i  pathology reveals a primary ovarian malignancy, 
then the procedure is  ollowed by a hysterectomy, removal 
o  the remaining tube and ovary, omentectomy, and pelvic 
node sampling along with some random biopsies o  the 
peritoneal cavity. T is extensive surgical procedure is per-
 ormed because approximately 30% o  tumors that by visual 
inspection appear to be con ned to the ovary have already 
disseminated to the peritoneal cavity and/or surrounding 
lymph nodes.

I  there is evidence o  bulky intraabdominal disease, a 
comprehensive attempt at maximal tumor cytoreduction is 
attempted even i  it involves partial bowel resection, splenec-
tomy, and in certain cases more extensive upper abdominal 
surgery. T e ability to debulk metastatic ovarian cancer to 
minimal visible disease is associated with an improved prog-
nosis compared with women le  with visible disease. Patients 
without gross residual disease a er resection have a median 
survival o  39 months, compared with 17 months  or those 
le  with macroscopic tumor. Once tumors have been surgi-
cally debulked, women receive therapy with a platinum agent, 
typically a taxane. Debate continues as to whether this therapy 
should be delivered intravenously or, alternatively, whether 
some o  the therapy should be delivered directly into the peri-
toneal cavity via a catheter. T ree randomized studies have 
demonstrated improved survival with intraperitoneal therapy, 
but this approach is still not widely accepted due to technical 
challenges associated with this delivery route and increased 
toxicity. In women who present with bulky intraabdominal 
disease, an alternative approach is to treat with platinum plus 
a taxane  or several cycles be ore attempting a surgical deb-
ulking procedure (neoadjuvant therapy). Subsequent surgical 
procedures are more e ective at leaving the patient without 
gross residual tumor and appear to be less morbid.  wo studies 
have demonstrated that the neoadjuvant approach is associated 
with an overall survival that is comparable to the traditional 
approach o  primary surgery  ollowed by chemotherapy.

With optimal debulking surgery and platinum-based che-
motherapy (usually carboplatin dosed to an area under the 
curve [AUC] o  6 plus paclitaxel 175 mg/m2 by 3-h in usion 
in 21-day cycles), 70% o  women who present with advanced-
stage tumors respond, and 40–50% experience a complete 
remission with normalization o  their CA-125, computed 
tomography (C ) scans, and physical examination. Un ortu-
nately, a small proportion o  women who obtain a complete 
response to therapy will remain in remission. Disease recurs 
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610 within 1–4 years  rom the completion o  their primary ther-
apy in 75% o  the complete responders. CA-125 levels o en 
increase as a  rst sign o  relapse; however, data are not clear 
that early intervention in relapsing patients in uences survival. 
Recurrent disease is e ectively managed, but not cured, with 
a variety o  chemotherapeutic agents. Eventually all women 
with recurrent disease develop chemotherapy-re ractory 
disease at which point re ractory ascites, poor bowel motil-
ity, and obstruction or pseudoobstruction due to a tumor-
in ltrated aperistaltic bowel are common. Limited surgery to 
relieve intestinal obstruction, localized radiation therapy to 
relieve pressure or pain  rom masses, or palliative chemother-
apy may be help ul. Agents with >15% response rates include 
gemcitabine, topotecan, liposomal doxorubicin, pemetrexed, 
and bevacizumab. Approximately 10% o  ovarian cancers are 
HER2/neu positive, and trastuzumab may induce responses in 
this subset.

Five-year survival correlates with the stage o  disease: 
stage I, 85–90%; stage II, 70–80%; stage III, 20–50%; and 
stage IV, 1–5% ( able 46-1). Low-grade serous tumors are 
molecularly distinct  rom high-grade serous tumors and are, 
in general, poorly responsive to chemotherapy.  argeted ther-
apies  ocused on inhibiting kinases downstream o  RAS and 
BRAF are being tested. Patients with tumors o  low malignant 
potential are managed by surgery; chemotherapy and radia-
tion therapy do not improve survival.

OVARIAN SEX CORD AND STROMAL 
TUMORS
Epidemiology, presenta tion,  
a nd predisposing syndromes

Approximately 7% o  ovarian neoplasms are stromal or 
sex cord tumors, with approximately 1800 cases expected 
each year in the United States. Ovarian stromal tumors 
or sex cord tumors are most common in women in their 
  ies or sixties, but tumors can present in the extremes 
o  age, including the pediatric population. T ese tumors 
arise  rom the mesenchymal components o  the ovary, 
including steroid-producing cells as well as  broblasts. 
Essentially all o  these tumors are o  low malignant 
potential and present as unilateral solid masses. T ree 
clinical presentations are common: the detection o  an 
abdominal mass; abdominal pain due to ovarian torsion, 
intratumoral hemorrhage, or rupture; or signs and symp-
toms due to hormonal production by these tumors.

T e most common hormone-producing tumors 
include thecomas, granulosa cell tumor, or juvenile 
granulosa tumors in children. T ese estrogen-producing 
tumors o en present with breast tenderness as well 
as isosexual precocious pseudopuberty in children, 
menometrorrhagia, oligomenorrhea, or amenorrhea 
in premenopausal women, or alternatively as post-
menopausal bleeding in older women. In some women, 
estrogen-associated secondary malignancies, such as 

endometrial or breast cancer, may present as synchro-
nous malignancies. Alternatively, endometrial cancer 
may serve as the presenting malignancy with evaluation 
subsequently identi ying a unilateral solid ovarian neo-
plasm that proves to be an occult granulosa cell tumor. 
Sertoli-Leydig tumors o en present with hirsutism, 
virilization, and occasionally Cushing’s syndrome due 
to increased production o  testosterone, androstenedi-
one, or other 17-ketosteroids. Hormonally inert tumors 
include  broma that presents as a solitary mass o en 
in association with ascites and occasionally hydrotho-
rax also known as Meigs’ syndrome. A subset o  these 
tumors present in individuals with a variety o  inherited 
disorders that predispose them to mesenchymal neopla-
sia. Associations include juvenile granulosa cell tumors 
and perhaps Sertoli-Leydig tumors with Ollier’s disease 
(multiple enchondromatosis) or Ma ucci’s syndrome, 
ovarian sex cord tumors with annular tubules with 
Peutz-Jeghers syndrome, and  bromas with Gorlin’s 
disease. Essentially all granulosa tumors and a minor-
ity o  juvenile granulosa cell tumors and thecomas have 
a de ned somatic point mutation in the FOXL2 gene 
at C134W generated by replacement o  cysteine with a 
guanine at position 402. About 30% o  Sertoli-Leydig 
tumors harbor a mutation in the RNA-processing gene 
DICER in the RNAIIIb domain.

TREATMENT Sex Cord Tumors

T e mainstay o  treatment  or sex cord tumors is surgical resec-
tion. Most women present with tumors con ned to the ovary. 
For the small subset o  women who present with metastatic 
disease or develop evidence o  tumor recurrence a er primary 
resection, survival is still typically long, o en in excess o  a 
decade. Because these tumors are slow growing and relatively 
re ractory to chemotherapy, women with metastatic disease 
are o en debulked because disease is usually peritoneal-based 
(as with epithelial ovarian cancer). De nitive data that surgical 
debulking o  metastatic or recurrent disease prolongs survival 
are lacking, but ample data document women who have sur-
vived years or, in some cases, decades a er resection o  recur-
rent disease. In addition, large peritoneal-based metastases also 
have a proclivity  or hemorrhage, sometimes with catastrophic 
complications. Chemotherapy is occasionally e ective, and 
women tend to receive regimens designed to treat epithelial 
or germ cell tumors. Bevacizumab has some activity in clini-
cal trials but is not approved  or this speci c indication. T ese 
tumors o en produce high levels o  müllerian inhibiting sub-
stance (MIS), inhibin, and, in the case o  Sertoli-Leydig tumors, 
α  etoprotein (AFP). T ese proteins are detectable in serum and 
can be used as tumor markers to monitor women  or recurrent 
disease because the increase or decrease o  these proteins in the 
serum tends to re ect the changing bulk o  systemic tumor.
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611GERM CELL TUMORS OF THE OVARY
Germ cell tumors, like their counterparts in the testis, 
are cancers o  germ cells. T ese totipotent cells contain 
the programming  or di erentiation to essentially all 
tissue types, and hence the germ cell tumors include 
a histologic menagerie o  bizarre tumors, including 
benign teratomas and a variety o  malignant tumors, 
such as immature teratomas, dysgerminomas, yolk sac 
malignancies, and choriocarcinomas. Benign teratoma 
(or dermoid cyst) is the most common germ cell neo-
plasm o  the ovary and o en presents in young woman. 
T ese tumors include a complex mixture o  di erenti-
ated tissue including tissues  rom all three germ lay-
ers. In older women, these di erentiated tumors can 
develop malignant trans ormation, most commonly 
squamous cell carcinomas. Malignant germ cell tumors 
include dysgerminomas, yolk sac tumors, immature 
teratomas, and embryonal carcinoma and choriocarci-
nomas. T ere are no known genetic abnormalities that 
uni y these tumors. A subset o  dysgerminomas harbor 
mutations in c-kit oncogenes (as seen in gastrointesti-
nal stromal tumors [GIS ]), whereas a subset o  germ 
cell tumors have isochromosome 12 abnormalities, as 
seen in testicular malignancies. In addition, a subset o  
dysgerminomas is associated with dysgenetic ovaries. 
Identi cation o  a dysgerminoma arising in genotypic 
XY gonads is important in that it highlights the need to 
identi y and remove the contralateral gonad due to risk 
o  gonadoblastoma.

Presenta tion

Germ cell tumors can present at all ages, but the peak 
age o  presentation tends to be in  emales in their late 
teens or early twenties.  ypically these tumors will 
become large ovarian masses, which eventually pres-
ent as palpable low abdominal or pelvic masses. Like 
sex cord tumors, torsion or hemorrhage may present 
urgently or emergently as acute abdominal pain. Some 
o  these tumors produce elevated levels o  human cho-
rionic gonadotropin (hCG), which can lead to isosexual 
precocious puberty when tumors present in younger 
girls. Unlike epithelial ovarian cancer, these tumors 
have a higher proclivity  or nodal or hematogenous 
metastases. As with testicular tumors, some o  these 
tumors tend to produce AFP (yolk sac tumors) or hCG 
(embryonal carcinoma, choriocarcinomas, and some 
dysgerminomas) that are reliable tumor markers.

TREATMENT Germ Cell Tumors

Germ cell tumors typically present in women who are 
still o  childbearing age, and because bilateral tumors are 
uncommon (except in dysgerminoma, 10–15%), the typical 

treatment is unilateral oophorectomy or salpingo-oopho-
rectomy. Because nodal metastases to pelvic and para-aortic 
nodes are common and may a ect treatment choices, these 
nodes should be care ully inspected and, i  enlarged, should 
be resected i  possible. Women with malignant germ cell 
tumors typically receive bleomycin, etoposide, and cisplatin 
(BEP) chemotherapy. In the majority o  women, even those 
with advanced-stage disease, cure is expected. Close  ollow-
up without adjuvant therapy o  women with stage I tumors 
is reasonable i  there is high con dence that the patient and 
health care team are committed to compulsive and care ul 
 ollow-up, as chemotherapy at the time o  tumor recurrence 
is likely to be curative.

Dysgerminoma is the ovarian counterpart o  testicular 
seminoma. T e 5-year disease- ree survival is 100% in early-
stage patients and 61% in stage III disease. Although the 
tumor is highly radiation-sensitive, radiation produces in er-
tility in many patients. BEP chemotherapy is as e ective or 
more so without causing in ertility. T e use o  BEP  ollowing 
incomplete resection is associated with a 2-year disease- ree 
survival rate o  95%. T is chemotherapy is now the treatment 
o  choice  or dysgerminoma.

FALLOPIAN TUBE CANCER

 ransport o  the egg to the uterus occurs via transit 
through the  allopian tube, with the distal ends o  these 
tubes composed o   mbriae that drape about the ovar-
ian sur ace and capture the egg as it erupts  rom the 
ovarian cortex. Fallopian tube malignancies are typi-
cally serous tumors. Previous teaching was that these 
malignancies were rare, but more care ul histologic 
examination suggests that many “ovarian malignancies” 
might actually arise in the distal  mbria o  the  allo-
pian tube (see above). T ese women o en present with 
adnexal masses, and like ovarian cancer, these tumors 
spread relatively early throughout the peritoneal cavity 
and respond to platinum and taxane therapy and have 
a natural history that is essentially identical to ovarian 
cancer ( able 46-1).

CERVICAL CANCER

GLOBAL CONSIDERATIONS
Cervical cancer is the second most common and 
most lethal malignancy in women worldwide 
likely due to the widespread in ection with high-

risk strains o  human papillomavirus (HPV) and lim-
ited utilization o  or access to Pap smear screening in 
many nations throughout the world. Nearly 500,000 
cases o  cervical cancer are expected worldwide, with 
approximately 240,000 deaths annually. Cancer inci-
dence is particularly high in women residing in Central 
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612 and South America, the Caribbean, and southern and 
eastern A rica. Mortality rate is disproportionately high 
in A rica. In the United States, 12,360 women were 
diagnosed with cervical cancer and 4020 women died 
in 2014. Developed countries have looked at high-
technology screening techniques  or HPV involving 
automated polymerase chain reaction in thin preps that 
identi y dysplastic cytology as well as high-risk HPV 
genetic material. Visual inspection o  the cervix coated 
with acetic acid has demonstrated the ability to reduce 
mortality  rom cervical cancer with potential broad 
applicability in low-resource environments. T e devel-
opment o  e ective vaccines  or high-risk HPV types 
makes it imperative to determine economical, socially 
acceptable, and logistically  easible strategies to deliver 
and distribute this vaccine to girls and boys be ore their 
engagement in sexual activity.

HPV INFECTION AND PREVENTIVE 
VACCINATION
HPV is the primary neoplastic-initiating event in the 
vast majority o  women with invasive cervical can-
cer. T is double-strand DNA virus in ects epithelium 
near the trans ormation zone o  the cervix. More 
than 60 types o  HPV are known, with approximately  
20 types having the ability to generate high-grade dys-
plasia and malignancy. HPV-16 and -18 are the types 
most  requently associated with high-grade dyspla-
sia and targeted by both U.S. Food and Drug Admin-
istration–approved vaccines. T e large majority o  
sexually active adults are exposed to HPV, and most 
women clear the in ection without speci c interven-
tion. T e 8-kilobase HPV genome encodes seven early 
genes, most notably E6 and E7, which can bind to RB 
and p53, respectively. High-risk types o  HPV encode 
E6 and E7 molecules that are particularly e ective at 
inhibiting the normal cell cycle checkpoint  unctions 
o  these regulatory proteins, leading to immortal-
ization but not  ull trans ormation o  cervical epi-
thelium. A minority o  woman will  ail to clear the 
in ection with subsequent HPV integration into the 
host genome. Over the course o  as short as months 
but more typically years, some o  these women 
develop high-grade dysplasia. T e time  rom dyspla-
sia to carcinoma is likely years to more than a decade 
and almost certainly requires the acquisition o  other 
poorly de ned genetic mutations within the in ected 
and immortalized epithelium.

Risk  actors  or HPV in ection and, in particular, 
dysplasia include a high number o  sexual partners, 
early age o   rst intercourse, and history o  venereal 
disease. Smoking is a co actor; heavy smokers have a 
higher risk o  dysplasia with HPV in ection. HIV in ec-
tion, especially when associated with low CD4+   cell 

counts, is associated with a higher rate o  high-grade 
dysplasia and likely a shorter latency period between 
in ection and invasive disease. T e administration o  
highly active antiretroviral therapy reduces the risk o  
high-grade dysplasia associated with HPV in ection.

Currently approved vaccines include the recom-
binant proteins to the late proteins, L1 and L2, o  
HPV-16 and -18. Vaccination o  women be ore the 
initiation o  sexual activity dramatically reduces the 
rate o  HPV-16 and -18 in ection and subsequent 
dysplasia.  here is also partial protection against 
other HPV types, although vaccinated women are 
still at risk  or HPV in ection and still require stan-
dard Pap smear screening. Although no randomized 
trial data demonstrate the utility o  Pap smears, the 
dramatic drop in cervical cancer incidence and death 
in developed countries employing wide-scale screen-
ing provides strong evidence  or its e  ectiveness. In 
addition, even visual inspection o  the cervix with 
preapplication o  acetic acid using a “see and treat” 
strategy has demonstrated a 30% reduction in cervi-
cal cancer death.  he incorporation o  HPV testing 
by polymerase chain reaction or other molecular 
techniques increases the sensitivity o  detecting cer-
vical pathology but at the cost o  identi ying many 
women with transient in ections who require no spe-
ci ic medical intervention.

CLINICAL PRESENTATIONS
T e majority o  cervical malignancies are squamous cell 
carcinomas associated with HPV. Adenocarcinomas are 
also HPV-related and arise deep in the endocervical 
canal; they are typically not seen by visual inspection 
o  the cervix and thus are o en missed by Pap smear 
screening. A variety o  rarer malignancies including 
atypical epithelial tumors, carcinoids, small cell car-
cinomas, sarcomas, and lymphomas have also been 
reported.

T e principal role o  Pap smear testing is the detec-
tion o  asymptomatic preinvasive cervical dysplasia o  
squamous epithelial lining. Invasive carcinomas o en 
have symptoms or signs including postcoital spotting 
or intermenstrual cycle bleeding or menometrorrhagia. 
Foul-smelling or persistent yellow discharge may also 
be seen. Presentations that include pelvic or sacral pain 
suggest lateral extension o  the tumor into pelvic nerve 
plexus by either the primary tumor or a pelvic node 
and are signs o  advanced-stage disease. Likewise,  ank 
pain  rom hydronephrosis  rom ureteral compression 
or deep venous thrombosis  rom iliac vessel compres-
sion suggests either extensive nodal disease or direct 
extension o  the primary tumor to the pelvic sidewall. 
T e most common  nding o  physical exam is a visible 
tumor on the cervix.
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613
TREATMENT Cervical Cancer

Scans are not part o  the  ormal clinical staging o  cervical 
cancer yet are very use ul in planning appropriate therapy.  
C  can detect hydronephrosis indicative o  pelvic sidewall 
disease but is not accurate at evaluating other pelvic struc-
tures. Magnetic resonance imaging (MRI) is more accurate 
at estimating uterine extension and paracervical extension o  
disease into so  tissues typically bordered by broad and car-
dinal ligaments that support the uterus in the central pelvis. 
Positron emission tomography (PE ) scan is the most accu-
rate technique  or evaluating the pelvis and more importantly 
nodal (pelvic, para-aortic, and scalene) sites  or disease. T is 
technique seems more prognostic and accurate than C , MRI, 
or lymphangiogram, especially in the para-aortic region.

Stage I cervical tumors are con ned to the cervix, whereas 
stage II tumors extend into the upper vagina or paracervi-
cal so  tissue (Fig. 46-1). Stage III tumors extend to the lower 
vagina or the pelvic sidewalls, whereas stage IV tumors invade 
the bladder or rectum or have spread to distant sites. Very 
small stage I cervical tumors can be treated with a variety o  
surgical procedures. In young women desiring to maintain  er-
tility, radical trachelectomy removes the cervix with subsequent 
anastomosis o  the upper vagina to the uterine corpus. Larger 
cervical tumors con ned to the cervix can be treated with 
either surgical resection or radiation therapy in combination 
with cisplatin-based chemotherapy with a high chance o  cure. 
Larger tumors that extend regionally down the vagina or into 
the paracervical so  tissues or the pelvic sidewalls are treated 
with combination chemotherapy and radiation therapy. T e 
treatment o  recurrent or metastatic disease is unsatis actory 
due to the relative resistance o  these tumors to chemotherapy 

and currently available biological agents, although beva-
cizumab, a monoclonal antibody that is said to inhibit 
tumor-associated angiogenesis, has demonstrated clinically 
meaning ul activity in the management o  metastatic disease.

UTERINE CANCER

EPIDEMIOLOGY
Several di erent tumor types arise in uterine corpus. 
Most tumors arise in the glandular lining and are endo-
metrial adenocarcinomas.  umors can also arise in the 
smooth muscle; most are benign (uterine leiomyoma), 
with a small minority o  tumors being sarcomas. T e 
endometrioid histologic subtype o  endometrial can-
cer is the most common gynecologic malignancy in 
the United States. In 2014, an estimated 52,630 women 
were diagnosed with cancer o  the uterine corpus, with 
8590 deaths  rom the disease. Development o  these 
tumors is a multistep process, with estrogen playing an 
important early role in driving endometrial gland pro-
li eration. Relative overexposure to this class o  hor-
mones is a risk  actor  or the subsequent development 
o  endometrioid tumors. In contrast, progestins drive 
glandular maturation and are protective. Hence, women 
with high endogenous or pharmacologic exposure to 
estrogens, especially i  unopposed by progesterone, 
are at high risk  or endometrial cancer. Obese women, 
women treated with unopposed estrogens, or women 
with estrogen-producing tumors (such as granulosa cell 
tumors o  the ovary) are at higher risk  or endometrial 
cancer. In addition, treatment with tamoxi en, which 

Stage

Staging  of cervix cancer
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FIGURE 46 -1
An atom ic d isp lay o f th e  stag es o f ce rvix can ce r def ned by location, extent o  tumor,  requency o  presentation, and 5-year survival.
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614 has antiestrogenic e ects in breast tissue but estro-
genic e ects in uterine epithelium, is associated with an 
increased risk o  endometrial cancer. Events such as the 
loss o  the PTEN tumor suppressor gene with activation 
and o en additional mutations in the PIK-3CA/AK  
pathways likely serve as secondary events in carcinogen-
esis. T e Cancer Genome Atlas Research Network has 
demonstrated that endometrioid tumors can be divided 
into  our subgroups: ultramutated, microsatellite insta-
bility hypermutated, copy number low, and copy num-
ber high subgroups. T ese groups have di erent natural 
histories; therapy  or these subgroups may eventually 
be individualized. Serous tumors o  the uterine corpus 
represent approximately 5–10% o  epithelial tumors o  
the uterine corpus and possess distinct molecular char-
acteristics that are most similar to those seen in serous 
tumors arising in the ovary or  allopian tube.

Women with a mutation in one o  a series o  DNA 
mismatch repair genes associated with the Lynch syn-
drome, also known as hereditary nonpolyposis colon 
cancer (HNPCC), are at increased risk  or endome-
trioid endometrial carcinoma. T ese individuals have 
germline mutations in MSH2, MLH1, and in rare cases 
PMS1 and PMS2, with resulting microsatellite instabil-
ity and hypermutation. Individuals who carry these 
mutations typically have a  amily history o  cancer and 
are at markedly increased risk  or colon cancer and 
modestly increased risk  or ovarian cancer and a vari-
ety o  other tumors. Middle-aged women with HNPCC 
carry a 4% annual risk o  endometrial cancer and a rela-
tive overall risk o  approximately 200- old as compared 
to age-matched women without HNPCC.

PRESENTATIONS
T e majority o  women with tumors o  the uterine cor-
pus present with postmenopausal vaginal bleeding due to 
shedding o  the malignant endometrial lining. Premeno-
pausal women o en will present with atypical bleeding 
between typical menstrual cycles. T ese signs typically 
bring a woman to the attention o  a health care pro es-
sional, and hence the majority o  women present with 
early-stage disease with the tumor con ned to the uter-
ine corpus. Diagnosis is typically established by endo-
metrial biopsy. Epithelial tumors may spread to pelvic 
or para-aortic lymph nodes. Pulmonary metastases can 
appear later in the natural history o  this disease but are 
very uncommon at initial presentation. Serous tumors 
tend to have patterns o  spread much more reminiscent 
o  ovarian cancer with many patients presenting with 
disseminated peritoneal disease and sometimes ascites. 
Some women presenting with uterine sarcomas will pres-
ent with pelvic pain. Nodal metastases are uncommon 
with sarcomas, which are more likely to present with 
either intraabdominal disease or pulmonary metastases.

TREATMENT Uterine Cancer

Most women with endometrial cancer have disease that 
is localized to the uterus (75% are stage I,  able 46-1), and 
de nitive treatment typically involves a hysterectomy with 
removal o  the ovaries and  allopian tubes. T e resection o  
lymph nodes does not improve outcome but does provide 
prognostic in ormation. Node involvement de nes stage III 
disease, which is present in 13% o  patients.  umor grade 
and depth o  invasion are the two key prognostic variables in 
early-stage tumors, and women with low-grade and/or mini-
mally invasive tumors are typically observed a er de nitive 
surgical therapy. Patients with high-grade tumors or tumors 
that are deeply invasive (stage IB, 13%) are at higher risk  or 
pelvic recurrence or recurrence at the vaginal cu , which is 
typically prevented by vaginal vault brachytherapy.

Women with regional metastases or metastatic disease 
(3% o  patients) with low-grade tumors can be treated with 
progesterone. Poorly di erentiated tumors are typically resis-
tant to hormonal manipulation and thus are treated with 
chemotherapy. T e role o  chemotherapy in the adjuvant 
setting is currently under investigation. Chemotherapy  or 
metastatic disease is delivered with palliative intent. Drugs 
that e ectively target and inhibit signaling o  the AK -m OR 
pathway are currently under investigation.

Five-year survival is 89%  or stage I, 73%  or stage II, 52% 
 or stage III, and 17%  or stage IV disease ( able 46-1).

GESTATIONAL TROPHOBLASTIC 
TUMORS

GLOBAL CONSIDERATIONS
Gestational trophoblastic diseases represent a 
spectrum o  neoplasia  rom benign hydatidi orm 
mole to choriocarcinoma due to persistent 

trophoblastic disease associated most commonly with 
molar pregnancy but occasionally seen a er normal ges-
tation. T e most common presentations o  trophoblastic 
tumors are partial and complete molar pregnancies. T ese 
represent approximately 1 in 1500 conceptions in devel-
oped Western countries. T e incidence widely varies 
globally, with areas in Southeast Asia having a much 
higher incidence o  molar pregnancy. Regions with high 
molar pregnancy rates are o en associated with diets low 
in carotene and animal  ats.

RISK FACTORS
 rophoblastic tumors result  rom the outgrowth or per-
sistence o  placental tissue. T ey arise most commonly 
in the uterus but can also arise in other sites such as the 
 allopian tubes due to ectopic pregnancy. Risk  actors 
include poorly de ned dietary and environmental 
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615 actors as well as conceptions at the extremes o  repro-
ductive age, with the incidence particularly high in 
 emales conceiving younger than age 16 or older than 
age 50. In older women, the incidence o  molar preg-
nancy might be as high as one in three, likely due to 
increased risk o  abnormal  ertilization o  the aged ova. 
Most trophoblastic neoplasms are associated with com-
plete moles, diploid tumors with all genetic material 
 rom the paternal donor (known as parental disomy). 
T is is thought to occur when a single sperm  ertil-
izes an enucleate egg that subsequently duplicates the 
paternal DNA.  rophoblastic proli eration occurs with 
exuberant villous stroma. I  pseudopregnancy extends 
out past the 12th week,  uid progressively accumulates 
within the stroma, leading to “hydropic changes.” T ere 
is no  etal development in complete moles.

Partial moles arise  rom the  ertilization o  an egg 
with two sperm; hence two-thirds o  genetic material is 
paternal in these triploid tumors. Hydropic changes are 
less dramatic, and  etal development can o en occur 
through late  rst trimester or early second trimester at 
which point spontaneous abortion is common. Labora-
tory  ndings will include excessively high hCG and high 
AFP. T e risk o  persistent gestational trophoblastic dis-
ease a er partial mole is approximately 5%. Complete 
and partial moles can be noninvasive or invasive. 
Myometrial invasion occurs in no more than one in six 
complete moles and a lower portion o  partial moles.

PRESENTATION OF INVASIVE 
TROPHOBLASTIC DISEASE
T e clinical presentation o  molar pregnancy is chang-
ing in developed countries due to the early detection 
o  pregnancy with home pregnancy kits and the very 
early use o  Doppler and ultrasound to evaluate the 
early  etus and uterine cavity  or evidence o  a viable 
 etus. T us, in these countries, the majority o  women 
presenting with trophoblastic disease have their moles 
detected early and have typical symptoms o  early preg-
nancy including nausea, amenorrhea, and breast ten-
derness. With uterine evacuation o  early complete and 
partial moles, most women experience spontaneous 
remission o  their disease as monitored by serial hCG 
levels. T ese women require no chemotherapy. Patients 
with persistent elevation o  hCG or rising hCG a er 
evacuation have persistent or actively growing gesta-
tional trophoblastic disease and require therapy. Most 

series suggest that between 15 and 25% o  women will 
have evidence o  persistent gestational trophoblastic 
disease a er molar evacuation.

In women who lack access to prenatal care, present-
ing symptoms can be li e threatening including the 
development o  preeclampsia or even eclampsia. Hyper-
thyroidism can also be seen. Evacuation o  large moles 
can be associated with li e-threatening complications 
including uterine per oration, volume loss, high-output 
cardiac  ailure, and adult respiratory distress syndrome 
(ARDS).

For women with evidence o  rising hCG or radio-
logic con rmation o  metastatic or persistent regional 
disease, prognosis can be estimated through a variety 
o  scoring algorithms that identi y those women at low, 
intermediate, and high risk  or requiring multiagent 
chemotherapy. In general, women with widely meta-
static nonpulmonary disease, very elevated hCG, and 
prior normal antecedent term pregnancy are considered 
at high risk and typically require multiagent chemo-
therapy  or cure.

TREATMENT Invasive Trophoblastic Disease

T e management  or a persistent and rising hCG a er 
evacuation o  a molar conception is typically chemotherapy, 
although surgery can play an important role  or disease that 
is persistently isolated in the uterus (especially i  childbearing 
is complete) or to control hemorrhage. For women wishing 
to maintain  ertility or with metastatic disease, the pre erred 
treatment is chemotherapy. Chemotherapy is guided by the 
hCG level, which typically drops to undetectable levels with 
e ective therapy. Single-agent treatment with methotrexate 
or dactinomycin cures 90% o  women with low-risk disease. 
Patients with high-risk disease (high hCG levels, presentation 
4 or more months a er pregnancy, brain or liver metastases, 
 ailure o  methotrexate therapy) are typically treated with 
multiagent chemotherapy (e.g., etoposide, methotrexate, 
and dactinomycin alternating with cyclophosphamide and 
vincristine [EMA-CO]), which is typically curative even in 
women with extensive metastatic disease. Cisplatin, bleomy-
cin, and either etoposide or vinblastine are also active com-
binations. Survival in high-risk disease exceeds 80%. Cured 
women may get pregnant again without evidence o  increased 
 etal or maternal complications.
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Sarcomas are rare (<1% o  all malignancies) mesenchy-
mal neoplasms that arise in bone and so  tissues. T ese 
tumors are usually o  mesodermal origin, although 
a  ew are derived  rom neuroectoderm, and they are 
biologically distinct  rom the more common epithelial 
malignancies. Sarcomas a ect all age groups; 15% are 
 ound in children <15 years o  age, and 40% occur a er 
age 55 years. Sarcomas are one o  the most common 
solid tumors o  childhood and are the   h most com-
mon cause o  cancer deaths in children. Sarcomas may 
be divided into two groups, those derived  rom bone 
and those derived  rom so  tissues.

SOFT TISSUE SARCOMAS

So  tissues include muscles, tendons,  at,  brous tissue, 
synovial tissue, vessels, and nerves. Approximately 60% 
o  so  tissue sarcomas arise in the extremities, with the 
lower extremities involved three times as o en as the 
upper extremities. T irty percent arise in the trunk, 
the retroperitoneum accounting  or 40% o  all trunk 
lesions. T e remaining 10% arise in the head and neck.

INCIDENCE
Approximately 11,410 new cases o  so  tissue sarcomas 
occurred in the United States in 2013. T e annual age-
adjusted incidence is 3 per 100,000 population, but the 
incidence varies with age. So  tissue sarcomas consti-
tute 0.7% o  all cancers in the general population and 
6.5% o  all cancers in children.

EPIDEMIOLOGY
Malignant trans ormation o  a benign so  tissue tumor 
is extremely rare, with the exception that malignant 

CHAP TER 4 7

peripheral nerve sheath tumors (neuro brosarcoma, 
malignant schwannoma) can arise  rom neuro bromas 
in patients with neuro bromatosis. Several etiologic 
 actors have been implicated in so  tissue sarcomas.

Environmenta l fa ctors

 rauma or previous injury is rarely involved, but sar-
comas can arise in scar tissue resulting  rom a prior 
operation, burn,  racture, or  oreign body implantation. 
Chemical carcinogens such as polycyclic hydrocarbons, 
asbestos, and dioxin may be involved in the pathogenesis.

Ia trogenic fa ctors

Sarcomas in bone or so  tissues occur in patients who 
are treated with radiation therapy. T e tumor nearly 
always arises in the irradiated  eld. T e risk increases 
with time.

Viruses

Kaposi’s sarcoma (KS) in patients with HIV type 1, clas-
sic KS, and KS in HIV-negative homosexual men is 
caused by human herpesvirus (HHV) 8. No other sar-
comas are associated with viruses.

Immunologic fa ctors

Congenital or acquired immunode ciency, including 
therapeutic immunosuppression, increases the risk o  
 sarcoma.

GENETIC CONSIDERATIONS
Li-Fraumeni syndrome is a  amilial cancer syn-
drome in which a ected individuals have germline 
abnormalities o  the tumor-suppressor gene p53 

SOFT TISSUE AND BONE SARCOMAS  
AND BONE METASTASES
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617and an increased incidence o  so  tissue sarcomas and 
other malignancies, including breast cancer, osteosar-
coma, brain tumor, leukemia, and adrenal carcinoma 
(Chap. 25). Neuro bromatosis 1 (NF-1, peripheral  orm, 
von Recklinghausen’s disease) is characterized by multi-
ple neuro bromas and ca é-au-lait spots. Neuro bromas 
occasionally undergo malignant degeneration to become 
malignant peripheral nerve sheath tumors. T e gene  or 
NF-1 is located in the pericentromeric region o  chro-
mosome 17 and encodes neuro bromin, a tumor-sup-
pressor protein with guanosine 5′-triphosphate (G P)
ase-activating activity that inhibits Ras  unction  
(Chap. 48). Germline mutation o  the Rb-1 locus (chro-
mosome 13q14) in patients with inherited retinoblas-
toma is associated with the development o  osteosarcoma 
in those who survive the retinoblastoma and o  so  tissue 
sarcomas unrelated to radiation therapy. Other so  tissue 
tumors, including desmoid tumors, lipomas, leiomyomas, 
neuroblastomas, and paragangliomas, occasionally show a 
 amilial predisposition.

Ninety percent o  synovial sarcomas contain a char-
acteristic chromosomal translocation t(X;18)(p11;q11) 
involving a nuclear transcription  actor on chromo-
some 18 called SYT and two breakpoints on X. Patients 
with translocations to the second X breakpoint (SSX2) 
may have longer survival than those with translocations 
involving SSX1.

Insulin-like growth  actor (IGF) type II is produced 
by some sarcomas and may act as an autocrine growth 
 actor and as a motility  actor that promotes metastatic 
spread. IGF-II stimulates growth through IGF-I recep-
tors, but its e ects on motility are through di erent 
receptors. I  secreted in large amounts, IGF-II may pro-
duce hypoglycemia (Chap. 54).

CLASSIFICATION
Approximately 20 di erent groups o  sarcomas are 
recognized on the basis o  the pattern o  di erentiation 
toward normal tissue. For example, rhabdomyosarcoma 
shows evidence o  skeletal muscle  bers with cross-
striations; leiomyosarcomas contain interlacing  ascicles 
o  spindle cells resembling smooth muscle; and liposar-
comas contain adipocytes. When precise characteriza-
tion o  the group is not possible, the tumors are called 
unclassi ed sarcomas. All o  the primary bone sarco-
mas can also arise  rom so  tissues (e.g., extraskeletal 
osteosarcoma). T e entity malignant  brous histiocy-
toma (MFH) includes many tumors previously classi ed 
as  brosarcomas or as pleomorphic variants o  other 
sarcomas and is characterized by a mixture o  spindle 
( brous) cells and round (histiocytic) cells arranged in 
a stori orm pattern with  requent giant cells and areas 
o  pleomorphism. As immunohistochemical suggestion 
o  di erentiation, particularly myogenic di erentiation, 

may be  ound in a signi cant  raction o  these patients, 
many are now characterized as poorly di erentiated 
leiomyosarcomas, and the terms undi erentiated pleo-
morphic sarcoma (UPS) and myxo brosarcoma are 
replacing MFH and myxoid MFH.

For purposes o  treatment, most so  tissue sarco-
mas can be considered together. However, some speci c 
tumors have distinct  eatures. For example, liposarcoma 
can have a spectrum o  behaviors. Pleomorphic liposar-
comas and dedi erentiated liposarcomas behave like 
other high-grade sarcomas; in contrast, well-di eren-
tiated liposarcomas (better termed atypical lipomatous 
tumors) lack metastatic potential, and myxoid liposar-
comas metastasize in requently, but, when they do, they 
have a predilection  or unusual metastatic sites contain-
ing  at, such as the retroperitoneum, mediastinum, and 
subcutaneous tissue. Rhabdomyosarcomas, Ewing’s sar-
coma, and other small-cell sarcomas tend to be more 
aggressive and are more responsive to chemotherapy 
than other so  tissue sarcomas.

Gastrointestinal stromal cell tumors (GIS s), previ-
ously classi ed as gastrointestinal leiomyosarcomas, 
are now recognized as a distinct entity within so  tis-
sue sarcomas. Its cell o  origin resembles the interstitial 
cell o  Cajal, which controls peristalsis. T e majority o  
malignant GIS s have activating mutations o  the c-kit 
gene that result in ligand-independent phosphorylation 
and activation o  the KI  receptor tyrosine kinase, lead-
ing to tumorigenesis. Approximately 5–10% o  tumors 
will have a mutation in the platelet-derived growth  ac-
tor receptor α (PDGFRA). GIS s that are wild type  or 
both KIT and PDGFRA mutations may show muta-
tions in SDH B, C, or D and may be driven by the IGF-I 
pathway.

DIAGNOSIS
T e most common presentation is an asymptomatic 
mass. Mechanical symptoms re erable to pressure, 
traction, or entrapment o  nerves or muscles may be 
present. All new and persistent or growing masses 
should be biopsied, either by a cutting needle (core-
needle biopsy) or by a small incision, placed so that 
it can be encompassed in the subsequent excision 
without compromising a de nitive resection. Lymph 
node metastases occur in 5%, except in synovial and 
epithelioid sarcomas, clear-cell sarcoma (melanoma 
o  the so  parts), angiosarcoma, and rhabdomyosar-
coma, where nodal spread may be seen in 17%. T e 
pulmonary parenchyma is the most common site o  
metastases. Exceptions are GIS s, which metastasize 
to the liver; myxoid liposarcomas, which seek  atty tis-
sue; and clear-cell sarcomas, which may metastasize 
to bones. Central nervous system metastases are rare, 
except in alveolar so  part sarcoma.
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618 Ra diogra phic eva lua tion

Imaging o  the primary tumor is best with plain radio-
graphs and magnetic resonance imaging (MRI)  or 
tumors o  the extremities or head and neck and by com-
puted tomography (C )  or tumors o  the chest, abdo-
men, or retroperitoneal cavity. A radiograph and C  
scan o  the chest are important  or the detection o  lung 
metastases. Other imaging studies may be indicated, 
depending on the symptoms, signs, or histology.

STAGING AND PROGNOSIS
T e histologic grade, relationship to  ascial planes, 
and size o  the primary tumor are the most important 
prognostic  actors. T e current American Joint Com-
mittee on Cancer (AJCC) staging system is shown in 
Table 47-1. Prognosis is related to the stage. Cure is 
common in the absence o  metastatic disease, but a 
small number o  patients with metastases can also be 
cured. Most patients with stage IV disease die within 
12 months, but some patients may live with slowly pro-
gressive disease  or many years.

TREATMENT Soft Tissue Sarcomas

AJCC stage I patients are adequately treated with surgery 
alone. Stage II patients are considered  or adjuvant radiation 
therapy. Stage III patients may bene t  rom adjuvant chemo-
therapy. Stage IV patients are managed primarily with che-
motherapy, with or without other modalities.

SURGERY So  tissue sarcomas tend to grow along  ascial 
planes, with the surrounding so  tissues compressed to  orm 
a pseudocapsule that gives the sarcoma the appearance o  a 
well-encapsulated lesion. T is is invariably deceptive because 
“shelling out,” or marginal excision, o  such lesions results in a 
50–90% probability o  local recurrence. Wide excision with a 
negative margin, incorporating the biopsy site, is the standard 
surgical procedure  or local disease. T e adjuvant use o  radia-
tion therapy and/or chemotherapy improves the local control 
rate and permits the use o  limb-sparing surgery with a local 
control rate (85–90%) comparable to that achieved by radical 
excisions and amputations. Limb-sparing approaches are indi-
cated except when negative margins are not obtainable, when 
the risks o  radiation are prohibitive, or when neurovascular 
structures are involved so that resection will result in serious 
 unctional consequences to the limb.

RADIATION THERAPY External-beam radiation therapy is an 
adjuvant to limb-sparing surgery  or improved local control. 
Preoperative radiation therapy allows the use o  smaller  elds 
and smaller doses but results in a higher rate o  wound com-
plications. Postoperative radiation therapy must be given to 
larger  elds, because the entire surgical bed must be encom-
passed, and in higher doses to compensate  or hypoxia in the 

operated  eld. T is results in a higher rate o  late complica-
tions. Brachytherapy or interstitial therapy, in which the radia-
tion source is inserted into the tumor bed, is comparable in 
e cacy (except in low-grade lesions), less time-consuming, 
and less expensive.

ADJUVANT CHEMOTHERAPY Chemotherapy is the mainstay o  
treatment  or Ewing’s primitive neuroectodermal tumors 
(PNE ) and rhabdomyosarcomas. Meta-analysis o  14 ran-
domized trials revealed a signi cant improvement in local 
control and disease- ree survival in  avor o  doxorubicin-
based chemotherapy. Overall survival improvement was 4% 
 or all sites and 7%  or the extremity site. An updated meta-
analysis including  our additional trials with doxorubicin and 
i os amide combination has reported a statistically signi cant 
6% survival advantage in  avor o  chemotherapy. A chemo-
therapy regimen including an anthracycline and i os amide 
with growth  actor support improved overall survival by 19% 
 or high-risk (high-grade, ≥5 cm primary, or locally recurrent) 
extremity so  tissue sarcomas.

ADVANCED DISEASE Metastatic so  tissue sarcomas are largely 
incurable, but up to 20% o  patients who achieve a complete 
response become long-term survivors. T e therapeutic intent, 
there ore, is to produce a complete remission with chemother-
apy (<10%) and/or surgery (30–40%). Surgical resection o  
metastases, whenever possible, is an integral part o  the man-
agement. Some patients bene t  rom repeated surgical excision 
o  metastases. T e two most active chemotherapeutic agents 
are doxorubicin and i os amide. T ese drugs show a steep 
dose-response relationship in sarcomas. Gemcitabine with or 
without docetaxel has become an established second-line regi-
men and is particularly active in patients with undi erentiated 
pleomorphic sarcoma (UPS) and leiomyosarcomas. Dacar-
bazine also has some modest activity.  axanes have selective 
activity in angiosarcomas, and vincristine, etoposide, and 
irinotecan are e ective in rhabdomyosarcomas and Ewing’s 
sarcomas. Pazopanib, an inhibitor o  the vascular endothelial 
growth  actor, platelet-derived growth  actor (PDGF), and 
c-kit is now approved  or patients with advanced so  tissue 
sarcomas excluding liposarcomas a er  ailure o  chemother-
apy. Imatinib targets the KI  and PDGF tyrosine kinase activ-
ity and is standard therapy  or advanced/metastatic GIS s 
and dermato brosarcoma protuberans. Imatinib is now also 
indicated as adjuvant therapy  or completely resected primary 
GIS s. T ree years o  adjuvant imatinib appears to be superior 
to 1 year o  therapy  or high-risk GIS s, although the optimal 
treatment duration remains unknown.

BONE SARCOMAS

INCIDENCE AND EPIDEMIOLOGY
Bone sarcomas are rarer than so  tissue sarcomas; they 
accounted  or only 0.2% o  all new malignancies and 
2890 new cases in the United States in 2013. Several 
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619TABLE 47 -1  
AMERICAN JOINT COMMITTEE ON CANCER STAGING SYSTEM FOR SARCOMAS

HISTOLOGIC GRADE (G)  TUMOR SIZE (T)  NODE STATUS (N)  METASTASES (M)

Well di erentiated (G1)  ≤5 cm (T1)  Not involved (N0)  Absent (M0)
Moderately di erentiated (G2)  >5 cm (T2)  Involved (N1)  Present (M1)
Poorly di erentiated (G3)  Superf cial  ascial involvement (Ta)
Undi erentiated (G4)  Deep  ascial involvement (Tb)

DISEASE STAGE  5-YEAR SURVIVAL, %

Stage I  98.8
 A: G1,2; T1a,b; N0; M0
 B: G1,2; T2a; N0; M0
Stage II  81.8
 A: G1,2; T2b; N0; M0
 B: G3,4; T1; N0; M0
 C: G3,4; T2a; N0; M0
Stage III: G3,4; T2b; N0; M0  51.7
Stage IV  <20
 A: any G; any T; N1; M0
 B: any G; any T; any N; M1

benign bone lesions have the potential  or malignant 
trans ormation. Enchondromas and osteochondromas 
can trans orm into chondrosarcoma;  brous dysplasia, 
bone in arcts, and Paget’s disease o  bone can trans orm 
into either UPS or osteosarcoma.

CLASSIFICATION
Benign tumors

T e common benign bone tumors include enchon-
droma, osteochondroma, chondroblastoma, and chon-
dromyxoid  broma, o  cartilage origin; osteoid osteoma 
and osteoblastoma, o  bone origin;  broma and desmo-
plastic  broma, o   brous tissue origin; hemangioma, o  
vascular origin; and giant-cell tumor, o  unknown origin.

Ma ligna nt tumors

T e most common malignant tumors o  bone are 
plasma cell tumors (Chap. 18). T e  our most com-
mon malignant nonhematopoietic bone tumors are 
osteosarcoma, chondrosarcoma, Ewing’s sarcoma, and 
UPS. Rare malignant tumors include chordoma (o  
notochordal origin), malignant giant-cell tumor and 
adamantinoma (o  unknown origin), and hemangioen-
dothelioma (o  vascular origin).

Musculoskeleta l tumor society sta ging system

Sarcomas o  bone are staged according to the Musculo-
skeletal  umor Society staging system based on grade 
and compartmental localization. A Roman numeral 

ref ects the tumor grade: stage I is low grade, stage II is 
high grade, and stage III includes tumors o  any grade 
that have lymph node or distant metastases. In addition, 
the tumor is given a letter ref ecting its compartmental 
localization.  umors designated A are intracompart-
mental (i.e., con ned to the same so  tissue compart-
ment as the initial tumor), and tumors designated B 
are extracompartmental (i.e., extending into the adja-
cent so  tissue compartment or into bone). T e tumor-
node-metastasis ( NM) staging system is shown in 
Table 47-2.

OSTEOSARCOMA
Osteosarcoma, accounting  or almost 45% o  all bone 
sarcomas, is a spindle cell neoplasm that produces 
osteoid (unmineralized bone) or bone. Approximately 
60% o  all osteosarcomas occur in children and adoles-
cents in the second decade o  li e, and approximately 
10% occur in the third decade o  li e. Osteosarco-
mas in the   h and sixth decades o  li e are  requently 
secondary to either radiation therapy or trans ormation 
in a preexisting benign condition, such as Paget’s dis-
ease. Males are a ected 1.5–2 times as o en as  emales. 
Osteosarcoma has a predilection  or metaphyses o  long 
bones; the most common sites o  involvement are the 
distal  emur, proximal tibia, and proximal humerus. 
T e classi cation o  osteosarcoma is complex, but 75% 
o  osteosarcomas  all into the “classic” category, which 
include osteoblastic, chondroblastic, and  broblas-
tic osteosarcomas. T e remaining 25% are classi ed as 
“variants” on the basis o  (1) clinical characteristics, as 
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620 TABLE 47-2  
STAGING SYSTEM FOR BONE SARCOMAS
Primary tumor (T)  TX  Primary tumor cannot be 

assessed
T0  No evidence o  primary tumor
T1  Tumor ≤8 cm in greatest 

dimension
T2  Tumor >8 cm in greatest 

dimension
T3  Discontinuous tumors in the 

primary bone site
Regional lymph  
nodes (N)

NX  Regional lymph nodes cannot 
be assessed

N0  No regional lymph node 
metastasis

N1  Regional lymph node 
metastasis

Distant  
metastasis (M)

MX  Distant metastasis cannot be 
assessed

M0  No distant metastasis
M1  Distant metastasis
M1a  Lung
M1b  Other distant sites

Histologic  
grade (G)

GX  Grade cannot be assessed

G1  Well di erentiated—low grade
G2  Moderately di erentiated—

low grade
G3  Poorly di erentiated—high 

grade
G4  Undi erentiated—high grade 

(Ewing’s is always classed G4)
Stag e  Gro u p in g
Stage IA  T1  N0  M0  G1,2 low grade
Stage IB  T2  N0  M0  G1,2 low grade
Stage IIA  T1  N0  M0  G3,4 high grade
Stage IIB  T2  N0  M0  G3,4 high grade
Stage III  T3  N0  M0  Any G
Stage IVA  Any T  N0  M1a  Any G
Stage IVB  Any T  N1  Any M  Any G

Any T  Any N  M1b  Any G

in the case o  osteosarcoma o  the jaw, postradiation 
osteosarcoma, or Paget’s osteosarcoma; (2) morphologic 
characteristics, as in the case o  telangiectatic osteosar-
coma, small-cell osteosarcoma, or epithelioid osteo-
sarcoma; or (3) location, as in parosteal or periosteal 
osteosarcoma. Diagnosis usually requires a synthesis 
o  clinical, radiologic, and pathologic  eatures. Patients 
typically present with pain and swelling o  the a ected 
area. A plain radiograph reveals a destructive lesion 
with a moth-eaten appearance, a spiculated periosteal 
reaction (sunburst appearance), and a cu  o  perios-
teal new bone  ormation at the margin o  the so  tis-
sue mass (Codman’s triangle). A C  scan o  the primary 
tumor is best  or de ning bone destruction and the 

pattern o  calci cation, whereas MRI is better  or de n-
ing intramedullary and so  tissue extension. A chest 
radiograph and C  scan are used to detect lung metas-
tases. Metastases to the bony skeleton should be imaged 
by a bone scan or by f uorodeoxyglucose positron emis-
sion tomography (FDG-PE ). Almost all osteosarco-
mas are hypervascular. Angiography is not help ul  or 
diagnosis, but it is the most sensitive test  or assessing 
the response to preoperative chemotherapy. Patho-
logic diagnosis is established either with a core-needle 
biopsy, where  easible, or with an open biopsy with an 
appropriately placed incision that does not compromise 
 uture limb-sparing resection. Most osteosarcomas are 
high-grade. T e most important prognostic  actor  or 
long-term survival is response to chemotherapy. Pre-
operative chemotherapy  ollowed by limb-sparing sur-
gery (which can be accomplished in >80% o  patients) 
 ollowed by postoperative chemotherapy is standard 
management. T e e ective drugs are doxorubicin, i os-
 amide, cisplatin, and high-dose methotrexate with 
leucovorin rescue. T e various combinations o  these 
agents that have been used have all been about equally 
success ul. Long-term survival rates in extremity osteo-
sarcoma range  rom 60 to 80%. Osteosarcoma is radio-
resistant; radiation therapy has no role in the routine 
management. UPS is considered a part o  the spectrum 
o  osteosarcoma and is managed similarly.

CHONDROSARCOMA
Chondrosarcoma, which constitutes ~20–25% o  all 
bone sarcomas, is a tumor o  adulthood and old age 
with a peak incidence in the  ourth to sixth decades o  
li e. It has a predilection  or the f at bones, especially 
the shoulder and pelvic girdles, but can also a ect the 
diaphyseal portions o  long bones. Chondrosarco-
mas can arise de novo or as a malignant trans orma-
tion o  an enchondroma or, rarely, o  the cartilaginous 
cap o  an osteochondroma. Chondrosarcomas have an 
indolent natural history and typically present as pain 
and swelling. Radiographically, the lesion may have a 
lobular appearance with mottled or punctate or annu-
lar calci cation o  the cartilaginous matrix. It is di -
 cult to distinguish low-grade chondrosarcoma  rom 
benign lesions by x-ray or histologic examination. T e 
diagnosis is there ore inf uenced by clinical history 
and physical examination. A new onset o  pain, signs 
o  inf ammation, and progressive increase in the size 
o  the mass suggest malignancy. T e histologic clas-
si cation is complex, but most tumors  all within the 
classic category. Like other bone sarcomas, high-grade 
chondrosarcomas spread to the lungs. Most chondro-
sarcomas are resistant to chemotherapy, and surgical 
resection o  primary or recurrent tumors, including 
pulmonary metastases, is the mainstay o  therapy. 
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621T is rule does not hold  or two histologic variants. 
Dedi erentiated chondrosarcoma has a high-grade 
osteosarcoma or a malignant  brous histiocytoma com-
ponent that responds to chemotherapy. Mesenchymal 
chondrosarcoma, a rare variant composed o  a small-
cell element, also is responsive to systemic chemother-
apy and is treated like Ewing’s sarcoma.

EWING’S SARCOMA
Ewing’s sarcoma, which constitutes ~10–15% o  all 
bone sarcomas, is common in adolescence and has 
a peak incidence in the second decade o  li e. It typi-
cally involves the diaphyseal region o  long bones and 
also has an a nity  or f at bones. T e plain radiograph 
may show a characteristic “onion peel” periosteal reac-
tion with a generous so  tissue mass, which is better 
demonstrated by C  or MRI. T is mass is composed o  
sheets o  monotonous, small, round, blue cells and can 
be con used with lymphoma, embryonal rhabdomyo-
sarcoma, and small-cell carcinoma. T e presence o  
p30/32, the product o  the mic-2 gene (which maps to 
the pseudoautosomal region o  the X and Y chromo-
somes), is a cell-sur ace marker  or Ewing’s sarcoma 
(and other members o  the Ewing’s  amily o  tumors, 
sometimes called PNE s). Most PNE s arise in so  
tissues; they include peripheral neuroepithelioma, 
Askin’s tumor (chest wall), and esthesioneuroblas-
toma. Glycogen- lled cytoplasm detected by stain-
ing with periodic acid–Schi  is also characteristic o  
Ewing’s sarcoma cells. T e classic cytogenetic abnor-
mality associated with this disease (and other PNE s) 
is a reciprocal translocation o  the long arms o  chro-
mosomes 11 and 22, t(11;22), which creates a chimeric 
gene product o  unknown  unction with components 
 rom the f i-1 gene on chromosome 11 and ews on 22. 
T is disease is very aggressive, and it is there ore con-
sidered a systemic disease. Common sites o  metas-
tases are lung, bones, and bone marrow. Systemic 
chemotherapy is the mainstay o  therapy, o en being 
used be ore surgery. Doxorubicin, cyclophospha-
mide or i os amide, etoposide, vincristine, and dacti-
nomycin are active drugs.  opotecan or irinotecan in 
combination with an alkylating agent is o en used in 
relapsed patients.  argeted therapy with an anti-IGF-I 
receptor antibody in combination with an inhibitor o  
mammalian target o  rapamycin (m OR) appears to 
have promising activity in re ractory cases. Local treat-
ment  or the primary tumor includes surgical resec-
tion, usually with limb salvage or radiation therapy. 
Patients with lesions below the elbow and below the 
mid-cal  have a 5-year survival rate o  80% with e ec-
tive treatment. Ewing’s sarcoma at  rst presentation is 
a curable tumor, even in the presence o  obvious meta-
static disease, especially in children <11 years old.

TUMORS METASTATIC TO BONE

Bone is a common site o  metastasis  or carcinomas o  
the prostate, breast, lung, kidney, bladder, and thyroid 
and  or lymphomas and sarcomas. Prostate, breast, and 
lung primaries account  or 80% o  all bone metasta-
ses. Metastatic tumors o  bone are more common than 
primary bone tumors.  umors usually spread to bone 
hematogenously, but local invasion  rom so  tissue 
masses also occurs. In descending order o   requency, 
the sites most o en involved are the vertebrae, proximal 
 emur, pelvis, ribs, sternum, proximal humerus, and 
skull. Bone metastases may be asymptomatic or may 
produce pain, swelling, nerve root or spinal cord com-
pression, pathologic  racture, or myelophthisis (replace-
ment o  the marrow). Symptoms o  hypercalcemia may 
be noted in cases o  bony destruction.

Pain is the most  requent symptom. It usually devel-
ops gradually over weeks, is usually localized, and o en 
is more severe at night. When patients with back pain 
develop neurologic signs or symptoms, emergency 
evaluation  or spinal cord compression is indicated  
(Chap. 56). Bone metastases exert a major adverse 
e ect on quality o  li e in cancer patients.

Cancer in the bone may produce osteolysis, osteo-
genesis, or both. Osteolytic lesions result when the 
tumor produces substances that can directly elicit bone 
resorption (vitamin D–like steroids, prostaglandins, 
or parathyroid hormone–related peptide) or cytokines 
that can induce the  ormation o  osteoclasts (interleu-
kin 1 and tumor necrosis  actor). Osteoblastic lesions 
result when the tumor produces cytokines that activate 
osteoblasts. In general, purely osteolytic lesions are best 
detected by plain radiography, but they may not be 
apparent until they are >1 cm. T ese lesions are more 
commonly associated with hypercalcemia and with the 
excretion o  hydroxyproline-containing peptides indic-
ative o  matrix destruction. When osteoblastic activity 
is prominent, the lesions may be readily detected using 
radionuclide bone scanning (which is sensitive to new 
bone  ormation), and the radiographic appearance 
may show increased bone density or sclerosis. Osteo-
blastic lesions are associated with higher serum levels 
o  alkaline phosphatase and, i  extensive, may produce 
hypocalcemia. Although some tumors may produce 
mainly osteolytic lesions (e.g., kidney cancer) and oth-
ers mainly osteoblastic lesions (e.g., prostate cancer), 
most metastatic lesions produce both types o  lesion 
and may go through stages where one or the other 
predominates.

In older patients, particularly women, it may be nec-
essary to distinguish metastatic disease o  the spine 
 rom osteoporosis. In osteoporosis, the cortical bone 
may be preserved, whereas cortical bone destruction is 
usually noted with metastatic cancer.
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TREATMENT Metastatic Bone Disease

 reatment o  metastatic bone disease depends on the under-
lying malignancy and the symptoms. Some metastatic bone 
tumors are curable (lymphoma, Hodgkin’s disease), and oth-
ers are treated with palliative intent. Pain may be relieved by 
local radiation therapy. Hormonally responsive tumors are 
responsive to hormone inhibition (antiandrogens  or pros-
tate cancer, antiestrogens  or breast cancer). Strontium-89, 
samarium-153, and radium-223 are bone-seeking radionu-
clides that can exert antitumor e ects and relieve symptoms. 
Denosumab, a monoclonal antibody that binds to RANK 
ligand, inhibits osteoclastic activity and increases bone min-
eral density. Bisphosphonates such as pamidronate may 

relieve pain and inhibit bone resorption, thereby maintain-
ing bone mineral density and reducing risk o   ractures in 
patients with osteolytic metastases  rom breast cancer and 
multiple myeloma. Care ul monitoring o  serum electrolytes 
and creatinine is recommended. Monthly administration 
prevents bone-related clinical events and may reduce the 
incidence o  bone metastases in women with breast cancer. 
When the integrity o  a weight-bearing bone is threatened by 
an expanding metastatic lesion that is re ractory to radiation 
therapy, prophylactic internal  xation is indicated. Overall 
survival is related to the prognosis o  the underlying tumor. 
Bone pain at the end o  li e is particularly common; an ade-
quate pain relie  regimen including su cient amounts o  nar-
cotic analgesics is required.
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Primary brain tumors are diagnosed in approximately 
52,000 people each year in the United States. At least 
one-hal  o  these tumors are malignant and associated 
with a high mortality. Glial tumors account  or about 
30% o  all primary brain tumors, and 80% o  those are 
malignant. Meningiomas account  or 35%, vestibular 
schwannomas 10%, and central nervous system (CNS) 
lymphomas about 2%. Brain metastases are three times 
more common than all primary brain tumors combined 
and are diagnosed in approximately 150,000 people 
each year. Metastases to the leptomeninges and epidural 
space o  the spinal cord each occur in approximately 
3–5% o  patients with systemic cancer and are also a 
major cause o  neurologic disability.

PRIMARY AND METASTATIC TUMORS  
OF THE NERVOUS SYSTEM

CHAP TER 4 8

ipsilateral to the side o  a tumor. Occasionally, headaches 
have  eatures o  a typical migraine with unilateral throb-
bing pain associated with visual scotoma. Personality 
changes may include apathy and withdrawal  rom social 
circumstances, mimicking depression. Focal or lateral-
izing  indings include hemiparesis, aphasia, or visual  ield 
de ect. Lateralizing symptoms are typically subacute and 
progressive. A visual  ield de ect is o ten unnoticed by the 
patient; its presence may only be revealed a ter it leads to 
an injury such as an automobile accident occurring in the 
blind visual  ield. Language di  iculties may be mistaken 
 or con usion. Seizures are a common presentation o  brain 
tumors, occurring in about 25% o  patients with brain 
metastases or malignant gliomas but can be the presenting 
symptom in up to 90% o  patients with a low-grade glioma. 
All seizures that arise  rom a brain tumor will have a  ocal 
onset whether or not it is apparent clinically.

NEUROIMAGING Cranial MRI is the pre erred diagnostic 
test  or any patient suspected o  having a brain tumor and 
should be per ormed with gadolinium contrast administra-
tion. Computed tomography (C ) scan should be reserved 
 or those patients unable to undergo magnetic resonance 
imaging (MRI; e.g., pacemaker). Malignant brain tumors—
whether primary or metastatic—typically enhance with 
gadolinium and may have central areas o  necrosis; they are 
characteristically surrounded by edema o  the neighboring 
white matter. Low-grade gliomas usually do not enhance 
with gadolinium and are best appreciated on  uid-attenu-
ated inversion recovery (FLAIR) MRIs. Meningiomas have 
a characteristic appearance on MRI because they are dural-
based with a dural tail and compress but do not invade the 
brain. Dural metastases or a dural lymphoma can have a 
similar appearance. Imaging is characteristic  or many pri-
mary and metastatic tumors and sometimes will su ce to 
establish a diagnosis when the location precludes surgical 

APPROACH TO THE PATIENT: 
Primary and Metastatic Tumors  
of the Nervous System
CLINICAL FEATURES Brain tumors o  any type can present 
with a variety o  symptoms and signs that  all into two 
categories: general and  ocal; patients o ten have a com-
bination o  the two (Table 48-1). General or nonspeci ic 
symptoms include headache, with or without nausea or 
vomiting, cognitive di  iculties, personality change, and 
gait disorder. Generalized symptoms arise when the en-
larging tumor and its surrounding edema cause an increase 
in intracranial pressure or direct compression o  cerebro-
spinal  luid (CSF) circulation leading to hydrocephalus. 
 he classic headache associated with a brain tumor is 
most evident in the morning and improves during the day, 
but this particular pattern is actually seen in a minority 
o  patients. Headaches are o ten holocephalic but can be 
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624 TABLE 48-1  
SYMPTOMS AND SIGNS AT PRESENTATION OF BRAIN TUMORS

HIGH-GRADE GLIOMA (% )  LOW-GRADE GLIOMA (% )  MENINGIOMA (% )  METASTASES (% )

Gen era lized
Impaired cognitive  unction  50  10  30  60
Hemiparesis  40  10  36  60
Headache  50  40  37  50
Late ra lizin g
Seizures  20  70+  17  18
Aphasia  20  <5  —  18
Visual  eld de cit  —  —  —  7

intervention (e.g., brainstem glioma). Functional MRI is 
use ul in presurgical planning to de ne eloquent sensory, 
motor, or language cortex. Positron emission tomography 
(PE ) is use ul in determining the metabolic activity o  the 
lesions seen on MRI; MR per usion and spectroscopy can 
provide in ormation on blood  ow or tissue composition. 
T ese techniques may help distinguish tumor progression 
 rom necrotic tissue as a consequence o  treatment with 
radiation and chemotherapy or identi y  oci o  high-grade 
tumor in an otherwise low-grade-appearing glioma.

Neuroimaging is the only test necessary to diagnose a 
brain tumor. Laboratory tests are rarely use ul, although 
patients with metastatic disease may have elevation o  a 
tumor marker in their serum that re ects the presence o  
brain metastases (e.g., β human chorionic gonadotropin 
[β-hCG]  rom testicular cancer). Additional testing such 
as cerebral angiogram, electroencephalogram (EEG), or 
lumbar puncture is rarely indicated or help ul.

TREATMENT Brain Tumors

T erapy o  any intracranial malignancy requires both symp-
tomatic and de nitive treatments. De nitive treatment is 
based on the speci c tumor type and includes surgery, radio-
therapy, and chemotherapy. However, symptomatic treat-
ments apply to brain tumors o  any type. Most high-grade 
malignancies are accompanied by substantial surrounding 
edema, which contributes to neurologic disability and raised 
intracranial pressure. Glucocorticoids are highly e ective at 
reducing perilesional edema and improving neurologic  unc-
tion, of en within hours o  administration. Dexamethasone 
has been the glucocorticoid o  choice because o  its relatively 
low mineralocorticoid activity. Initial doses are typically 
12–16 mg/d in divided doses given orally or IV (both are 
equivalent). Although glucocorticoids rapidly ameliorate 
symptoms and signs, their long-term use causes substantial 
toxicity including insomnia, weight gain, diabetes mellitus, 
steroid myopathy, and personality changes. Consequently, a 

taper is indicated as de nitive treatment is administered and 
the patient improves.

Patients with brain tumors who present with seizures 
require antiepileptic drug therapy. T ere is no role  or pro-
phylactic antiepileptic drugs in patients who have not had 
a seizure. T e agents o  choice are those drugs that do not 
induce the hepatic microsomal enzyme system. T ese include 
levetiracetam, topiramate, lamotrigine, valproic acid, and 
lacosamide. Other drugs, such as phenytoin and carbamaze-
pine, are used less  requently because they are potent enzyme 
inducers that can inter ere with both glucocorticoid metabo-
lism and the metabolism o  chemotherapeutic agents needed 
to treat the underlying systemic malignancy or the primary 
brain tumor. Venous thromboembolic disease occurs in 
20–30% o  patients with high-grade gliomas and brain metas-
tases. T ere ore, prophylactic anticoagulants should be used 
during hospitalization and in nonambulatory patients. T ose 
who have had either a deep vein thrombosis or pulmonary 
embolus can receive therapeutic doses o  anticoagulation 
sa ely and without increasing the risk  or hemorrhage into 
the tumor. In erior vena cava  lters are reserved  or patients 
with absolute contraindications to anticoagulation such as 
recent craniotomy.

PRIMARY BRAIN TUMORS

PATHOGENESIS
No underlying cause has been identi ed  or the majority 
o  primary brain tumors. T e only established risk  ac-
tors are exposure to ionizing radiation (meningiomas, 
gliomas, and schwannomas) and immunosuppression 
(primary CNS lymphoma). Evidence  or an association 
with exposure to electromagnetic  elds including cellu-
lar telephones, head injury,  oods containing N-nitroso 
compounds, or occupational risk  actors are unproven. 
A small minority o  patients have a  amily history o  
brain tumors. Some o  these  amilial cases are associated 
with genetic syndromes (Table 48-2).
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625TABLE 48 -2  
GENETIC SYNDROMES ASSOCIATED WITH PRIMARY BRAIN TUMORS

SYNDROME  INHERITANCE  GENE/PROTEIN  ASSOCIATED TUMORS

Cowden’s syndrome  AD  Mutations o  PTEN (ch10p23)  Dysplastic cerebellar gangliocytoma (Lhermitte-
Duclos disease), meningioma, astrocytoma

Breast, endometrial, thyroid cancer, trichilemmomas
Familial 
schwannomatosis

Sporadic 
Hereditary

Mutations in INI1/SNF5 (ch22q11)  Schwannomas, gliomas

Gardner’s syndrome  AD  Mutations in APC (ch5q21)  Medulloblastoma, glioblastoma, 
craniopharyngioma

Familial polyposis, multiple osteomas, skin and so t 
tissue tumors

Gorlin syndrome (basal 
cell nevus syndrome)

AD  Mutations in Patched 1 gene 
(ch9q22.3)

Medulloblastomas
Basal cell carcinoma

Li-Fraumeni syndrome  AD  Mutations in p53 (ch17p13.1)  Gliomas, medulloblastomas
Sarcomas, breast cancer, leukemias, others

Multiple endocrine 
neoplasia 1 (Werner’s 
syndrome)

AD  Mutations in Menin (ch11q13)  Pituitary adenoma, malignant schwannomas
Parathyroid and pancreatic islet cell tumors

Neuro bromatosis type 
1 (NF1)

AD  Mutations in NF1/neuro bromin 
(ch17q12-22)

Schwannomas, astrocytomas, optic nerve gliomas, 
meningiomas

Neuro bromas, neuro brosarcomas, others

Neuro bromatosis type 
2 (NF2)

AD  Mutations in NF2/merlin 
(ch22q12)

Bilateral vestibular schwannomas, astrocytomas, 
multiple meningiomas, ependymomas

Tuberous sclerosis (TSC) 
(Bourneville disease)

AD  Mutations in TSC1/TSC2 
(ch9q34/16)

Subependymal giant-cell astrocytoma, ependymo-
mas, glioma, ganglioneuroma, hamartoma

Turcot syndrome  AD  Mutations in APCa (ch5)  Gliomas, medulloblastomas
AR  hMLH1 (ch3p21)  Adenomatous colon polyps, adenocarcinoma

von Hippel–Lindau (VHL)  AD  Mutations in VHL gene (ch3p25)  Hemangioblastomas
Retinal angiomas, renal cell carcinoma, pheochro-
mocytoma, pancreatic tumors and cysts, endolym-
phatic sac tumors o  the middle ear

aVarious DNA mismatch repair gene mutations may cause a similar clinical phenotype, also re erred to as Turcot syndrome, in which there is a predisposi-
tion to nonpolyposis colon cancer and brain tumors.
Abbrevia t ions: AD, autosomal dominant; APC, adenomatous polyposis coli; AR, autosomal recessive; ch, chromosome; PTEN, phosphatase and tensin 
homologue; TSC, tuberous sclerosis complex.

As with other neoplasms, brain tumors arise as a 
result o  a multistep process driven by the sequential 
acquisition o  genetic alterations. T ese include loss o  
tumor-suppressor genes (e.g., p53 and phosphatase and 
tensin homolog on chromosome 10 [PTEN]) and ampli-
 cation and overexpression o  protooncogenes such as 
the epidermal growth  actor receptor (EGFR) and the 
platelet-derived growth  actor receptors (PDGFR). T e 
accumulation o  these genetic abnormalities results in 
uncontrolled cell growth and tumor  ormation.

Important progress has been made in understand-
ing the molecular pathogenesis o  several types o  brain 
tumors, including glioblastoma and medulloblastoma. 
Morphologically indistinguishable glioblastomas can 
be separated into  our subtypes de ned by molecular 
pro ling: (1) classical, characterized by overactivation 
o  the EGFR pathway; (2) proneural, characterized by 

overexpression o  PDGFRA, mutations o  the isocitrate 
dehydrogenase (IDH) 1 and 2 genes, and expression o  
neural markers; (3) mesenchymal, de ned by expression 
o  mesenchymal markers and loss o  NF1; and (4) neu-
ral, characterized by overactivity o  EGFR and expres-
sion o  neural markers. T e clinical implications o  these 
subtypes are under study. Medulloblastoma is the other 
primary brain tumor that has been highly analyzed, and 
 our molecular subtypes have also been identi ed: (1) 
the Wnt subtype is de ned by a mutation in β-catenin 
and has an excellent prognosis; (2) the SHH subtype has 
mutations in PTCH1, SMO, GLI2, or SUFU and has an 
intermediate prognosis; (3) group 3 has elevated MYC 
expression and has the worst prognosis; and (4) group 4 
is characterized by isochromosome 17q.  argeted thera-
peutics are under development  or some o  the medullo-
blastoma subtypes, especially the SHH group.
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626 INTRINSIC “MALIGNANT” TUMORS

ASTROCYTOMAS
T ese are in ltrative tumors with a presumptive glial 
cell o  origin. T e World Health Organization (WHO) 
classi es astrocytomas into  our prognostic grades 
based on histologic  eatures: grade I (pilocytic astro-
cytoma, subependymal giant cell astrocytoma); grade 
II (di use astrocytoma); grade III (anaplastic astrocy-
toma); and grade IV (glioblastoma). Grades I and II are 
considered low-grade astrocytomas, and grades III and 
IV are considered high-grade astrocytomas.

Low-gra de a strocytoma

T ese tumors occur predominantly in children and 
young adults.

Grad e  I astrocytom as
Pilocytic astrocytomas (WHO grade I) are the most 
common tumor o  childhood. T ey occur typically in 
the cerebellum but may also be  ound elsewhere in the 
neuraxis, including the optic nerves and brainstem. Fre-
quently they appear as cystic lesions with an enhanc-
ing mural nodule. T ese are well-demarcated lesions 
that are potentially curable i  they can be resected 
completely. Giant-cell subependymal astrocytomas are 
usually  ound in the ventricular wall o  patients with 
tuberous sclerosis. T ey of en do not require interven-
tion but can be treated surgically or with inhibitors o  
the mammalian target o  rapamycin (m OR).

Grad e  II astrocytom as
T ese are in ltrative tumors that usually present with 
seizures in young adults. T ey appear as nonenhanc-
ing tumors with increased  2/FLAIR signal (Fig. 48-1). 
I   easible, patients should undergo maximal surgical 
resection, although complete resection is rarely possible 
because o  the invasive nature o  the tumor. Radiation 
therapy (R ) is help ul, but there is no di erence in over-
all survival between R  administered postoperatively 
or delayed until the time o  tumor progression. T ere is 
increasing evidence that chemotherapeutic agents such 
as temozolomide, an oral alkylating agent, can be help ul 
in some patients. T e tumor trans orms to a malignant 
astrocytoma in the majority o  patients, leading to vari-
able survival with a median o  about 5 years.

High-gra de a strocytoma
Grad e  III (anap last ic) astrocytom a

T ese account  or approximately 15–20% o  high-grade 
astrocytomas. T ey generally present in the  ourth 
and  f h decades o  li e as variably enhancing tumors. 
 reatment is the same as  or glioblastoma, consisting 
o  maximal sa e surgical resection  ollowed by R  with 

FIGURE 48 -1
Flu id  a t ten ua ted  inversion  recove ry  FLAIR  MRI o f a  le ft  
fron ta l low g rad e  a st ro cyto m a . This lesion did not enhance.

concurrent and adjuvant temozolomide or by R  and 
adjuvant temozolomide alone.

Grad e  iv astrocytom a (g liob lastom a)
Glioblastoma accounts  or the majority o  high-grade 
astrocytomas. T ey are the most common malignant 
primary brain tumor, with over 10,000 cases diagnosed 
each year in the United States. Patients usually present 
in the sixth and seventh decades o  li e with headache, 
seizures, or  ocal neurologic de cits. T e tumors appear 
as ring-enhancing masses with central necrosis and sur-
rounding edema (Fig. 48-2). T ese are highly in ltra-
tive tumors, and the areas o  increased  2/FLAIR signal 
surrounding the main tumor mass contain invading 
tumor cells.  reatment involves maximal surgical resec-
tion  ollowed by partial- eld external-beam R  (6000 
cGy in thirty 200-cGy  ractions) with concomitant 
temozolomide,  ollowed by 6–12 months o  adjuvant 
temozolomide. With this regimen, median survival is 
increased to 14.6 months compared to only 12 months 
with R  alone, and 2-year survival is increased to 27%, 
compared to 10% with R  alone. Patients whose tumor 
contains the DNA repair enzyme O6-methylguanine-
DNA methyltrans erase (MGM ) are relatively resistant 
to temozolomide and have a worse prognosis compared 
to those whose tumors contain low levels o  MGM  as 
a result o  silencing o  the MGM  gene by promoter 
hypermethylation. Implantation o  biodegradable poly-
mers containing the chemotherapeutic agent carmus-
tine into the tumor bed af er resection o  the tumor also 
produces a modest improvement in survival.
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FIGURE 48 -2
Postg ad o lin ium  T1 MRI o f a  la rg e  cyst ic le ft  fro n ta l 
g liob la sto m a .

Despite optimal therapy, glioblastomas invariably 
recur.  reatment options  or recurrent disease may 
include reoperation, carmustine wa ers, and alternate 
chemotherapeutic regimens. Reirradiation is rarely 
help ul. Bevacizumab, a humanized vascular endothe-
lial growth  actor (VEGF) monoclonal antibody, has 
activity in recurrent glioblastoma, increasing progres-
sion- ree survival and reducing peritumoral edema and 
glucocorticoid use (Fig. 48-3).  reatment decisions  or 
patients with recurrent glioblastoma must be made on 
an individual basis, taking into consideration such  ac-
tors as previous therapy, time to relapse, per ormance 
status, and quality o  li e. Whenever  easible, patients 
with recurrent disease should be enrolled in clinical tri-
als. Novel therapies undergoing evaluation in patients 
with glioblastoma include targeted molecular agents 
directed at receptor tyrosine kinases and signal trans-
duction pathways; antiangiogenic agents, especially 
those directed at the VEGF receptors; chemothera-
peutic agents that cross the blood-brain barrier more 
e ectively than currently available drugs; gene therapy; 
immunotherapy; and in usion o  radiolabeled drugs 
and targeted toxins into the tumor and surrounding 
brain by means o  convection-enhanced delivery.

T e most important adverse prognostic  actors in 
patients with high-grade astrocytomas are older age, 
histologic  eatures o  glioblastoma, poor Karno sky 
per ormance status, and unresectable tumor. Patients 
whose tumor contains an unmethylated MGM  pro-
moter resulting in the presence o  the repair enzyme in 
tumor cells and resistance to temozolomide also have a 
worse prognosis.

A

B

FIGURE 48 -3
Postgad olin ium T1 MRI of a  recurrent g liob lastoma be ore 
A and a ter B administration o  bevacizumab. Note the decreased 
enhancement and mass ef ect.

Glioma tosis cerebri

Rarely, patients may present with a highly in ltrat-
ing, nonenhancing tumor o  variable histologic grade 
involving more than two lobes o  the brain. T ese 
tumors may be indolent initially, but will eventually 
behave aggressively and have a poor outcome.  reat-
ment involves R  and temozolomide chemotherapy.

OLIGODENDROGLIOMA
Oligodendrogliomas account  or approximately 15–20% 
o  gliomas. T ey are classi ed by the WHO into well-
di erentiated oligodendrogliomas (grade II) or anaplastic 
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628 oligodendrogliomas (AOs) (grade III).  umors with oli-
godendroglial components have distinctive pathologic 
 eatures such as perinuclear clearing—giving rise to a 
“ ried-egg” appearance—and a reticular pattern o  blood 
vessel growth. Some tumors have both an oligodendrog-
lial as well as an astrocytic component. T ese mixed 
tumors, or oligoastrocytomas (OAs), are also classi ed 
into well-di erentiated OA (grade II) or anaplastic oli-
goastrocytomas (AOAs) (grade III).

Grade II oligodendrogliomas and OAs are generally 
more responsive to therapy and have a better progno-
sis than pure astrocytic tumors. T ese tumors present 
similarly to grade II astrocytomas in young adults. T e 
tumors are nonenhancing and of en partially calci ed. 
T ey should be treated with surgery and, i  necessary, 
R  and chemotherapy. Patients with oligodendroglio-
mas have a median survival in excess o  10 years.

AOs and AOAs present in the  ourth and  f h 
decades as variably enhancing tumors. T ey are more 
responsive to therapy than grade III astrocytomas. 
Co-deletion o  chromosomes 1p and 19q, mediated 
by an unbalanced translocation o  19p to 1q, occurs in 
61–89% o  patients with AO and 14–20% o  patients 
with AOA.  umors with the 1p and 19q co-deletion 
are particularly sensitive to chemotherapy with procar-
bazine, lomustine (cyclohexylchloroethylnitrosourea 
[CCNU]), and vincristine (PCV) or temozolomide, 
as well as to R . Median survival o  patients with AO 
or AOA is approximately 3–6 years, but those with co-
deleted tumors can have a median survival o  10–14 
years i  treated with R  and chemotherapy.

EPENDYMOMAS
Ependymomas are tumors derived  rom ependymal 
cells that line the ventricular sur ace. T ey account  or 
approximately 5% o  childhood tumors and  requently 
arise  rom the wall o  the  ourth ventricle in the poste-
rior  ossa. Although adults can have intracranial epen-
dymomas, they occur more commonly in the spine, 
especially in the  lum terminale o  the spinal cord where 
they have a myxopapillary histology. Ependymomas 
that can be completely resected are potentially curable. 
Partially resected ependymomas will recur and require 
irradiation. T e less common anaplastic ependymoma 
is more aggressive and is treated with resection and R ; 
chemotherapy has limited e cacy. Subependymomas 
are slow-growing benign lesions arising in the wall o  
ventricles that of en do not require treatment.

OTHER LESS COMMON GLIOMAS
Gangliogliomas and pleomorphic xanthoastrocytomas 
occur in young adults. T ey behave as more indolent 
 orms o  grade II gliomas and are treated in the same 
way. Brainstem gliomas usually occur in children or 

young adults. Despite treatment with R  and chemo-
therapy, the prognosis is poor, with a median survival o  
only 1 year. Gliosarcomas contain both an astrocytic as 
well as a sarcomatous component and are treated in the 
same way as glioblastomas.

PRIMARY CENTRAL NERVOUS SYSTEM 
LYMPHOMA
Primary central nervous system lymphoma (PCNSL) is 
a rare non-Hodgkin lymphoma accounting  or less than 
3% o  primary brain tumors. For unclear reasons, its 
incidence is increasing, particularly in immunocompe-
tent individuals.

PCNSL in immunocompetent patients usually con-
sists o  a di use large B cell lymphoma. PCNSL may also 
occur in immunocompromised patients, usually those 
in ected with the human immunode ciency virus (HIV) 
or organ transplant recipients on immunosuppressive 
therapy. PCNSL in immunocompromised patients is typ-
ically large cell with immunoblastic and more aggressive 
 eatures. T ese patients are usually severely immuno-
compromised, with CD4 counts o  less than 50/mL. T e 
Epstein-Barr virus (EBV)  requently plays an important 
role in the pathogenesis o  HIV-related PCNSL.

Immunocompetent patients with PCNSL are older 
(median 60 years) compared to patients with HIV-
related PCNSL (median 31 years). PCNSL usually pres-
ents as a mass lesion, with neuropsychiatric symptoms, 
symptoms o  increased intracranial pressure, lateraliz-
ing signs, or seizures.

On contrast-enhanced MRI, PCNSL usually appears 
as a densely enhancing tumor (Fig. 48-4). Immuno-
competent patients have solitary lesions more of en 
than immunosuppressed patients. Frequently there is 
involvement o  the basal ganglia, corpus callosum, or 
periventricular region. Although the imaging  eatures 
are of en characteristic, PCNSL can sometimes be di -
cult to di erentiate  rom high-grade gliomas, in ections, 
or demyelination. Stereotactic biopsy is necessary to 
obtain a histologic diagnosis. Whenever possible, gluco-
corticoids should be withheld until af er the biopsy has 
been obtained because they have a cytolytic e ect on 
lymphoma cells and may lead to nondiagnostic tissue. 
In addition, patients should be tested  or HIV and the 
extent o  disease should be assessed by per orming PE  
or C  o  the body, MRI o  the spine, CSF analysis, and 
slit-lamp examination o  the eye. Bone marrow biopsy 
and testicular ultrasound are occasionally per ormed.

TREATMENT Primary Central Nervous System Lymphoma

PCNSL is more sensitive to glucocorticoids, chemotherapy, 
and R  than other primary brain tumors. Durable com-
plete responses and long-term survival are possible with 
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FIGURE 48 -4
Postgad o lin ium  T1 MRI d em onstra t ing  a  la rge  b ifron ta l 
p rim ary cen tra l nervous system  lym p hom a  PCNSL . The 
periventricular location and dif use enhancement pattern are char-
acteristic o  lymphoma.

these treatments. High-dose methotrexate, a  olate antag-
onist that interrupts DNA synthesis, produces response 
rates ranging  rom 35–80% and median survival o  up to 
50 months. T e combination o  methotrexate with other 
chemotherapeutic agents such as cytarabine increases the 
response rate to 70–100%. T e addition o  whole-brain R  
to methotrexate-based chemotherapy prolongs progres-
sion- ree survival but not overall survival. Furthermore, 
R  is associated with delayed neurotoxicity, especially in 
patients over the age o  60 years. As a result,  ull-dose R  
is  requently omitted, but there may be a role  or reduced-
dose R . T e anti-CD20 monoclonal antibody rituximab 
has activity in PCNSL and is of en incorporated into the 
chemotherapy regimen. For some patients, high-dose che-
motherapy with autologous stem cell rescue may o er the 
best chance o  preventing relapse. At least 50% o  patients 
will eventually develop recurrent disease.  reatment 
options include R   or patients who have not had prior 
irradiation, re-treatment with methotrexate, as well as 
other agents such as temozolomide, rituximab, procarba-
zine, topotecan, and pemetrexed. High-dose chemotherapy 
with autologous stem cell rescue may have a role in selected 
patients with relapsed disease.

PCNSL IN IMMUNOCOMPROMISED PATIENTS PCNSL in immuno-
compromised patients of en produces multiple ring-enhancing 
lesions that can be di cult to di erentiate  rom metastases 
and in ections such as toxoplasmosis. T e diagnosis is usually 
established by examination o  the CSF  or cytology and EBV 
DNA, toxoplasmosis serologic testing, brain PE  imaging  or 

hypermetabolism o  the lesions consistent with tumor instead 
o  in ection, and, i  necessary, brain biopsy. Since the advent 
o  highly active antiretroviral drugs, the incidence o  HIV-
related PCNSL has declined. T ese patients may be treated 
with whole-brain R , high-dose methotrexate, and initiation 
o  highly active antiretroviral therapy. In organ transplant 
recipients, reduction o  immunosuppression may improve 
outcome.

MEDULLOBLASTOMAS
Medulloblastomas are the most common malignant 
brain tumor o  childhood, accounting  or approxi-
mately 20% o  all primary CNS tumors among chil-
dren. T ey arise  rom granule cell progenitors or  rom 
multipotent progenitors  rom the ventricular zone. 
Approximately 5% o  children have inherited disor-
ders with germline mutations o  genes that predispose 
to the development o  medulloblastoma. Gorlin syn-
drome, the most common o  these inherited disorders, 
is due to mutations in the patched-1 (PTCH-1) gene, a 
key component in the sonic hedgehog pathway.  urcot 
syndrome, caused by mutations in the adenomatous 
polyposis coli (APC) gene and  amilial adenomatous 
polyposis, has also been associated with an increased 
incidence o  medulloblastoma. Histologically, medul-
loblastomas are highly cellular tumors with abundant 
dark staining, round nuclei, and rosette  ormation 
(Homer-Wright rosettes). T ey present with head-
ache, ataxia, and signs o  brainstem involvement. On 
MRI they appear as densely enhancing tumors in the 
posterior  ossa, sometimes associated with hydro-
cephalus. Seeding o  the CSF is common.  reatment 
involves maximal surgical resection, craniospinal irra-
diation, and chemotherapy with agents such as cis-
platin, lomustine, cyclophosphamide, and vincristine. 
Approximately 70% o  patients have long-term sur-
vival but usually at the cost o  signi cant neurocog-
nitive impairment. A major goal o  current research 
is to improve survival while minimizing long-term 
complications.

PINEAL REGION TUMORS
A large number o  tumors can arise in the region o  the 
pineal gland. T ese typically present with headache, 
visual symptoms, and hydrocephalus. Patients may 
have Parinaud syndrome characterized by impaired 
upgaze and accommodation. Some pineal tumors such 
as pineocytomas and benign teratomas can be treated 
simply by surgical resection. Germinomas respond to 
irradiation, whereas pineoblastomas and malignant 
germ cell tumors require craniospinal radiation and 
chemotherapy.
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630 EXTRINSIC “BENIGN” TUMORS

MENINGIOMAS
Meningiomas are diagnosed with increasing  requency 
as more people undergo neuroimaging  or various indi-
cations. T ey are now the most common primary brain 
tumor, accounting  or approximately 35% o  the total. 
T eir incidence increases with age. T ey tend to be 
more common in women and in patients with neuro -
bromatosis type 2. T ey also occur more commonly in 
patients with a past history o  cranial irradiation.

Meningiomas arise  rom the dura mater and are 
composed o  neoplastic meningothelial (arachnoidal 
cap) cells. T ey are most commonly located over the 
cerebral convexities, especially adjacent to the sagittal 
sinus, but can also occur in the skull base and along the 
dorsum o  the spinal cord. Meningiomas are classi ed 
by the WHO into three histologic grades o  increasing 
aggressiveness: grade I (benign), grade II (atypical), and 
grade III (malignant).

Many meningiomas are  ound incidentally  ollow-
ing neuroimaging  or unrelated reasons. T ey can also 
present with headaches, seizures, or  ocal neurologic 
de cits. On imaging studies they have a characteristic 
appearance usually consisting o  a partially calci ed, 
densely enhancing extraaxial tumor arising  rom the 
dura (Fig. 48-5). Occasionally they may have a dural 
tail, consisting o  thickened, enhanced dura extending 
like a tail  rom the mass. T e main di erential diagnosis 
o  meningioma is a dural metastasis.

I  the meningioma is small and asymptomatic, no 
intervention is necessary and the lesion can be observed 

FIGURE 48 -5
Postg ad o lin ium  T1 MRI d em o n st ra t in g  m u lt ip le  m en in  
g io m as along the  alx and le t parietal cortex.

with serial MRI studies. Larger, symptomatic lesions 
should be resected. I  complete resection is achieved, 
the patient is cured. Incompletely resected tumors 
tend to recur, although the rate o  recurrence can be 
very slow with grade I tumors.  umors that cannot be 
resected, or can only be partially removed, may bene t 
 rom treatment with external-beam R  or stereotactic 
radiosurgery (SRS). T ese treatments may also be help-
 ul in patients whose tumor has recurred af er surgery. 
Hormonal therapy and chemotherapy are currently 
unproven.

Rarer tumors that resemble meningiomas include 
hemangiopericytomas and solitary  brous tumors. 
T ese are treated with surgery and R  but have a higher 
propensity to recur locally or metastasize systemically.

SCHWANNOMAS
T ese are generally benign tumors arising  rom the 
Schwann cells o  cranial and spinal nerve roots. T e 
most common schwannomas, termed vestibular 
schwannomas or acoustic neuromas, arise  rom the ves-
tibular portion o  the eighth cranial nerve and account 
 or approximately 9% o  primary brain tumors. Patients 
with neuro bromatosis type 2 have a high incidence o  
vestibular schwannomas that are  requently bilateral. 
Schwannomas arising  rom other cranial nerves, such 
as the trigeminal nerve (cranial nerve V), occur with 
much lower  requency. Neuro bromatosis type 1 is 
associated with an increased incidence o  schwannomas 
o  the spinal nerve roots.

Vestibular schwannomas may be  ound incidentally 
on neuroimaging or present with progressive unilat-
eral hearing loss, dizziness, tinnitus, or less commonly, 
symptoms resulting  rom compression o  the brain-
stem and cerebellum. On MRI they appear as densely 
enhancing lesions, enlarging the internal auditory canal 
and of en extending into the cerebellopontine angle 
(Fig. 48-6). T e di erential diagnosis includes meningi-
oma. Very small, asymptomatic lesions can be observed 
with serial MRIs. Larger lesions should be treated with 
surgery or SRS. T e optimal treatment will depend on 
the size o  the tumor, symptoms, and the patient’s pre -
erence. In patients with small vestibular schwannomas 
and relatively intact hearing, early surgical intervention 
increases the chance o  preserving hearing.

PITUITARY TUMORS
T ese account  or approximately 9% o  primary brain 
tumors. T ey can be divided into  unctioning and 
non unctioning tumors. Functioning tumors are usu-
ally microadenomas (<1 cm in diameter) that secrete 
hormones and produce speci c endocrine syndromes 
(e.g., acromegaly  or growth hormone–secreting tumors, 
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FIGURE 48 -6
Postg ad o lin ium  MRI o f a  rig h t  vest ib u la r schwan n o m a . 
The tumor can be seen to involve the internal auditory canal.

Cushing syndrome  or adrenocorticotropic hormone 
[AC H]-secreting tumors, and galactorrhea, amenor-
rhea, and in ertility  or prolactin-secreting tumors). 
Non unctioning pituitary tumors tend to be mac-
roadenomas (>1 cm) that produce symptoms by mass 
e ect, giving rise to headaches, visual impairment 
(such as bitemporal hemianopia), and hypopituitarism. 
Prolactin-secreting tumors respond well to dopamine 
agonists such as bromocriptine and cabergoline. Other 
pituitary tumors usually require treatment with sur-
gery and sometimes R  or radiosurgery and hormonal 
therapy.

CRANIOPHARYNGIOMAS
Craniopharyngiomas are rare, usually suprasellar, 
partially calci ed, solid, or mixed solid-cystic benign 
tumors that arise  rom remnants o  Rathke’s pouch. 
T ey have a bimodal distribution, occurring predomi-
nantly in children but also between the ages o  55 and 
65 years. T ey present with headaches, visual impair-
ment, and impaired growth in children and hypopitu-
itarism in adults.  reatment involves surgery, R , or a 
combination o  the two.

OTHER BENIGN TUMORS
Dysembryopla stic neuroepithelia l  
tumors (DNTs)

T ese are benign, supratentorial tumors, usually in the 
temporal lobe. T ey typically occur in children and 

young adults with a long-standing history o  seizures. 
Surgical resection is curative.

Epidermoid cysts

T ese consist o  squamous epithelium surrounding a 
keratin- lled cyst. T ey are usually  ound in the cer-
ebellopontine angle and the intrasellar and suprasel-
lar regions. T ey may present with headaches, cranial 
nerve abnormalities, seizures, or hydrocephalus. Imag-
ing studies demonstrate extraaxial lesions with char-
acteristics that are similar to CSF but have restricted 
di usion.  reatment involves surgical resection.

Dermoid cysts

Like epidermoid cysts, dermoid cysts arise  rom epi-
thelial cells that are retained during closure o  the 
neural tube.  hey contain both epidermal and der-
mal structures such as hair  ollicles, sweat glands, 
and sebaceous glands. Unlike epidermoid cysts, these 
tumors usually have a midline location.  hey occur 
most  requently in the posterior  ossa, especially 
the vermis,  ourth ventricle, and suprasellar cistern. 
Radiographically, dermoid cysts resemble lipomas, 
demonstrating  1 hyperintensity and variable signal 
on  2. Symptomatic dermoid cysts can be treated 
with surgery.

Collo id cysts

T ese usually arise in the anterior third ventricle and 
may present with headaches, hydrocephalus, and, very 
rarely, sudden death. Surgical resection is curative, or 
a third ventriculostomy may relieve the obstructive 
hydrocephalus and be su cient therapy.

NEUROCUTANEOUS SYNDROMES 
(PHAKOMATOSES)

A number o  genetic disorders are characterized 
by cutaneous lesions and an increased risk o  brain 
tumors. Most o  these disorders have an autosomal 
dominant inheritance with variable penetrance.

NEUROFIBROMATOSIS TYPE 1 (NF1)  
(vo n  RECKLINGHAUSEN’S DISEASE)
NF1 is an autosomal dominant disorder with an inci-
dence o  approximately 1 in 2600–3000. Approxi-
mately one-hal  the cases are  amilial; the remainder 
are caused by new mutations arising in patients with 
un-a ected parents. T e NF1 gene on chromosome 
17q11.2 encodes a protein, neuro bromin, a guano-
sine triphosphatase (G Pase)-activating protein (GAP) 
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632 that modulates signaling through the ras pathway. 
Mutations o  NF1 result in a large number o  nervous 
system tumors including neuro bromas, plexi orm 
neuro bromas, optic nerve gliomas, astrocytomas, and 
meningiomas. In addition to neuro bromas, which 
appear as multiple, sof , rubbery cutaneous tumors, 
other cutaneous mani estations o  NF1 include ca é-
au-lait spots and axillary  reckling. NF1 is also associ-
ated with hamartomas o  the iris termed Lisch nodules, 
pheochromocytomas, pseudoarthrosis o  the tibia, sco-
liosis, epilepsy, and mental retardation.

NEUROFIBROMATOSIS TYPE 2 (NF2)
NF2 is less common than NF1, with an incidence o  
1 in 25,000–40,000. It is an autosomal dominant dis-
order with  ull penetrance. As with NF1, approxi-
mately one-hal  the cases arise  rom new mutations. 
T e NF2 gene on 22q encodes a cytoskeletal protein, 
merlin (moesin, ezrin, radixin-like protein) that  unc-
tions as a tumor suppressor. NF2 is characterized 
by bilateral vestibular schwannomas in over 90% o  
patients, multiple meningiomas, and spinal epen-
dymomas and astrocytomas.  reatment o  bilateral 
vestibular schwannomas can be challenging because 
the goal is to preserve hearing  or as long as possible. 
T ese patients may also have di use schwannoma-
tosis that may a ect the cranial, spinal, or peripheral 
nerves; posterior subcapsular lens opacities; and reti-
nal hamartomas.

TUBEROUS SCLEROSIS  
(BOURNEVILLE DISEASE)
T is is an autosomal dominant disorder with an inci-
dence o  approximately 1 in 5000–10,000 live births. It 
is caused by mutations in either the TSC1 gene, which 
maps to chromosome 9q34 and encodes a protein 
termed hamartin, or the TSC2 gene, which maps to 
chromosome 16p13.3 and encodes the protein tuberin. 
Hamartin  orms a complex with tuberin, which inhib-
its cellular signaling through the m OR, and acts 
as a negative regulator o  the cell cycle. Patients with 
tuberous sclerosis may have seizures, mental retar-
dation, adenoma sebaceum ( acial angio bromas), 
shagreen patch, hypomelanotic macules, periungual 
 bromas, renal angiomyolipomas, and cardiac rhabdo-
myomas. T ese patients have an increased incidence 
o  subependymal nodules, cortical tubers, and sub-
ependymal giant-cell astrocytomas (SEGA). Patients 
 requently require anticonvulsants  or seizures. SEGAs 
do not always require therapeutic intervention, but 
the most e ective therapy is with the m OR inhibitors 
sirolimus or everolimus, which of en decrease seizures 
as well as SEGA size.

TUMORS METASTATIC TO THE BRAIN

Brain metastases arise  rom hematogenous spread and 
 requently either arise  rom a lung primary or are asso-
ciated with pulmonary metastases. Most metastases 
develop at the gray matter–white matter junction in 
the watershed distribution o  the brain where intravas-
cular tumor cells lodge in terminal arterioles. T e dis-
tribution o  metastases in the brain approximates the 
proportion o  blood  ow such that about 85% o  all 
metastases are supratentorial and 15% occur in the pos-
terior  ossa. T e most common sources o  brain metas-
tases are lung and breast carcinomas; melanoma has the 
greatest propensity to metastasize to the brain, being 
 ound in 80% o  patients at autopsy (Table 48-3). Other 
tumor types such as ovarian and esophageal carcinoma 
rarely metastasize to the brain. Prostate and breast can-
cer also have a propensity to metastasize to the dura 
and can mimic meningioma. Leptomeningeal metas-
tases are common  rom hematologic malignancies and 
also breast and lung cancers. Spinal cord compression 
primarily arises in patients with prostate and breast 
cancer, tumors with a strong propensity to metastasize 
to the axial skeleton.

DIAGNOSIS OF METASTASES
Brain metastases are best visualized on MRI, where they 
usually appear as well-circumscribed lesions (Fig. 48-7). 
T e amount o  perilesional edema can be highly vari-
able, with large lesions causing minimal edema and 
sometimes very small lesions causing extensive edema. 
Enhancement may be in a ring pattern or di use. Occa-
sionally, intracranial metastases will hemorrhage; 
although melanoma, thyroid, and kidney cancer have 

TABLE 48 -3  
FREQUENCY OF NERVOUS SYSTEM METASTASES BY 
COMMON PRIMARY TUMORS

BRAIN %  LM %  ESCC %

Lung  41  17  15
Breast  19  57  22
Melanoma  10  12  4
Prostate  1  1  10
GIT  7  —  5
Renal  3  2  7
Lymphoma  <1  10  10
Sarcoma  7  1  9
Other  11  —  18

Abbrevia t ions: ESCC, epidural spinal cord compression; GIT, gastrointes-
tinal tract; LM, leptomeningeal metastases.
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FIGURE 48 -7
Postg ad o lin ium  T1 MRI o f m u lt ip le  b ra in  m e tastase s from  
n on  sm a ll ce ll lu n g  can ce r involving the right  rontal A and 
right cerebellar B hemispheres. Note the dif use enhancement 
pattern and absence o  central necrosis.

A

B

the greatest propensity to hemorrhage, the most com-
mon cause o  a hemorrhagic metastasis is lung cancer 
because it accounts  or the majority o  brain metastases. 
T e radiographic appearance o  brain metastasis is non-
speci c, and similar-appearing lesions can occur with 
in ection including brain abscesses and also with demye-
linating lesions, sarcoidosis, radiation necrosis in a previ-
ously treated patient, or a primary brain tumor that may 

be a second malignancy in a patient with systemic can-
cer. However, biopsy is rarely necessary  or diagnosis in 
most patients because imaging alone in the appropriate 
clinical situation usually su ces. T is is straight orward 
 or the majority o  patients with brain metastases because 
they have a known systemic cancer. However, in approxi-
mately 10% o  patients, a systemic cancer may present 
with a brain metastasis, and i  there is not an easily acces-
sible systemic site to biopsy, then a brain lesion must be 
removed  or diagnostic purposes.

TREATMENT Tumors Metastatic to the Brain

DEFINITIVE TREATMENT T e number and location o  brain 
metastases of en determine the therapeutic options. T e 
patient’s overall condition and the current or potential con-
trol o  the systemic disease are also major determinants. Brain 
metastases are single in approximately one-hal  o  patients and 
multiple in the other hal .

RADIATION THERAPY T e standard treatment  or brain metas-
tases has been whole-brain radiotherapy (WBR ) usually 
administered to a total dose o  3000 cGy in 10  ractions. T is 
a ords rapid palliation, and approximately 80% o  patients 
improve with glucocorticoids and R . However, it is not cura-
tive. Median survival is only 4–6 months. More recently, SRS 
delivered through a variety o  techniques including the gamma 
kni e, linear accelerator, proton beam, and CyberKni e all can 
deliver highly  ocused doses o  R , usually in a single  raction. 
SRS can e ectively sterilize the visible lesions and a ord local 
disease control in 80–90% o  patients. In addition, there are 
some patients who have clearly been cured o  their brain metas-
tases using SRS, whereas this is distinctly rare with WBR . 
However, SRS can be used only  or lesions 3 cm or less in diam-
eter and should be con ned to patients with only one to three 
metastases. T e addition o  WBR  to SRS improves disease 
control in the nervous system but does not prolong survival.

SURGERY Randomized controlled trials have demonstrated 
that surgical extirpation o  a single brain metastasis  ollowed 
by WBR  is superior to WBR  alone. Removal o  two lesions 
or a single symptomatic mass, particularly i  compressing the 
ventricular system, can also be use ul. T is is particularly use-
 ul in patients who have highly radioresistant lesions such as 
renal carcinoma. Surgical resection can a ord rapid symp-
tomatic improvement and prolonged survival. WBR  admin-
istered af er complete resection o  a brain metastasis improves 
disease control but does not prolong survival.

CHEMOTHERAPY Chemotherapy is rarely use ul  or brain metas-
tases. Metastases  rom certain tumor types that are highly 
chemosensitive, such as germ cell tumors or small-cell lung 
cancer, may respond to chemotherapeutic regimens chosen 
according to the underlying malignancy. Increasingly, there 
are data demonstrating responsiveness o  brain metastases 
to chemotherapy including small molecule–targeted therapy 
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634 when the lesion possesses the target. T is has been best illus-
trated in patients with lung cancer harboring EGFR mutations 
that sensitize them to EGFR inhibitors. Antiangiogenic agents 
such as bevacizumab may also prove e cacious in the treat-
ment o  CNS metastases.

LEPTOMENINGEAL METASTASES

Leptomeningeal metastases are also identi ed as 
carcinomatous meningitis, meningeal carcinoma-
tosis, or in the case o  speci c tumors, leukemic or 
lymphomatous meningitis. Among the hematologic 
malignancies, acute leukemia is the most common to 
metastasize to the subarachnoid space, and in lympho-
mas the aggressive di use lymphomas can metastasize 
to the subarachnoid space  requently as well. Among 
solid tumors, breast and lung carcinomas and mela-
noma most  requently spread in this  ashion.  umor 
cells reach the subarachnoid space via the arterial cir-
culation or occasionally through retrograde  ow in 
venous systems that drain metastases along the bony 
spine or cranium. In addition, leptomeningeal metas-
tases may develop as a direct consequence o  prior 
brain metastases and can develop in almost 40% o  
patients who have a metastasis resected  rom the 
cerebellum.

CLINICAL FEATURES
Leptomeningeal metastases are characterized clinically 
by multilevel symptoms and signs along the neuraxis. 
Combinations o  lumbar and cervical radiculopathies, 
cranial neuropathies, seizures, con usion, and encepha-
lopathy  rom hydrocephalus or raised intracranial pres-
sure can be present. Focal de cits such as hemiparesis 
or aphasia are rarely due to leptomeningeal metastases 
unless there is direct brain in ltration, and they are 
more of en associated with coexisting brain lesions. 
New-onset limb pain in patients with breast cancer, 
lung cancer, or melanoma should prompt consideration 
o  leptomeningeal spread.

LABORATORY AND IMAGING DIAGNOSIS
Leptomeningeal metastases are particularly challeng-
ing to diagnose because identi cation o  tumor cells in 
the subarachnoid compartment may be elusive. MRI 
can be de nitive in patients when there are clear tumor 
nodules adherent to the cauda equina or spinal cord, 
enhancing cranial nerves, or subarachnoid enhance-
ment on brain imaging (Fig. 48-8). Imaging is diagnos-
tic in approximately 75% o  patients and is more of en 
positive in patients with solid tumors. Demonstration o  
tumor cells in the CSF is de nitive and of en considered 

FIGURE 48 -8
Postg ad o lin ium  MRI im ag es o f exten sive  lep tom en in g ea l 
m e ta stase s fro m  b reast  can ce r. Nodules along the dorsal sur-
 ace o  the spinal cord A and cauda equina B are seen.

A

B

the gold standard. However, CSF cytologic examination 
is positive in only 50% o  patients on the  rst lumbar 
puncture and still misses 10% af er three CSF samples. 
CSF cytologic examination is most use ul in hemato-
logic malignancies. Accompanying CSF abnormalities 
include an elevated protein concentration and an ele-
vated white count. Hypoglycorrhachia is noted in less 
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635than 25% o  patients but is use ul when present. Identi-
 cation o  tumor markers or molecular con rmation o  
clonal proli eration with techniques such as  ow cytom-
etry within the CSF can also be de nitive when present. 
 umor markers are usually speci c to solid tumors, and 
chromosomal or molecular markers are most use ul in 
patients with hematologic malignancies. New technolo-
gies, such as rare cell capture, may enhance identi ca-
tion o  tumor cells in the CSF.

TREATMENT Leptomeningeal Metastases

T e treatment o  leptomeningeal metastasis is palliative 
because there is no curative therapy. R  to the symptomati-
cally involved areas, such as skull base  or cranial neuropathy, 
can relieve pain and sometimes improve  unction. Whole-
neuraxis R  has extensive toxicity with myelosuppression 
and gastrointestinal irritation as well as limited e ectiveness. 
Systemic chemotherapy with agents that can penetrate the 
blood-CSF barrier may be help ul. Alternatively, intrathe-
cal chemotherapy can be e ective, particularly in hemato-
logic malignancies. T is is optimally delivered through an 
intraventricular cannula (Ommaya reservoir) rather than 
by lumbar puncture. Few drugs can be delivered sa ely into 
the subarachnoid space, and they have a limited spectrum 
o  antitumor activity, perhaps accounting  or the relatively 
poor response to this approach. In addition, impaired CSF 
 ow dynamics can compromise intrathecal drug delivery. 
Surgery has a limited role in the treatment o  leptomeningeal 
metastasis, but placement o  a ventriculoperitoneal shunt can 
relieve raised intracranial pressure. However, it compromises 
delivery o  chemotherapy into the CSF.

EPIDURAL METASTASIS

Epidural metastasis occurs in 3–5% o  patients with a 
systemic malignancy and causes neurologic compro-
mise by compressing the spinal cord or cauda equina. 
T e most common cancers that metastasize to the 
epidural space are those malignancies that spread to 
bone, such as breast and prostate. Lymphoma can cause 
bone involvement and compression, but it can also 
invade the intervertebral  oramens and cause spinal 
cord compression without bone destruction. T e tho-
racic spine is a ected most commonly,  ollowed by the 
lumbar and then cervical spine.

CLINICAL FEATURES
Back pain is the presenting symptom o  epidural metas-
tasis in virtually all patients; the pain may precede neu-
rologic  ndings by weeks or months. T e pain is usually 
exacerbated by lying down; by contrast, arthritic pain 

is of en relieved by recumbency. Leg weakness is seen 
in about 50% o  patients, as is sensory dys unction. 
Sphincter problems are present in about 25% o  patients 
at diagnosis.

DIAGNOSIS
Diagnosis is established by imaging, with MRI o  the 
complete spine being the best test (Fig. 48-9). Contrast 
is not needed to identi y spinal or epidural lesions. Any 
patient with cancer who has severe back pain should 
undergo an MRI. Plain  lms, bone scans, or even C  
scans may show bone metastases, but only MRI can reli-
ably delineate epidural tumor. For patients unable to have 
an MRI, C  myelography should be per ormed to outline 
the epidural space. T e di erential diagnosis o  epidural 
tumor includes epidural abscess, acute or chronic hema-
tomas, and rarely, extramedullary hematopoiesis.

TREATMENT Epidural Metastasis

Epidural metastasis requires immediate treatment. A ran-
domized controlled trial demonstrated the superiority o  
surgical resection  ollowed by R  compared to R  alone. 
However, patients must be able to tolerate surgery, and the 
surgical procedure o  choice is a complete removal o  the 
mass, which is typically anterior to the spinal canal, necessi-
tating an extensive approach and resection. Otherwise, R  is 
the mainstay o  treatment and can be used  or patients with 
radiosensitive tumors, such as lymphoma, or  or those unable 
to undergo surgery. Chemotherapy is rarely used  or epidural 

FIGURE 48 -9
Postg ad o lin ium  T1 MRI sh owin g  circu m fe ren t ia l ep id u ra l 
tu m o r around the thoracic spinal cord  rom esophageal cancer.
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636 metastasis unless the patient has minimal to no neurologic 
de cit and a highly chemosensitive tumor such as lymphoma 
or germinoma. Patients generally  are well i  treated be ore 
there is severe neurologic de cit. Recovery af er paraparesis is 
better af er surgery than with R  alone, but survival is of en 
short due to widespread metastatic tumor.

NEUROLOGIC TOXICITY OF THERAPY

TOXICITY FROM RADIOTHERAPY
R  can cause a variety o  toxicities in the CNS. T ese 
are usually described based on their relationship in time 
to the administration o  R : acute (occurring within 
days o  R ), early delayed (months), or late delayed 
(years). In general, the acute and early delayed syn-
dromes resolve and do not result in persistent de cits, 
whereas the late delayed toxicities are usually perma-
nent and sometimes progressive.

Acute toxicity

Acute cerebral toxicity usually occurs during R  to the 
brain. R  can cause a transient disruption o  the blood-
brain barrier, resulting in increased edema and elevated 
intracranial pressure. T is is usually mani est as headache, 
lethargy, nausea, and vomiting and can be both prevented 
and treated with the administration o  glucocorticoids. 
T ere is no acute R  toxicity that a ects the spinal cord.

Ea rly dela yed toxicity

Early delayed toxicity is usually apparent weeks to 
months af er completion o  cranial irradiation and is 
likely due to  ocal demyelination. Clinically it may be 
asymptomatic or take the  orm o  worsening or reap-
pearance o  a preexisting neurologic de cit. At times a 
contrast-enhancing lesion can be seen on MRI/C  that 
can mimic the tumor  or which the patient received 
the R . For patients with a malignant glioma, this has 
been described as “pseudoprogression” because it mim-
ics tumor recurrence on MRI but actually represents 
in ammation and necrotic debris engendered by e ec-
tive therapy. T is is seen with increased  requency when 
chemotherapy, particularly temozolomide, is given con-
currently with R . Pseudoprogression can resolve on 
its own or, i  very symptomatic, may require resection. 
A rare  orm o  early delayed toxicity is the somnolence 
syndrome that occurs primarily in children and is char-
acterized by marked sleepiness.

In the spinal cord, early delayed R  toxicity is mani-
 est as a Lhermitte symptom with paresthesias o  the 
limbs or along the spine when the patient  exes the 
neck. Although  rightening, it is benign, resolves on its 
own, and does not portend more serious problems.

La te dela yed toxicity

Late delayed toxicities are the most serious because they 
are of en irreversible and cause severe neurologic de -
cits. In the brain, late toxicities can take several  orms, 
the most common o  which include radiation necrosis 
and leukoencephalopathy. Radiation necrosis is a  ocal 
mass o  necrotic tissue that is contrast enhancing on 
C /MRI and may be associated with signi cant edema. 
T is may appear identical to pseudoprogression but is 
seen months to years af er R  and is always symptom-
atic. Clinical symptoms and signs include seizure and 
lateralizing  ndings re erable to the location o  the 
necrotic mass. T e necrosis is caused by the e ect o  R  
on cerebral vasculature with resultant  brinoid necrosis 
and occlusion o  the blood vessels. It can mimic tumor 
radiographically, but unlike tumor, it is typically hypo-
metabolic on a PE  scan and has reduced per usion on 
per usion MR sequences. It may require resection  or 
diagnosis and treatment unless it can be managed with 
glucocorticoids. T ere are rare reports o  improvement 
with hyperbaric oxygen or anticoagulation, but the use-
 ulness o  these approaches is questionable.

Leukoencephalopathy is seen most commonly af er 
WBR  as opposed to  ocal R . On  2 or FLAIR MR 
sequences, there is di use increased signal seen through-
out the hemispheric white matter, of en bilaterally 
and symmetrically. T ere tends to be a periventricular 
predominance that may be associated with atrophy and 
ventricular enlargement. Clinically, patients develop 
cognitive impairment, gait disorder, and later urinary 
incontinence, all o  which can progress over time. T ese 
symptoms mimic those o  normal pressure hydrocepha-
lus, and placement o  a ventriculoperitoneal shunt can 
improve  unction in some patients but does not reverse the 
de cits completely. Increased age is a risk  actor  or leu-
koencephalopathy but not  or radiation necrosis. Necrosis 
appears to depend on an as yet unidenti ed predisposition.

Other late neurologic toxicities include endocrine 
dys unction i  the pituitary or hypothalamus was 
included in the R  port. An R -induced neoplasm 
can occur many years af er therapeutic R   or either a 
prior CNS tumor or a head and neck cancer; accurate 
diagnosis requires surgical resection or biopsy. In addi-
tion, R  causes accelerated atherosclerosis, which can 
cause stroke either  rom intracranial vascular disease or 
carotid plaque  rom neck irradiation.

T e peripheral nervous system is relatively resistant 
to R  toxicities. Peripheral nerves are rarely a ected by 
R , but the plexus is more vulnerable. Plexopathy devel-
ops more commonly in the brachial distribution than in 
the lumbosacral distribution. It must be di erentiated 
 rom tumor progression in the plexus, which is usu-
ally accomplished with C /MR imaging o  the area or 
PE  scan demonstrating tumor in ltrating the region. 
Clinically, tumor progression is usually pain ul, whereas 
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637TABLE 48 -4  
NEUROLOGIC SIGNS CAUSED BY AGENTS COMMONLY USED IN PATIENTS 
WITH CANCER
Acute encephalopathy (delirium)
 Methotrexate (high-dose IV, IT)
 Cisplatin
 Vincristine
 Asparaginase
 Procarbazine
 5-Fluorouracil (± levamisole)
 Cytarabine (high-dose)
 Nitrosoureas (high-dose or arterial)
 I os amide
 Etoposide (high-dose)
 Bevacizumab (PRES)
Chronic encephalopathy (dementia)
 Methotrexate
 Carmustine
 Cytarabine
 Fludarabine
Visual loss
 Tamoxi en
 Gallium nitrate
 Cisplatin
 Fludarabine
Cerebellar dys unction/ataxia
 5-Fluorouracil (± levamisole)
 Cytarabine
 Procarbazine

Seizures
 Methotrexate
 Etoposide (high-dose)
 Cisplatin
 Vincristine
 Asparaginase
 Nitrogen mustard
 Carmustine
 Dacarbazine (intraarterial or high-dose)
 Busul an (high-dose)
Myelopathy (intrathecal drugs)
 Methotrexate
 Cytarabine
 Thiotepa
Peripheral neuropathy
 Vinca alkaloids
 Cisplatin
 Procarbazine
 Etoposide
 Teniposide
 Cytarabine
 Taxanes
 Suramin
 Bortezomib

Abbrevia t ions: IT, intrathecal; IV, intravenous; PRES, posterior reversible encephalopathy syndrome.

R -induced plexopathy is painless. Radiation plexopa-
thy is also more commonly associated with lymph-
edema o  the a ected limb. Sensory loss and weakness 
are seen in both.

TOXICITY FROM CHEMOTHERAPY
Neurotoxicity is second to myelosuppression as the 
dose-limiting toxicity o  chemotherapeutic agents 
(Table 48-4). Chemotherapy causes peripheral neurop-
athy  rom a number o  commonly used agents, and the 
type o  neuropathy can di er, depending on the drug. 
Vincristine causes paresthesias but little sensory loss 
and is associated with motor dys unction, autonomic 
impairment ( requently ileus), and rarely cranial nerve 
compromise. Cisplatin causes large  ber sensory loss 

resulting in sensory ataxia but little cutaneous sensory 
loss and no weakness. T e taxanes also cause a predom-
inately sensory neuropathy. Agents such as bortezomib 
and thalidomide also cause neuropathy.

Encephalopathy and seizures are common toxicities 
 rom chemotherapeutic drugs. I os amide can cause 
a severe encephalopathy, which is reversible with dis-
continuation o  the drug and the use o  methylene blue 
 or severely a ected patients. Fludarabine also causes a 
severe global encephalopathy that may be permanent. 
Bevacizumab and other anti-VEGF agents can cause 
posterior reversible encephalopathy syndrome. Cispla-
tin can cause hearing loss and less  requently vestibular 
dys unction. Immunotherapy with anti-C LA-4 mono-
clonal antibodies, such as ipilimumab, can cause an 
autoimmune hypophysitis.
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Carcinoma o  unknown primary (CUP) is a biopsy-
proven malignancy  or which the anatomic site o  ori-
gin remains unidenti ed a er an intensive search. CUP 
is one o  the 10 most  requently diagnosed cancers 
worldwide, accounting  or 3–5% o  all cancers. Most 
investigators limit CUP to epithelial cancers and do 
not include lymphomas, metastatic melanomas, and 
metastatic sarcomas because these cancers have spe-
ci c histology- and stage-based treatments that guide 
management.

T e emergence o  sophisticated imaging, robust 
immunohistochemistry (IHC), and genomic and pro-
teomic tools has challenged the “unknown” designa-
tion. Additionally, e ective targeted therapies in several 
cancers have moved the paradigm  rom empiricism 
to considering a personalized approach to CUP man-
agement. T e reasons cancers present as CUP remain 
unclear. One hypothesis is that the primary tumor 
either regresses a er seeding the metastasis or remains 
so small that it is not detected. It is possible that CUP 
 alls on the continuum o  cancer presentation where the 
primary has been contained or eliminated by the natu-
ral body de enses. Alternatively, CUP may represent a 
speci c malignant event that results in an increase in 
metastatic spread or survival relative to the primary. 
Whether the CUP metastases truly de ne a clone that is 
genetically and phenotypically unique to this diagnosis 
remains to be determined.

CUP BIOLOGY

Studies looking  or unique signature abnormalities in 
CUP tumors have not been positive. Abnormalities in 
chromosomes 1 and 12 and other complex cytogenetic 
abnormalities have been reported. Aneuploidy has 
been described in 70% o  CUP patients with metastatic 
adenocarcinoma or undi erentiated carcinoma. T e 

CHAP TER 4 9

overexpression o  various genes, including Ras, bcl-2 
(40%), her-2 (11%), and p53 (26–53%), has been stud-
ied in CUP samples, but they have no e ect on response 
to therapy or survival. T e extent o  angiogenesis in 
CUP relative to that in metastases  rom known prima-
ries has also been evaluated, but no consistent  ndings 
have emerged. Using the Sequenom (SQM) Massarray 
plat orm, a study in consecutive CUP patients showed 
that the overall mutational rate was surprisingly low 
(18%). No “new” low- requency mutations were  ound 
using a panel o  mutations involving the P13K/AK  
pathway, MEK pathway, receptors, and downstream 
e ectors. Nevertheless, it is possible that newer “deep 
sequencing” techniques in select patients may yield 
consistent abnormalities.

CLINICAL EVALUATION
Initial CUP evaluation has two goals: search  or the 
primary tumor based on pathologic evaluation o  the 
metastases and determine the extent o  disease. Obtain-
ing a thorough medical history  rom CUP patients is 
essential, including paying particular attention to pre-
vious surgeries, removed lesions, and  amily medical 
history to assess potential hereditary cancers. Adequate 
physical examination, including a digital rectal exami-
nation in men and breast and pelvic examinations 
in women, should be per ormed based on clinical 
presentation.

Role of serum tumor ma rkers a nd cytogenetics

Most tumor markers, including CEA, CA-125, CA 19-9, 
and CA 15-3, when elevated, are nonspeci c and not 
help ul in determining the primary tumor site. Men 
who present with adenocarcinoma and osteoblastic 
metastasis should undergo a prostate-speci c antigen 
(PSA) test. In patients with undi erentiated or poorly 

CARCINOMA OF UNKNOWN PRIMARY

49_Hematology_ch49_p638-644.indd   638  04/08/16   4:24 PM



 

C

H

A

P

T

E

R

 

4

9

C

a

r

c

i

n

o

m

a

 

o

f

 

U

n

k

n

o

w

n

 

P

r

i

m

a

r

y

639

TABLE 49 -1  
MAJOR HISTOLOGIES IN CARCINOMA OF UNKNOWN 
PRIMARY

HISTOLOGY  PROPORTION, %

Well to moderately di erentiated 
adenocarcinoma

60

Squamous cell cancer  5

Poorly di erentiated adenocarcinoma, 
poorly di erentiated carcinoma

30

Neuroendocrine  2

Undi erentiated malignancy  3

di erentiated carcinoma (especially with a midline 
tumor), elevated β-human chorionic gonadotropin 
(β-hCG) and α  etoprotein (AFP) levels suggest the pos-
sibility o  an extragonadal germ cell (testicular) tumor. 
With the availability o  IHC, cytogenetic studies are 
rarely needed.

Role of ima ging studies

In the absence o  contraindications, a baseline IV con-
trast computed tomography (C ) scan o  the chest, 
abdomen, and pelvis is the standard o  care. T is helps 
to search  or the primary tumor, evaluate the extent 
o  disease, and select the most accessible biopsy site. 
Older studies suggested that the primary tumor site 
is detected in 20–35% o  patients who undergo a C  
scan o  the abdomen and pelvis, although by current 
de nition, these patients do not have CUP. T ese stud-
ies also suggest a latent primary tumor prevalence 
o  20%; with more sophisticated imaging, this has 
decreased to ≤5% today.

Mammography should be per ormed in all women 
who present with metastatic adenocarcinoma, espe-
cially in those with adenocarcinoma and isolated axil-
lary lymphadenopathy. Magnetic resonance imaging 
(MRI) o  the breast is a  ollow-up modality in patients 
with axillary adenopathy and suspected occult primary 
breast carcinoma  ollowing a negative mammography 
and ultrasound. T e results o  these imaging modalities 
can inf uence surgical management; a negative breast 
MRI result predicts a low tumor yield at mastectomy.

A conventional workup  or a squamous cell carci-
noma and cervical CUP (neck lymphadenopathy with 
no known primary tumor) includes a C  scan or MRI 
and invasive studies, including indirect and direct 
laryngoscopy, bronchoscopy, and upper endoscopy. 
Ipsilateral (or bilateral) staging tonsillectomy has been 
recommended  or these patients. 18-Fluorodeoxyglu-
cose positron emission tomography (18-FDG-PE ) 
scans are use ul in this patient population and may 
help guide the biopsy; determine the extent o  disease; 
 acilitate the appropriate treatment, including plan-
ning radiation  elds; and help with disease surveillance. 
A smaller radiation  eld encompassing the primary 
(when  ound) and metastatic adenopathy decreases the 
risk o  chronic xerostomia. Several studies have evalu-
ated the utility o  PE  in patients with squamous cer-
vical CUP, and head and neck primary tumors were 
identi ed in ~21–30%.

T e diagnostic contribution o  PE  to the evaluation 
o  other CUP (outside o  the neck adenopathy indica-
tion) remains controversial and is not routinely recom-
mended. PE -C  can be help ul  or patients who are 
candidates  or surgical intervention  or solitary meta-
static disease because the presence o  disease outside 
the primary site may a ect surgical planning.

Invasive studies, including upper endoscopy, colo-
noscopy, and bronchoscopy, should be limited to symp-
tomatic patients or those with laboratory, imaging, or 
pathologic abnormalities that suggest that these tech-
niques will result in a high yield in  nding a primary 
cancer.

Role of pa thologic studies

A detailed pathologic examination o  the most acces-
sible biopsied tissue specimen is mandatory in CUP 
patients. Pathologic evaluation typically consists o  
hematoxylin and eosin stains and immunohistochemi-
cal tests.

Ligh t m icroscop y evaluation
Adequate tissue obtained pre erably by excisional 
biopsy or core-needle biopsy (instead o  only a  ne-
needle aspiration) is stained with hematoxylin and 
eosin and subjected to light microscopic examination. 
On light microscopy, 60–65% o  CUP is adenocarci-
noma, and 5% is squamous cell carcinoma. T e remain-
ing 30–35% is poorly di erentiated adenocarcinoma, 
poorly di erentiated carcinoma, or poorly di erentiated 
neoplasm. A small percentage o  lesions are diagnosed 
as neuroendocrine cancers (2%), mixed tumors (adeno-
squamous or sarcomatoid carcinomas), or undi erenti-
ated neoplasms (Table 49-1).

Ro le  o   im m unoh istochem ical analysis
Immunohistochemical stains are peroxidase-labeled 
antibodies against speci c tumor antigens that are used 
to de ne tumor lineage. T e number o  available immu-
nohistochemical stains is ever-increasing. However, in 
CUP cases, more is not necessarily better, and immuno-
histochemical stains should be used in conjunction with 
the patient’s clinical presentation and imaging studies 
to select the best therapy. Communication between the 
clinician and pathologist is essential. No stain is 100% 
speci c, and overinterpretation should be avoided. PSA 
and thyroglobulin tissue markers, which are positive in 
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prostate and thyroid cancer, respectively, are the most 
speci c o  the current marker panel. However, these 
cancers rarely present as CUP, so the yield o  these 
tests may be low. Fig. 49-1 delineates a simple algo-
rithm  or immunohistochemical staining in CUP cases.  
Table 49-2 lists additional tests that may be use ul to  ur-
ther de ne the tumor lineage. A more comprehensive 
algorithm may improve the diagnostic accuracy but can 
make the process complex. With the use o  immunohis-
tochemical markers, electron microscopic analysis, which 
is time-consuming and expensive, is rarely needed.

CK7     CK20

CK7+     CK20+ CK7+     CK20–  CK7–     CK20+ CK7–     CK20–

Urothe lia l tumors  
Ovarian mucinous  
    adenocarcinoma
Pancrea tic 
    adenocarcinoma
Cholangiocarcinoma

Lung adenocarcinoma
Breas t ca rcinoma
Thyroid ca rcinoma
Endometria l carcinoma
Cervica l carcinoma 
Saliva ry gland carcinoma 
Cholangiocarcinoma
Pancrea tic ca rcinoma

Colorecta l ca rcinoma 
Merke l ce ll ca rcinoma

Hepa toce llula r ca rcinoma
Rena l ce ll ca rcinoma
Pros ta te  ca rcinoma
Squamous  ce ll and small 
    ce ll lung ca rcinoma
Head and neck ca rcinoma

FIGURE 49 -1
Ap p roach  to  cytoke ra t in   CK7 an d  CK20  markers used in adenocarcinoma o  unknown primary.

TABLE 49-2  
SELECT IMMUNOHISTOCHEMICAL STAINS USEFUL IN THE DIAGNOSIS OF CARCINOMA OF UNKNOWN PRIMARY (CUP)

LIKELY PRIMARY PROFILE  COMMONLY CONSIDERED IHC TO ASSIST IN DIFFERENTIAL DIAGNOSIS OF CUPa

Breast  Estrogen receptor (ER), gross cystic disease f brous protein-15 (GCDFP-15), mammaglobin, Her-2/neu
Ovarian/mullerian  Estrogen receptor (ER), Wilms’ tumor gene (WT-1), CK7, PAX8, PAX2
Lung adenocarcinoma  Thyroid transcription  actor (TTF-1; nuclear staining), napsin A, sur actant protein A precursor (SP-A1)
Germ cell  β-hCG, AFP, OCT3/4, CKIT, CD30 (embryonal), SALL4
Prostate  PSA, α-methylacyl CoA racemase/P504S (AMACR/P504S), P501S (prostein), and prostate-specif c 

membrane antigen (PSMA)
Intestinal  CK7, CK20, CDX-2, carcinoembryonic antigen (CEA)
Neuroendocrine  Chromogranin, synaptophysin, CD56
Sarcoma  Desmin (desmoid tumors),  actor VIII (angiosarcomas), CD31, smooth muscle actin (leiomyosarcoma), 

MyoD1 (rhabdomyosarcoma)
Renal  RCC, CD10, PAX8
Hepatocellular carcinoma  Hep par-1, arginase-1 (Arg-1), TTF-1 (granular cytoplasmic staining)
Melanoma  S100, vimentin, HMB-45, tyrosinase and melan-A
Urothelial  CK7, CK20, thrombomodulin
Mesothelioma  Calretinin, WT-1
Lymphoma  Leukocyte common antigen (LCA), CD3, CD4, CD5, CD20, CD45
Squamous cell carcinoma (SCC)  p63, p40 (lung SCC), CK5/6

aPatterns emerging  rom coexpression o  stains are better than individual stains to suggest putative primary site. Even with optimization, no IHC panel is 
100% sensitive or specif c (e.g., ovarian mucinous carcinoma can exhibit positivity with intestinal markers).
Abbrevia t ions: AFP, α  etoprotein; β-hCG, β human chorionic gonadotropin; CUP, carcinoma o  unknown primary; IHC, immunohistochemistry; PSA, 
prostate-specif c antigen.

T ere are >20 subtypes o  cytokeratin (CK) inter-
mediate  laments with di erent molecular weights and 
di erential expression in various cell types and cancers. 
Monoclonal antibodies to speci c CK subtypes have 
been used to help classi y tumors according to their 
site o  origin; commonly used CK stains in adenocarci-
noma CUP are CK7 and CK20. CK7 is  ound in tumors 
o  the lung, ovary, endometrium, breast, and upper 
gastrointestinal tract including pancreaticobiliary can-
cers, whereas CK20 is normally expressed in the gas-
trointestinal epithelium, urothelium, and Merkel cells. 
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641T e nuclear CDX-2 transcription  actor, which is the 
product o  a homeobox gene necessary  or intestinal 
organogenesis, is o en used to aid in the diagnosis o  
gastrointestinal adenocarcinomas.

T yroid transcription  actor 1 (  F-1) nuclear stain-
ing is typically positive in lung and thyroid cancers. 
Approximately 68% o  adenocarcinomas and 25% o  
squamous cell lung cancers stain positive  or   F-1, 
which helps di erentiate a lung primary tumor  rom 
metastatic adenocarcinoma in a pleural e usion, the 
mediastinum, or the lung parenchyma.

Gross cystic disease  brous protein-15, a 15-kDa 
monomer protein, is a marker o  apocrine di erentia-
tion that is detected in 62–72% o  breast carcinomas. 
UROIII, high-molecular-weight cytokeratin, thrombo-
modulin, and CK20 are the markers used to diagnose 
lesions o  urothelial origin.

IHC per orms the best when used in groups that give 
rise to patterns that are strongly indicative o  certain 
pro les. For example, the   F-1/CK7+ and CK20+/
CDX-2+/CK7– phenotypes have been reported as very 
suggestive o  lung and lower gastrointestinal cancer 
pro les, respectively, although these patterns have not 
been validated prospectively in the absence o  a primary 
cancer. IHC is not without its limitations; several  ac-
tors a ect tissue antigenicity (antigen retrieval, speci-
men processing, and  xation), interpretation o  stains 
in tumor (nuclear, cytoplasmic, membrane) versus nor-
mal tissue, inter- and intraobserver variability, and tis-
sue heterogeneity and inadequacy (given small biopsy 
sizes). Communication with the pathologist is critical 
to determine i  additional tissue will be bene cial in the 
pathologic evaluation.

Role  o   t issue  o   o rig in  m olecu lar p rof ling
In the absence o  a known primary, developing therapeu-
tic strategies  or CUP is challenging. T e current diagnos-
tic yield with imaging and immunochemistry is ~20–30% 
 or CUP patients. T e use o  gene expression studies 
holds the promise o  substantially increasing this yield. 
Gene expression pro les are most commonly generated 
using quantitative reverse transcriptase polymerase chain 
reaction (R -PCR) or DNA microarray.

Neural network programs have been used to develop 
predictive algorithms  rom the gene expression pro-
 les.  ypically, a training set o  gene pro les  rom 
known cancers (pre erably  rom metastatic sites) is 
used to train the so ware. T e program can then be 
used to predict the putative origin o  a test tumor and 
presumably o  true CUP. Comprehensive gene expres-
sion databases that have become available  or common 
malignancies may also be use ul in CUP. T ese 
approaches have been e ective in testing against known 
primary cancers and their metastases.

mRNA- or microRNA-based tissue o  origin molec-
ular pro ling assays have been studied in prospective 

and retrospective CUP trials. Most o  the CUP stud-
ies have evaluated assay performance, although the chal-
lenge with validating the accuracy o  an assay  or CUP is 
that, by de nition, the primary cancer diagnosis cannot 
be veri ed. T us, current estimates o  tissue o  origin test 
accuracy have relied on indirect metrics including com-
parison with IHC, clinical presentation, and appearance o  
latent primaries. Using these measures, the assays suggest 
a plausible primary in ~70% o  patients studied. T e only 
outcomes-based study is a single-arm study reporting a 
median survival o  12.5 months  or patients who received 
assay-directed site-speci c therapy. Firm conclusions o  
therapeutic impact cannot be drawn  rom this study given 
the nonrandomized design, statistical biases, con ounding 
variables including use o  subsequent lines o  (empiric) 
therapy, and the heterogeneity o  the CUP cancers. Addi-
tional studies are needed to better understand the clinical 
inf uence o  tissue o  origin pro ling tools and how these 
assays complement IHC and help guide therapy.

TREATMENT Carcinoma of Unknown Primary

GENERAL CONSIDERATIONS T e treatment o  CUP continues to 
evolve, albeit slowly. T e median survival duration o  most 
patients with disseminated CUP is ~6–10 months. Systemic 
chemotherapy is the primary treatment modality in most 
patients with disseminated disease, but the care ul integration 
o  surgery, radiation therapy, and even periods o  observa-
tion is important in the overall management o  this condition  
(Figs. 49-2 and 49-3). Prognostic  actors include per ormance 
status, site and number o  metastases, response to chemother-
apy, and serum lactate dehydrogenase (LDH) levels. Culine 
and colleagues developed a prognostic model using per or-
mance status and serum LDH levels, which allowed the assign-
ment o  patients into two subgroups with divergent outcomes. 
Future prospective trials using this prognostic model are war-
ranted. Clinically, some CUP diagnoses  all into a  avorable 
prognostic subset. Others, including those with disseminated 
CUP, do not and have a more un avorable prognosis.

TREATMENT OF FAVORABLE CUP SUBSETS
Women with Isolated Axillary Adenopathy Women with isolated 
axillary adenopathy with adenocarcinoma or carcinoma are 
usually treated  or stage II or III breast cancer based on patho-
logic  ndings. T ese patients should undergo a breast MRI i  
mammogram and ultrasound are negative. Radiation therapy 
to the ipsilateral breast is indicated i  the breast MRI is posi-
tive. Chemotherapy and/or hormonal therapy are indicated 
based on patient’s age (premenopausal or postmenopausal), 
nodal disease bulk, and hormone receptor status (Chap. 38). It 
is important to veri y that the pathology suggests a breast can-
cer pro le (morphology, immunohistochemical breast mark-
ers including estrogen receptor, mammoglobin, GCDFP-15, 
HER-2 gene expression) be ore embarking on a breast cancer 
therapeutic program.
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FIGURE 49 -2
Treatment algorithm for adenocarcinoma and poorly dif-
ferentiated adenocarcinoma of unknown primary (CUP). C, 
chemotherapy; CRT, chemoradiation; GI, gastrointestinal; IHC, 

immunohistochemistry; MRI, magnetic resonance imaging; PSA, 
prostate-specif c antigen; RT, radiation.

ALGORITHM FOR ADENOCARCINOMA CUP

Adenocarcinoma 
Poorly diffe rentia ted adenocarcinoma CUP

IHC to sugges t “favored” primary

Isola ted 
axilla ry nodes  
in women

Bone  only 
metas tases  in 
men (blas tic)

Solita ry s ite  
of metas tas is

Peritonea l 
ca rcinoma

Dissemina ted 
cancer, 2 or 
more  s ite s  
involved

Breas t MRI if 
mammogram 
and ultrasound 
a re  nega tive

If PSA not 
e leva ted, C or 
RT as  indica ted

MRI (+). Breas t surgery 
or radia tion. C and/or 
hormona l the rapy for 
breas t cancer.

MRI (–). No 
surgery, cons ide r 
radia tion. C for 
breas t cancer.

Check PSA (in 
tumor and 
serum). If 
e leva ted, Rx as  
pros ta te  cancer.

If re sectable , resect 
with or without prior 
C or CRT. If 
unresectable , C, RT, 
or CRT depending 
on loca tion of tumor

If not sugges tive  of 
primary pe ritonea l, 
GI workup for 
primary. C, if good 
performance  s ta tus.

If sugges tive  of 
primary 
pe ritonea l 
cancer, trea t a s  
ovarian cancer

C, if good 
performance  
s ta tus

ALGORITHM FOR S QUAMOUS CELL CUP

Squamous  ce ll
CUP

Dissemina ted, 
viscera l 
metas tases

Metas ta tic inguina l 
adenopa thy

Metas ta tic ce rvica l 
adenopa thy

Directed invas ive  
tes ts  a s  needed

Perinea l exa m, 
anoscopy if needed. 
Pe lvic examina tion 
in women. PET is  
optiona l.

Triple  endoscopy, 
cons ider tons illectomy. 
CT neck and ches t. 
PET is  optiona l.

C in good 
performance  
s ta tus  pa tients. 
RT as  indica ted.

If loca lized, lymph 
node  dissection, 
followed by loca l RT
in se lect pa tients

If no extra -cervica l 
disease—neck 
dissection followed by 
adjuvant RT vs. RT 
a lone. C for bulky 
disease.

FIGURE 49 -3
Treatment algorithm for squamous cell carcinoma of 
unknown primary (CUP). C, chemotherapy; CT, computed 
tomography; PET, positron emission tomography; RT, radiation.

WOMEN WITH PERITONEAL CARCINOMATOSIS T e term primary 
peritoneal papillary serous carcinoma (PPSC) has been used 
to describe CUP with carcinomatosis with the pathologic 
and laboratory (elevated CA-125 antigen) characteristics o  
ovarian cancer but no ovarian primary tumor identi ed on 
transvaginal sonography or laparotomy. Studies suggest that 
ovarian cancer and PPSC, which are both o  müllerian origin, 
have similar gene expression pro les. Similar to patients with 
ovarian cancer, patients with PPSC are candidates  or cytore-
ductive surgery,  ollowed by adjuvant taxane- and platinum-
based chemotherapy. In one retrospective study o  258 women 
with peritoneal carcinomatosis who had undergone cytore-
ductive surgery and chemotherapy, 22% o  patients had a com-
plete response to chemotherapy; the median survival duration 
was 18 months (range 11–24 months). However, not all peri-
toneal carcinomatosis in women is PPSC. Care ul pathologic 
evaluation can help diagnose a colon cancer pro le (CDX-2+, 
CK-20+, CK7−) or a pancreaticobiliary cancer or even a mis-
labeled peritoneal mesothelioma (calretinin positive).

POORLY DIFFERENTIATED CARCINOMA WITH MIDLINE ADENOPATHY Men 
with poorly di erentiated or undi erentiated carcinoma that 
presents as a midline adenopathy should be evaluated  or 
extragonadal germ cell malignancy. I  diagnosed and treated 
as such, they o en experience a good response to treatment 
with platinum-based combination chemotherapy. Response 
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643rates o  >50% have been noted, and long-term survival rates 
o  10–15% long have been reported. Older patients (especially 
smokers) who present with mediastinal adenopathy are more 
likely to have a lung or head-and-neck cancer pro le.

NEUROENDOCRINE CARCINOMA Low-grade neuroendocrine carci-
noma o en has an indolent course, and treatment decisions 
are based on symptoms and tumor bulk. Urine 5-HIAA and 
serum chromogranin may be elevated and can be  ollowed as 
markers. O en the patient is treated with somatostatin ana-
logues alone  or hormone-related symptoms (diarrhea, f ush-
ing, nausea). Speci c local therapies or systemic therapy would 
only be indicated i  the patient is symptomatic with local pain 
secondary to signi cant growth o  the metastasis or the hor-
mone-related symptoms are not controlled with endocrine 
therapy. Patients with high-grade neuroendocrine carcinoma 
are treated as having small-cell lung cancer and are responsive 
to chemotherapy; 20–25% show a complete response, and up 
to 10% patients survive more than 5 years.

SQUAMOUS CELL CARCINOMA PRESENTING AS NECK ADENOPATHY  
Patients with early-stage squamous cell carcinoma involving 
the cervical lymph nodes are candidates  or node dissection and 
radiation therapy, which can result in long-term survival. T e 
role o  chemotherapy in these patients is unde ned, although 
chemoradiation therapy or induction chemotherapy is o en 
used and is bene cial in bulky N2/N3 lymph node disease.

SOLITARY METASTATIC SITE Patients with solitary metastases can 
also experience good treatment outcomes. Some patients who 
present with locoregional disease are candidates  or aggressive 
trimodality management; both prolonged disease- ree interval 
and occasionally cure are possible.

MEN WITH BLASTIC SKELETAL METASTASES AND ELEVATED PSA Blas-
tic bone-only metastasis is a rare presentation, and elevated 
serum PSA or tumor staining with PSA may provide con r-
matory evidence o  prostate cancer in these patients. T ose 
with elevated levels are candidates  or hormonal therapy  or 
prostate cancer, although it is important to rule out other pri-
mary tumors (lung most common).

MANAGEMENT OF DISSEMINATED CUP Patients who present with 
liver, brain, and adrenal metastatic disease usually have a 
poor prognosis. Patients with nonserous papillary primary 

peritoneal carcinomatosis can have a large di erential diag-
nosis, which is mainly o  gastrointestinal pro le and includes 
gastric, appendiceal, colon, and pancreaticobiliary pro les.

 raditionally, platinum-based combination chemotherapy 
regimens have been used to treat CUP. Several broadly used 
regimens have been studied in the last two decades; these 
include paclitaxel-carboplatin, gemcitabine-cisplatin, gem-
citabine-oxaliplatin, and irinotecan and f uoropyrimidine-
based therapies. T ese chemotherapeutic agents used as 
empiric regimens have shown a response rate o  25–40%, and 
their use obtains median survival times o  6–13 months.

Outside o   avorable subsets, there is a small group o  
patients with a “de nitive” IHC. T ese patients usually have a 
single diagnosis based on their clinicopathologic presentation 
and are o en treated  or the putative primary tumor. T is 
does not guarantee a response, although it increases the prob-
ability o  response when select drugs are chosen  rom a class 
o  drugs known to work in that cancer type. Patients who 
do not  all into those categories are candidates  or broad-
spectrum platinum-based regimens, clinical trials, and addi-
tional trial-based genomic and proteomic tests.  oday, we 
do not have e ective drugs  or several CUP cancer pro les, 
and treatments overlap  or some cancers. However, as novel 
therapies are developed  or additional known cancers, tissue 
o  origin and assessment o  molecular  eatures o  the tumor 
will be important and might direct more selective treatment.

SUMMARY

Patients with CUP should undergo a directed diagnostic 
search  or the primary tumor on the basis o  clinical and 
pathologic data. Subsets o  patients have prognostically 
 avorable disease, as de ned by clinical or histologic 
criteria, and may substantially bene t  rom aggres-
sive treatment and expect prolonged survival. However, 
 or most patients who present with advanced CUP, the 
prognosis remains poor with early resistance to available 
cytotoxic therapy. T e current  ocus has shi ed away 
 rom empirical chemotherapeutic trials to understand-
ing the metastatic phenotype, tissue o  origin pro ling, 
and evaluating molecular targets in CUP patients.
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PHYSICAL EXAMINATION
In addition to the examination o  the thyroid itsel , the 
physical examination should include a search  or signs 
o  abnormal thyroid  unction and the extrathyroi-
dal  eatures o  ophthalmopathy and dermopathy (see 
below). Examination o  the neck begins by inspecting 
the seated patient  rom the  ront and side and noting 
any surgical scars, obvious masses, or distended veins. 
T e thyroid can be palpated with both hands  rom 
behind or while  acing the patient, using the thumbs 
to palpate each lobe. It is best to use a combination o  
these methods, especially when nodules are small. T e 
patient’s neck should be slightly  exed to relax the neck 
muscles. A er locating the cricoid cartilage, the isth-
mus, which is attached to the lower one-third o  the 
thyroid lobes, can be identi ed and then  ollowed lat-
erally to locate either lobe (normally, the right lobe is 
slightly larger than the le ). By asking the patient to 
swallow sips o  water, thyroid consistency can be better 
appreciated as the gland moves beneath the examiner’s 
 ngers.

Features to be noted include thyroid size, consis-
tency, nodularity, and any tenderness or  xation. An 
estimate o  thyroid size (normally 12–20 g) should be 
made, and a drawing is o en the best way to record 
 ndings. However, ultrasound is the method o  choice 
when it is important to determine thyroid size accu-
rately. T e size, location, and consistency o  any nod-
ules should also be de ned. A bruit or thrill over the 
gland, located over the insertion o  the superior and 
in erior thyroid arteries (supero- or in erolaterally), 
indicates increased vascularity, as occurs in hyper-
thyroidism. I  the lower borders o  the thyroid lobes 
are not clearly  elt, a goiter may be retrosternal. Large 
retrosternal goiters can cause venous distention over 
the neck and di culty breathing, especially when the 
arms are raised (Pemberton’s sign). With any cen-
tral mass above the thyroid, the tongue should be 

THYROID CANCER

CHAP TER 5 0

extended, as thyroglossal cysts then move upward. T e 
thyroid examination is not complete without assess-
ment  or lymphadenopathy in the supraclavicular and 
cervical regions o  the neck.

Ra dio iodine upta ke a nd thyro id  sca nning

T e thyroid gland selectively transports radioisotopes o  
iodine (123I, 125I, 131I) and 99m c pertechnetate, allowing 
thyroid imaging and quantitation o  radioactive tracer 
 ractional uptake.

Nuclear imaging o  Graves’ disease is character-
ized by an enlarged gland and increased tracer uptake 
that is distributed homogeneously.  oxic adenomas 
appear as  ocal areas o  increased uptake, with sup-
pressed tracer uptake in the remainder o  the gland. In 
toxic MNG, the gland is enlarged—o en with distorted 
architecture—and there are multiple areas o  relatively 
increased ( unctioning nodules) or decreased tracer 
uptake (suppressed thyroid parenchyma or non unc-
tioning nodules). Subacute, viral, and postpartum thy-
roiditis are associated with very low uptake because o  
 ollicular cell damage and  SH suppression. T yrotoxi-
cosis  actitia is also associated with low uptake. In addi-
tion, i  there is excessive circulating exogenous iodine 
(e.g.,  rom dietary sources o  iodinated contrast dye), 
the radionuclide uptake is low even in the presence o  
increased thyroid hormone production.

T yroid scintigraphy is not used in the routine eval-
uation o  patients with thyroid nodules, but should 
be per ormed i  the serum  SH level is subnormal to 
determine i   unctioning thyroid nodules are present. 
Functioning or “hot” nodules are almost never malig-
nant, and  ne-needle aspiration (FNA) biopsy is not 
indicated. T e vast majority o  thyroid nodules do not 
produce thyroid hormone (“cold” nodules), and these 
are more likely to be malignant (~5–10%). Whole-body 
and thyroid scanning is also used in the treatment and 
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surveillance o  thyroid cancer. A er thyroidectomy  or 
thyroid cancer, the  SH level is raised by either using 
a thyroid hormone withdrawal protocol or recombi-
nant human  SH injection (see below). Administration 
o  131I allows whole-body scanning (WBS) to con rm 
remnant ablation and to detect any  unctioning metas-
tases. In addition, WBS may be help ul in surveillance 
o  patients at risk  or recurrence.

Thyroid ultra sound

Ultrasonography is valuable  or the diagnosis and 
evaluation o  patients with nodular thyroid disease 
(Table 50-1). Evidence-based guidelines recommend 
thyroid ultrasonography  or all patients suspected o  
having thyroid nodules by either physical examina-
tion or another imaging study. Using 10- to 12-MHz 
linear transducers, resolution and image quality are 
excellent, allowing the characterization o  nodules and 
cysts >3 mm. Certain sonographic patterns are highly 
suggestive o  malignancy (e.g., hypoechoic solid nod-
ules with in ltrative borders and microcalci cations), 
whereas other  eatures correlate with benignity (e.g., 
spongi orm nodules de ned as those with multiple 
small internal cystic areas) (Fig. 50-1). In addition to 
evaluating thyroid nodules, ultrasound is use ul  or 
monitoring nodule size and  or the aspiration o  nod-
ules or cystic lesions. Ultrasound-guided FNA biopsy 
o  thyroid lesions lowers the rate o  inadequate sam-
pling and decreases sample error, thereby reducing the 
 alse-negative rate o  FNA cytology. Ultrasonography 
o  the central and lateral cervical lymph node compart-
ments is indispensable in the evaluation thyroid cancer 
patients, preoperatively and during  ollow-up.

BENIGN NEOPLASMS

T e various types o  benign thyroid nodules are listed 
in Table 50-2. T ese lesions are common (5–10% 
adults), particularly when assessed by sensitive tech-
niques such as ultrasound. T e risk o  malignancy is 
very low  or macrofollicular adenomas and normofollic-
ular adenomas. Microfollicular, trabecular, and Hürthle 
cell variants raise greater concern, and the histology 
is more di cult to interpret. Many are mixed cystic/
solid lesions on ultrasound and may appear spongi orm 
re ecting the pathology o  macro ollicular structure. 

TABLE 50-1  
GRAYSCALE SONOGRAPHIC FEATURES ASSOCIATED 
WITH THYROID CANCER

MEDIAN 
SENSITIVITY 
[RANGE]

MEDIAN 
SPECIFICITY 
[RANGE]

Hypoechoic com-
pared with sur-
rounding thyroid

81% [48–90%]  53% [36–92%]

Marked 
hypoechogenicity

41% [27–59%]  94% [92–94%]

Microcalci cations  44% [26–73%]  89% [69–98%]
Irregular, microlob-
ulated margins

55% [17–84%]  79% [62–85%]

Solid consistency  86% [78–91%]  48% [30–58%]
Taller than wide 
shape on trans-
verse view

48% [33–84%]  92% [82–93%]

FIGURE 50 -1
Son o g rap h ic p a t te rn s o   thyro id  n o d u les. A. High suspicion 
ultrasound pattern  or thyroid malignancy (hypoechoic solid nod-
ule with irregular borders and microcalci cations). B. Very low 
suspicion ultrasound pattern  or thyroid malignancy (spongi orm 
nodule with microcystic areas comprises over >50% o  nodule 
volume).

A

B
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However, the majority o  solid nodules (whether hypo-, 
iso-, or hyperechoic) are also benign. FNA, usually per-
 ormed with ultrasound guidance, is the diagnostic pro-
cedure o  choice to evaluate thyroid nodules (see the 
“Approach to the Patient” section on thyroid nodules). 
Pure thyroid cysts, <2% o  all thyroid growths, consist 
o  colloid and are benign as well. Cysts  requently recur, 
even a er repeated aspiration, and may require surgical 
excision i  they are large. Ethanol ablation to sclerose 
the cyst has been used success ully  or patients who are 
symptomatic.

 SH suppression with levothyroxine therapy does not 
decrease thyroid nodule size in iodine-su cient popu-
lations. However, i  there is relative iodine de ciency, 
both iodine and levothyroxine therapy may decrease 
nodule volume. I  levothyroxine is administered in this 
situation and the nodule has not decreased in size a er 
6–12 months o  suppressive therapy, treatment should be 

discontinued because little bene t is likely to accrue  rom 
long-term treatment; the risk o  iatrogenic subclinical 
thyrotoxicosis should also be considered.

THYROID CANCER

T yroid carcinoma is the most common malignancy o  
the endocrine system. Malignant tumors derived  rom 
the  ollicular epithelium are classi ed according to his-
tologic  eatures. Dif erentiated tumors, such as papil-
lary thyroid cancer (P C) or  ollicular thyroid cancer 
(F C), are o en curable, and the prognosis is good  or 
patients identi ed with early-stage disease. In contrast, 
anaplastic thyroid cancer (A C) is aggressive, responds 
poorly to treatment, and is associated with a bleak 
prognosis.

T e incidence o  thyroid cancer is ~12/100,000 per 
year in the United States and increases with age. Prog-
nosis is worse in older persons (>65 years). T yroid 
cancer is twice as common in women as men, but male 
gender is associated with a worse prognosis. Additional 
important risk  actors include a history o  childhood 
head or neck irradiation, large nodule size (≥4 cm), evi-
dence  or local tumor  xation or invasion into lymph 
nodes, and the presence o  metastases (Table 50-3). 
Several unique  eatures o  thyroid cancer  acilitate 
its management: (1) thyroid nodules are amenable to 
biopsy by FNA; (2) iodine radioisotopes can be used 
to diagnose (123I) and treat (131I) dif erentiated thyroid 
cancer, re ecting the unique uptake o  this anion by the 
thyroid gland; and (3) serum markers allow the detec-
tion o  residual or recurrent disease, including the use 
o   g levels  or P C and F C, and calcitonin  or med-
ullary thyroid cancer (M C).

TABLE 50 -2  
CLASSIFICATION OF THYROID NEOPLASMS

BENIGN

Follicu la r ep ith e lia l ce ll ad en om as
 Macro ollicular (colloid)
 Normo ollicular (simple)
 Micro ollicular ( etal)
 Trabecular (embryonal)
 Hürthle cell variant (oncocytic)

MALIGNANT
APPROXIMATE 
PREVALENCE, %

Follicu la r ep ith e lia l ce ll
 Well-dif erentiated carcinomas
  Papillary carcinomas  80–90
  Pure papillary
  Follicular variant
  Dif use sclerosing variant
  Tall cell, columnar cell variants
 Follicular carcinomas  5–10
  Minimally invasive
  Widely invasive
  Hürthle cell carcinoma 

(oncocytic)
  Insular carcinoma
  Undif erentiated (anaplastic) 

carcinomas
C ce ll (ca lcito n in  p ro d ucin g )
 Medullary thyroid cancer
  Sporadic
  Familial
  MEN 2

<10

Oth e r m a lig n an cie s
 Lymphomas
 Sarcomas
 Metastases
 Others

1–2

Abbrevia t ion: MEN, multiple endocrine neoplasia.

TABLE 50 -3  
RISK FACTORS FOR THYROID CARCINOMA IN 
PATIENTS WITH THYROID NODULE
History o  head and neck irra-
diation, including total-body 
irradiation  or bone marrow 
transplant and brain radia-
tion  or childhood leukemia

Exposure to ionizing radiation 
 rom  allout in childhood or 
adolescence

Age <20 or >65 years
Increased nodule size (>4 cm)
New or enlarging neck mass
Male gender

Family history o  thyroid can-
cer, MEN 2, or other genetic 
syndromes associated with 
thyroid malignancy (e.g., 
Cowden’s syndrome,  amilial 
polyposis, Carney complex)

Vocal cord paralysis, hoarse 
voice

Nodule  xed to adjacent 
structures

Extrathyroidal extension
Lateral cervical 
lymphadenopathy

Abbrevia t ion: MEN, multiple endocrine neoplasia.
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649CLASSIFICATION
T yroid neoplasms can arise in each o  the cell types 
that populate the gland, including thyroid  ollicular 
cells, calcitonin-producing C cells, lymphocytes, and 
stromal and vascular elements, as well as metasta-
ses  rom other sites ( able  50-2). T e American Joint 
Committee on Cancer (AJCC) has designated a staging 
system using the tumor, node, metastasis ( NM) clas-
si cation (Table 50-4). Several other classi cation and 
staging systems are also widely used, some o  which 
place greater emphasis on histologic  eatures or risk  ac-
tors such as age or gender.

PATHOGENESIS AND GENETIC BASIS
Ra dia tion

Early studies o  the pathogenesis o  thyroid can-
cer  ocused on the role o  external radiation, which 

predisposes to chromosomal breaks, leading to genetic 
rearrangements and loss o  tumor-suppressor genes. 
External radiation o  the mediastinum,  ace, head, and 
neck region was administered in the past to treat an 
array o  conditions, including acne and enlargement o  
the thymus, tonsils, and adenoids. Radiation exposure 
increases the risk o  benign and malignant thyroid nod-
ules, is associated with multicentric cancers, and shi s 
the incidence o  thyroid cancer to an earlier age group. 
Radiation  rom nuclear  allout also increases the risk 
o  thyroid cancer. Children seem more predisposed to 
the ef ects o  radiation than adults. O  note, radiation 
derived  rom 131I therapy appears to contribute minimal 
increased risk o  thyroid cancer.

TSH a nd growth fa ctors 

Many dif erentiated thyroid cancers express  SH recep-
tors and, there ore, remain responsive to  SH. Higher 
serum  SH levels, even within normal range, are asso-
ciated with increased thyroid cancer risk in patients 
with thyroid nodules. T ese observations provide the 
rationale  or  4 suppression o   SH in patients with 
thyroid cancer. Residual expression o   SH receptors 
also allows  SH-stimulated uptake o  131I therapy (see 
below).

Oncogenes a nd tumor-suppressor genes

T yroid cancers are monoclonal in origin, consistent 
with the idea that they originate as a consequence o  
mutations that con er a growth advantage to a single 
cell. In addition to increased rates o  proli eration, some 
thyroid cancers exhibit impaired apoptosis and  eatures 
that enhance invasion, angiogenesis, and metastasis. 
T yroid neoplasms have been analyzed  or a variety 
o  genetic alterations, but without clear evidence o  an 
ordered acquisition o  somatic mutations as they prog-
ress  rom the benign to the malignant state. On the 
other hand, certain mutations are relatively speci c  or 
thyroid neoplasia, some o  which correlate with histo-
logic classi cation (Table 50-5).

As described above, activating mutations o  the 
 SH-R and the GSα subunit are associated with autono-
mously  unctioning nodules. Although these mutations 
induce thyroid cell growth, this type o  nodule is almost 
always benign.

Activation o  the RE -RAS-BRAF signaling path-
way is seen in up to 70% o  P Cs, although the types 
o  mutations are heterogeneous. A variety o  rear-
rangements involving the RET gene on chromosome 
10 bring this receptor tyrosine kinase under the con-
trol o  other promoters, leading to receptor over-
expression. RET rearrangements occur in 20–40% 
o  P Cs in dif erent series and were observed with 
increased  requency in tumors developing a er the 

TABLE 50-4  
THYROID CANCER CLASSIFICATIONa

Pap illa ry o r Fo llicu la r Thyro id  Can ce rs

<45 Yea rs  >45 Yea rs

 Stage I  Any T, any N, M0  T1, N0, M0
 Stage II  Any T, any N, M1  T2, N0, M0
 Stage III  —  T3, N0, M0

T1–T3, N1a, M0
 Stage IVA  —  T4a, any N, M0

T1–T3, N1b, M0

 Stage IVB  T4b, any N, M0
 Stage IVC  Any T, any N, M1
An ap last ic Thyro id  Can cer
 Stage IV  All cases are stage IV

Med u lla ry Thyro id  Can cer
 Stage I  T1, N0, M0
 Stage II  T2 or T3, N0, M0
 Stage III  T1–T3, N1a, M0
 Stage IVA  T4a, any N, M0

T1–T3, N1b, M0
 Stage IVB  T4b, any N, M0
 Stage IVC  Any T, any N, M1

aCriteria include: T, the size and extent o  the primary tumor (T1a ≤1 cm; 
T1b >1 cm but ≤2 cm; T2 >2 cm but ≤4 cm; T3 >4 cm or any tumor with 
extension into perithyroidal so t tissue or sternothyroid muscle; T4a inva-
sion into subcutaneous so t tissues, larynx, trachea, esophagus, or recur-
rent laryngeal nerve; T4b invasion into prevertebral  ascia or encasement 
o  carotid artery or mediastinal vessels); N, the absence (N0) or presence 
(N1a level IV central compartment; N1b levels II–V lateral compartment, 
upper mediastinal or retro/parapharyngeal) o  regional node involvement; 
M, the absence (M0) or presence (M1) o  distant metastases.
Source: American Joint Committee on Cancer staging system  or thyroid 
cancers using the TNM classi cation, 7th edition.
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650 TABLE 50-5  
GENETIC ALTERATIONS IN THYROID NEOPLASIA

GENE/PROTEIN  TYPE OF GENE
CHROMOSOMAL 
LOCATION  GENETIC ABNORMALITY  TUMOR

TSH receptor  GPCR receptor  14q31  Point mutations  Toxic adenoma, dif eren-
tiated carcinomas

GSα G protein  20q13.2  Point mutations  Toxic adenoma, dif eren-
tiated carcinomas

RET/PTC  Receptor tyrosine kinase  10q11.2  Rearrangements  PTC (more common 
in radiation-induced 
tumors)

PTC1: inv(10)(q11.2q21)
PTC2: t(10;17)(q11.2;q23)
PTC3: ELE1/TK

RET  Receptor tyrosine kinase  10q11.2  Point mutations  MEN 2, medullary thy-
roid cancer

BRAF  MEK kinase  7q24  Point mutations, 
rearrangements

PTC, ATC

TRK  Receptor tyrosine kinase  1q23-24  Rearrangements  Multinodular goiter, 
papillary thyroid cancer

RAS  Signal transducing p21  NRAS 1p13.2 (most com-
mon); HRAS 11p15.5; 
KRAS 12p12.1

Point mutations  Follicular thyroid cancer, 
PTC  ollicular variant, 
adenomas

p53  Tumor suppressor, cell 
cycle control, apoptosis

17p13  Point mutations Dele-
tion, insertion

Anaplastic cancer

APC  Tumor suppressor, ade-
nomatous polyposis 
coli gene

5q21-q22  Point mutations  Anaplastic cancer, also 
associated with  amilial 
polyposis coli

p16 (MTS1, CDKN2A)  Tumor suppressor, cell 
cycle control

9p21  Deletions  Dif erentiated 
carcinomas

p21/WAF  Tumor suppressor, cell 
cycle control

6p21.2  Overexpression  Anaplastic cancer

MET  Receptor tyrosine kinase  7q31  Overexpression  Follicular thyroid cancer
c-MYC  Receptor tyrosine kinase  8q24.12-13  Overexpression  Dif erentiated carcinoma
PTEN  Phosphatase  10q23  Point mutations  PTC in Cowden’s syn-

drome (multiple ham-
artomas, breast tumors, 
gastrointestinal polyps, 
thyroid tumors)

CTNNB1  β-Catenin  3p22  Point mutations  Anaplastic cancer
Loss o  heterozygosity 
(LOH)

? Tumor suppressors  3p; 11q13, other loci  Deletions  Dif erentiated thyroid 
carcinomas, anaplastic 
cancer

PAX8-PPARγ1  Transcription  actor-
nuclear receptor  usion

t(2;3)(q13;p25)  Translocation  Follicular adenoma or 
carcinoma, rare PTC  ol-
licular variant

Abbrevia t ions: APC, adenomatous polyposis coli; ATC, anaplastic thyroid cancer; BRAF, v-ra  homologue, B1; CDKN2A, cyclin-dependent kinase inhibi-
tor 2A; c-MYC, cellular homologue o  myelocytomatosis virus protooncogene; ELE1/TK, RET-activating gene ele1/tyrosine kinase; GPCR, G protein–coupled 
receptor; GSα, G-protein stimulating α-subunit; MEK, mitogen extracellular signal-regulated kinase; MEN 2, multiple endocrine neoplasia-2; MET, met pro-
tooncogene (hepatocyte growth  actor receptor); MTS, multiple tumor suppressor; p53, p53 tumor suppressor gene; PTC, papillary thyroid cancer; PTEN, 
phosphatase and tensin homologue; RAS, rat sarcoma protooncogene; RET, rearranged during trans ection protooncogene; p21, p21 tumor suppressor; 
PAX8, paired domain transcription  actor; PPARγ1, peroxisome-proli erator activated receptor γ1; TRK, tyrosine kinase receptor; TSH, thyroid-stimulating 
hormone; WAF, wild-type p53 activated  ragment.
Source: Adapted with permission  rom P Kopp, JL Jameson, in JL Jameson (ed): Principles of Molecular Medicine. Totowa, NJ, Humana Press, 1998.
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651Chernobyl radiation accident. Rearrangements in P C 
have also been observed  or another tyrosine kinase 
gene, TRK1, which is located on chromosome 1.  o 
date, the identi cation o  P C with RET or TRK1 
rearrangements has not proven use ul  or predicting 
prognosis or treatment responses. BRAF V600E muta-
tions appear to be the most common genetic alteration 
in P C. T ese mutations activate the kinase, which 
stimulates the mitogen-activated protein MAP kinase 
(MAPK) cascade. RAS mutations, which also stimu-
late the MAPK cascade, are  ound in about 20–30% o  
thyroid neoplasms (NRAS > HRAS > KRAS), includ-
ing both P C and F C. O  note, simultaneous RET, 
BRAF, and RAS mutations rarely occur in the same 
tumor, suggesting that activation o  the MAPK cas-
cade is critical  or tumor development, independent o  
the step that initiates the cascade.

RAS mutations also occur in F Cs. In addition, a 
rearrangement o  the thyroid developmental transcrip-
tion  actor PAX8 with the nuclear receptor PPARγ 
is identi ed in a signi cant  raction o  F Cs. Over-
all, about 70% o   ollicular cancers have mutations or 
genetic rearrangements. Loss o  heterozygosity o  3p 
or 11q, consistent with deletions o  tumor-suppressor 
genes, is also common in F Cs.

Most o  the mutations seen in dif erentiated thy-
roid cancers have also been detected in A Cs. BRAF 
mutations are seen in up to 50% o  A Cs. Mutations 
in CTNNB1, which encodes β-catenin, occur in about 
two-thirds o  A Cs, but not in P C or F C. Mutations 
o  the tumor-suppressor P53 also play an important 
role in the development o  A C. Because P53 plays a 
role in cell cycle surveillance, DNA repair, and apop-
tosis, its loss may contribute to the rapid acquisition o  
genetic instability as well as poor treatment responses 
(Chap. 26) ( able  50-5).

T e role o  molecular diagnostics in the clinical 
management o  thyroid cancer is under investiga-
tion. In principle, analyses o  speci c mutations might 
aid in classi cation, prognosis, or choice o  treatment. 
Although BRAF V600E mutations are associated with 
loss o  iodine uptake by tumor cells, there is no clear 
evidence to date that this in ormation alters clinical 
decision making. Higher recurrence rates have been 
variably reported in patients with BRAF-positive P C, 
but the impact on survival rates is unclear. Sequencing 
o  thyroid cancers as part o  the Cancer Genome Atlas 
( CGA) is likely to lead to new classi cation schemes 
based on molecular abnormalities in tumors.

M C, when associated with multiple endocrine neo-
plasia (MEN) type 2, harbors an inherited mutation o  the 
RET gene. Unlike the rearrangements o  RET seen in P C, 
the mutations in MEN 2 are point mutations that induce 
constitutive activity o  the tyrosine kinase (Chap. 52). 
M C is preceded by hyperplasia o  the C cells, raising the 

likelihood that as-yet-unidenti ed “second hits” lead to 
cellular trans ormation. A subset o  sporadic M C con-
tains somatic mutations that activate RET.

WELL-DIFFERENTIATED THYROID CANCER
Pa pilla ry

P C is the most common type o  thyroid cancer, 
accounting  or 70–90% o  well-dif erentiated thy-
roid malignancies. Microscopic P C is present in up 
to 25% o  thyroid glands at autopsy, but most o  these 
lesions are very small (several millimeters) and are 
not clinically signi cant. Characteristic cytologic  ea-
tures o  P C help make the diagnosis by FNA or a er 
surgical resection; these include psammoma bodies, 
cleaved nuclei with an “orphan-Annie” appearance 
caused by large nucleoli, and the  ormation o  papillary 
structures.

P C tends to be multi ocal and to invade locally 
within the thyroid gland as well as through the thyroid 
capsule and into adjacent structures in the neck. It has 
a propensity to spread via the lymphatic system but 
can metastasize hematogenously as well, particularly to 
bone and lung. Because o  the relatively slow growth o  
the tumor, a signi cant burden o  pulmonary metasta-
ses may accumulate, sometimes with remarkably  ew 
symptoms. T e prognostic implication o  lymph node 
spread is debated. Lymph node involvement by thyroid 
cancer can be well tolerated but appears to increase the 
risk o  recurrence and mortality, particularly in older 
patients. T e staging o  P C by the  NM system is out-
lined in  able 50-4. Most papillary cancers are identi-
 ed in the early stages (>80% stages I or II) and have 
an excellent prognosis, with survival curves similar to 
expected survival (Fig. 50-2). Mortality is markedly 
increased in stage IV disease, especially in the presence 
o  distant metastases (stage IVC), but this group com-
prises only about 1% o  patients. T e treatment o  P C 
is described below.

Follicula r

T e incidence o  F C varies widely in dif erent parts 
o  the world; it is more common in iodine-de cient 
regions. Currently, F C accounts  or only about 5% o  
all thyroid cancers diagnosed in the United States. F C 
is di cult to diagnose by FNA because the distinction 
between benign and malignant  ollicular neoplasms 
rests largely on evidence o  invasion into vessels, nerves, 
or adjacent structures. F C tends to spread by hema-
togenous routes leading to bone, lung, and central ner-
vous system metastases. Mortality rates associated with 
F C are less  avorable than  or P C, in part because 
a larger proportion o  patients present with stage IV 
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disease. Poor prognostic  eatures include distant metas-
tases, age >50 years, primary tumor size >4 cm, Hürthle 
cell histology, and the presence o  marked vascular 
invasion.

TREATMENT  Well-Dif erentiated Thyroid Cancer Surgery

All well-dif erentiated thyroid cancers should be surgically 
excised. In addition to removing the primary lesion, surgery 
allows accurate histologic diagnosis and staging, and multi-
centric disease is commonly  ound in the contralateral thy-
roid lobe. Preoperative sonography should be per ormed in 
all patients to assess the central and lateral cervical lymph 
node compartments  or suspicious adenopathy, which i  
present, can undergo FNA and then be removed at sur-
gery. Bilateral, near-total thyroidectomy has been shown to 
reduce recurrence rates in all patients except those with  1a 
tumors (≤1 cm). I  cytology is diagnostic  or thyroid cancer, 
bilateral surgery should be done. I  malignancy is identi ed 
pathologically a er lobectomy, completion surgery is recom-
mended unless the tumor is  1a or is a minimally invasive 
 ollicular cancer. Bilateral surgery  or patients at higher risk 
allows monitoring o  serum  g levels and administration o  
radioiodine  or remnant ablation and potential treatment o  
iodine-avid metastases, i  indicated. T ere ore, near-total thy-
roidectomy is pre erable in almost all patients; complication 
rates are acceptably low i  the surgeon is highly experienced 
in the procedure.

TSH Suppression Therapy Because most tumors are still  SH-
responsive, levothyroxine suppression o   SH is a mainstay 
o  thyroid cancer treatment. Although  SH suppression 
clearly provides therapeutic bene it, there are no prospec-
tive studies that de ine the optimal level o   SH suppres-
sion.  he degree o   SH suppression should be individual-

ized based on a patient’s risk o  recurrence. It should be 
adjusted over time as surveillance blood tests and imaging 
con irm absence o  disease or, alternatively, indicate pos-
sible residual/recurrent cancer. For patients at low risk o  
recurrence,  SH should be suppressed into the low but 
detectable range (0.1–0.5 mIU/L). I  subsequent surveil-
lance testing indicates no evidence o  disease, the  SH 
target may rise to the lower hal  o  the normal range. For 
patients at high risk o  recurrence or with known meta-
static disease,  SH levels should be kept to <0.1 mIU/L i  
there are no strong contraindications to mild thyrotoxico-
sis. In this instance, unbound  4 must also be monitored to 
avoid excessive treatment.

Radioiodine Treatment A ter near-total thyroidectomy, sub-
stantial thyroid tissue o ten remains, particularly in the 
thyroid bed and surrounding the parathyroid glands. 
Postsurgical radioablation o  the remnant thyroid elimi-
nates residual normal thyroid,  acilitating the use o   g 
determinations and radioiodine scanning  or long-term 
 ollow-up. In addition, well-di  erentiated thyroid cancer 
o ten incorporates radioiodine, although less e  iciently 
than normal thyroid  ollicular cells. Radioiodine uptake 
is determined primarily by expression o  the NIS and is 
stimulated by  SH, requiring expression o  the  SH-R. 
 he retention time  or radioactivity is in luenced by the 
extent to which the tumor retains di  erentiated  unctions 
such as iodide trapping and organi ication. Consequently, 
 or patients at risk o  recurrence and  or those with known 
distant metastatic disease, 131I ablation may also potentially 
treat residual tumor cells.

INDICATIONS Not all patients bene it  rom radioiodine ther-
apy. Neither recurrence nor survival rates are improved in 
stage I patients with  1 tumors (≤2 cm) con ined to the 
thyroid. However, in higher risk patients (larger tumors, 
more aggressive variants o  papillary cancer, tumor vascu-
lar invasion, presence o  large-volume lymph node metas-
tases), radioiodine reduces recurrence and may increase 
survival.

131I THYROID ABLATION AND TREATMENT As noted above, the deci-
sion to use 131I  or thyroid ablation should be coordinated 
with the surgical approach, because radioablation is much 
more e  ective when there is minimal remaining normal 
thyroid tissue. Radioiodine is administered a ter iodine 
depletion (patient  ollows a low-iodine diet  or 1≤2 weeks) 
and in the presence o  elevated serum  SH levels to stimu-
late uptake o  the isotope into both the remnant and poten-
tially any residual tumor.  o achieve high serum  SH lev-
els, there are two approaches. A patient may be withdrawn 
 rom thyroid hormone so that endogenous  SH is secreted 
and, ideally, the serum  SH level is >25 mIU/L at the time 
o  131I therapy. A typical strategy is to treat the patient  or 
several weeks postoperatively with liothyronine (25 µg 
qd or bid),  ollowed by thyroid hormone withdrawal  or  
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Su rviva l ra te s o   p a t ien ts with  d if e ren t  stag es o   p ap il 
la ry can ce r. (Adapted with permission from Edge SB, Byrd DR: Thy-
roid, in Compton CC, Fritz AB, Greene FL, Trotti A [eds]: AJCC Cancer 
Staging Manual, 7th ed. New York, Springer, 2010, pp 87–92.)
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6532 weeks. Alternatively, recombinant human  SH (rh SH) 
is administered as two daily consecutive injections (0.9 mg) 
with administration o  131I 24 h a ter the second injection. 
 he patient can continue to take levothyroxine and remains 
euthyroid. Both approaches have equal success in achieving 
remnant ablation.

A pretreatment scanning dose o  131I (usually 111–185 
MBq [3–5 mCi]) or 123I (74 MBq [2 mCi]) can reveal the 
amount o  residual tissue and provides guidance about the 
dose needed to accomplish ablation. However, because o  
concerns about radioactive “stunning” that impairs sub-
sequent treatment, there is a trend to avoid pretreatment 
scanning with 131I and use either 123I or proceed directly to 
ablation, unless there is suspicion that the amount o  resid-
ual tissue will alter therapy or that there is distant metastatic 
disease. In the United States, outpatient doses o  up to 6475 
MBq (175 mCi) can be given at most centers. T e adminis-
tered dose depends on the indication  or therapy with lower 
doses o  1850–2775 MBq (50–75 mCi) given  or remnant 
ablation but higher doses o  3700–5500 MBq (100–150 mCi) 
used as adjuvant therapy when residual disease may be pres-
ent. A WBS  ollowing radioiodine treatment is used to con-
 rm the 131I uptake in the remnant and to identi y possible 
metastatic disease.

FOLLOW-UP WHOLE-BODY THYROID SCANNING AND THYROGLOBULIN DETERMINA-
TIONS Serum thyroglobulin is a sensitive marker o  residual/ 
recurrent thyroid cancer a er ablation o  the residual 
postsurgical thyroid tissue. However, newer  g assays have 
 unctional sensitivities as low as 0.1 ng/mL, as opposed to 
older assays with  unctional sensitivities o  1 ng/mL, reduc-
ing the number o  patients with truly undetectable serum  g 
levels. Because the vast majority o  papillary thyroid cancer 
recurrences are in cervical lymph nodes, a neck ultrasound 
should be per ormed about 6 months a er thyroid ablation; 
ultrasound has been shown to be more sensitive than WBS 
in this scenario.

In low-risk patients who have no clinical evidence o  
residual disease a er ablation and a basal  g <1 ng/mL 
on levothyroxine, an rh SH-stimulated  g level should 
be obtained 6–12 months a er ablation, without WBS. I  
stimulated  g levels are low (<1 ng/mL) and, ideally, unde-
tectable, the risk o  recurrence is <5% at 5 years. Newer 
data indicate that rh SH stimulation may not be required 
 or patients with undetectable basal  g levels in sensitive 
assays, i  there is documented absence o   g antibodies. 
T ese patients can be  ollowed with unstimulated  g every 
6–12 months and neck ultrasound as indicated. Levothy-
roxine dosing may then be titrated to a higher  SH level o  
0.5–1.5 mIU/L.

T e use o  WBS is reserved  or patients with known 
iodine-avid metastases or those with elevated serum thyro-
globulin levels and negative imaging with ultrasound, chest 
C , and neck cross-sectional imaging who may require addi-
tional 131I therapy.

In addition, most authorities advocate radioiodine treat-
ment  or scan-negative,  g-positive ( g >5–10 ng/mL) 
patients, as many derive therapeutic bene t  rom a large 
dose o  131I. For such patients, rh SH preparation is not FDA 
approved  or the treatment o  metastatic disease, and the tra-
ditional approach o  thyroid hormone withdrawal should be 
 ollowed. T is involves switching patients  rom levothyroxine 
( 4) to the more rapidly cleared hormone liothyronine ( 3), 
thereby allowing  SH to increase more quickly. Whenever 
131I is administered, posttherapy WBS is the gold standard to 
assess iodine-avid metastases.

In addition to radioiodine, external beam radiotherapy 
is also used to treat speci c metastatic lesions, particularly 
when they cause bone pain or threaten neurologic injury 
(e.g., vertebral metastases).

NEW POTENTIAL THERAPIES  Kinase inhibitors are being explored 
as a means to target pathways known to be active in thyroid 
cancer, including the RAS, BRAF, EGFR, VEGFR, and angio-
genesis pathways. A multicenter randomized controlled trial 
o  the multikinase inhibitor sora enib in 417 patients with 
progressive metastatic thyroid cancer reported a doubling 
o  progression- ree survival to 10.8 months in the treatment 
group compared with the placebo group. Ongoing trials 
are exploring whether dif erentiation protocols with kinase 
inhibitors or other approaches might enhance radioiodine 
uptake and e cacy.

ANAPLASTIC AND OTHER FORMS  
OF THYROID CANCER
Ana pla st ic thyroid  ca ncer

As noted above, A C is a poorly dif erentiated and 
aggressive cancer. T e prognosis is poor, and most 
patients die within 6 months o  diagnosis. Because o  
the undif erentiated state o  these tumors, the uptake 
o  radioiodine is usually negligible, but it can be used 
therapeutically i  there is residual uptake. Chemother-
apy has been attempted with multiple agents, including 
anthracyclines and paclitaxel, but it is usually inef ec-
tive. External beam radiation therapy can be attempted 
and continued i  tumors are responsive.

Thyroid lymphoma

Lymphoma in the thyroid gland o en arises in the 
background o  Hashimoto’s thyroiditis. A rapidly 
expanding thyroid mass suggests the possibility o  this 
diagnosis. Dif use large-cell lymphoma is the most 
common type in the thyroid. Biopsies reveal sheets o  
lymphoid cells that can be di cult to distinguish  rom 
small-cell lung cancer or A C. T ese tumors are o en 
highly sensitive to external radiation. Surgical resec-
tion should be avoided as initial therapy because it may 

50_Hematology_ch50_p645-656.indd   653  04/08/16   4:24 PM



S

E

C

T

i

o

n

 

X

E

n

d

o

c

r

i

n

e

 

N

e

o

p

l

a

s

i

a

654 spread disease that is otherwise localized to the thyroid. 
I  staging indicates disease outside o  the thyroid, treat-
ment should  ollow guidelines used  or other  orms o  
lymphoma (Chap. 16).

MEDULLARY THYROID CARCINOMA
M C can be sporadic or  amilial and accounts  or 
about 5% o  thyroid cancers. T ere are three  amilial 
 orms o  M C: MEN 2A, MEN 2B, and  amilial M C 
without other  eatures o  MEN (Chap. 52). In general, 
M C is more aggressive in MEN 2B than in MEN 2A, 
and  amilial M C is more aggressive than sporadic 
M C. Elevated serum calcitonin provides a marker 
o  residual or recurrent disease. All patients with 
M C should be tested  or RET mutations, because 
genetic counseling and testing o   amily members can 
be of ered to those individuals who test positive  or 
mutations.

T e management o  M C is primarily surgical. 
Unlike tumors derived  rom thyroid  ollicular cells, 
these tumors do not take up radioiodine. External radi-
ation treatment and chemotherapy may provide pallia-
tion in patients with advanced disease (Chap. 52).

thyroid  unction should be assessed by measuring a 
 SH level, which may be suppressed by one or more 
autonomously  unctioning nodules. I  the  SH is sup-
pressed, a radionuclide scan is indicated to determine i  
the identi ed nodule is “hot,” as lesions with increased 
uptake are almost never malignant and FNA is unnec-
essary. Otherwise, the next step in evaluation is per-
 ormance o  a thyroid ultrasound  or three reasons: (1) 
Ultrasound will con rm i  the palpable nodule is indeed 
a nodule. About 15% o  “palpable” nodules are not con-
 rmed on imaging, and there ore, no  urther evalua-
tion is required. (2) Ultrasound will assess i  there are 
additional nonpalpable nodules  or which FNA may 
be recommended based on imaging  eatures and size. 
(3) Ultrasound will characterize the imaging  eatures 
o  the nodule, which, combined with the nodule’s size, 
 acilitate decision making about FNA. Evidence-based 
guidelines  rom both the American T yroid Associa-
tion and the American Association o  Clinical Endo-
crinologists provide recommendations  or nodule FNA 
based on sonographic imaging  eatures and size cut of s, 
with lower size cut of s  or nodules with more suspi-
cious ultrasound characteristics. FNA biopsy, ideally 
per ormed with ultrasound guidance, has good sen-
sitivity and speci city when per ormed by physicians 
 amiliar with the procedure and when the results are 
interpreted by experienced cytopathologists. T e tech-
nique is particularly use ul  or detecting P C. However, 
the distinction between benign and malignant  ollicu-
lar lesions is o en not possible using cytology alone. In 
several large studies, FNA biopsies yielded the  ollow-
ing  ndings: 65% benign, 5% malignant or suspicious 
 or malignancy, 10% nondiagnostic or yielding insu -
 cient material  or diagnosis, and 20% indeterminate. 
T e Bethesda System is now widely used to provide 
more uni orm terminology  or reporting thyroid nod-
ule FNA cytology results. T is six-tiered classi cation 
system with the respective estimated malignancy rates is 
shown in Table 50-6. Speci cally, the Bethesda System 
subcategorized cytology specimens previously labeled as 
indeterminate into three categories: atypia or  ollicular 
lesion o  undetermined signi cance (AUS/FLUS),  ol-
licular neoplasm, and suspicious  or malignancy.

Cytology results indicative o  malignancy mandate 
surgery, a er per orming preoperative sonography 
to evaluate the cervical lymph nodes. Nondiagnostic 
cytology specimens generally result  rom cystic lesions 
but may also occur in  brous long-standing nodules. 
Ultrasound-guided FNA is indicated when a repeat 
FNA is necessary. Repeat FNA will yield a diagnostic 
cytology in about 50% o  cases. Benign nodules should 
be monitored by ultrasound  or growth, and repeat 
FNA should be considered i  the nodule enlarges. T e 
use o  levothyroxine to suppress serum  SH is not 

APPRoACH To THE PATiEnT: 
Thyroid Nodules
Palpable thyroid nodules are  ound in about 5% o  
adults, but the prevalence varies considerably world-
wide. Given this high prevalence rate, practitioners 
commonly identi y thyroid nodules either on physical 
examination or as incidental  ndings on imaging per-
 ormed  or another indication (e.g., carotid ultrasound, 
cervical spine MRI). T e main goal o  this evaluation 
is to identi y, in a cost-ef ective manner, the small sub-
group o  individuals with malignant lesions.

Nodules are more common in iodine-de cient 
areas, in women, and with aging. Most palpable nod-
ules are >1 cm in diameter, but the ability to  eel a 
nodule is in uenced by its location within the gland 
(super cial versus deeply embedded), the anatomy o  
the patient’s neck, and the experience o  the examiner. 
More sensitive methods o  detection, such as C , thy-
roid ultrasound, and pathologic studies, reveal thyroid 
nodules in up to 50% o  glands in individuals over the 
age o  50. T e presence o  these thyroid incidentalomas 
has led to much debate about how to detect nodules 
and which nodules to investigate  urther.

An approach to the evaluation o  a solitary nodule is 
outlined in Fig. 50-3. Most patients with thyroid nod-
ules have normal thyroid  unction tests. Nonetheless, 
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ef ective in shrinking nodules in iodine-replete popu-
lations, and there ore, levothyroxine should not be 
used. T e three new cytology classi cations introduced 
by the Bethesda System are associated with dif erent 

Evalua te  and Rx
for hyperthyroidism

Surgery if indica ted with
pre-op US for LN assessment

Atypia  or follicula r les ion
of unde te rmined

s ignificance  (AUS/FLUS)

Repea t US-guided
FNA or cons ider
molecula r tes ting

Surgery if indica ted
with pre -op US for

LN assessment

Nondiagnos tic  Nondiagnos ticRepea t US-Guided FNA

Malignant

Suspicious  for PTC

Follicula r neoplasm  Cons ider molecula r tes ting

Surgery

Benign  Follow

Pre-op US for LN
assessment

Close  follow-up or surgery

Diagnos tic US  Nodule  not functioning  Radionuclide  scanning

Hyperfunctioning nodule

Results  of FNA cytology

His tory, phys ica l
examina tion, TSH

Normal or high TSH Low TSH

B

e

t

h

e

s

d

a

 

S

y

s

t

e

m

 

C

y

t

o

l

o

g

y

 

R

e

p

o

r

t

i

n

g

EVALUATION OF THYROID NODULES
DETECTED BY PALPATION OR IMAGING

Nodule(s ) de tected on US
Do FNA based on

US imaging fea tures  and s ize

FIGURE 50 -3
Ap p roach  to  th e  p a t ien t  with  a  thyro id  n o d u le . See text and re erences  or details. FNA,  ne-needle aspiration; LN, lymph node; PTC, 
papillary thyroid cancer; TSH, thyroid-stimulating hormone; US, ultrasound.

risks o  malignancy ( able 50-6). For nodules with 
suspicious  or malignancy cytology, surgery is rec-
ommended a er ultrasound assessment o  cervical 
lymph nodes. Options to be discussed with the patient 
include: (1) lobectomy with intraoperative  rozen sec-
tion; (2) near-total thyroidectomy; and (3) mutational 
analysis mainly  or BRAF V600E, which is virtually 
diagnostic o  P C, and bilateral rather than unilateral 
thyroid surgery is required.

On the other hand, the majority o  nodules with 
AUS/FLUS and  ollicular neoplasm cytology results 
are benign; only 10–30% are malignant. T e tradi-
tional approach  or these patients is diagnostic lobec-
tomy  or histopathologic diagnosis. T ere ore, up to 
85% o  patients undergo surgery  or benign nodules. 
A high-sensitivity (~90%) novel molecular test using 
gene expression pro ling technology may reduce the 
need  or unnecessary surgery in these two groups. In 

TABLE 50 -6  
BETHESDA CLASSIFICATION FOR THYROID 
CYTOLOGY

DIAGNOSTIC CATEGORY  RISK OF MALIGNANCY

Nondiagnostic or unsatis actory  1–5%
Benign  2–4%
Atypia or  ollicular lesion o  
unknown signi cance (AUS/FLUS)

15–20%

Follicular neoplasm  20–30%
Suspicious  or malignancy  60–75%
Malignant  97–100%
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656 a multicenter trial o  over 265 such nodules, a negative 
gene expression classi er test reduced the risk o  malig-
nancy to about 6%, leading to clinical recommenda-
tions  or  ollow-up rather than surgery.

T e evaluation o  a thyroid nodule is stress ul  or 
most patients. T ey are concerned about the possibility 

o  thyroid cancer, whether verbalized or not. It is con-
structive, there ore, to review the diagnostic approach 
and to reassure patients when no malignancy is  ound. 
When a suspicious lesion or thyroid cancer is identi-
 ed, the generally  avorable prognosis and available 
treatment options can be reassuring.
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Rob ert  T. Jensen  

GENERAL FEATURES OF 
GASTROINTESTINAL 
NEUROENDOCRINE TUMORS

Gastrointestina  (GI) neuroen ocrine tumors (NE s) are 
tumors  erive   rom the  i use neuroen ocrine system o  
the GI tract; that system is compose  o  amine- an  aci -
pro ucing ce  s with  i erent hormona  pro  es,  epen -
ing on the site o  origin. T e tumors historica  y are  ivi e  
into GI-NE s (in the GI tract) (a so  requent y ca  e  car-
cinoid tumors) an  pancreatic neuroen ocrine tumors 
(pNE s), a though newer patho ogic c assi cations have 
propose  that they a   be c assi e  as GI-NE s. T e term 
GI-NET has been propose  to rep ace the term carcinoid; 
however, the term carcinoid is wi e y use , an  many are 
not  ami iar with this change. Accor ing y, this chapter wi   
use the term GI-NETs (carcinoi s). T ese tumors origina  y 
were c assi e  as APUDomas ( or amine precursor uptake 
an  decarboxy ation), as were pheochromocytomas, 
me anomas, an  me u  ary thyroi  carcinomas, because 
they share certain cytochemica   eatures as we   as various 
patho ogic, bio ogic, an  mo ecu ar  eatures (Table 51-1). 
It was origina  y propose  that APUDomas ha  a simi-
 ar embryonic origin  rom neura  crest ce  s, but it is now 
known the pepti e-secreting ce  s are not o  neuroecto-
 erma  origin. Neverthe ess, the concept o  APUDomas is 
use u  because these tumors have important simi arities as 
we   as some  i erences ( ab e  51-1). In this section, the 
areas o  simi arity between pNE s an  GI-NE s (carci-
noi s) wi   be  iscusse  together, an  areas in which there 
are important  i erences wi   be  iscusse  separate y.

CLASSIFICATION/PATHOLOGY/TUMOR 
BIOLOGY OF NETS

NE s genera  y are compose  o  monotonous sheets o  
sma   roun  ce  s with uni orm nuc ei, an  mitoses are 

ENDOCRINE TUMORS OF THE GASTROINTESTINAL 
TRACT AND PANCREAS

CHAP TER 5 1

uncommon. T ey can be i enti e  tentative y on rou-
tine histo ogy; however, these tumors are now recognize  
principa  y by their histo ogic staining patterns  ue to 
share  ce  u ar proteins. Historica  y, si ver staining was 
use , an  tumors were c assi e  as showing an argenta -
 n reaction i  they took up an  re uce  si ver or as being 
argyrophi ic i  they  i  not re uce it. Current y, immu-
nocytochemica   oca ization o  chromogranins (A, B, C), 
neuron-speci c eno ase, an  synaptophysin, which are a   
neuroen ocrine ce   markers, is use  ( ab e  51-1). Chro-
mogranin A is the most wi e y use .

U trastructura  y, these tumors possess e ectron-
 ense neurosecretory granu es an   requent y con-
tain sma   c ear vesic es that correspon  to synaptic 
vesic es o  neurons. NE s synthesize numerous pep-
ti es, growth  actors, an  bioactive amines that may 
be ectopica  y secrete , giving rise to a speci c c inica  
syn rome (Table 51-2). T e  iagnosis o  the speci c 
syn rome requires the c inica   eatures o  the  isease 
( ab e  51-2) an  cannot be ma e  rom the immuno-
cytochemistry resu ts a one. T e presence or absence 
o  a speci c c inica  syn rome a so cannot be pre icte  
 rom the immunocytochemistry a one ( ab e  51-1). 
Furthermore, patho ogists cannot  istinguish between 
benign an  ma ignant NE s un ess metastasis or inva-
sion is present.

GI-NE s (carcinoi s)  requent y are c assi e  
accor ing to their anatomic area o  origin (i.e.,  oregut, 
mi gut, hin gut) because tumors with simi ar areas 
o  origin share  unctiona  mani estations, histochem-
istry, an  secretory pro ucts (Table 51-3). Foregut 
tumors genera  y have a  ow serotonin (5-H ) content; 
are argenta n-negative but argyrophi ic; occasion-
a  y secrete a renocorticotropic hormone (AC H) or 
5-hy roxytryptophan (5-H P), causing an atypica  car-
cinoi  syn rome (Fig. 51-1); are o en mu tihormona ; 
an  may metastasize to bone. T ey uncommon y pro-
 uce a c inica  syn rome  ue to the secrete  pro ucts. 
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Mi gut carcinoi s are argenta n-positive, have a high 
serotonin content, most  requent y cause the typica  
carcinoi  syn rome when they metastasize ( ab e 51-3, 
Fig. 51-1), re ease serotonin an  tachykinins (substance 
P, neuropepti e K, substance K), rare y secrete 5-H P 
or AC H, an   ess common y metastasize to bone. 
Hin gut carcinoi s (rectum, transverse an   escen ing 
co on) are argenta n-negative, are o en argyrophi ic, 
rare y contain serotonin or cause the carcinoi  syn-
 rome (Fig. 51-1,  ab e 51-3), rare y secrete 5-H P or 
AC H, contain numerous pepti es, an  may metasta-
size to bone.

pNE s can be c assi e  into nine we  -estab-
 ishe  speci c  unctiona  syn romes ( ab e  51-2), 
six a  itiona  very rare speci c  unctiona  syn-
 romes ( ess than  ve cases  escribe ),  ve possib e 

speci c  unctiona  syn romes (pNE s secreting ca -
citonin, neurotensin, pancreatic po ypepti e, ghre-
 in) ( ab e  51-2), an  non unctiona  pNE s. Other 
 unctiona  hormona  syn romes  ue to nonpancre-
atic tumors (usua  y intraab omina  in  ocation) have 
been  escribe  on y rare y an  are not inc u e  in 
( ab e  51-2). T ese inc u e secretion by intestina  an  
ovarian tumors o  pepti e tyrosine tyrosine (PYY), 
which resu ts in a tere  moti ity an  constipation, 
an  ovarian tumors secreting renin or a  osterone 
causing a terations in b oo  pressure or somatostatin 
causing  iabetes or reactive hypog ycemia. Each o  
the  unctiona  syn romes  iste  in  ab e 51-2 is asso-
ciate  with symptoms  ue to the speci c hormone 
re ease . In contrast, non unctiona  pNE s re ease 
no pro ucts that cause a speci c c inica  syn rome. 

TABLE 51-1  
GENERAL CHARACTERISTICS OF GASTROINTESTINAL NEUROENDOCRINE TUMORS (GI-NETS [CARCINOIDS], 
PANCREATIC NEUROENDOCRINE TUMORS [PNETS])
A. Share general neuroendocrine cell markers (identi cation used  or diagnosis)

1.  Chromogranins (A, B, C) are acidic monomeric soluble proteins  ound in the large secretory granules. Chromogranin A is the most 
widely used.

2.  Neuron-speci c enolase (NSE) is the γ-γ dimer o  the enzyme enolase and is a cytosolic marker o  neuroendocrine dif erentiation.
3.  Synaptophysin is an integral membrane glycoprotein o  38,000 molecular weight  ound in small vesicles o  neurons and neuroen-

docrine tumors.
B. Pathologic similarities

1. All are APUDomas showing amine precursor uptake and decarboxylation.
2. Ultrastructurally, they have dense-core secretory granules (>80 nm).
3. Histologically, they generally appear similar with  ew mitoses and uni orm nuclei.
4. Frequently synthesize multiple peptides/amines, which can be detected immunocytochemically but may not be secreted.
5. Presence or absence o  clinical syndrome or type cannot be predicted by immunocytochemical studies.
6.  Histologic classi cations (grading, TNM classi cation) have prognostic signi cance. Only invasion or metastases establish 

malignancy.
C. Similarities o  biologic behavior

1. Generally slow growing, but some are aggressive.
2. Most are well-dif erentiated tumors having low proli erative indices.
3. Secrete biologically active peptides/amines, which can cause clinical symptoms.
4. Generally have high densities o  somatostatin receptors, which are used  or both localization and treatment.
5. Most (>70%) secrete chromogranin A, which is  requently used as a tumor marker.

D. Similarities/dif erences in molecular abnormalities
1. Similarities

a. Uncommon—mutations in common oncogenes (ras, jun, fos, etc).
b. Uncommon—mutations in common tumor-suppressor genes (p53, retinoblastoma).
c.  Alterations at MEN 1 locus (11q13) ( requently  oregut, less commonly mid/hindgut NETs) and p16INK4a (9p21) occur in a pro-

portion (10–45%).
d.  Methylation o  various genes occurs in 40–87% (ras-associated domain  amily I, p14, p16, O6-methylguanine methyltrans er-

ases, retinoic acid receptor β).
2. Dif erences

a.  pNETs—loss o  1p (21%), 3p (8–47%), 3q (8–41%), 11q (21–62%), 6q (18–68%), Y (45%). Gains at 17q (10–55%), 7q (16–68%), 4q 
(33%), 18 (up to 45%).

b.  GI-NETs (carcinoids)—loss o  18q (38–88%), >18p (33–43%), >9p, 16q21 (21–23%). Gains at 17q, 19p (57%), 4q (33%), 14q (20%), 5 
(up to 36%).

c. pNETs: ATRX/DAXX mutations in 43%, MEN 1 mutations in 44%, mTor mutations (14%); uncommon in midgut GI-NETs (0–2%).

Abbrevia t ions: ATRX, alpha-thalassemia X-lined mental retardation protein; DAXX, death domain associated protein; MEN 1, multiple endocrine neoplasia 
type 1; TNM, tumor, node, metastasis.
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659TABLE 51 -2  
GASTROINTESTINAL NEUROENDOCRINE TUMOR SYNDROMES

NAME

BIOLOGICALLY 
ACTIVE 
PEPTIDE(S) 
SECRETED

INCIDENCE 
(NEW CASES/106 
POPULATION/
YEAR)  TUMOR LOCATION

MALIGNANT, 
%

ASSOCIATED 
WITH MEN 1, %

MAIN SYMPTOMS/
SIGNS

I. Estab lish ed  Sp ecif c Fu n ct io n a l Syn d ro m es
A. Carcin o id  syn d ro m e  d u e  to  GI NET
Carcinoid 

syndrome
Serotonin, pos-
sibly tachyki-
nins, motilin, 
prostaglandins

0.5–2  Midgut (75–87%)  95–100  Rare  Diarrhea (32–84%)
Foregut (2–33%)  Flushing (63–75%)
Hindgut (1–8%)  Pain (10–34%)
Unknown (2–15%)  Asthma (4–18%)

Heart disease 
(11–41%)

B. Well e stab lish ed   u n ct io n a l p NET syn d rom es
Zollinger-Ellison 

syndrome
Gastrin  0.5–1.5  Duodenum (70%)  60–90  20–25  Pain (79–100%)

Pancreas (25%)  Diarrhea (30–75%)
Other sites (5%)  Esophageal symp-

toms (31–56%)
Insulinoma  Insulin  1–2  Pancreas (>99%)  <10  4–5  Hypoglycemic 

symptoms 
(100%)

VIPoma (Verner-
Morrison 
syndrome, pan-
creatic cholera, 
WDHA)

Vasoactive intes-
tinal peptide

0.05–0.2  Pancreas (90%, 
adult)

40–70  6  Diarrhea 
(90–100%)

Other (10%, 
neural, adrenal, 
periganglionic)

Hypokalemia 
(80–100%)

Dehydration 
(83%)

Glucagonoma  Glucagon  0.01–0.1  Pancreas (100%)  50–80  1–20  Rash (67–90%)
Glucose intoler-
ance (38–87%)

Weight loss 
(66–96%)

Somatostati-
noma

Somatostatin  Rare  Pancreas (55%)  >70  45  Diabetes mellitus 
(63–90%)

Duodenum/j 
ejunum (44%)

Cholelithiasis 
(65–90%)

Diarrhea (35–90%)
GRFoma  Growth  

hormone–
releasing 
hormone

Unknown  Pancreas (30%)  >60  16  Acromegaly 
(100%)

Lung (54%)

Jejunum (7%)
Other (13%)

ACTHoma  ACTH Rare  Pancreas (4–16% 
all ectopic 
Cushing’s)

>95  Rare  Cushing’s syn-
drome (100%)

pNET caus-
ing carcinoid 
syndrome

Serotonin, 
?tachykinins

Rare (43 cases)  Pancreas (<1% all 
carcinoids)

60–88  Rare  Same as carcinoid 
syndrome above

pNET causing 
hypercalcemia

PTHrP Others 
unknown

Rare  Pancreas (rare 
cause o  
hypercalcemia)

84  Rare  Abdominal pain 
due to hepatic 
metastases

II. Ra re  Sp ecif c Fu n ct io n a l Syn d ro m es
pNET secreting 
renin

Renin  Rare  Pancreas  Unknown  No  Hypertension

pNET secreting 
luteinizing 
hormone

Luteinizing 
hormone

Rare  Pancreas  Unknown  No  Anovulation, viril-
ization ( emale); 
reduced libido 
(male)

(continued)
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“Non unctiona ” is a misnomer in the strict sense 
because those tumors  requent y ectopica  y secrete 
a number o  pepti es (pancreatic po ypepti e [PP], 
chromogranin A, ghre in, neurotensin, α subunits o  
human chorionic gona otropin, an  neuron-speci c 
eno ase); however, they cause no speci c c inica  
syn rome. T e symptoms cause  by non unctiona  
pNE s are entire y  ue to the tumor per se. pNE s 
 requent y ectopica  y secrete PP (60–85%), neuro-
tensin (30–67%), ca citonin (30–42%), an  to a  esser 
 egree, ghre in (5–65%). Whereas a  ew stu ies have 
propose  their secretion can cause a speci c  unc-
tiona  syn rome, most stu ies support the conc u-
sion that their ectopic secretion is not associate  with 

a speci c c inica  syn rome, an  thus they are  iste  
in  ab e 51-2 as possib e c inica  syn romes. Because 
a  arge proportion o  non unctiona  pNE s (60–90%) 
secrete PP, these tumors are o en re erre  to as PPo-
mas ( ab e  51-2).

GI-NE s (carcinoi s) can occur in a most any GI 
tissue ( ab e  51-3); however, at present, most (70%) 
have their origin in one o  three sites: bronchus, jeju-
noi eum, or co on/rectum. In the past, GI-NE  (carci-
noi s) most  requent y were reporte  in the appen ix 
(i.e., 40%); however, the bronchus/ ung, rectum, an  
sma   intestine are now the most common sites. Over-
a  , the GI tract is the most common site  or these 
tumors, accounting  or 64%, with the respiratory 

TABLE 51 -2  
GASTROINTESTINAL NEUROENDOCRINE TUMOR SYNDROMES

NAME

BIOLOGICALLY 
ACTIVE 
PEPTIDE(S) 
SECRETED

INCIDENCE 
(NEW CASES/106 
POPULATION/
YEAR)  TUMOR LOCATION

MALIGNANT, 
%

ASSOCIATED 
WITH MEN 1, %

MAIN SYMPTOMS/
SIGNS

pNET secreting 
erythropoietin

Erythropoietin  Rare  Pancreas  100  No  Polycythemia

pNET secreting 
IGF-II

Insulin-like 
growth  actor II

Rare  Pancreas  Unknown  No  Hypoglycemia

pNET secreting 
GLP-1

Glucagon-like 
peptide-1

Rare  Pancreas  Unknown  No  Hypoglycemia, 
diabetes

pNET secreting 
enteroglucagon

Enteroglucagon  Rare  Pancreas, small 
intestine

Unknown  Rare  Small intestinal 
hypertrophy, 
intestinal stasis, 
malabsorption

III. Possib le  Sp ecif c Fu n ct io n a l p NET Syn d rom es
pNET secreting 
calcitonin

Calcitonin  Rare  Pancreas (rare 
cause o  hyper-
calcitonemia)

>80  16  Diarrhea (50%)

pNET secreting 
neurotensin

Neurotensin  Rare  Pancreas (100%)  Unknown  No  Motility distur-
bances, vascular 
symptoms

pNET secret-
ing pancreatic 
polypeptide 
(PPoma)

Pancreatic 
polypeptide

1–2  Pancreas  >60  18–44  Watery diarrhea

pNET secreting 
ghrelin

Ghrelin  Rare  Pancreas  Unknown  No  Ef ects on appe-
tite, body weight

IV. Non  Fu n ct io n a l Syn d ro m e  p NET
PPoma/
non unctionala

None  1–2  Pancreas (100%)  >60  18–44  Weight loss 
(30–90%)

Abdominal mass 
(10–30%)

Pain (30–95%)

Abbrevia tions: ACTH, adrenocorticotropic hormone; GRFoma, growth hormone–releasing  actor secreting pancreatic endocrine tumor; IGF-II, insulin-
like growth  actor II; MEN, multiple endocrine neoplasia; pNET, pancreatic neuroendocrine tumor; PPoma, tumor secreting pancreatic polypeptide; PTHrP, 
parathyroid hormone–related peptide; VIPoma, tumor secreting vasoactive intestinal peptide; WDHA, watery diarrhea, hypokalemia, and achlorhydria 
syndrome.
aPancreatic polypeptide–secreting tumors (PPomas) are listed in two places because most authorities classi y these as not associated with a speci c hor-
monal syndrome (non unctional); however, rare cases o  watery diarrhea proposed to be due to PPomas have been reported.

(CONTINUED)
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tract a  istant secon  at 28%. Both race an  sex can 
a ect the  requency as we   as the  istribution o  GI-
NE s (carcinoi s). A rican Americans have a higher 
inci ence o  carcinoi s. Race is particu ar y impor-
tant  or recta  carcinoi s, which are  oun  in 41% o  
Asians/Paci c Is an ers with NE s compare  to 32% 
o  American In ians/A askan natives, 26% o  A rican 
Americans, an  12% o  white Americans. Fema es 
have a  ower inci ence o  sma   intestina  an  pancre-
atic carcinoi s.

T e term pancreatic neuroendocrine or endocrine 
tumor, a though wi e y use  an  there ore retaine  
here, is a so a misnomer, strict y speaking, because 
these tumors can occur either a most entire y in the 
pancreas (insu inomas, g ucagonomas, non unctiona  
pNE s, pNE s causing hyperca cemia) or at both pan-
creatic an  extrapancreatic sites (gastrinomas, VIPo-
mas [vasoactive intestina  pepti e], somatostatinomas, 
GRFomas [growth hormone–re easing  actor]). pNE s 

are a so ca  e  is et ce   tumors; however, the use o  this 
term is  iscourage  because it is not estab ishe  that 
they originate  rom the is ets, an  many can occur at 
extrapancreatic sites.

Whereas the c assi cation o  GI neuroen ocrine 
tumors into  oregut, mi gut, or hin gut is wi e y use  
an  genera  y use u  because the NE s within these 
areas have many simi arities, they a so have marke   i -
 erences, particu ar y in bio ogic behavior, an  it has 
not prove  use u   or prognostic purposes. More gen-
era  c assi cations have been  eve ope  that a  ow NE s 
with simi ar  eatures in  i erent  ocations to be com-
pare , have proven prognostic va ue, an  are wi e y 
use . New c assi cation systems have been  eve ope  
 or both GI-NE s (carcinoi s) an  pNE s by the Wor   
Hea th Organization (WHO), European Neuroen o-
crine  umor Society (ENE S), an  the American Joint 
Committee on Cancer/Internationa  Union Against 
Cancer (AJCC/UICC). A though there are some  i -
 erences between these  i erent c assi cation systems, 

TABLE 51-3  
GI-NET (CARCINOID) LOCATION, FREQUENCY 
OF METASTASES, AND ASSOCIATION WITH THE 
CARCINOID SYNDROME

LOCATION  
(% OF TOTAL)

INCIDENCE OF 
METASTASES

INCIDENCE 
OF 
CARCINOID 
SYNDROME

Foreg u t
Esophagus  <0.1  —  —
Stomach  4.6  10  9.5
Duodenum  2.0  —  3.4
Pancreas  0.7  71.9  20
Gallbladder  0.3  17.8  5
Bronchus, 
lung, 
trachea

27.9  5.7  13

Mid g u t
Jejunum  1.8  {58.4  9
Ileum  14.9  9
Meckel’s 
diverticulum

0.5  —  13

Appendix  4.8  38.8  <1
Colon  8.6  51  5
Liver  0.4  32.  —
Ovary  1.0  2 32  50
Testis  <0.1  —  50
Hin d g u t
Rectum  13.6  3.9  —

Abbrevia t ion: GI-NET, gastrointestinal neuroendocrine tumor.
Source: Location is  rom the PAN-SEER data (1973–1999), and incidence o  
metastases is  rom the SEER data (1992–1999), reported by IM Modlin et al: 
Cancer 97:934, 2003. Incidence o  carcinoid syndrome is  rom 4349 cases 
studied  rom 1950–1971, reported by JD Godwin: Cancer 36:560, 1975.

Carc inoid tumor ce ll

Tryptophan
Tryp tophan hydroxylase

Aromatic  L-amino ac id
decarboxylase

Monoamine  oxidase

Aldehyde  dehydrogenase

Secre tion

Excre tion  Excre tion

Hydroxytryptophan
(5-HTP)

Serotonin
(5-HT)

5-HT s tored in
secre tory granules

5-HT in blood

Typical  Typical  Atypical

5-Hydroxyindolace tic acid
(5-HIAA)

5-HIAA filte red
by kidney

5-HIAA in urine Normal or s lightly
higher 5-HT in urine 5-HTP

5-HT filte red
by kidney

Pla te le t

 Kidney

5-HT uptake
and s torage

FIGURE 51 -1
Syn th esis, secre t ion , an d  m etab o lism  o   se ro ton in  (5-HT) 
in patients with typical and atypical carcinoid syndromes. 5-HIAA, 
5-hydroxyindolacetic acid.
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662 each uses simi ar in ormation, an  it is now recom-
men e  that the basic  ata un er ying the c assi cation 
be inc u e  in a   stan ar  patho ogy reports. T ese 
c assi cation systems  ivi e NE s  rom a   sites into 
those that are we    i erentiate  ( ow gra e [G1] or 
interme iate gra e [G2]) an  those that are poor y 
 i erentiate  (high gra e [G3]  ivi e  into either 
sma  -ce   carcinoma or  arge-ce   neuroen ocrine car-
cinoma). In these c assi cation systems, both pNE s 
an  GI-NE s (carcinoi s) are c assi e  as neuroen o-
crine tumors, an  the o   term o  carcinoi  is equiva-
 ent to we  - i erentiate  neuroen ocrine tumors o  the 
GI tract. T ese c assi cation systems are base  on not 
on y the  i erentiation o  the NE , but a so a gra ing 
system assessing pro i erative in ices (Ki-67 an  the 
mitotic count). NE s are consi ere   ow gra e (ENE S 
G1) i  the Ki-67 is <3% an  the mitotic count is <2 
mitoses/high-power  e   (HPF), interme iate gra e 
(ENE S G2) i  the Ki-67 is 3–20% an  the mitotic 
count is 2–20 mitoses/HPF, an  high gra e (ENE S 
G3) i  the Ki-67 is >20% an  the mitotic count is >20 
mitoses/HPF. In a  ition to the gra ing system, a  NM 
c assi cation has been propose  that is base  on the 
 eve  o  tumor invasion, tumor size, an  tumor extent 
(see Table 51-4  or an examp e with pNE s an  appen-
 icea  GI-NE s [carcinoi s]). Because o  the proven 
prognostic va ue o  these c assi cation an  gra ing sys-
tems, as we   as the  act that NE s with  i erent c as-
si cations/gra es respon   i erent y to treatments, the 
systems are now essentia   or the management o  a   
NE s.

In a  ition to these c assi cation/gra ing systems, a 
number o  other  actors have been i enti e  that pro-
vi e important prognostic in ormation that can gui e 
treatment (Table 51-5).

T e exact inci ence o  GI-NE s (carcinoi s) or 
pNE s varies accor ing to whether on y symptomatic 
tumors or a   tumors are consi ere . T e inci ence o  
c inica  y signi cant carcinoi s is 7–13 cases/mi  ion 
popu ation per year, whereas any ma ignant carcinoi s 
at autopsy are reporte  in 21–84 cases/mi  ion popu a-
tion per year. T e inci ence o  GI-NE s (carcinoi s) 
is approximate y 25–50 cases per mi  ion in the Unite  
States, which makes them  ess common than a eno-
carcinomas o  the GI tract. However, their inci ence 
has increase  six o   in the  ast 30 years. In an ana y-
sis o  35,825 GI-NE s (carcinoi s) (2004)  rom the U.S. 
Survei  ance, Epi emio ogy, an  En  Resu ts (SEER) 
 atabase, their inci ence was 5.25/100,000 per year, 
an  the 29-year preva ence was 35/100,000. C inica  y 
signi cant pNE s have a preva ence o  10 cases/mi -
 ion popu ation, with insu inomas, gastrinomas, an  
non unctiona  pNE s having an inci ence o  0.5–2 
cases/mi  ion popu ation per year ( ab e  51-2). pNE s 
account  or 1–10% o  a   tumors arising in the pancreas 

an  1.3% o  tumors in the SEER  atabase, which con-
sists primari y o  ma ignant tumors. VIPomas are  
2–8 times  ess common, g ucagonomas are 17–30 times 
 ess common, an  somatostatinomas are the  east com-
mon. In autopsy stu ies, 0.5–1.5% o  a   cases have a 
pNE ; however, in  ess than 1 in 1000 cases was a  unc-
tiona  tumor thought to occur.

Both GI-NE s (carcinoi s) an  pNE s common y 
show ma ignant behavior ( ab es 51-2 an  51-3). 
With pNE s, except  or insu inomas in which <10% 
are ma ignant, 50–100% in  i erent series are ma ig-
nant. With GI-NE s (carcinoi s), the percentage 
showing ma ignant behavior varies in  i erent  oca-
tions ( ab e  51-3). For the three most common sites o  
occurrence, the inci ence o  metastases varies great y 
 rom the jejunoi eum (58%),  ung/bronchus (6%), an  
rectum (4%) ( ab e  51-3). With both GI-NE s (car-
cinoi s) an  pNE s, a number o   actors ( ab e  51-5) 

TABLE 51 -4  
COMPARISON OF THE CRITERIA FOR THE TUMOR 
CATEGORY IN THE ENETS AND SEVENTH EDITION 
AJCC TNM CLASSIFICATIONS OF PANCREATIC AND 
APPENDICEAL NETS

ENETS TNM  AJCC/UICC TNM

p NETs
T1  Con ned to pancreas, 

<2 cm
Con ned to pancreas, 
<2 cm

T2  Con ned to pancreas, 
2–4 cm

Con ned to pancreas, 
>2 cm

T3  Con ned to pancreas,  
>4 cm, or invasion o  
duodenum or bile duct

Peripancreatic spread, 
but without major 
vascular invasion 
(truncus coeliacus, 
superior mesenteric 
artery)

T4  Invasion o  adjacent 
organs or major vessels

Major vascular 
invasion

Ap p en d icea l NETs

T1  ≤1 cm; invasion o  mus-
cularis propria

T1a, ≤1 cm; T1b, > 
1–2 cm

T2  ≤2 cm and <3 mm inva-
sion o  subserosa/
mesoappendix

>2–4 cm or invasion o  
cecum

T3  >2 cm or >3 mm inva-
sion o  subserosa/
mesoappendix

>4 cm or invasion o  
ileum

T4  Invasion o  peritoneum/
other organs

Invasion o  perito-
neum/other organs

Abbrevia tions: AJCC, American Joint Committee on Cancer; ENETS, 
European Neuroendocrine Tumor Society; NET, neuroendocrine tumor; 
pNET, pancreatic neuroendocrine tumor; TNM, tumor, node, metastasis; 
UICC, International Union Against Cancer.
Source: Modi ed  rom DS Klimstra: Semin Oncol 40:23, 2013 and G Klop-
pel et al: Virchow Arch 456:595, 2010.
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663TABLE 51-5  
PROGNOSTIC FACTORS IN NEUROENDOCRINE TUMORS
I. Bo th  GI NETs  ca rcin o id s  an d  p NETs
Symptomatic presentation (p <.05)
Presence o  liver metastases (p <.001)
Extent o  liver metastases (p <.001)
Presence o  lymph node metastases (p <.001)
Development o  bone or extrahepatic metastases (p <.01)
Depth o  invasion (p <.001)
Rapid rate o  tumor growth
Elevated serum alkaline phosphatase levels (p = .003)
Primary tumor site (p <.001)
Primary tumor size (p <.005)
High serum chromogranin A level (p <.01)
Presence o  one or more circulating tumor cells (p <.001)
Various histologic  eatures

Tumor dif erentiation (p <.001)
High growth indices (high Ki-67 index, PCNA expression)
High mitotic counts (p <.001)
Necrosis present
Presence o  cytokeratin 19 (p <.02)
Vascular or perineural invasion
Vessel density (low microvessel density, increased lymphatic density)
High CD10 metalloproteinase expression (in series with all grades o  NETs)

Flow cytometric  eatures (i.e., aneuploidy)
High VEGF expression (in low-grade or well-dif erentiated NETs only)
WHO, ENETS, AJCC/UICC, and grading classi cation
Presence o  a pNET rather than GI-NET associated with poorer prognosis (p = .0001)
Older age (p <.01)
II. GI NETs  Carcin o id s 
Location o  primary: appendix < lung, rectum < small intestine < pancreas
Presence o  carcinoid syndrome
Laboratory results (urinary 5-HIAA levels [p <.01], plasma neuropeptide K [p <.05], serum chromogranin A [p <.01])
Presence o  a second malignancy
Male sex (p <.001)
Molecular  ndings (TGF-α expression [p <.05], chr 16q LOH or gain chr 4p [p <.05])
WHO, ENETS, AJCC/UICC, and grading classi cation
Molecular  ndings (gain in chr 14, loss o  3p13 [ileal carcinoid], upregulation o  Hoxc6)
III. p NETs
Location o  primary: duodenal (gastrinoma) better than pancreatic
Ha-ras oncogene or p53 overexpression
Female gender
MEN 1 syndrome absent
Presence o  non unctional tumor (some studies, not all)
WHO, ENETS, AJCC/UICC, and grading classi cation
Various histologic  eatures: IHC positivity  or c-KIT, low cyclin B1 expression (p <.01), loss o  PTEN or o  tuberous sclerosis-2 IHC, 
expression o   broblast growth  actor-13

Laboratory  ndings (increased chromogranin A in some studies; gastrinomas—increased gastrin level)
Molecular  ndings (increased HER2/neu expression [p = .032], chr 1q, 3p, 3q, or 6q LOH [p = .0004], EGF receptor overexpression  
[p = .034], gains in chr 7q, 17q, 17p, 20q; alterations in the VHL gene [deletion, methylation]; presence o  FGFR4-G388R single- 
nucleotide polymorphism)

Abbrevia tions: 5-HIAA, 5-hydroxyindoleacetic acid; AJCC, American Joint Committee on Cancer; chr, chromosome; EGF, epidermal growth  actor; 
FGFR,  broblast growth  actor receptor; GI-NET, gastrointestinal neuroendocrine tumor; IHC, immunohistochemistry; Ki-67, proli eration-associated 
nuclear antigen recognized by Ki-67 monoclonal antibody; LOH, loss o  heterozygosity; MEN, multiple endocrine neoplasia; NET, neuroendocrine 
tumors; PCNA, proli erating cell nuclear antigen; pNET, pancreatic neuroendocrine tumor; PTEN, phosphatase and tensin homologue deleted  rom chro-
mosome 10; TGF-α, trans orming growth  actor α; TNM, tumor, node, metastasis; UICC, International Union Against Cancer; VEGF, vascular endothelial 
growth  actor; WHO, World Health Organization.
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664 are important prognostic  actors in  etermining sur-
viva  an  the aggressiveness o  the tumor. Patients with 
pNE s (exc u ing insu inomas) genera  y have a poorer 
prognosis than  o patients with GI-NE s (carcinoi s). 
T e presence o   iver metastases is the sing e most 
important prognostic  actor in sing e an  mu tivari-
ate ana yses  or both GI-NE s (carcinoi s) an  pNE s. 
Particu ar y important in the  eve opment o   iver 
metastases is the size o  the primary tumor. For exam-
p e, with sma   intestina  carcinoi s, which are the most 
common cause o  the carcinoi  syn rome  ue to meta-
static  isease in the  iver ( ab e  51-2), metastases occur 
in 15–25% i  the tumor is <1 cm in  iameter, 58–80% 
i  it is 1–2 cm in  iameter, an  >75% i  it is >2 cm in 
 iameter. Simi ar  ata exist  or gastrinomas an  other 
pNE s; the size o  the primary tumor is an in epen-
 ent pre ictor o  the  eve opment o   iver metastases. 
T e presence o   ymph no e metastases or extrahe-
patic metastases; the  epth o  invasion; the rapi  rate 
o  growth; various histo ogic  eatures ( i erentiation, 
mitotic rates, growth in ices, vesse   ensity, vascu ar 
en othe ia  growth  actor [VEGF], an  CD10 meta  o-
proteinase expression); necrosis; presence o  cytokera-
tin; e evate  serum a ka ine phosphatase  eve s; o  er 
age; presence o  circu ating tumor ce  s; an  f ow cyto-
metric resu ts, such as the presence o  aneup oi y, are 
a   important prognostic  actors  or the  eve opment o  
metastatic  isease ( ab e  51-5). For patients with GI-
NE s (carcinoi s), a  itiona  associations with a worse 
prognosis inc u e the  eve opment o  the carcinoi  
syn rome (especia  y the  eve opment o  carcinoi  
heart  isease), ma e sex, the presence o  a symptom-
atic tumor or greater increases in a number o  tumor 
markers (5-hy roxyin o acetic aci  [5-HIAA], neuro-
pepti e K, chromogranin A), an  the presence o  vari-
ous mo ecu ar  eatures. With pNE s or gastrinomas, a 
worse prognosis is associate  with  ema e sex, overex-
pression o  the Ha-ras oncogene or p53, the absence o  
mu tip e en ocrine neop asia type 1 (MEN 1), higher 
 eve s o  various tumor markers (i.e., chromogranin 
A, gastrin), an  presence o  various histo ogic  eatures 
(immunohistochemistry  or c-KI ,  ow cyc in B1,  oss 
o  P EN/ SC-2, expression o   brob ast growth  ac-
tor-13) an  various mo ecu ar  eatures ( ab e  51-5). T e 
 NM c assi cation systems an  the gra ing systems 
(G1–G3) have important prognostic va ue.

A number o   iseases  ue to various genetic  isor-
 ers are associate  with an increase  inci ence o  NE s 
(Table 51-6). Each one is cause  by a  oss o  a possib e 
tumor-suppressor gene. T e most important is MEN 
1, which is an autosoma   ominant  isor er  ue to a 
 e ect in a 10-exon gene on 11q13, which enco es  or 
a 610-amino-aci  nuc ear protein, menin (Chap. 52). 
Patients with MEN 1  eve op hyperparathyroi ism  ue 

to parathyroi  hyperp asia in 95–100% o  cases, pNE s 
in 80–100%, pituitary a enomas in 54–80%, a rena  
a enomas in 27–36%, bronchia  carcinoi s in 8%, thy-
mic carcinoi s in 8%, gastric carcinoi s in 13–30% o  
patients with Zo  inger-E  ison syn rome, skin tumors 
(angio bromas [88%], co  agenomas [72%]), centra  
nervous system (CNS) tumors (meningiomas [<8%]), 
an  smooth-musc e tumors ( eiomyomas,  eiomyosar-
comas [1–7%]). Among patients with MEN 1, 80–100% 
 eve op non unctiona  pNE s (most are microscopic 
with 0–13%  arge/symptomatic), an   unctiona  pNE s 
occur in 20–80% in  i erent series, with a mean o  
54%  eve oping Zo  inger-E  ison syn rome, 18% insu-
 inomas, 3% g ucagonomas, 3% VIPomas, an  <1% 

TABLE 51 -6  
GENETIC SYNDROMES ASSOCIATED WITH AN 
INCREASED INCIDENCE OF NEUROENDOCRINE 
TUMORS (NETS) (GI-NETS [CARCINOIDS] OR PNETS)

SYNDROME

LOCATION OF 
GENE MUTATION 
AND GENE 
PRODUCT

NETS SEEN/
FREQUENCY

Multiple endocrine 
neoplasia type 1 
(MEN 1)

11q13 (encodes 
610-amino-acid 
protein, menin)

80–100% develop 
pNETS (micro-
scopic), 20–80% 
(clinical): (non-
 unctional > 
gastrinoma > 
insulinoma)

GI-NETs (Carci-
noids): gastric 
(13–30%), bron-
chial/thymic (8%)

von Hippel–Lindau 
disease

3q25 (encodes 
213-amino-acid 
protein)

12–17% 
develop pNETS 
(almost always 
non unctional)

von Recklinghau-
sen’s disease 
(neuro bromato-
sis 1 [NF-1])

17q11.2 (encodes 
2485-amino-
acid protein, 
neuro bromin)

0–10% develop 
pNETs, primar-
ily duodenal 
somatostatino-
mas (usually 
non unctional)

Rarely insulinoma, 
gastrinoma

Tuberous sclerosis  9q34 (TSCI) 
(encodes 
1164-amino-
acid protein, 
hamartin), 16p13 
(TSC2) (encodes 
1807-amino-acid 
protein, tuberin)

Uncommonly 
develop pNETS 
(non unctional 
and  unctional 
[insulinoma, 
gastrinoma])

Abbrevia t ions: GI, gastrointestinal; PNETs, pancreatic neuroendocrine 
tumors.
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665GRFomas or somatostatinomas. MEN 1 is present in 
20–25% o  a   patients with Zo  inger-E  ison syn rome, 
4% o  patients with insu inomas, an  a  ow percentage 
(<5%) o  patients with other pNE s.

T ree phacomatoses associate  with NE s are von 
Hippe –Lin au  isease (VHL), von Reck inghausen’s 
 isease (neuro bromatosis type 1 [NF-1]), an  tuberous 
sc erosis (Bournevi  e’s  isease) (Table 51-6). VHL is an 
autosoma   ominant  isor er  ue to  e ects on chro-
mosome 3p25, which enco es  or a 213-amino-aci  
protein that interacts with the e ongin  ami y o  proteins 
as a transcriptiona  regu ator (Chaps. 48, 52, and 53). 
In a  ition to cerebe  ar hemangiob astomas, rena  
cancer, an  pheochromocytomas, 10–17%  eve op 
a pNE . Most are non unctiona , a though insu ino-
mas an  VIPomas have been reporte . Patients with 
NF-1 (von Reck inghausen’s  isease) have  e ects in 
a gene on chromosome 17q11.2 that enco es  or a 
2845-amino-aci  protein, neuro bromin, which  unc-
tions in norma  ce  s as a suppressor o  the ras signa -
ing casca e (Chap. 48). Up to 10% o  these patients 
 eve op an upper GI-NE  (carcinoi ), characteristi-
ca  y in the periampu  ary region (54%). Many are 
c assi e  as somatostatinomas because they contain 
somatostatin immunocytochemica  y; however, they 
uncommon y secrete somatostatin an  rare y pro uce 
a c inica  somatostatinoma syn rome. NF-1 has rare y 
been associate  with insu inomas an  Zo  inger-E  i-
son syn rome. NF-1 accounts  or 48% o  a    uo ena  
somatostastinomas an  23% o  a   ampu  ary GI-NE s 
(carcinoi s).  uberous sc erosis is cause  by mutations 
that a ter either the 1164-amino-aci  protein hamartin 
( SC1) or the 1807-amino-aci  protein tuberin ( SC2) 
(Chap. 48). Both hamartin an  tuberin interact in a 
pathway re ate  to phosphati y inosito  3-kinases an  
mamma ian target o  rapamycin (m OR) signa ing cas-
ca es. A  ew cases inc u ing non unctiona  an   unc-
tiona  pNE s (insu inomas an  gastrinomas) have been 
reporte  in these patients ( ab e  51-6). Mahvash  is-
ease is associate  with the  eve opment o  α-ce   hyper-
p asia, hyperg ucagonemia, an  the  eve opment o  NF 
pNE s an  is  ue to a homozygous P86S mutation o  
the human g ucagon receptor.

Mutations in common oncogenes (ras, myc, fos, src, 
jun) or common tumor-suppressor genes (p53, retino-
b astoma susceptibi ity gene) are not common y  oun  
in either pNE s or GI-NE s (carcinoi s) ( ab e  51-1). 
However,  requent (70%) gene amp i cations in 
MDM2, MDM4, an  WIPI inactivating the p53 path-
way are note  in we  - i erentiate  pNE s, an  the 
retinob astoma pathway is a tere  in the majority o  
pNE s. In a  ition to these genes, a  itiona  a tera-
tions that may be important in their pathogenesis 
inc u e changes in the MEN1 gene, p16/MTS1 tumor-
suppressor gene, an  DPC4/Smad4 gene; amp i cation 

o  the HER-2/neu protooncogene; a terations in tran-
scription  actors (Hoxc6 [GI carcinoi s]), growth  ac-
tors, an  their receptors; methy ation o  a number o  
genes that probab y resu ts in their inactivation; an  
 e etions o  unknown tumor-suppressor genes as we   
as gains in other unknown genes ( ab e  51-1). T e 
c inica  antitumor activity o  evero imus, an m OR 
inhibitor, an  sunitinib, a tyrosine kinase inhibitor 
(PDGFR, VEGFR1, VEGFR2, c-KI , FL -3), support 
the importance o  the m OR-AK  pathway an  tyro-
sine kinase receptors in me iating growth o  ma ig-
nant NE s (especia  y pNE s). T e importance o  the 
m OR pathway in pNE  growth is  urther supporte  
by the  n ing that a sing e-nuc eoti e po ymorphism 
(FGFR4-G388R, in  brob ast growth  actor receptor 4) 
a ects se ectivity to the m OR inhibitor an  can resu t 
in signi cant y higher risk o  a vance  pNE  stage an  
 iver metastases ( ab e  51-5). Comparative genomic 
hybri ization, genome-wi e a  e otyping stu ies, an  
genome-wi e sing e-nuc eoti e po ymorphism ana y-
ses have shown that chromosoma   osses an  gains are 
common in pNE s an  GI-NE s (carcinoi s), but they 
 i er between these two NE s, an  some have prognos-
tic signi cance ( ab e  51-5). Mutations in the MEN1 
gene are probab y particu ar y important. Loss o  het-
erozygosity at the MEN 1  ocus on chromosome 11q13 
is note  in 93% o  spora ic pNE s (i.e., in patients 
without MEN 1) an  in 26–75% o  spora ic GI-NE s 
(carcinoi s). Mutations in the MEN1 gene are reporte  
in 31–34% o  spora ic gastrinomas. Exomic sequenc-
ing o  spora ic pNE s  oun  that the most  requent y 
a tere  gene was MEN1, occurring in 44% o  patients, 
 o  owe  by mutations in 43% o  patients in genes 
enco ing  or two subunits o  a transcription/chroma-
tin remo e ing comp ex consisting o  DAXX ( eath-
 omain-associate  protein) an  A RX (α-tha assemia/
menta  retar ation syn rome X- inke ) an  in 15% o  
patients in the m OR pathway. T e presence o  a num-
ber o  these mo ecu ar a terations in pNE s or GI-NE s 
(carcinoi s) corre ates with tumor growth, tumor size, 
an   isease extent or invasiveness an  may have prog-
nostic signi cance ( ab e  51-5).

GI-NETS (CARCINOIDS) AND CARCINOID 
SYNDROME

CHARACTERISTICS OF THE MOST COMMON 
GI-NETS (CARCINOIDS)
Appendicea l NETs (ca rcinoids)

Appen icea  NE s (carcinoi s) occur in 1 in every 
200–300 appen ectomies, usua  y in the appen icea  
tip, have an inci ence o  0.15/100,000 per year, com-
prise 2–5% o  a   GI-NE s (carcinoi s), an  comprise 
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666 32–80% o  a   appen icea  tumors. Most (i.e., >90%) 
are <1 cm in  iameter without metastases in o  er 
stu ies, but more recent y, 2–35% have ha  metasta-
ses ( ab e  51-3). In the SEER  ata o  1570 appen i-
cea  carcinoi s, 62% were  oca ize , 27% ha  regiona  
metastases, an  8% ha   istant metastases. T e risk o  
metastases increases with size, with those <1 cm having 
a 0 to <10% risk o  metastases an  those >2 cm having 
a 25–44% risk. Besi es tumor size, other important 
prognostic  actors  or metastases inc u e basa   oca-
tion, invasion o  mesoappen ix, poor  i erentiation, 
a vance  stage or WHO/ENE S c assi cation, o  er 
age, an  positive resection margins. T e 5-year surviva  
is 88–100%  or patients with  oca ize   isease, 78–100% 
 or patients with regiona  invo vement, an  12–28%  or 
patients with  ista  metastases. In patients with tumors 
<1 cm in  iameter, the 5-year surviva  is 95–100%, 
whereas it is 29% i  tumors are >2 cm in  iameter. 
Most tumors are we  - i erentiate  G1 tumors (87%) 
( ab e  51-4), with the remain er primari y we  -
 i erentiate  G2 tumors (13%); poor y  i erentiate  
G3 tumors are uncommon (<1%). T eir percentage o  
the tota  number o  carcinoi s  ecrease   rom 43.9% 
(1950–1969) to 2.4% (1992–1999). Appen icea  gob et 
ce   (GC) NE s (carcinoi s)/carcinomas are a rare sub-
type (<5%) that are mixe  a eno-neuroen ocrine carci-
nomas. T ey are ma ignant an  are thought to comprise 
a  istinct entity; they  requent y present with a vance  
 isease an  are recommen e  to be treate  as a eno-
carcinomas, not carcinoi  tumors.

SMALL INTESTINAL NETS (CARCINOIDS)
Sma   intestina  (SI) NE s (carcinoi s) have a reporte  
inci ence o  0.67/100,000 in the Unite  States, 
0.32/100,000 in Eng an , an  1.12/100,000 in Swe en 
an  comprise >50% o  a   SI tumors. T ere is a ma e 
pre ominance (1.5:1), an  race a ects  requency, with 
a  ower  requency in Asians an  greater  requency in 
A rican Americans. T e mean age o  presentation is 
52–63 years, with a wi e range (1–93 years). Fami ia  SI 
carcinoi   ami ies exist but are very uncommon. T ese 
are  requent y mu tip e; 9–18% occur in the jeunum, 
70–80% are present in the i eum, an  70% occur within 
6 cm (2.4 in.) o  the i eoceca  va ve. Forty percent are <1 
cm in  iameter, 32% are 1–2 cm, an  29% are >2 cm. 
T ey are characteristica  y we    i erentiate ; however, 
they are genera  y invasive, with 1.2% being intramu-
cosa  in  ocation, 27% penetrating the submucosa, 
an  20% inva ing the muscu aris propria. Metastases 
occur in a mean o  47–58% (range 20–100%). Liver 
metastases occur in 38%, to  ymph no es in 37% an  
more  istant in 20–25%. T ey characteristica  y cause 
a marke   brotic reaction, which can  ea  to intesti-
na  obstruction.  umor size is an important variab e 

in the  requency o  metastases. However, even sma   
NE s (carcinoi s) o  the sma   intestine (<1 cm) have 
metastases in 15–25% o  cases, whereas the proportion 
increases to 58–100%  or tumors 1–2 cm in  iameter. 
Carcinoi s a so occur in the  uo enum, with 31% hav-
ing metastases. Duo ena  tumors <1 cm virtua  y never 
metastasize, whereas 33% o  those >2 cm ha  metasta-
ses. SI NE s (carcinoi s) are the most common cause 
(60–87%) o  the carcinoi  syn rome an  are  iscusse  
in a  ater section (Table 51-7). Important prognos-
tic  actors are  iste  in ( ab e  51-5), an  particu ar y 
important are the tumor extent, pro i erative in ex by 
gra ing, an  stage ( ab e  51-4). T e overa   surviva  
at 5 years is 55–75%; however, it varies marke  y with 
 isease extent, being 65–90% with  oca ize   isease, 
66–72% with regiona  invo vement, an  36–43% with 
 istant  isease.

Recta l NETs (ca rcinoids)

Recta  NE s (carcinoi s) comprise 27% o  a   GI-NE s 
(carcinoi s) an  16% o  a   NE s an  are increasing in 
 requency. In the U.S. SEER  ata, they current y have an 
inci ence o  0.86/100,000 per year (up  rom 0.2/100,000 
per year in 1973) an  represent 1–2% o  a   recta  
tumors. T ey are  oun  in approximate y 1 in every 
1500/2500 proctoscopies/co onoscopies or 0.05–0.07% 
o  in ivi ua s un ergoing these proce ures. Near y 

TABLE 51 -7  
CLINICAL CHARACTERISTICS IN PATIENTS WITH 
CARCINOID SYNDROME

PERCENTAGE (RANGE)

AT PRESENTATION
DURING COURSE 
OF DISEASE

Symptoms/signs
 Diarrhea  32–93%  68–100%
 Flushing  23–100%  45–96%
 Pain  10%  34%
 Asthma/

wheezing
4–14%  3–18%

 Pellagra  0–7%  0–5%
 None  12%  22%
 Carcinoid heart 

disease present
11–40%  14–41%

Demographics
 Male  46–59%  46–61%
 Age
  Mean  57 yrs  59.2 yrs
  Range  25–79 yrs  18–91 yrs
Tumor location
 Foregut  5–14%  0–33%
 Midgut  57–87%  60–100%
 Hindgut  1–7%  0–8%
 Unknown  2–21%  0–26%
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667a   occur between 4 an  13 cm above the  entate  ine. 
Most are sma  , with 66–80% being <1 cm in  iameter, 
an  rare y metastasize (5%).  umors between 1 an  2 
cm can metastasize in 5–30%, an  those >2 cm, which 
are uncommon, in >70%. Most inva e on y to the sub-
mucosa (75%), with 2.1% con ne  to the mucosa, 
10% to the muscu ar  ayer, an  5% to a jacent struc-
tures. Histo ogica  y, most are we    i erentiate  (98%) 
with 72% ENE S/WHO gra e G1 an  28% gra e G2 
( ab e  51-4). Overa   surviva  is 88%; however, it is very 
much  epen ent o  the stage, with 5-year surviva  o  
91%  or  oca ize   isease, 36–49%  or regiona   isease, 
an  20–32%  or  istant  isease. Risk  actors are  iste  
in  ab e 51-5 an  particu ar y inc u e tumor size,  epth 
o  invasion, presence o  metastases,  i erentiation, an  
recent  NM c assi cation an  gra e.

Bronchia l NETs (ca rcinoids)

Bronchia  NE s (carcinoi s) comprise 25–33% o  a   
we  - i erentiate  NE s an  90% o  a   the poor y  i -
 erentiate  NE s  oun ,  ike y  ue to a strong associa-
tion with smoking. T eir inci ence ranges  rom 0.2 to 
2/100,000 per year in the Unite  States an  European 
countries an  is increasing at a rate o  6% per year. 
T ey are s ight y more  requent in  ema es an  in 
whites compare  with those o  Hispanic/Asian/A ri-
can  escent, an  are most common y seen in the sixth 
 eca e o   i e, with a younger age o  presentation  or 
typica  carcinoi s (45 years) compare  to atypica  carci-
noi s (55 years).

A number o   i erent c assi cations o  bronchia  GI-
NE s (carcinoi s) have been propose . In some stu ies, 
they are c assi e  into  our categories: typica  carcinoi  
(a so ca  e  bronchia  carcinoi  tumor, Ku chitsky ce   
carcinoma I [KCC-I]), atypica  carcinoi  (a so ca  e  
we  - i erentiate  neuroen ocrine carcinoma [KC-II]), 
interme iate sma  -ce   neuroen ocrine carcinoma, an  
sma  -ce   neuroen ocarcinoma (KC-III). Another pro-
pose  c assi cation inc u es three categories o   ung 
NE s: benign or  ow-gra e ma ignant (typica  carci-
noi ),  ow-gra e ma ignant (atypica  carcinoi ), an  
high-gra e ma ignant (poor y  i erentiate  carcinoma 
o  the  arge-ce   or sma  -ce   type). T e WHO c assi ca-
tion inc u es  our genera  categories: typica  carcinoi , 
atypica  carcinoi ,  arge-ce   neuroen ocrine carci-
noma, an  sma  -ce   carcinoma. T e ratio o  typica  to 
atypica  carcinoi s is 8–10:1, with the typica  carcinoi s 
comprising 1–2% o   ung tumors, atypica  0.1–0.2%, 
 arge-ce   neuroen ocrine tumors 0.3%, an  sma  -
ce    ung cancer 9.8% o  a    ung tumors. T ese  i er-
ent categories o   ung NE s have  i erent prognoses, 
varying  rom exce  ent  or typica  carcinoi  to poor  or 
sma  -ce   neuroen ocrine carcinomas. T e occurrence 
o   arge-ce   an  sma  -ce    ung carcinoi s, but not typi-
ca  or atypica   ung carcinoi s, is re ate  to tobacco use. 

T e 5-year surviva  is very much inf uence  by the c as-
si cation o  the tumor, with surviva  o  92–100%  or 
patients with a typica  carcinoi , 61–88% with an atypi-
ca  carcinoi , 13–57% with a  arge-ce   neuroen ocrine 
tumor, an  5% with a sma  -ce    ung cancer.

Ga stric NET (ca rcinoids)

Gastric NE s (carcinoi s) account  or 3 o  every 1000 
gastric neop asms an  1.3–2% o  a   carcinoi s, an  
their re ative  requency has increase  three- to  our-
 o   over the  ast  ve  eca es (2.2% in 1950 to 9.6% 
in 2000–2007, SEER  ata). At present, it is unc ear 
whether this increase is  ue to better  etection with 
the increase  use o  upper GI en oscopy or to a true 
increase in inci ence. Gastric NE s (carcinoi s) are 
c assi e  into three  i erent categories, an  this has 
important imp ications  or pathogenesis, prognosis, 
an  treatment. Each originates  rom gastric entero-
chroma n- ike (ECL) ce  s, one o  the six types o  gas-
tric neuroen ocrine ce  s, in the gastric mucosa.  wo 
subtypes are associate  with hypergastrinemic states, 
either chronic atrophic gastritis (type I) (80% o  a   gas-
tric NE s [carcinoi s]) or Zo  inger-E  ison syn rome, 
which is a most a ways a part o  the MEN 1 syn rome 
(type II) (6% o  a   cases). T ese tumors genera  y pur-
sue a benign course, with type I uncommon y (<10%) 
associate  with metastases, whereas type II tumors are 
s ight y more aggressive, with 10–30% associate  with 
metastases. T ey are usua  y mu tip e, sma  , an  in  -
trate on y to the submucosa. T e thir  subtype o  gas-
tric NE s (carcinoi s) (type III) (spora ic) occurs 
without hypergastrinemia (14–25% o  a   gastric car-
cinoi s) an  has an aggressive course, with 54–66% 
 eve oping metastases. Spora ic carcinoi s are usu-
a  y sing e,  arge tumors; 50% have atypica  histo ogy, 
an  they can be a cause o  the carcinoi  syn rome. 
Five-year surviva  is 99–100% in patients with type I, 
60–90% in patients with type II, an  50% in patients 
with type III gastric NE s (carcinoi s).

CLINICAL PRESENTATION OF NETS 
(CARCINOIDS)
GI/Lung NET (ca rcinoid) without the ca rcinoid 
syndrome

T e age o  patients at  iagnosis ranges  rom 10 to 93 
years, with a mean age o  63 years  or the sma   intes-
tine an  66 years  or the rectum. T e presentation is 
 iverse an  is re ate  to the site o  origin an  the extent 
o  ma ignant sprea . In the appen ix, NE s (carcinoi s) 
usua  y are  oun  inci enta  y  uring surgery  or sus-
pecte  appen icitis. SI NE s (carcinoi s) in the jeju-
noi eum present with perio ic ab omina  pain (51%), 
intestina  obstruction with i eus/invagination (31%), an 
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668 ab omina  tumor (17%), or GI b ee ing (11%). Because 
o  the vagueness o  the symptoms, the  iagnosis usua  y 
is  e aye  approximate y 2 years  rom onset o  the symp-
toms, with a range up to 20 years. Duo ena , gastric, an  
recta  NE s (carcinoi s) are most  requent y  oun  by 
chance at en oscopy. T e most common symptoms o  
recta  carcinoi s are me ena/b ee ing (39%), constipation 
(17%), an   iarrhea (12%). Bronchia  NE s (carcinoi s) 
 requent y are  iscovere  as a  esion on a chest ra io-
graph, an  31% o  the patients are asymptomatic. T y-
mic NE s (carcinoi s) present as anterior me iastina  
masses, usua  y on chest ra iograph or compute  tomog-
raphy (C ) scan. Ovarian an  testicu ar NE s (carci-
noi s) usua  y present as masses  iscovere  on physica  
examination or u trasoun . Metastatic NE s (carcinoi s) 
in the  iver  requent y presents as hepatomega y in a 
patient who may have minima  symptoms an  near y 
norma   iver  unction test resu ts.

GI-NETS (CARCINOIDS) WITH SYSTEMIC 
SYMPTOMS DUE TO SECRETED PRODUCTS
GI/ ung NE s (carcinoi s) immunocytochemica  y can 
contain numerous GI pepti es: gastrin, insu in, soma-
tostatin, moti in, neurotensin, tachykinins (substance 
K, substance P, neuropepti e K), g ucagon, gastrin-
re easing pepti e, vasoactive intestina  pepti e (VIP), 
PP, ghre in, other bio ogica  y active pepti es (AC H, 
ca citonin, growth hormone), prostag an ins, an  bio-
active amines (serotonin). T ese substances may or 
may not be re ease  in su cient amounts to cause 
symptoms. In various stu ies o  patients with GI-NE s 
(carcinoi s), e evate  serum  eve s o  PP were  oun  in 
43%, moti in in 14%, gastrin in 15%, an  VIP in 6%. 
Foregut NE s (carcinoi s) are more  ike y to pro uce 
various GI pepti es than are mi gut NE s (carcinoi s). 
Ectopic AC H pro uction causing Cushing’s syn rome 
is seen increasing y with  oregut carcinoi s (respira-
tory tract primari y) an , in some series, has been the 
most common cause o  the ectopic AC H syn rome, 
accounting  or 64% o  a   cases. Acromega y  ue to 
growth hormone–re easing  actor re ease occurs with 
 oregut NE s (carcinoi s), as  oes the somatostatinoma 
syn rome, but rare y occurs with  uo ena  NE s (car-
cinoi s). T e most common systemic syn rome with 
GI-NE s (carcinoi s) is the carcinoi  syn rome, which 
is  iscusse  in  etai  in the next section.

CARCINOID SYNDROME
Clinica l fea tures

T e car ina   eatures  rom a number o  series at pre-
sentation as we   as  uring the  isease course are shown 
in  ab e 51-7. F ushing an   iarrhea are the two most 

common symptoms, occurring in a mean o  69–70% 
o  patients initia  y an  in up to 78% o  patients  uring 
the course o  the  isease. T e characteristic f ush is o  
su  en onset; it is a  eep re  or vio aceous erythema 
o  the upper bo y, especia  y the neck an   ace, o en 
associate  with a  ee ing o  warmth an  occasiona  y 
associate  with pruritus,  acrimation,  iarrhea, or  acia  
e ema. F ushes may be precipitate  by stress; a coho ; 
exercise; certain  oo s, such as cheese; or certain agents, 
such as catecho amines, pentagastrin, an  serotonin 
reuptake inhibitors. F ushing episo es may be brie , 
 asting 2–5 min, especia  y initia  y, or may  ast hours, 
especia  y  ater in the  isease course. F ushing usua  y 
is associate  with metastatic mi gut NE s (carcinoi s) 
but can a so occur with  oregut NE s (carcinoi s). With 
bronchia  NE s (carcinoi s), the f ushes  requent y are 
pro onge   or hours to  ays, re  ish in co or, an  asso-
ciate  with sa ivation,  acrimation,  iaphoresis,  iar-
rhea, an  hypotension. T e f ush associate  with gastric 
NE s (carcinoi s) can a so be re  ish in co or, but with 
a patchy  istribution over the  ace an  neck, a though 
the c assic f ush seen with mi gut NE s (carcinoi s) 
can a so be seen with gastric NE s (carcinoi s). It may 
be provoke  by  oo  an  have accompanying pruritus.

Diarrhea usua  y occurs with f ushing (85% o  cases). 
T e  iarrhea usua  y is  escribe  as watery, with 60% o  
patients having <1 L/  o   iarrhea. Steatorrhea is pres-
ent in 67%, an  in 46%, it is >15 g/  (norma  <7 g). 
Ab omina  pain may be present with the  iarrhea or 
in epen ent y in 10–34% o  cases.

Car iac mani estations occur initia  y in 11–40% 
(mean 26%) o  patients with carcinoi  syn rome an  
in 14–41% (mean 30%) at some time in the  isease 
course. T e car iac  isease is  ue to the  ormation o  
 brotic p aques (compose  o  smooth-musc e ce  s, 
myo brob asts, an  e astic tissue) invo ving the en o-
car ium, primari y on the right si e, a though  esions 
on the  e  si e a so occur occasiona  y, especia  y i  a 
patent  oramen ova e exists. T e  ense  brous  epos-
its are most common y on the ventricu ar aspect o  
the tricuspi  va ve an   ess common y on the pu mo-
nary va ve cusps. T ey can resu t in constriction o  the 
va ves, an  pu monic stenosis is usua  y pre ominant, 
whereas the tricuspi  va ve is o en  xe  open, resu t-
ing in regurgitation pre ominating. Overa  , in patients 
with carcinoi  heart  isease, 90–100% have tricuspi  
insu ciency, 43–59% have tricuspi  stenosis, 50–81% 
have pu monary insu ciency, 25–59% have pu monary 
stenosis, an  11% (0–25%)  e -si e  esions. Up to 80% 
o  patients with car iac  esions  eve op heart  ai ure. 
Lesions on the  e  si e are much  ess extensive, occur 
in 30% at autopsy, an  most  requent y a ect the mitra  
va ve. Up to 80% o  patients with car iac  esions have 
evi ence o  heart  ai ure. At  iagnosis in various series, 
27–43% o  patients are in New York Heart Association 
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669c ass I, 30–40% are in c ass II, 13–31% are in c ass III, 
an  3–12% are in c ass IV. At present, carcinoi  heart 
 isease is reporte  to be  ecreasing in  requency an  
severity, with mean occurrence in 20% o  patients an  
occurrence in as  ew as 3–4% in some reports. Whether 
this  ecrease is  ue to the wi esprea  use o  somatosta-
tin ana ogues, which contro  the re ease o  bioactive 
agents thought invo ve  in me iating the heart  isease, 
is unc ear.

Other c inica  mani estations inc u e wheezing or 
asthma- ike symptoms (8–18%), pe  agra- ike skin 
 esions (2–25%), an  impaire  cognitive  unction. A 
variety o  noncar iac prob ems  ue to increase   brous 
tissue have been reporte , inc u ing retroperitonea  
 brosis causing urethra  obstruction, Peyronie’s  isease 
o  the penis, intraab omina   brosis, an  occ usion o  
the mesenteric arteries or veins.

Pa thobiology

Carcinoi  syn rome occurre  in 8% o  8876 patients 
with GI-NE s (carcinoi s), with a rate o  1.7–18.4% 
in  i erent stu ies. It occurs on y when su cient con-
centrations o  pro ucts secrete  by the tumor reach 
the systemic circu ation. In 91–100% o  cases, this 
occurs a er  istant metastases to the  iver. Rare y, pri-
mary GI-NE s (carcinoi s) with no a  metastases with 
extensive retroperitonea  invasion, pNE s (carcinoi s) 
with retroperitonea   ymph no es, or NE s (carcinoi s) 
o  the  ung or ovary with  irect access to the systemic 
circu ation can cause the carcinoi  syn rome without 
hepatic metastases. A   GI-NE s (carcinoi s)  o not 
have the same propensity to metastasize an  cause the 
carcinoi  syn rome ( ab e  51-3). Mi gut NE s (car-
cinoi s) account  or 57–67% o  cases o  carcinoi  syn-
 rome,  oregut NE s (carcinoi s)  or 0–33%, hin gut 
 or 0–8%, an  an unknown primary  ocation  or 2–26% 
( ab es 51-3 an  51-7).

One o  the main secretory pro ucts o  GI-NE s (car-
cinoi s) invo ve  in the carcinoi  syn rome is sero-
tonin (5-H ) (Fig.  51-1), which is synthesize   rom 
tryptophan. Up to 50% o   ietary tryptophan can be 
use  in this synthetic pathway by tumor ce  s, an  this 
can resu t in ina equate supp ies  or conversion to 
niacin; hence, some patients (2.5%)  eve op pe  agra-
 ike  esions. Serotonin has numerous bio ogic e ects, 
inc u ing stimu ating intestina  secretion with inhibi-
tion o  absorption, stimu ating increases in intestina  
moti ity, an  stimu ating  brogenesis. In various stu -
ies, 56–88% o  a   GI-NE s (carcinoi s) were associate  
with serotonin overpro uction; however, 12–26% o  the 
patients  i  not have the carcinoi  syn rome. In one 
stu y, p ate et serotonin was e evate  in 96% o  patients 
with mi gut NE s (carcinoi s), 43% with  oregut 
tumors, an  0% with hin gut tumors. In 90–100% o  

patients with the carcinoi  syn rome, there is evi ence 
o  serotonin overpro uction. Serotonin is thought to 
be pre ominant y responsib e  or the  iarrhea. Patients 
with the carcinoi  syn rome have increase  co onic 
moti ity with a shortene  transit time an  possib y a 
secretory/absorptive a teration that is compatib e with 
the known actions o  serotonin in the gut me iate  pri-
mari y through 5-H 3 an , to a  esser  egree, 5-H 4 
receptors. Serotonin receptor antagonists (especia  y 
5-H 3 antagonists) re ieve the  iarrhea in many, but 
not a  , patients. A tryptophan 5-hy roxy ase inhibi-
tor, LX-1031, which inhibits serotonin synthesis in 
periphera  tissues, is reporte  to cause a 44%  ecrease 
in bowe  movement  requency an  a 20% improve-
ment in stoo   orm in patients with the carcinoi  syn-
 rome. A  itiona  stu ies suggest that tachykinins may 
be important me iators o   iarrhea in some patients. 
In one stu y, p asma tachykinin  eve s corre ate  with 
symptoms o   iarrhea. Serotonin  oes not appear to 
be invo ve  in the f ushing because serotonin recep-
tor antagonists  o not re ieve f ushing. In patients with 
gastric carcinoi s, the characteristic re , patchy pru-
ritic f ush is thought  ue to histamine re ease because 
H1 an  H2 receptor antagonists can prevent it. Numer-
ous stu ies have shown that tachykinins (substance P, 
neuropepti e K) are store  in GI-NE s (carcinoi s) 
an  re ease   uring f ushing. However, some stu ies 
have  emonstrate  that octreoti e can re ieve the f ush-
ing in uce  by pentagastrin in these patients without 
a tering the stimu ate  increase in p asma substance 
P, suggesting that other me iators must be invo ve  in 
the f ushing. A corre ation between p asma tachyki-
nin  eve s (but not substance P  eve s) an  f ushing has 
been reporte . Prostag an in re ease cou   be invo ve  
in me iating either the  iarrhea or f ush, but conf ict-
ing  ata exist. Both histamine an  serotonin may be 
responsib e  or the wheezing as we   as the  brotic reac-
tions invo ving the heart, causing Peyronie’s  isease an  
intraab omina   brosis.

T e exact mechanism o  the heart  isease remains 
unc ear, a though increasing evi ence supports a cen-
tra  ro e  or serotonin. Patients with heart  isease 
have higher p asma  eve s o  neurokinin A, substance 
P, p asma atria  natriuretic pepti e (ANP), pro-brain 
natriuretic pepti e, chromogranin A, an  activin A as 
we   as higher urinary 5-HIAA excretion.

T e va vu ar heart  isease cause  by the appetite-
suppressant  rug  ex enf uramine is histo ogica  y 
in istinguishab e  rom that observe  in carcinoi   is-
ease. Furthermore, ergot-containing  opamine receptor 
agonists use   or Parkinson’s  isease (pergo i e, caber-
go ine) cause va vu ar heart  isease that c ose y resem-
b es that seen in the carcinoi  syn rome. Furthermore, 
in anima  stu ies, the  ormation o  va vu ar p aques/
 brosis occurs a er pro onge  treatment with serotonin 
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670 as we   as in anima s with a  e ciency o  the 5-HIAA 
transporter gene, which resu ts in an inabi ity to inac-
tivate serotonin. Metabo ites o   enf uramine, as we   as 
the  opamine receptor agonists, have high a nity  or 
serotonin receptor subtype 5-H 2B receptors, whose 
activation is known to cause  brob ast mitogenesis. 
Serotonin receptor subtypes 5-H 1B,1D,2A,2B norma  y are 
expresse  in human heart va ve interstitia  ce  s. High 
 eve s o  5-H 2B receptors are known to occur in heart 
va ves an  occur in car iac  brob asts an  car iomyo-
cytes. Stu ies o  cu ture  interstitia  ce  s  rom human 
car iac va ves have  emonstrate  that these va vu o-
pathic  rugs in uce mitogenesis by activating 5-H 2B 
receptors an  stimu ating upregu ation o  trans orming 
growth  actor β an  co  agen biosynthesis. T ese obser-
vations support the conc usion that serotonin over-
pro uction by GI-NE s (carcinoi s) is important in 
me iating the va vu ar changes, possib y by activating 
5-H 2B receptors in the en ocar ium. Both the mag-
nitu e o  serotonin overpro uction an  prior chemo-
therapy are important pre ictors o  progression o  the 
heart  isease, whereas patients with high p asma  eve s 
o  ANP have a worse prognosis. P asma connective tis-
sue growth  actor  eve s are e evate  in many  brotic 
con itions; e evate   eve s occur in patients with car-
cinoi  heart  isease an  corre ate with the presence o  
right ventricu ar  ys unction an  the extent o  va vu ar 
regurgitation in patients with GI-NE s (carcinoi s).

Patients may  eve op either a typica  or, rare y, an 
atypica  carcinoi  syn rome (Fig.  51-1). In patients 
with the typica   orm, which characteristica  y is cause  
by mi gut NE s (carcinoi s), the conversion o  tryp-
tophan to 5-H P is the rate- imiting step (Fig.  51-1). 
Once 5-H P is  orme , it is rapi  y converte  to 5-H  
an  store  in secretory granu es o  the tumor or in 
p ate ets. A sma   amount remains in p asma an  is con-
verte  to 5-HIAA, which appears in  arge amounts in 
the urine. T ese patients have an expan e  serotonin 
poo  size, increase  b oo  an  p ate et serotonin, an  
increase  urinary 5-HIAA. Some GI-NE s (carcinoi s) 
cause an atypica  carcinoi  syn rome that is thought to 
be  ue to a  e ciency in the enzyme  opa  ecarboxy -
ase; thus, 5-H P cannot be converte  to 5-H  (sero-
tonin), an  5-H P is secrete  into the b oo stream 
(Fig.  51-1). In these patients, p asma serotonin  eve s 
are norma  but urinary  eve s may be increase  because 
some 5-H P is converte  to 5-H  in the ki ney. Char-
acteristica  y, urinary 5-H P an  5-H  are increase , 
but urinary 5-HIAA  eve s are on y s ight y e evate . 
Foregut carcinoi s are the most  ike y to cause an atypi-
ca  carcinoi  syn rome; however, they a so can cause a 
typica  carcinoi  syn rome.

One o  the most imme iate  i e-threatening comp i-
cations o  the carcinoi  syn rome is the  eve opment 
o  a carcinoi  crisis. T is is more common in patients 

who have intense symptoms or have great y increase  
urinary 5-HIAA  eve s (i.e., >200 mg/ ). T e crisis may 
occur spontaneous y; however, it is usua  y provoke  by 
proce ures such as anesthesia, chemotherapy, surgery, 
biopsy, en oscopy, or ra io ogic examinations such as 
 uring biopsies, hepatic artery embo ization, an  vesse  
catheterization. It can be provoke  by stress or proce-
 ures as mi   as repeate  pa pation o  the tumor  uring 
physica  examination. Patients  eve op intense f ushing, 
 iarrhea, ab omina  pain, car iac abnorma ities inc u -
ing tachycar ia, hypertension, or hypotension, an  con-
 usion or stupor. I  not a equate y treate , this can be a 
termina  event.

DIAGNOSIS OF THE CARCINOID 
SYNDROME AND GI-NETS (CARCINOIDS)
T e  iagnosis o  carcinoi  syn rome re ies on measure-
ment o  urinary or p asma serotonin or its metabo ites 
in the urine. T e measurement o  5-HIAA is use  most 
 requent y. Fa se-positive e evations may occur i  the 
patient is eating serotonin-rich  oo s such as bananas, 
pineapp es, wa nuts, pecans, avoca os, or hickory nuts 
or is taking certain me ications (cough syrup contain-
ing guai enesin, acetaminophen, sa icy ates, serotonin 
reuptake inhibitors, or l - opa). T e norma  range  or 
 ai y urinary 5-HIAA excretion is 2–8 mg/ . Serotonin 
overpro uction was note  in 92% o  patients with car-
cinoi  syn rome in one stu y, an  in another stu y, 
5-HIAA ha  73% sensitivity an  100% speci city  or 
carcinoi  syn rome. Serotonin overpro uction is not 
synonymous with the presence o  c inica  carcinoi  
syn rome because 12–26% o  patients with serotonin 
overpro uction  o not have c inica  evi ence o  the car-
cinoi  syn rome.

Most physicians use on y the urinary 5-HIAA excre-
tion rate; however, p asma an  p ate et serotonin  ev-
e s, i  avai ab e, may provi e a  itiona  in ormation. 
P ate et serotonin  eve s are more sensitive than urinary 
5-HIAA but are not genera  y avai ab e. A sing e p asma 
5-HIAA  etermination was  oun  to corre ate with 
the 24-h urinary va ues, raising the possibi ity that this 
cou   rep ace the stan ar  urinary co  ection because 
o  its greater convenience an  avoi ance o  incomp ete 
or improper co  ections. Because patients with  oregut 
NE s (carcinoi s) may pro uce an atypica  carcinoi  
syn rome, i  this syn rome is suspecte  an  the uri-
nary 5-HIAA is minima  y e evate  or norma , other 
urinary metabo ites o  tryptophan, such as 5-H P an  
5-H , shou   be measure  (Fig.  51-1).

F ushing occurs in a number o  other  iseases, 
inc u ing systemic mastocytosis, chronic mye oi   eu-
kemia with increase  histamine re ease, menopause, 
reactions to a coho  or g utamate, an  si e e ects 
o  ch orpropami e, ca cium channe  b ockers, an  
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671nicotinic aci . None o  these con itions cause increase  
urinary 5-HIAA.

T e  iagnosis o  carcinoi  tumor can be suggeste  
by the carcinoi  syn rome, recurrent ab omina  symp-
toms in a hea thy-appearing in ivi ua , or the  iscov-
ery o  hepatomega y or hepatic metastases associate  
with minima  symptoms. I ea  NE s (carcinoi s), which 
make up 25% o  a   c inica  y  etecte  carcinoi s, 
shou   be suspecte  in patients with bowe  obstruction, 
ab omina  pain, f ushing, or  iarrhea.

Serum chromogranin A  eve s are e evate  in 
56–100% o  patients with GI-NE s (carcinoi s), an  
the  eve  corre ates with tumor bu k. Serum chromo-
granin A  eve s are not speci c  or GI-NE s (carci-
noi s) because they are a so e evate  in patients with 
pNE s an  other NE s. Furthermore, a major prob-
 em is cause  by potent aci  antisecretory  rugs such 
as proton pump inhibitors (omeprazo e an  re ate  
 rugs) because they a most invariab y cause e evation 
o  p asma chromogranin A  eve s; the e evation occurs 
rapi  y (3–5  ays) with continue  use, an  the e evate  
 eve s over ap with the  eve s seen in many patients with 
NE s. P asma neuron-speci c eno ase  eve s are a so 
use  as a marker o  GI-NE s (carcinoi s) but are  ess 
sensitive than chromogranin A, being increase  in on y 
17–47% o  patients. Newer markers have been propose  
inc u ing pancreastatin (a chromogranin A break own 
pro uct) an  activin A. T e  ormer is not a ecte  by 
proton pump inhibitors; however, its sensitivity an  
speci city are not estab ishe . P asma activin e evations 
are reporte  to corre ate with the presence o  car iac 
 isease with a sensitivity o  87% an  speci city o  57%.

TREATMENT  Carcinoid Syndrome and Nonmetastatic Gastro�
intestinal Neuroendocrine Tumors (Carcinoids)

CARCINOID SYNDROME  reatment inc u es avoi ing con i-
tions that precipitate f ushing,  ietary supp ementation with 
nicotinami e, treatment o  heart  ai ure with  iuretics, treat-
ment o  wheezing with ora  broncho i ators, an  contro  o  
the  iarrhea with anti iarrhea  agents such as   operami e 
an   iphenoxy ate. I  patients sti   have symptoms, serotonin 
receptor antagonists or somatostatin ana ogues (Fig. 51-2) 
are the  rugs o  choice.

T ere are 14 subc asses o  serotonin receptors, an  antago-
nists  or many are not avai ab e. T e 5-H 1 an  5-H 2 recep-
tor antagonists methysergi e, cyprohepta ine, an  ketanserin 
have a   been use  to contro  the  iarrhea but usua  y  o not 
 ecrease f ushing. T e use o  methysergi e is  imite  because 
it can cause or enhance retroperitonea   brosis. Ketanserin 
 iminishes  iarrhea in 30–100% o  patients. 5-H 3 recep-
tor antagonists (on ansetron, tropisetron, a osetron) can 
contro   iarrhea an  nausea in up to 100% o  patients an  

occasiona  y ame iorate the f ushing. A combination o  hista-
mine H1 an  H2 receptor antagonists (i.e.,  iphenhy ramine 
an  cimeti ine or raniti ine) may contro  f ushing in patients 
with  oregut carcinoi s. T e tryptophan 5-hy oxy ase inhibi-
tor te otristat etiprate  ecrease  bowe   requency in 44% an  
improve  stoo  consistency in 20%.

Synthetic ana ogues o  somatostatin (octreoti e,  an-
reoti e) are now the most wi e y use  agents to contro  the 
symptoms o  patients with carcinoi  syn rome (Fig. 51-2). 
T ese  rugs are e ective at re ieving symptoms an   ecreas-
ing urinary 5-HIAA  eve s in patients with this syn rome. 
Octreoti e-LAR an   anreoti e-SR/autoge  (Somatu ine) 

Native
somatos ta tin

Lanreotide

Octreotide

111In-[DTPA-D-Phe 1, Tyr3]-octreotide  =
111In-pente treotide ; Octreoscan-111
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Tyr3]-octreota te
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FIGURE 51 -2
Stru ctu re  o   so m ato sta t in  an d  syn th e t ic an a lo g u es used 
 or diagnostic or therapeutic indications.
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672 (sustaine -re ease  ormu ations a  owing month y injections) 
contro  symptoms in 74% an  68% o  patients, respective y, 
with carcinoi  syn rome an  show a biochemica  response 
in 51% an  64%, respective y. Patients with mi   to mo er-
ate symptoms usua  y are treate  initia  y with octreoti e 
100 µg SC every 8 h an  then begun on the  ong-acting 
month y  epot  orms (octreoti e-LAR or  anreoti e-autoge ). 
Forty percent o  patients escape contro  a er a me ian time 
o  4 months, an  the  epot  osage may have to be increase  
as we   as supp emente  with the shorter-acting  ormu a-
tion, SC octreoti e. Pasireoti e (SOM230) is a somatostatin 
ana ogue with broa er se ectivity (high-a nity somatostatin 
receptors [sst1, sst2, sst3, sst5]) than octreoti e/ anreoti e (sst2, 
sst5). In a phase II stu y o  patients with re ractory carcinoi  
syn rome, pasireoti e contro  e  symptoms in 27%.

Carcinoi  heart  isease is associate  with a  ecrease  
mean surviva  (3.8 years), an  there ore, it shou   be sought 
 or an  care u  y assesse  in a   patients with carcinoi  syn-
 rome.  ransthoracic echocar iography remains a key e e-
ment in estab ishing the  iagnosis o  carcinoi  heart  isease 
an   etermining the extent an  type o  car iac abnorma i-
ties.  reatment with  iuretics an  somatostatin ana ogues 
can re uce the negative hemo ynamic e ects an  secon ary 
heart  ai ure. It remains unc ear whether  ong-term treatment 
with these  rugs wi    ecrease the progression o  carcinoi  
heart  isease. Ba  oon va vu op asty  or stenotic va ves or car-
 iac va ve surgery may be require .

In patients with carcinoi  crises, somatostatin ana ogues 
are e ective at both treating the con ition an  preventing 
their  eve opment  uring known precipitating events such 
as surgery, anesthesia, chemotherapy, an  stress. It is recom-
men e  that octreoti e 150–250 µg SC every 6 to 8 h be use  
24–48 h be ore anesthesia an  then continue  throughout the 
proce ure.

Current y, sustaine -re ease preparations o  both octreo-
ti e (octreoti e-LAR [ ong-acting re ease], 10, 20, 30 
mg) an   anreoti e ( anreoti e-PR [pro onge  re ease, 
 anreoti e-autoge ], 60, 90, 120 mg) are avai ab e an  wi e y 
use  because their use great y  aci itates  ong-term treat-
ment. Octreoti e-LAR (30 mg/month) gives a p asma 
 eve  ≥1 ng/mL  or 25  ays, whereas this requires three to six 
injections a  ay o  the non-sustaine -re ease  orm. Lanreo-
ti e-autoge  (Somatu ine) is given every 4–6 weeks.

Short-term si e e ects occur in up to one-ha   o  patients. 
Pain at the injection site an  si e e ects re ate  to the GI 
tract (59%  iscom ort, 15% nausea,  iarrhea) are the most 
common. T ey are usua  y short- ive  an   o not interrupt 
treatment. Important  ong-term si e e ects inc u e ga  stone 
 ormation, steatorrhea, an   eterioration in g ucose to er-
ance. T e overa   inci ence o  ga  stones/bi iary s u ge in 
one stu y was 52%, with 7% having symptomatic  isease that 
require  surgica  treatment.

Inter eron α is reporte  to be e ective in contro  ing 
symptoms o  the carcinoi  syn rome either a one or com-
bine  with hepatic artery embo ization. With inter eron 
α a one, the c inica  response rate is 30–70%, an  with 

inter eron α with hepatic artery embo ization,  iarrhea was 
contro  e   or 1 year in 43% an  f ushing was contro  e  in 
86%. Si e e ects  eve op in a most a   patients, with the most 
 requent being a f u- ike syn rome (80–100%),  o  owe  by 
anorexia an   atigue, even though these  requent y improve 
with continue  treatment. Other more severe si e e ects 
inc u e bone marrow toxicity, hepatotoxicity, autoimmune 
 isor ers, an  rare y CNS si e e ects ( epression, menta  
 isor ers, visua  prob ems).

Hepatic artery embo ization a one or with chemotherapy 
(chemoembo ization) has been use  to contro  the symptoms 
o  carcinoi  syn rome. Embo ization a one is reporte  to 
contro  symptoms in up to 76% o  patients, an  chemoem-
bo ization (5-f uorouraci ,  oxorubicin, cisp atin, mitomy-
cin) contro s symptoms in 60–75% o  patients. Hepatic artery 
embo ization can have major si e e ects, inc u ing nausea, 
vomiting, pain, an   ever. In two stu ies, 5–7% o  patients 
 ie   rom comp ications o  hepatic artery occ usion.

Other  rugs have been use  success u  y in sma   numbers 
o  patients to contro  the symptoms o  carcinoi  syn rome. 
Parach oropheny anine can inhibit tryptophan hy roxy-
 ase an  there ore the conversion o  tryptophan to 5-H P. 
However, its severe si e e ects, inc u ing psychiatric  istur-
bances, make it into erab e  or  ong-term use. α-Methy  opa 
inhibits the conversion o  5-H P to 5-H , but its e ects are 
on y partia .

Pepti e ra ioreceptor therapy (using ra iotherapy with 
ra io abe e  somatostatin ana ogues), the use o  ra io abe e  
microspheres, an  other metho s  or treatment o  a vance  
metastatic  isease may  aci itate contro  o  the carcinoi  syn-
 rome an  are  iscusse  in a  ater section  ea ing with treat-
ment o  a vance   isease.

GI-NETS (CARCINOIDS) (NONMETASTATIC) Surgery is the on y 
potentia  y curative therapy. Because with most GI-NE s 
(carcinoi s), the probabi ity o  metastatic  isease increases 
with increasing size, the extent o  surgica  resection is  eter-
mine  accor ing y. With appen icea  NE s (carcinoi s) 
<1 cm, simp e appen ectomy was curative in 103 patients 
 o  owe   or up to 35 years. With recta  NE s (carcinoi s) 
<1 cm,  oca  resection is curative. With SI NE s (carcinoi s) 
<1 cm, there is not comp ete agreement. Because 15–69% 
o  SI NE s (carcinoi s) this size have metastases in  i er-
ent stu ies, some recommen  a wi e resection with en b oc 
resection o  the a jacent  ymph-bearing mesentery. I  the 
tumor is >2 cm  or recta , appen icea , or SI NE s (carci-
noi s), a  u   cancer operation shou   be  one. T is inc u es 
a right hemico ectomy  or appen icea  NE s (carcinoi s), 
an ab ominoperinea  resection or  ow anterior resection  or 
recta  NE s (carcinoi s), an  an en b oc resection o  a jacent 
 ymph no es  or SI NE s (carcinoi s). For appen icea  NE s 
(carcinoi s) 1–2 cm in  iameter, a simp e appen ectomy 
is propose  by some, whereas others  avor a  orma  right 
hemico ectomy. For 1–2 cm recta  NE s (carcinoi s), it is 
recommen e  that a wi e,  oca ,  u  -thickness excision be 
per orme .
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673With type I or II gastric NE s (carcinoi s), which are 
usua  y <1 cm, en oscopic remova  is recommen e . In 
type I or II gastric carcinoi s, i  the tumor is >2 cm or i  
there is  oca  invasion, some recommen  tota  gastrectomy, 
whereas others recommen  antrectomy in type I to re uce 
the hypergastrinemia, which has  e  to regression o  the 
carcinoi s in a number o  stu ies. For types I an  II gastric 
NE s (carcinoi s) o  1–2 cm, there is no agreement, with 
some recommen ing en oscopic treatment  o  owe  by 
chronic somatostatin treatment an  care u   o  ow-up an  
others recommen ing surgica  treatment. With type III gas-
tric NE s (carcinoi s) >2 cm, excision an  regiona   ymph 
no e c earance are recommen e . Most tumors <1 cm are 
treate  en oscopica  y.

Resection o  iso ate  or  imite  hepatic metastases may 
be bene cia  an  wi   be  iscusse  in a  ater section on treat-
ment o  a vance   isease.

PANCREATIC NEUROENDOCRINE 
TUMORS

Functiona  pNE s usua  y present c inica  y with symp-
toms  ue to the hormone-excess state ( ab e  51-2). 
On y  ate in the course o  the  isease  oes the tumor 
per se cause prominent symptoms such as ab omina  
pain. In contrast, a   the symptoms  ue to non unc-
tiona  pNE s are  ue to the tumor per se. T e overa   
resu t o  this is that some  unctiona  pNE s may pres-
ent with severe symptoms with a sma   or un etectab e 
primary tumor, whereas non unctiona  tumors usua  y 
present  ate in the  isease course with  arge tumors, 
which are  requent y metastatic. T e mean  e ay 
between onset o  continuous symptoms an   iagnosis 
o  a  unctiona  pNE  syn rome is 4–7 years. T ere-
 ore, the  iagnoses  requent y are misse   or exten e  
perio s.

TREATMENT Pancreatic Neuroendocrine Tumor (General Points)

 reatment o  pNE s requires two  i erent strategies. First, 
treatment must be  irecte  at the hormone-excess state such 
as the gastric aci  hypersecretion in gastrinomas or the hypo-
g ycemia in insu inomas. Ectopic hormone secretion usua  y 
causes the presenting symptoms an  can cause  i e-threaten-
ing comp ications. Secon , with a   the tumors except insu in-
omas, >50% are ma ignant ( ab e 51-2); there ore, treatment 
must a so be  irecte  against the tumor per se. Because in 
many patients these tumors are not surgica  y curab e  ue to 
the presence o  a vance   isease at  iagnosis, surgica  resec-
tion  or cure, which a  resses both treatment aspects, is o en 
not possib e.

GASTRINOMA (ZOLLINGER-ELLISON 
SYNDROME)
A gastrinoma is an NE  that secretes gastrin; the 
resu tant hypergastrinemia causes gastric aci  hyper-
secretion (Zo  inger-E  ison syn rome [ZES]). T e 
chronic hypergastrinemia resu ts in marke  gastric aci  
hypersecretion an  growth o  the gastric mucosa with 
increase  numbers o  parieta  ce  s an  pro i eration o  
gastric ECL ce  s. T e gastric aci  hypersecretion char-
acteristica  y causes peptic u cer  isease (PUD), o en 
re ractory an  severe, as we   as  iarrhea. T e most 
common presenting symptoms are ab omina  pain 
(70-100%),  iarrhea (37-73%), an  gastroesophagea  
ref ux  isease (GERD) (30-35%); 10-20% o  patients 
have  iarrhea on y. A though peptic u cers may occur 
in unusua   ocations, most patients have a typica   uo-
 ena  u cer. Important observations that shou   suggest 
this  iagnosis inc u e PUD with  iarrhea; PUD in an 
unusua   ocation or with mu tip e u cers; PUD re rac-
tory to treatment or persistent; PUD associate  with 
prominent gastric  o  s; PUD associate  with  n ings 
suggestive o  MEN 1 (en ocrinopathy,  ami y history 
o  u cer or en ocrinopathy, nephro ithiases); an  PUD 
without Helicobacter pylori present. H. pylori is pres-
ent in >90% o  i iopathic peptic u cers but is present 
in <50% o  patients with gastrinomas. Chronic unex-
p aine   iarrhea a so shou   suggest ZES.

Approximate y 20-25% o  patients with ZES have 
MEN 1 (MEN1/ZES), an  in most cases, hyperpara-
thyroi ism is present be ore the ZES  eve ops. T ese 
patients are treate   i erent y  rom those without MEN 
1 (spora ic ZES); there ore, MEN 1 shou   be sought 
in a   patients with ZES by  ami y history an  by mea-
suring p asma ionize  ca cium an  pro actin  eve s 
an  p asma hormone  eve s (parathormone, growth 
hormone).

Most gastrinomas (50–90%) in spora ic ZES are 
present in the  uo enum,  o  owe  by the pancreas 
(10–40%) an  other intraab omina  sites (mesen-
tery,  ymph no es, bi iary tract,  iver, stomach, ovary). 
Rare y, the tumor may invo ve extraab omina  sites 
(heart,  ung cancer). In MEN 1/ZES the gastrinomas 
are a so usua  y in the  uo enum (70–90%),  o  owe  
by the pancreas (10–30%), an  are a most a ways mu -
tip e. About 60–90% o  gastrinomas are ma ignant 
( ab e  51-2) with metastatic sprea  to  ymph no es an  
 iver. Distant metastases to bone occur in 12–30% o  
patients with  iver metastases.

Dia gnosis

T e  iagnosis o  ZES requires the  emonstration o  inap-
propriate  asting hypergastrinemia, usua  y by  emon-
strating hypergastrinemia occurring with an increase  
basa  gastric aci  output (BAO) (hyperch orhy ria). 
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674 More than 98% o  patients with ZES have  asting hyper-
gastrinemia, a though in 40–60% the  eve  may be e e-
vate   ess than ten o  . T ere ore, when the  iagnosis 
is suspecte , a  asting gastrin is usua  y the initia  test 
per orme . It is important to remember that potent gas-
tric aci  suppressant  rugs such as proton pump inhibi-
tors (PPIs) (omeprazo e, esomeprazo e, pantoprazo e, 
 ansoprazo e, rabeprazo e) can suppress aci  secretion 
su cient y to cause hypergastrinemia; because o  their 
pro onge   uration o  action, these  rugs have to be 
tapere  or  requent y  iscontinue   or a week be ore 
the gastrin  etermination. With rawa  o  PPIs shou   
be per orme  care u  y because PUD comp ications can 
rapi  y  eve op in some patients an  is best  one in 
consu tation with GI units with experience in this area. 
T e wi esprea  use o  PPIs can con oun  the  iagnosis 
o  ZES by raising a  a se-positive  iagnosis by causing 
hypergastrinemia in a patient being treate  with i io-
pathic PUD (without ZES) an   ea  to a  a se-negative 
 iagnosis because at routine  oses use  to treat patients 
with i iopathic PUD, PPIs contro  symptoms in most 
ZES patients an  thus mask the  iagnosis. I  ZES is sus-
pecte  an  the gastrin  eve  is e evate , it is important to 
show that it is increase  when gastric pH is ≤2.0 because 
physio ogica  y hypergastrinemia secon ary to ach orhy-
 ria (atrophic gastritis, pernicious anemia) is one o  the 
most common causes o  hypergastrinemia. Near y a   
ZES patients have a  asting pH ≤2 when o  antisecretory 
 rugs. I  the  asting gastrin is >1000 pg/mL (increase  
ten o  ) an  the pH is ≤2.0, which occurs in 40–60% o  
patients with ZES, the  iagnosis o  ZES is estab ishe  
a er the possibi ity o  retaine  antrum syn rome has 
been ru e  out by history. In patients with hypergas-
trinemia with  asting gastrins <1000 pg/mL (<10- o   
increase ) an  gastric pH ≤2.0, other con itions, such as 
H. pylori in ections, antra  G-ce   hyperp asia/hyper unc-
tion, gastric out et obstruction, an , rare y, rena   ai ure, 
can masquera e as ZES.  o estab ish the  iagnosis in 
this group, a  etermination o  BAO an  a secretin pro-
vocative test shou   be  one. In patients with ZES with-
out previous gastric aci –re ucing surgery, the BAO is 
usua  y (>90%) e evate  (i.e., >15 mEq/h). T e secretin 
provocative test is usua  y positive, with the criterion o  
a >120-pg/mL increase over the basa   eve  having the 
highest sensitivity (94%) an  speci city (100%). Un ortu-
nate y the  iagnosis o  ZES is becoming increasing more 
 i cu t. T is is  ue not on y to the wi esprea  use o  
PPIs ( ea ing to  a se-positive resu ts as we   as masking 
ZES presentation), but a so recent stu ies  emonstrate 
than many o  the commercia  gastrin kits that are use  by 
most  aboratories to measure  asting serum gastrin  ev-
e s are not re iab e. In one stu y, 7 o  the 12 teste  com-
mercia  gastrin kits inaccurate y assesse  the true serum 
concentration o  gastrin primari y because the antibo -
ies use  ha  inappropriate speci city  or the  i erent 

circu ating  orms o  gastrin an  were not a equate y va i-
 ate . Both un erestimation an  overestimation o   ast-
ing serum gastrin  eve s occurre  using these commercia  
kits.  o circumvent this prob em, it is either necessary to 
use one o  the  ve re iab e kits i enti e  or, a ternative y, 
to re er the patient to a center with expertise in making 
the  iagnosis in your area, or i  this is not possib e, to 
contact such a center an  use the gastrin assay they rec-
ommen . An accurate gastrin assay is essentia   or accu-
rate measurement o   asting serum gastrin  eve  as we   as 
 or assessing gastrin  eve s  uring the secretin provoca-
tive test, an  thus, the  iagnosis o  ZES cannot re iab y be 
ma e without one.

TREATMENT Zollinger�Ellison Syndrome

Gastric aci  hypersecretion in patients with ZES can be 
contro  e  in a most every case by ora  gastric antisecretory 
 rugs. Because o  their  ong  uration o  action an  potency, 
which a  ows  osing once or twice a  ay, the PPIs (H+, K+-
A Pase inhibitors) are the  rugs o  choice. Histamine 
H2-receptor antagonists are a so e ective, a though more 
 requent  osing (q 4–8 h) an  high  oses are require . In 
patients with MEN 1/ZES with hyperparathyroi ism, correc-
tion o  the hyperparathyroi ism increases the sensitivity to 
gastric antisecretory  rugs an   ecreases the basa  aci  out-
put. Long-term treatment with PPIs (>15 years) has prove  
to be sa e an  e ective, without  eve opment o  tachyphy-
 axis. A though patients with ZES, especia  y those with MEN 
1/ZES, more  requent y  eve op gastric NE s (carcinoi s), no 
 ata suggest that the  ong-term use o  PPIs increases this risk 
in these patients. With  ong-term PPI use in ZES patients, 
vitamin B12  e ciency can  eve op; thus, vitamin B12  eve s 
shou   be assesse   uring  o  ow-up. Epi emio ogic stu -
ies suggest that  ong-term PPI use may be associate  with an 
increase  inci ence o  bone  ractures; however, at present, 
there is no such report in ZES patients.

With the increase  abi ity to contro  aci  hypersecre-
tion, more than 50% o  patients who are not cure  (>60% o  
patients) wi    ie  rom tumor-re ate  causes. At presentation, 
care u  imaging stu ies are essentia  to  oca ize the extent o  
the tumor to  etermine the appropriate treatment. A thir  
o  patients present with hepatic metastases, an  in <15% o  
those patients, the  isease is  imite , so that surgica  resection 
may be possib e. Surgica  short-term cure is possib e in 60% 
o  a   patients without MEN 1/ZES or  iver metastases (40% 
o  a   patients) an  in 30% o  patients  ong term. In patients 
with MEN 1/ZES,  ong-term surgica  cure is rare because the 
tumors are mu tip e,  requent y with  ymph no e metastases. 
Surgica  stu ies  emonstrate that success u  resection o  the 
gastrinoma not on y  ecreases the chances o   eve oping  iver 
metastases but a so increases the  isease-re ate  surviva  rate. 
T ere ore, a   patients with gastrinomas without MEN 1/ZES 
or a me ica  con ition that  imits  i e expectancy shou   
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675un ergo surgery by a surgeon experience  in the treatment 
o  these  isor ers.

INSULINOMAS
An insu inoma is an NE  o  the pancreas that is 
thought to be  erive   rom beta ce  s that ectopica  y 
secrete insu in, which resu ts in hypog ycemia. T e 
average age o  occurrence is 40–50 years o  . T e most 
common c inica  symptoms are  ue to the e ect o  the 
hypog ycemia on the CNS (neurog ycemic symptoms) 
an  inc u e con usion, hea ache,  isorientation, visua  
 i cu ties, irrationa  behavior, an  even coma. A so, 
most patients have symptoms  ue to excess catecho -
amine re ease secon ary to the hypog ycemia, inc u ing 
sweating, tremor, an  pa pitations. Characteristica  y, 
these attacks are associate  with  asting.

Insu inomas are genera  y sma   (>90% are <2 cm) 
an  usua  y not mu tip e (90%); on y 5–15% are ma ig-
nant, an  they a most invariab y occur on y in the pan-
creas,  istribute  equa  y in the pancreatic hea , bo y, 
an  tai .

Insu inomas shou   be suspecte  in a   patients with 
hypog ycemia, especia  y when there is a history sug-
gesting that attacks are provoke  by  asting, or with a 
 ami y history o  MEN 1. Insu in is synthesize  as pro-
insu in, which consists o  a 21-amino-aci  α chain an  
a 30-amino-aci  β chain connecte  by a 33-amino-aci  
connecting pepti e (C pepti e). In insu inomas, in 
a  ition to e evate  p asma insu in  eve s, e evate  
p asma proinsu in  eve s are  oun , an  C-pepti e  eve s 
are e evate .

Dia gnosis

T e  iagnosis o  insu inoma requires the  emonstra-
tion o  an e evate  p asma insu in  eve  at the time 
o  hypog ycemia. A number o  other con itions may 
cause  asting hypog ycemia, such as the ina vertent 
or surreptitious use o  insu in or ora  hypog ycemic 
agents, severe  iver  isease, a coho ism, poor nutrition, 
an  other extrapancreatic tumors. Furthermore, post-
pran ia  hypog ycemia can be cause  by a number o  
con itions that con use the  iagnosis o  insu inoma. 
Particu ar y important here is the increase  occurrence 
o  hypog ycemia a er gastric bypass surgery  or obesity, 
which is now wi e y per orme . A new entity, insu i-
nomatosis, was  escribe  that can cause hypog ycemia 
an  mimic insu inomas. It occurs in 10% o  patients 
with persistent hyperinsu inemic hypog ycemia an  
is characterize  by the occurrence o  mu tip e macro-/
microa enomas expressing insu in, an  it is not c ear 
how to  istinguish this entity  rom insu inoma preop-
erative y. T e most re iab e test to  iagnose insu inoma 
is a  ast up to 72 h with serum g ucose, C-pepti e, 

proinsu in, an  insu in measurements every 4–8 h. I  at 
any point the patient becomes symptomatic or g ucose 
 eve s are persistent y be ow <2.2 mmo /L (40 mg/ L), 
the test shou   be terminate , an  repeat samp es  or 
the above stu ies shou   be obtaine  be ore g ucose is 
given. Some 70–80% o  patients wi    eve op hypog y-
cemia  uring the  rst 24 h, an  98% by 48 h. In non-
obese norma  subjects, serum insu in  eve s shou   
 ecrease to <43 pmo /L (<6 µU/mL) when b oo  g u-
cose  ecreases to <2.2 mmo /L (<40 mg/ L) an  the 
ratio o  insu in to g ucose is <0.3 (in mg/ L). In a  i-
tion to having an insu in  eve  >6 µU/mL when b oo  
g ucose is <40 mg/ L, some investigators a so require 
an e evate  C-pepti e an  serum proinsu in  eve , an 
insu in/g ucose ratio >0.3, an  a  ecrease  p asma 
β-hy roxybutyrate  eve   or the  iagnosis o  insu i-
nomas. Surreptitious use o  insu in or hypog ycemic 
agents may be  i cu t to  istinguish  rom insu inomas. 
T e combination o  proinsu in  eve s (norma  in exog-
enous insu in/hypog ycemic agent users), C-pepti e 
 eve s ( ow in exogenous insu in users), antibo ies to 
insu in (positive in exogenous insu in users), an  mea-
surement o  su  ony urea  eve s in serum or p asma wi   
a  ow the correct  iagnosis to be ma e. T e  iagnosis o  
insu inoma has been comp icate  by the intro uction 
o  speci c insu in assays that  o not a so interact with 
proinsu in, as  o many o  the o  er ra ioimmunoassays 
(RIAs), an  there ore give  ower p asma insu in  eve s. 
T e increase  use o  these speci c insu in assays has 
resu te  in increase  numbers o  patients with insu i-
nomas having  ower p asma insu in va ues (<6 µU/mL) 
than  eve s propose  to be characteristic o  insu inomas 
by RIA. In these patients, the assessment o  proinsu in 
an  C-pepti e  eve s at the time o  hypog ycemia is par-
ticu ar y he p u   or estab ishing the correct  iagnosis. 
An e evate  proinsu in  eve  when the  asting g ucose 
 eve  is <45 mg/ L is sensitive an  speci c.

TREATMENT Insulinomas

On y 5–15% o  insu inomas are ma ignant; there ore, a er 
appropriate imaging (see be ow), surgery shou   be per-
 orme . In  i erent stu ies, 75–100% o  patients are cure  
by surgery. Be ore surgery, the hypog ycemia can be con-
tro  e  by  requent sma   mea s an  the use o   iazoxi e 
(150–800 mg/ ). Diazoxi e is a benzothia iazi e whose 
hyperg ycemic e ect is attribute  to inhibition o  insu in 
re ease. Its si e e ects are so ium retention an  GI symp-
toms such as nausea. Approximate y 50–60% o  patients 
respon  to  iazoxi e. Other agents e ective in some 
patients to contro  the hypog ycemia inc u e verapami  an  
 ipheny hy antoin. Long-acting somatostatin ana ogues 
such as octreoti e an   anreoti e are acute y e ective in 
40% o  patients. However, octreoti e must be use  with care 
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676 because it inhibits growth hormone secretion an  can a ter 
p asma g ucagon  eve s; there ore, in some patients, it can 
worsen the hypog ycemia.

For the 5–15% o  patients with ma ignant insu inomas, 
these  rugs or somatostatin ana ogues are use  initia  y. 
In a sma   number o  patients with insu inomas, some with 
ma ignant tumors, mamma ian target o  rapamycin (m OR) 
inhibitors (evero imus, rapamycin) are reporte  to contro  
the hypog ycemia. I  they are not e ective, various antitumor 
treatments such as hepatic arteria  embo ization, chemoem-
bo ization, chemotherapy, an  pepti e receptor ra iotherapy 
have been use  (see be ow).

Insu inomas, which are usua  y benign (>90%) an  intra-
pancreatic in  ocation, are increasing y resecte  using a  apa-
roscopic approach, which has  ower morbi ity rates. T is 
approach requires that the insu inoma be  oca ize  on preop-
erative imaging stu ies.

GLUCAGONOMAS
A g ucagonoma is NE  o  the pancreas that secretes 
excessive amounts o  g ucagon, which causes a  istinct 
syn rome characterize  by  ermatitis, g ucose into -
erance or  iabetes, an  weight  oss. G ucagonomas 
principa  y occur between 45 an  70 years o  age. T e 
tumor is c inica  y hera  e  by a characteristic  erma-
titis (migratory necro ytic erythema) (67–90%), accom-
panie  by g ucose into erance (40–90%), weight  oss 
(66–96%), anemia (33–85%),  iarrhea (15–29%), an  
thromboembo ism (11–24%). T e characteristic rash 
usua  y starts as an annu ar erythema at intertriginous 
an  periori cia  sites, especia  y in the groin or but-
tock. It subsequent y becomes raise , an  bu  ae  orm; 
when the bu  ae rupture, ero e  areas  orm. T e  esions 
can wax an  wane. T e  eve opment o  a simi ar rash 
in patients receiving g ucagon therapy suggests that 
the rash is a  irect e ect o  the hyperg ucagonemia. A 
characteristic  aboratory  n ing is hypoaminoaci emia, 
which occurs in 26–100% o  patients.

G ucagonomas are genera  y  arge tumors at  iagno-
sis (5–10 cm). Some 50–80% occur in the pancreatic 
tai . From 50 to 82% have evi ence o  metastatic sprea  
at presentation, usua  y to the  iver. G ucagonomas are 
rare y extrapancreatic an  usua  y occur sing y.

 wo new entities have been  escribe  that can a so 
cause hyperg ucagonemia an  may mimic g ucagono-
mas. Mahvah  isease is  ue to a homozygous P86S 
mutation o  the human g ucagon receptor. It is associ-
ate  with the  eve opment o  α-ce   hyperp asia, hyper-
g ucagonemia, an  the  eve opment o  non unctioning 
pNE s. A secon   isease ca  e  glucagon cell adeno-
matosis can mimic g ucagonoma  syn rome c inica  y 
an  is characterize  by the presence o  hyperp astic 
is ets staining positive  or g ucagon instea  o  a sing e 
g ucagonoma.

Dia gnosis

T e  iagnosis is con rme  by  emonstrating an 
increase  p asma g ucagon  eve . Characteristica  y, 
p asma g ucagon  eve s excee  1000 pg/mL (norma  
is <150 pg/mL) in 90%; 7% are between 500 an  1000 
pg/mL, an  3% are <500 pg/mL. A tren  towar   ower 
 eve s at  iagnosis has been note  in the  ast  eca e. 
A p asma g ucagon  eve  >1000 pg/mL is consi ere  
 iagnostic o  g ucagonoma. Other  iseases causing 
increase  p asma g ucagon  eve s inc u e cirrhosis,  ia-
betic ketoaci osis, ce iac  isease, rena  insu ciency, 
acute pancreatitis, hypercorticism, hepatic insu ciency, 
severe stress, an  pro onge   asting or  ami ia  hyper-
g ucagonemia, as we   as  anazo  treatment. With the 
exception o  cirrhosis, these  isor ers  o not increase 
p asma g ucagon >500 pg/mL.

Necro ytic migratory erythema is not pathogno-
monic  or g ucagonoma an  occurs in mye opro i -
erative  isor ers, hepatitis B in ection, ma nutrition, 
short-bowe  syn rome, inf ammatory bowe   isease, 
zinc  e ciency, an  ma absorption  isor ers.

TREATMENT Glucagonomas

In 50–80% o  patients, hepatic metastases are present, an  so 
curative surgica  resection is not possib e. Surgica   ebu king 
in patients with a vance   isease or other antitumor treat-
ments may be bene cia  (see be ow). Long-acting somatosta-
tin ana ogues such as octreoti e an   anreoti e improve the 
skin rash in 75% o  patients an  may improve the weight  oss, 
pain, an   iarrhea, but usua  y  o not improve the g ucose 
into erance.

SOMATOSTATINOMA SYNDROME
T e somatostatinoma syn rome is  ue to an NE  that 
secretes excessive amounts o  somatostatin, which 
causes a  istinct syn rome characterize  by  iabetes 
me  itus, ga  b a  er  isease,  iarrhea, an  steatorrhea. 
T ere is no genera   istinction in the  iterature between 
a tumor that contains somatostatin- ike immunoreactiv-
ity (somatostatinoma) an   oes (11–45%) or  oes not 
(55–90%) pro uce a c inica  syn rome (somatostatinoma 
syn rome) by secreting somatostatin. In a review o  173 
cases o  somatostatinomas, on y 11% were associate  
with the somatostatinoma syn rome. T e mean age is 51 
years. Somatostatinomas occur primari y in the pancreas 
an  sma   intestine, an  the  requency o  the symptoms 
an  occurrence o  the somatostatinoma syn rome  i er 
in each. Each o  the usua  symptoms is more common 
in pancreatic than in intestina  somatostatinomas:  ia-
betes me  itus (95% vs 21%), ga  b a  er  isease (94% vs 
43%),  iarrhea (92% vs 38%), steatorrhea (83% vs 12%), 
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677hypoch orhy ria (86% vs 12%), an  weight  oss (90% vs 
69%). T e somatostatinoma syn rome occurs in 30–90% 
o  pancreatic an  0–5% o  SI somatostatinomas. In vari-
ous series, 43% o  a    uo ena  NE s contain somatosta-
tin; however, the somatostatinoma syn rome is rare y 
present (<2%). Somatostatinomas occur in the pancreas 
in 56–74% o  cases, with the primary  ocation being the 
pancreatic hea . T e tumors are usua  y so itary (90%) 
an   arge (mean size 4.5 cm). Liver metastases are com-
mon, being present in 69–84% o  patients. Somatostati-
nomas are rare in patients with MEN 1, occurring in on y 
0.65%.

Somatostatin is a tetra ecapepti e that is wi e y 
 istribute  in the CNS an  GI tract, where it  unc-
tions as a neurotransmitter or has paracrine an  auto-
crine actions. It is a potent inhibitor o  many processes, 
inc u ing re ease o  a most a   hormones, aci  secre-
tion, intestina  an  pancreatic secretion, an  intesti-
na  absorption. Most o  the c inica  mani estations are 
 irect y re ate  to these inhibitory actions.

Dia gnosis

In most cases, somatostatinomas have been  oun  by 
acci ent either at the time o  cho ecystectomy or  ur-
ing en oscopy. T e presence o  psammoma bo ies in 
a  uo ena  tumor shou   particu ar y raise suspicion. 
Duo ena  somatostatin-containing tumors are increas-
ing y associate  with von Reck inghausen’s  isease 
(NF-1) (Table 51-6). Most o  these tumors (>98%)  o 
not cause the somatostatinoma syn rome. T e  iagno-
sis o  the somatostatinoma syn rome requires the  em-
onstration o  e evate  p asma somatostatin  eve s.

TREATMENT Somatostatinomas

Pancreatic tumors are  requent y (70–92%) metastatic at 
presentation, whereas 30–69% o  SI somatostatinomas have 
metastases. Surgery is the treatment o  choice  or those with-
out wi esprea  hepatic metastases. Symptoms in patients 
with the somatostatinoma syn rome are a so improve  by 
octreoti e treatment.

VIPOMAS
VIPomas are NE s that secrete excessive amounts o  
vasoactive intestina  pepti e (VIP), which causes a 
 istinct syn rome characterize  by  arge-vo ume  iar-
rhea, hypoka emia, an   ehy ration. T is syn rome 
a so is ca  e  Verner-Morrison syn rome, pancreatic 
cho era, an  WDHA syn rome  or watery diarrhea, 
hypoka emia, an  ach orhy ria, which some patients 
 eve op. T e mean age o  patients with this syn rome 

is 49 years; however, it can occur in chi  ren, an  when 
it  oes, it is usua  y cause  by a gang ioneuroma or 
gang ioneurob astoma.

T e principa  symptoms are  arge-vo ume  iar-
rhea (100%) severe enough to cause hypoka emia (80–
100%),  ehy ration (83%), hypoch orhy ria (54–76%), 
an  f ushing (20%). T e  iarrhea is secretory in nature, 
persisting  uring  asting, an  is a most a ways >1 L/  
an  in 70% is >3 L/ . In a number o  stu ies, the  iar-
rhea was intermittent initia  y in up to ha   the patients. 
Most patients  o not have accompanying steator-
rhea (16%), an  the increase  stoo  vo ume is  ue to 
increase  excretion o  so ium an  potassium, which, 
with the anions, accounts  or the osmo a ity o  the stoo . 
Patients  requent y have hyperg ycemia (25–50%) an  
hyperca cemia (25–50%).

VIP is a 28-amino-aci  pepti e that is an important 
neurotransmitter, ubiquitous y present in the CNS an  
GI tract. Its known actions inc u e stimu ation o  SI 
ch ori e secretion as we   as e ects on smooth-musc e 
contracti ity, inhibition o  aci  secretion, an  vaso i a-
tory e ects, which exp ain most  eatures o  the c inica  
syn rome.

In a u ts, 80–90% o  VIPomas are pancreatic in 
 ocation, with the rest  ue to VIP-secreting pheochro-
mocytomas, intestina  carcinoi s, an  rare y gang io-
neuromas. T ese tumors are usua  y so itary, 50–75% 
are in the pancreatic tai , an  37–68% have hepatic 
metastases at  iagnosis. In chi  ren <10 years o  , the 
syn rome is usua  y  ue to gang ioneuromas or gang i-
ob astomas an  is  ess o en ma ignant (10%).

Dia gnosis

T e  iagnosis requires the  emonstration o  an e evate  
p asma VIP  eve  an  the presence o   arge-vo ume  iar-
rhea. A stoo  vo ume <700 mL/  is propose  to exc u e 
the  iagnosis o  VIPoma. When the patient  asts, a num-
ber o   iseases can be exc u e  that can cause marke  
 iarrhea because the high vo ume o   iarrhea is not sus-
taine   uring the  ast. Other  iseases that can pro uce 
a secretory  arge-vo ume  iarrhea inc u e gastrinomas, 
chronic  axative abuse, carcinoi  syn rome, systemic 
mastocytosis, rare y me u  ary thyroi  cancer,  iabetic 
 iarrhea, sprue, an  AIDS. Among these con itions, 
on y VIPomas cause  a marke  increase in p asma VIP. 
Chronic surreptitious use o   axatives/ iuretics can be par-
ticu ar y  i cu t to  etect c inica  y. Hence, in a patient 
with unexp aine  chronic  iarrhea, screens  or  axatives 
shou   be per orme ; they wi    etect many, but not a  , 
 axative abusers. E evate  p asma  eve s o  VIP shou   not 
be the on y basis o  the  iagnosis o  VIPomas because they 
can occur with some  iarrhea  states inc u ing inf amma-
tory bowe   isease, post sma   bowe  resection, an  ra ia-
tion enteritis. Furthermore, nesi iob astosis can mimic 

51_Hematology_ch51_p657-684.indd   677  04/08/16   4:26 PM



S

E

C

T

I

O

N

 

X

 

E

n

d

o

c

r

i

n

e

 

N

e

o

p

l

a

s

i

a

678 VIPomas by causing e evate  p asma VIP  eve s,  iarrhea, 
an  even  a se-positive  ocation in the pancreatic region on 
somatostatin receptor scintigraphy.

TREATMENT VIPomas

T e most important initia  treatment in these patients is to cor-
rect their  ehy ration, hypoka emia, an  e ectro yte  osses with 
f ui  an  e ectro yte rep acement. T ese patients may require 
5 L/  o  f ui  an  >350 mEq/  o  potassium. Because 37–68% 
o  a u ts with VIPomas have metastatic  isease in the  iver at 
presentation, a signi cant number o  patients cannot be cure  
surgica  y. In these patients,  ong-acting somatostatin ana ogues 
such as octreoti e an   anreoti e are the  rugs o  choice.

Octreoti e/ anreoti e wi   contro  the  iarrhea short- an  
 ong-term in 75–100% o  patients. In nonresponsive patients, 
the combination o  g ucocorticoi s an  octreoti e/ anreoti e 
has prove  he p u  in a sma   number o  patients. Other  rugs 
reporte  to be he p u  in sma   numbers o  patients inc u e 
pre nisone (60–100 mg/ ), c oni ine, in omethacin, pheno-
thiazines,  operami e,  i ami ine,  ithium, proprano o , an  
metoc oprami e.  reatment o  a vance   isease with cytore-
 uctive surgery, embo ization, chemoembo ization, chemo-
therapy, ra iotherapy, ra io requency ab ation, an  pepti e 
receptor ra iotherapy may be he p u  (see be ow).

NONFUNCTIONAL PANCREATIC 
NEUROENDOCRINE TUMORS (NF-PNETS)
NF-pNE s are NE s that originate in the pancreas an  
either secrete no pro ucts or their pro ucts  o not cause 
a speci c c inica  syn rome. T eir symptoms are  ue 
entire y to the tumor per se. NF-pNE s secrete chromo-
granin A (90–100%), chromogranin B (90–100%), α-HCG 
(human chorionic gona otropin) (40%), neuron-speci c 
eno ase (31%), an  β-HCG (20%), an  because 40–90% 
secrete PP, they are a so o en ca  e  PPomas. Because 
the symptoms are  ue to the tumor mass, patients with 
NF-pNE s usua  y present  ate in the  isease course with 
invasive tumors an  hepatic metastases (64–92%), an  the 
tumors are usua  y  arge (72% >5 cm). NF-pNE s are usu-
a  y so itary except in patients with MEN 1, in which case 
they are mu tip e. T ey occur primari y in the pancreatic 
hea . Even though these tumors  o not cause a  unc-
tiona  syn rome, immunocytochemica  stu ies show that 
they synthesize numerous pepti es an  cannot be  istin-
guishe   rom  unctiona  pNE s by immunocytochemistry. 
In MEN 1, 80–100% o  patients have microscopic NF-
pNE s, but they become  arge or symptomatic in a minor-
ity (0–13%) o  cases. In VHL, 12–17%  eve op NF-pNE s, 
an  in 4%, they are ≥3 cm in  iameter.

T e most common symptoms are ab omina  pain 
(30–80%), jaun ice (20–35%), an  weight  oss,  atigue, or 

b ee ing; 10–35% are  oun  inci enta  y. T e average time 
 rom the beginning o  symptoms to  iagnosis is 5 years.

Dia gnosis

T e  iagnosis is estab ishe  by histo ogic con rmation 
in a patient without either the c inica  symptoms or the 
e evate  p asma hormone  eve s o  one o  the estab-
 ishe  syn romes. T e principa   i cu ty in  iagnosis 
is to  istinguish an NF-pNE   rom a nonen ocrine 
pancreatic tumor, which is more common, as we   as 
 rom a  unctiona  pNE . Even though chromogranin 
A  eve s are e evate  in a most every patient, this is not 
speci c  or this  isease as it can be  oun  in  unctiona  
pNE s, GI-NE s (carcinoi s), an  other neuroen o-
crine  isor ers. P asma PP e evations shou   strong y 
suggest the  iagnosis in a patient with a pancreatic 
mass because it is usua  y norma  in patients with pan-
creatic a enocarcinomas. E evate  p asma PP is not 
 iagnostic o  this tumor because it is e evate  in a num-
ber o  other con itions, such as chronic rena   ai ure, 
o   age, inf ammatory con itions, a coho  abuse, pan-
creatitis, hypog ycemia, postpran ia  y, an   iabetes. A 
positive somatostatin receptor scan in a patient with a 
pancreatic mass shou   suggest the presence o  pNE /
NF-pNE  rather than a nonen ocrine tumor.

TREATMENT  Non unctional Pancreatic Neuroendocrine 
Tumors (NF�pNETs)

Overa   surviva  in patients with spora ic NF-pNE  is 
30–63% at 5 years, with a me ian surviva  o  6 years. Un or-
tunate y, surgica  curative resection can be consi ere  on y in 
a minority o  these patients because 64–92% present with  i -
 use metastatic  isease.  reatment nee s to be  irecte  against 
the tumor per se using the various mo a ities  iscusse  
be ow  or a vance   isease. T e treatment o  NF-pNE s in 
either MEN 1 patients or patients with VHL is controversia . 
Most recommen  surgica  resection  or any tumor >2–3 cm 
in  iameter; however, there is no consensus on sma  er NF-
pNE s in these inherite   isor ers, with most recommen ing 
care u  survei  ance o  these patients. T e treatment o  sma   
spora ic, asymptomatic NF-pNE s (≤2 cm) is a so controver-
sia . Most o  these are  ow- or interme iate-gra e  esions, an  
<7% are ma ignant. Some a vocate a nonoperative approach 
with care u , regu ar  o  ow-up, whereas other recommen  an 
operative approach with specia  y consi eration  or a  aparo-
scopic surgica  approach.

GRFOMAS
GRFomas are NE s that secrete excessive amounts 
o  growth hormone–re easing  actor (GRF) that 
cause acromega y. GRF is a 44-amino-aci  pepti e, 
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679an  25–44% o  pNE s have GRF immunoreactiv-
ity, a though it is uncommon y secrete . GRFomas are 
 ung tumors in 47–54% o  cases, pNE s in 29–30%, 
an  SI carcinoi s in 8–10%; up to 12% occur at other 
sites. Patients have a mean age o  38 years, an  the 
symptoms usua  y are  ue to either acromega y or the 
tumor per se. T e acromega y cause  by GRFomas is 
in istinguishab e  rom c assic acromega y. T e pancre-
atic tumors are usua  y  arge (>6 cm), an   iver metas-
tases are present in 39%. T ey shou   be suspecte  in 
any patient with acromega y an  an ab omina  tumor, 
a patient with MEN 1 with acromega y, or a patient 
without a pituitary a enoma with acromega y or associ-
ate  with hyperpro actinemia, which occurs in 70% o  
GRFomas. GRFomas are an uncommon cause o  acro-
mega y. GRFomas occur in <1% o  MEN 1 patients. T e 
 iagnosis is estab ishe  by per orming p asma assays 
 or GRF an  growth hormone. Most GRFomas have a 
p asma GRF  eve  >300 pg/mL (norma  <5 pg/mL men, 
<10 pg/mL women). Patients with GRFomas a so have 
increase  p asma  eve s o  insu in- ike growth  actor 
type I (IGF-I) simi ar to those in c assic acromega y. 
Surgery is the treatment o  choice i   i use metastases 
are not present. Long-acting somatostatin ana ogues 
such as octreoti e an   anreoti e are the agents o  
choice, with 75–100% o  patients respon ing.

OTHER RARE PANCREATIC 
NEUROENDOCRINE TUMOR SYNDROMES
Cushing’s syn rome (AC Homa)  ue to a pNE  occurs 
in 4–16% o  a   ectopic Cushing’s syn rome cases. It 
occurs in 5% o  cases o  spora ic gastrinomas, a most 
invariab y in patients with hepatic metastases, an  is 
an in epen ent poor prognostic  actor. Paraneop as-
tic hyperca cemia  ue to pNE s re easing parathyroi  
hormone–re ate  pepti e (P HrP), a P H- ike mate-
ria , or unknown  actor, is rare y reporte . T e tumors 
are usua  y  arge, an   iver metastases are usua  y pres-
ent. Most (88%) appear to be  ue to re ease o  P HrP. 
pNE s occasiona  y can cause the carcinoi  syn rome. 
A number o  very rare pNE  syn romes invo ving 
a  ew cases ( ess than  ve) have been  escribe ; these 
inc u e a renin-pro ucing pNE  in a patient present-
ing with hypertension; pNE s secreting  uteinizing hor-
mone, resu ting in mascu inization or  ecrease   ibi o; 
a pNE  secreting erythropoietin, resu ting in po ycy-
themia; pNE s secreting IGF-II, causing hypog ycemia; 
an  pNE s secreting enterog ucagon, causing sma   
intestina  hypertrophy, co onic/SI stasis, an  ma ab-
sorption ( ab e  51-2). A number o  other possib e  unc-
tiona  pNE s have been propose , but most authorities 
c assi y these as unc ear or as a non unctiona  pNE  
because in each case numerous patients have been 
 escribe  with simi ar p asma hormone e evations 

that  o not cause any symptoms. T ese inc u e pNE s 
secreting ca citonin, neurotensin (neurotensinoma), PP 
(PPoma), an  ghre in ( ab e  51-2).

TUMOR LOCALIZATION

Loca ization o  the primary tumor an  know e ge 
o  the extent o  the  isease are essentia  to the proper 
management o  a   GI-NE s (carcinoi s) an  pNE s. 
Without proper  oca ization stu ies, it is not pos-
sib e to  etermine whether the patient is a can i ate 
 or surgica  resection (curative or cytore uctive) or 
requires antitumor treatment, to  etermine whether 
the patient is respon ing to antitumor therapies, or to 
appropriate y c assi y/stage the patient’s  isease to assess 
prognosis.

Numerous tumor  oca ization metho s are use  in 
both types o  NE s, inc u ing cross-sectiona  imag-
ing stu ies (C , magnetic resonance imaging [MRI], 
transab omina  u trasoun ), se ective angiography, 
somatostatin receptor scintigraphy (SRS), an  positron 
emission tomography. In pNE s, en oscopic u tra-
soun  (EUS) an   unctiona   oca ization by measur-
ing venous hormona  gra ients are a so reporte  to 
be use u . Bronchia  carcinoi s are usua  y  etecte  by 
stan ar  chest ra iography an  assesse  by C . Rec-
ta ,  uo ena , co onic, an  gastric carcinoi s are usu-
a  y  etecte  by GI en oscopy. Because o  their wi e 
avai abi ity, C  an  MRI are genera  y initia  y use  to 
 etermine the  ocation o  the primary NE s an  the 
extent o   isease. NE s are hypervascu ar tumors, an  
with both MRI an  C , contrast enhancement is essen-
tia   or maxima  sensitivity, an  it is recommen e  that 
genera  y trip e-phase scanning be use . T e abi ity o  
cross-sectiona  imaging an , to a  esser extent, SRS to 
 etect NE s is a  unction o  NE  size. With C  an  
MRI, <10% o  tumors <1 cm in  iameter are  etecte , 
30–40% o  tumors 1–3 cm are  etecte , an  >50% o  
tumors >3 cm are  etecte . Many primary GI-NE s 
(carcinoi s) are sma  , as are insu inomas an   uo e-
na  gastrinomas, an  are  requent y not  etecte  by 
cross-sectiona  imaging, whereas most other pNE s 
present  ate in the course o  their  isease an  are  arge 
(>4 cm). Se ective angiography is more sensitive,  oca -
izing 60–90% o  a   NE s; however, it is now use  in re-
quent y. For  etecting  iver metastases, C  an  MRI 
are more sensitive than u trasoun , an  with recent 
improvements, 5–25% o  patients with  iver metastases 
wi   be misse  by C  an /or MRI.

pNE s, as we   as GI-NE s (carcinoi s),  requent y 
(>80%) overexpress high-a nity somatostatin receptors 
in both the primary tumors an  the metastases. O  the 
 ve types o  somatostatin receptors (sst1–5), ra io abe e  
octreoti e bin s with high a nity to sst2 an  sst5, has 
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680 a  ower a nity  or sst3, an  has a very  ow a nity  or 
sst1 an  sst4. Between 80 an  100% o  GI-NE s (carci-
noi s) an  pNE s possess sst2, an  many a so have the 
other  our sst subtypes. Interaction with these receptors 
can be use  to treat these tumors as we   as to  oca ize 
NE s by using ra io abe e  somatostatin ana ogues 
(SRS). In the Unite  States, [111In-D PA-d-Phe1]octreo-
ti e (octreoscan) is genera  y use  with gamma cam-
era  etection using sing e-photon emission compute  
tomography (SPEC ) imaging. Numerous stu ies, pri-
mari y in Europe, using ga  ium-68- abe e  somatosta-
tin ana ogues an  positron emission tomography (PE ) 
 etection,  emonstrate even greater sensitivity than 
with SRS with 111In- abe e  somatostatin ana ogues. 
A though not yet approve  in the Unite  States, there 
are a number o  centers starting to use this approach. 
Because o  its sensitivity an  abi ity to  oca ize tumor 
throughout the bo y, SRS is the initia  imaging mo a -
ity o  choice  or  oca izing both the primary tumor an  
metastatic NE s. SRS  oca izes tumor in 73–95% o  
patients with GI-NE s (carcinoi s) an  in 56–100% o  
patients with pNE s, except insu inomas. Insu inomas 
are usua  y sma   an  have  ow  ensities o  sst recep-
tors, resu ting in SRS being positive in on y 12–50% o  
patients with insu inomas. SRS i enti es >90–95% o  
patients with  iver metastases  ue to NE s. Figure 51-3 
shows an examp e o  the increase  sensitivity o  SRS 
in a patient with a GI-NE  (carcinoi ) tumor. T e C  
scan showe  a sing e  iver metastasis, whereas the SRS 
 emonstrate  three metastases in the  iver in mu tip e 
 ocations. Occasiona   a se-positive responses with SRS 
can occur (12% in one stu y) because numerous other 
norma  tissues as we   as  iseases can have high  ensi-
ties o  sst receptors, inc u ing granu omas (sarcoi , 
tubercu osis, etc.), thyroi   iseases (goiter, thyroi itis), 
an  activate   ymphocytes ( ymphomas, woun  in ec-
tions). I   iver metastases are i enti e  by SRS, to p an 
the proper treatment, either a C  or an MRI (with con-
trast enhancement) is recommen e  to assess the size 
an  exact  ocation o  the metastases because SRS  oes 
not provi e in ormation on tumor size. For pNE s 
in the pancreas, EUS is high y sensitive,  oca izing 
77–100% o  insu inomas, which occur a most exc u-
sive y within the pancreas. En oscopic u trasoun  is 
 ess sensitive  or extrapancreatic tumors. It is increas-
ing y use  in patients with MEN 1, an  to a  esser 
extent VHL, to  etect sma   pNE s not seen with other 
mo a ities or  or seria  pNE  assessments to  etermine 
size changes or rapi  growth in patients in whom sur-
gery is  e erre . EUS with cyto ogic eva uation a so is 
use   requent y to  istinguish an NF-pNE   rom a pan-
creatic a enocarcinoma or another nonen ocrine pan-
creatic tumor. Not in requent y patients present with 
 iver metastases  ue to an NE  an  the primary site is 
unc ear. Occu t sma   intestina  NE s (carcinoi s) are 

increasing y  etecte  by  oub e-ba  oon enteroscopy or 
capsu e en oscopy.

Insu inomas  requent y overexpress receptors  or g u-
cagon- ike pepti e-1 (GLP-1), an  ra io abe e  GLP-1 
ana ogues have been  eve ope  that can  etect occu t 
insu inomas not  oca ize  by other imaging mo a ities. 
Functiona   oca ization by measuring hormona  gra i-
ents is now uncommon y use  with gastrinomas (a er 
intra-arteria  secretin injections) but is sti    requent y 
use  in insu inoma patients in whom other imag-
ing stu ies are negative (assessing hepatic vein insu in 
concentrations post-intra-arteria  ca cium injections). 
Functiona   oca ization measuring hormone gra ients 
in insu inomas or gastrin gra ients in gastrinoma is a 
sensitive metho , being positive in 80–100% o  patients. 
T e intra-arteria  ca cium test may a so a  ow  i eren-
tiation o  the cause o  the hypog ycemia an  in icate 
whether it is  ue to an insu inoma or a nesi iob asto-
sis. T e  atter entity is becoming increasing y important 
because hypog ycemia a er gastric bypass surgery  or 
obesity is increasing in  requency, an  it is primari y 

CT Scan

SRS

Tumor

Tumor

Tumor

Kidneys

R  L

R  L

FIGURE 51 -3
Ab ility o   co m p u ted  tom o g rap hy  CT  scan n in g   top   o r 
so m ato sta t in  recep to r scin t ig rap hy  SRS   bottom  to 
localize metastatic carcinoid in the liver.
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681 ue to nesi iob astosis, a though it can occasiona  y be 
 ue to an insu inoma.

PE  an  use o  hybri  scanners such as C  an  
SRS may have increase  sensitivity. PE  scanning with 
18F-f uoro-DOPA in patients with carcinoi s or with 
11C-5-H P in patients with pNE s or GI-NE s (carci-
noi s) has greater sensitivity than cross-sectiona  imag-
ing stu ies an  may be use  increasing y in the  uture. 
PE  scanning  or GI-NE s is not current y approve  in 
the Unite  States.

TREATMENT Advanced Disease (Dif use Metastatic Disease)

T e sing e most important prognostic  actor  or surviva  is 
the presence o   iver metastases (Fig. 51-4). For patients with 
 oregut carcinoi s without hepatic metastases, the 5-year 
surviva  in one stu y was 95%, an  with  istant metastases, 
it was 20% (Fig. 51-4). With gastrinomas, the 5-year surviva  
without  iver metastases is 98%; with  imite  metastases in 
one hepatic  obe, it is 78%; an  with  i use metastases, 16% 
(Fig. 51-4). In a  arge stu y o  156 patients (67 pNE s, rest 
carcinoi s), the overa   5-year surviva  rate was 77%; it was 
96% without  iver metastases, 73% with  iver metastases, an  
50% with  istant  isease. Another very important prognostic 
 actor is whether the NE  is we  - i erentiate  (G1/G2) or 
poor y  i erentiate  (<1% o  a   NE s) (G3). We  - i erenti-
ate  NE s have a 5-year surviva  o  50–80%, whereas poor y 
 i erentiate  NE s have a 5-year surviva  o  on y 0–15%.

T ere ore, treatment  or a vance  metastatic  isease is an 
important cha  enge. A number o   i erent mo a ities are 
reporte  to be e ective, inc u ing cytore uctive surgery (sur-
gica  y or by ra io requency ab ation [RFA]), treatment with 
chemotherapy, somatostatin ana ogues, inter eron α, hepatic 
embo ization a one or with chemotherapy (chemoembo iza-
tion), mo ecu ar targete  therapy, ra iotherapy with ra io-
 abe e  bea s/microspheres, pepti e ra ioreceptor therapy 
(PRR ), an   iver transp antation.

SPECIFIC ANTITUMOR TREATMENTS Cytore uctive surgery is consi -
ere  i  either a   o  the visib e metastatic  isease or at  ast 90% 
is thought resectab e; however, un ortunate y, this is possib e 
in on y the 9–22% o  patients who present with  imite  hepatic 
metastases. A though no ran omize  stu ies have proven that 
it exten s  i e, resu ts  rom a number o  stu ies suggest that it 
may increase surviva ; there ore, it is recommen e , i  possib e. 
RFA can be app ie  to NE   iver metastases i  they are  imite  
in number (usua  y  ess than  ve) an  size (usua  y <3.5 cm in 
 iameter). It can be use  at the time o  surgery (either genera  or 
 aparoscopic) or using ra io ogic gui ance.

Response rates are >80%, the responses can  ast up to 
3 years, the morbi ity rate is  ow, an  this proce ure may 
be particu ar y he p u  in patients with  unctiona  pNE s 
that are  i cu t to contro  me ica  y. A though RFA has not 
been estab ishe  in a contro  e  tria , both the European an  
North American Neuroen ocrine  umor Society gui e ines 

(ENE S, NANE S) state it can be an e ective antitumor 
treatment  or both re ractory  unctiona  syn romes an   or 
pa  iative treatment.

Chemotherapy p ays a  i erent ro e in the treatment o  
patients with pNE s an  GI-NE s (carcinoi s). Chemother-
apy continues to be wi e y use  in the treatment o  patients 
with a vance  pNE s with mo erate success (response rates 
20–70%); however, in genera , its resu ts in patients with 
metastatic GI-NE s (carcinoi s) has been  isappointing, 
with response rates o  0–30% with various two- an  three-
 rug combinations, an  thus, it is in requent y use  in these 
patients. An important  istinction in patients with pNE s is 
whether the tumor is we    i erentiate  (G1/G2) or poor y 
 i erentiate  (G3). T e chemotherapeutic approach is  i -
 erent  or these two groups. T e current regimen o  choice 
 or patients with we  - i erentiate  pNE s is the combi-
nation o  streptozotocin an   oxorubicin with or without 
5-f uorouraci . Streptozotocin is a g ucosamine nitrourea 
compoun  origina  y  oun  to have cytotoxic e ects on pan-
creatic is ets, an   ater in stu ies with  oxorubicin with or 
without 5-f uorouraci , it pro uce  response rates o  20–45% 
in a vance  pNE s. Streptozotocin causes consi erab e mor-
bi ity, with 70–100% o  patients  eve oping si e e ects (most 
prominent being nausea/vomiting in 60–100% or  eukope-
nia/thrombocytopenia) an  15–40% o  patients  eve oping 
some  egree o  rena   ys unction (proteinuria in 40–50%, 
 ecrease  creatine c earance). T e combination o  temozo o-
mi e ( MZ) with capecitabine pro uces partia  response 
rates as high as 70% in patients with a vance pNE s an  a 
2-year surviva  o  92%. T e use o   MZ or another a ky at-
ing agent in a vance  pNE s is supporte  by stu ies that 
show  ow  eve s o  the DNA repair enzyme O6-methy guanine 
DNA methy trans erase in pNE s, but not in GI-NE s (car-
cinoi s), which increases the sensitivity o  pNE s to  MZ. 
In poor y  i erentiate  NE s (G3), chemotherapy with a 
cisp atin-base  regimen with etoposi e or other agents (vin-
cristine, pac itaxe ) is the recommen e  treatment, with 
response rates o  40–70%; however, responses are genera  y 
short- ive  (<12 months). T is chemotherapy regimen can 
be associate  with signi cant toxicity inc u ing GI toxicities 
(nausea, vomiting), mye osuppression, an  rena  toxicity.

In a  ition to the e ectiveness in contro  ing the  unctiona  
hormona  state,  ong-acting somatostatin ana ogues such as 
octreoti e an   anreoti e are increasing y use   or their anti-
pro i erative e ects. Whereas somatostatin ana ogues rare y 
 ecrease tumor size (i.e., 0–17%), these  rugs have tumori-
static e ects, stopping a  itiona  growth in 26–95% o  patients 
with NE s. In a ran omize ,  oub e-b in  stu y in patients 
with metastatic mi gut carcinoi s (PROMID stu y) octreo-
ti e-LAR  emonstrate  a marke   engthening o  time to pro-
gression (14.3 vs 6 months, p = .000072). T is improvement 
was seen in patients with  imite   iver invo vement. T is stu y 
 i  not assess whether such treatment wi   exten  surviva . A 
 oub e-b in , ran omize , p acebo-contro  e , phase III stu y 
in patients with we  - i erentiate , metastatic, inoperab e 
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pNE s (45%) or GI-NE s (carcinoi s) (55%) (CLARINE  
stu y) showe  that month y treatment with  anreoti e-auto-
ge  re uce  tumor progression or  eath by 53%. Somatosta-
tin ana ogues can in uce apoptosis in GI-NE s (carcinoi s), 
which probab y contributes to their tumoristatic e ects.  reat-
ment with somatostatin ana ogues is genera  y we  -to erate , 
with most si e e ects being mi   an  uncommon y  ea ing to 

stopping the  rug. Potentia   ong-term si e e ects inc u e  ia-
betes/g ucose into erance, steatorrhea, an  the  eve opment o  
ga  b a  er s u ge/ga  stones (10–80%), a though on y 1% o  
patients  eve op symptomatic ga  b a  er  isease. Because o  
these phase III stu ies, somatostatin ana ogues are genera  y 
recommen e  as  rst- ine treatment  or patients with we  - i -
 erentiate  metastatic NE s.
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FIGURE 51 -4
Su rviva l  Kap lan  Meie r p lo t s  o   p a t ien ts with pancreatic 
neuroendocrine tumors (pNETs; n = 1072) (A–C) or gastrointes-
tinal neuroendocrine tumors (GI-NETs; carcinoids) (appendix, n 
= 138; midgut, n = 238) (D–F) strati ed according to recent pro-
posed classi cation and grading systems. (Panels A–C are drawn 

from data in G Rindi et al: J Natl Cancer Inst 104:764, 2012; panels 
D and E are drawn from data in M Volante et al: Am J Surg Pathol 
37:606, 2013; and panel F is drawn from data in MS Khan: Br J Cancer 
108:1838, 2013.)
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683Inter eron α, simi ar to somatostatin ana ogues, is e ective 
at contro  ing the hormona  excess symptoms o  NE s an  has 
antipro i erative e ects in NE s, which primari y resu t in  is-
ease stabi ization (30–80%), with a  ecrease in tumor size in 
<15% o  patients. Inter eron can inhibit DNA synthesis, b ock 
ce   cyc e progression in the G1 phase, inhibit protein synthesis, 
inhibit angiogenesis, an  in uce apoptosis. Inter eron α treat-
ment resu ts in si e e ects in the majority o  patients, with the 
most  requent being a f u- ike syn rome (80–100%), anorexia 
with weight  oss, an   atigue. T ese si e e ects  requent y 
 ecrease in severity with continue  treatment. In a  ition, 
patients become accommo ate  to the symptoms. More seri-
ous si e e ects inc u e hepatotoxicity (31%), hyper ipi emia 
(31%), bone marrow toxicity, thyroi   isease (19%), an  rare y 
CNS si e e ects ( epression, menta /visua   isor ers). ENE S 
2012 gui e ines conc u e that in patients with we  - i erenti-
ate  NE s that are s ow y progressive, inter eron α treatment 
shou   be consi ere  i  the tumor is somatostatin receptor 
negative or i  somatostatin treatment  ai s.

Se ective interna  ra iation therapy (SIR ) using 
yttrium-90 (90Y) g ass or resin microspheres is a re ative y 
newer approach being eva uate  in patients with unresect-
ab e NE   iver metastases, with approximate y 500 NE  
patients treate . T e treatment requires care u  eva uation 
 or vascu ar shunting be ore treatment an  a pretreatment 
angiogram to eva uate p acement o  the catheter an  is gen-
era  y is reserve   or patients without extrahepatic metastatic 
 isease an  with a equate hepatic reserve. One o  two types 
o  90Y microspheres are use : either microspheres with a 20- 
to 60-µm  iameter an  50 Bq/sphere (SIR-Spheres) or g ass 
microspheres (T eraSpheres) with a 20- to 30-µm  iam-
eter an  2500 Bq/sphere. T e 90Y-microspheres are  e ivere  
to the  iver by intra-arteria  injection  rom percutaneous y 
p ace  catheters. In  our stu ies invo ving metastatic NE s, 
the response rate varie   rom 50–61% (partia  or comp ete), 
tumor stabi ization occurre  in 22–41%, 60–100% ha  symp-
tomatic improvement, an  overa   surviva  varie   rom 25–70 
months. Si e e ects inc u e postembo ization syn rome 
(pain,  ever, nausea/vomiting [ requent]), which is usua  y 
mi  , a though gra e 2 (43%) or gra e 3 (1%) symptoms can 
occur; ra iation-in uce   iver  isease (<1%); an  ra iation 
pneumonitis (<1%). Contrain ications to use inc u e excess 
shunting to the GI tract or  ung, inabi ity to iso ate the  iver 
arteria  supp y, an  ina equate  iver reserve. Because o  the 
 imite   ata avai ab e in the ENE S 2012 gui e ines, treat-
ment with SIR s is consi ere  experimenta .

Mo ecu ar targete  me ica  treatment with either an m OR 
inhibitor (evero imus) or a tyrosine kinase inhibitor (sunitinib) 
is now approve  treatment in the Unite  States an  Europe  or 
patients with metastatic unresectab e pNE , each supporte  
by a phase III,  oub e-b in , prospective, p acebo-contro  e  
tria . m OR is a serine-threonine kinase that p ays an impor-
tant ro e in pro i eration, ce   growth, an  apoptosis in both 
norma  an  neop astic ce  s. Activation o  the m OR casca e is 
important in me iating NE  ce   growth, especia  y in pNE s. 

A number o  m OR inhibitors have shown promising antitu-
mor activity in NE s inc u ing evero imus an  temsiro imus, 
with the  ormer un ergoing a phase III tria  (RADIAN -3) 
invo ving 410 patients with a vance progressive pNE s. Evero-
 imus cause  signi cant improvement in progression- ree sur-
viva  (11 vs 4.6 months, p <.001) an  increase  by a  actor o  
3.7 the proportion o  patients progression- ree at 18 months 
(37% vs 9%). Evero imus treatment was associate  with  re-
quent si e e ects, causing a two o   increase in a verse events, 
with the most  requent being gra e 1 or 2. Gra e 3 or 4 si e 
e ects inc u e  hemato ogic, GI ( iarrhea), stomatitis, or 
hypog ycemia occurring in 3–7% o  patients. Most gra e 3 or 
4 si e e ects were contro  e  by  ose re uction or  rug inter-
ruption. T e ENE S 2012 gui e ines conc u e that evero imus, 
simi ar to sunitinib (be ow), shou   be consi ere  as a  rst- ine 
treatment in se ecte  cases o  we  - i erentiate  pNE s that 
are unresectab e. NE s,  ike other norma  an  neop astic ce  s, 
 requent y possess mu tip e types o  the 20  i erent tyrosine 
kinase ( K) receptors that are known an  me iate the action 
o   i erent growth  actors. Numerous stu ies  emonstrate that 
 K receptors in norma  an  neop astic tissues as we   as NE s 
are especia  y important in me iating ce   growth, angiogen-
esis,  i erentiation, an  apoptosis. Whereas a number o   K 
inhibitors show antipro i erative activity in NE s on y suni-
tinib has un ergone a phase III contro  e  tria . Sunitinib is an 
ora  y active sma  -mo ecu e inhibitor o   K receptors (PDG-
FRs, VEGFR-1, VEGFR-2, c-KI , FL -3). In a phase III stu y 
in which 171 patients with progressive, metastatic, nonresect-
ab e pNE s were treate  with sunitinib (37.5 mg/ ) or p acebo, 
sunitinib treatment cause  a  oub ing o  progression- ree 
surviva  (11.4 vs 4.5 months, p <.001), an increase in objective 
tumor response rate (9% vs 0%, p = .007), an  an increase in 
overa   surviva . Sunitinib treatment was associate  with an 
overa   three o   increase in si e e ects, a though most were 
gra e 1 or 2. T e most  requent gra e 3 or 4 si e e ects were 
neutropenia (12%) an  hypertension (9.6%), which were con-
tro  e  by  ose re uction or temporary interruption. T ere is 
no consensus regar ing the or er o  sunitinib or evero imus 
use in patients with a vance , we  - i erentiate , progressive 
pNE s.

PRR   or NE s invo ves treatment with ra io abe e  
somatostatin ana ogues. T e success o  this approach is base  
on the  n ing that somatostatin receptors (sst) are over-
expresse  or ectopica  y expresse  by 60–100% o  a   NE s, 
which a  ows the targeting o  cytotoxic, ra io abe e  soma-
tostatin receptor  igan s.

T ree  i erent ra ionuc i es are being use . High  oses 
o  [111In-D PA-d-Phe1]octreoti e, which emits γ-rays, inter-
na  conversion, an  Auger e ectrons; 90yttrium, which emits 
high-energy β-partic es coup e  by a DO A che ating group 
to octreoti e or octreotate; an  177 utetium-coup e  ana-
 ogues, which emit both, are a   in c inica  stu ies. At pres-
ent, the 177 utetium-coup e  ana ogues are the most wi e y 
use . 111In ium-, 90yttrium-, an  177 utetium- abe e  com-
poun s cause  tumor stabi ization in 41–81%, 44–88%, an  
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684 23–40%, respective y, an  a  ecrease in tumor size in 8–30%, 
6–37%, an  38%, respective y, o  patients with a vance  
metastatic NE s. In one  arge stu y invo ving 504 patients 
with ma ignant NE s, 177 utetium- abe e  ana ogues pro-
 uce  a re uction o  tumor size o  >50% in 30% o  patients 
(2% comp ete) an  tumor stabi ization in 51% o  patients. An 
e ect on surviva  has not been estab ishe . At present, PRR  
is not approve   or use in either the Unite  States or Europe, 
but because o  the above promising resu ts, a  arge phase III 
stu y is now being con ucte  in both the Unite  States an  
Europe. T e ENE S 2012, NANE S 2010, Nor ic 2010, an  
European Society  or Me ica  Onco ogy (ESMO) gui e ines 
 ist PRR  as an experimenta  or investigationa  treatment at 
present.

T e use o   iver transp antation has been aban one   or 
treatment o  most metastatic tumors to the  iver. However, 
 or metastatic NE s, it is sti   a consi eration. Among 213 
European patients with NE s (50%  unctiona  NE s) who 
ha   iver transp antation  rom 1982 to 2009, the overa   

5-year surviva  was 52% an   isease  ree-surviva  was 30%. 
In various stu ies, the postoperative morta ity rate is 10–14%. 
T ese resu ts are simi ar to the Unite  Network  or Organ 
Sharing  ata in the Unite  States in which 150 NE  patients 
ha   iver transp ants an  the 5-year surviva  was 49%. In 
various stu ies, important prognostic  actors  or a poor out-
come inc u e a major resection per orme  in a  ition at the 
time o  the  iver transp ant; poor tumor  i erentiation; hep-
atomega y; age >45 years; a primary NE  in the  uo enum 
or pancreas; the presence o  extrahepatic metastatic  isease 
or extensive  iver invo vement (>50%); Ki-67 pro i erative 
in ex >10%; an  abnorma  E-ca herin staining. T e ENE S 
2012 gui e ines conc u e that  iver transp antation shou   be 
viewe  as provi ing pa  iative care, with cure an exception, 
an  recommen  it be reserve   or patients with  i e-threaten-
ing hormona   isturbances re ractory to other treatments or 
 or se ecte  patients with a non unctiona  tumor with  i use 
 iver metastatic  isease re ractory to a   other treatments.
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Multiple endocrine neoplasia (MEN) is character-
ized by a predilection  or tumors involving two or 
more endocrine glands. Four major  orms o  MEN 
are recognized and re erred to as MEN types 1–4 
(MEN 1–4) (Table 52-1). Each type o  MEN is inher-
ited as an autosomal dominant syndrome or may occur 
sporadically; that is, without a  amily history. How-
ever, this distinction between  amilial and sporadic 
 orms is o en di cult because  amily members with 
the disease may have died be ore symptoms devel-
oped. In addition to MEN 1–4, at least six other syn-
dromes are associated with multiple endocrine and 
other organ neoplasias (MEONs) (Table 52-2). T ese 
MEONs include the hyperparathyroidism-jaw tumor 
syndrome, Carney complex, von Hippel-Lindau dis-
ease (Chap. 53), neuro bromatosis type 1 (Chap. 48), 
Cowden’s syndrome, and McCune-Albright syndrome; 
all o  these are inherited as autosomal dominant disor-
ders, except  or McCune-Albright syndrome, which is 
caused by mosaic expression o  a postzygotic somatic 
cell mutation ( able  52-2).

A diagnosis o  a MEN or MEON syndrome may be 
established in an individual by one o  three criteria: (1) 
clinical  eatures (two or more o  the associated tumors 
[or lesions] in an individual); (2)  amilial pattern (one 
o  the associated tumors [or lesions] in a  rst-degree 
relative o  a patient with a clinical diagnosis o  the 
syndrome); and (3) genetic analysis (a germline muta-
tion in the associated gene in an individual, who may 
be clinically a ected or asymptomatic). Mutational 
analysis in MEN and MEON syndromes is help ul in 
clinical practice to: (1) con rm the clinical diagnosis; 
(2) identi y  amily members who harbor the muta-
tion and require screening  or relevant tumor detec-
tion and early/appropriate treatment; and (3) identi y 
the ~50% o   amily members who do not harbor the 
germline mutation and can, there ore, be alleviated o  
the anxiety o  developing associated tumors. T is latter 
aspect also helps to reduce health care costs by reducing 

MULTIPLE ENDOCRINE NEOPLASIA

CHAP TER 5 2

the need  or unnecessary biochemical and radiologic 
investigations.

MULTIPLE ENDOCRINE NEOPLASIA TYPE 1
Clinica l ma ni esta tions

MEN type 1 (MEN 1), which is also re erred to as Werm-
er’s syndrome, is characterized by the triad o  tumors 
involving the parathyroids, pancreatic islets, and anterior 
pituitary. In addition, adrenal cortical tumors, carcinoid 
tumors usually o  the  oregut, meningiomas,  acial angio-
 bromas, collagenomas, and lipomas may also occur in 
some patients with MEN 1. Combinations o  the a ected 
glands and their pathologic  eatures (e.g., hyperplastic 
adenomas o  the parathyroid glands) may di er in mem-
bers o  the same  amily and even between identical twins. 
In addition, a non amilial (e.g., sporadic)  orm occurs in 
8–14% o  patients with MEN 1, and molecular genetic 
studies have con rmed the occurrence o  de novo muta-
tions o  the MEN1 gene in approximately 10% o  patients 
with MEN 1. T e prevalence o  MEN 1 is approximately 
0.25% based on randomly chosen postmortem studies 
but is 1–18% among patients with primary hyperpara-
thyroidism, 16–38% among patients with pancreatic islet 
tumors, and <3% among patients with pituitary tumors. 
T e disorder a ects all age groups, with a reported age 
range o  5 to 81 years, with clinical and biochemical 
mani estations developing in the vast majority by the 
  h decade. T e clinical mani estations o  MEN 1 are 
related to the sites o  tumors and their hormonal prod-
ucts. In the absence o  treatment, endocrine tumors are 
associated with an earlier mortality in patients with MEN 
1, with a 50% probability o  death by the age o  50 years. 
T e cause o  death is usually a malignant tumor, o en 
 rom a pancreatic neuroendocrine tumor (NE ) or  ore-
gut carcinoid. In addition, the treatment outcomes o  
patients with MEN 1–associated tumors are not as suc-
cess ul as those in patients with non–MEN 1 tumors. 
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T is is because MEN 1–associated tumors, with the 
exception o  pituitary NE s, are usually multiple, making 
it di cult to achieve a success ul surgical cure. Occult 
metastatic disease is also more prevalent in MEN 1, and 
the tumors may be larger, more aggressive, and resistant 
to treatment.

Pa ra thyroid  tumors

Primary hyperparathyroidism occurs in approximately 
90% o  patients and is the most common  eature o  
MEN 1. Patients may have asymptomatic hypercalce-
mia or vague symptoms associated with hypercalcemia 

TABLE 52-1  
MULTIPLE ENDOCRINE NEOPLASIA (MEN) SYNDROMES

TYPE (CHROMOSOMAL LOCATION)  TUMORS (ESTIMATED PENETRANCE)
GENE AND MOST FREQUENTLY 
MUTATED CODONS

MEN 1 (11q13)  Parathyroid adenoma (90%)
Enteropancreatic tumor (30–70%)
 • Gastrinoma (>50%)
 • Insulinoma (10–30%)
 • Nonfunctioning and PPoma (20–55%)
 • Glucagonoma (<3%)
 • VIPoma (<1%)
Pituitary adenoma (15–50%)
 • Prolactinoma (60%)
 • Somatotrophinoma (25%)
 • Corticotropinoma (<5%)
 • Nonfunctioning (<5%)
Associated tumors
 • Adrenal cortical tumor (20–70%)
 • Pheochromocytoma (<1%)
 • Bronchopulmonary NET (2%)
 • Thymic NET (2%)
 • Gastric NET (10%)
 • Lipomas (>33%)
 • Angio bromas (85%)
 • Collagenomas (70%)
 • Meningiomas (8%)

MEN1
83/84, 4-bp del (≈4%)
119, 3-bp del (≈3%)
209-211, 4-bp del (≈8%)
418, 3-bp del (≈4%)
514-516, del or ins (≈7%)
Intron 4 ss (≈10%)

MEN 2 (10 cen-10q11.2)
 MEN 2A MTC (90%) RET

Pheochromocytoma (>50%) 634, e.g., Cys → Arg (~85%)
Parathyroid adenoma (10–25%)

 MTC only MTC (100%) RET 618, missense (>50%)
 MEN 2B (also known as MEN 3)  MTC (>90%) RET 918, Met → Thr (>95%)

Pheochromocytoma (>50%)
Associated abnormalities (40–50%)
 • Mucosal neuromas
 • Marfanoid habitus
 • Medullated corneal nerve  bers
 • Megacolon

MEN 4 (12p13) Parathyroid adenomaa

Pituitary adenomaa
CDKN1B; no common mutations 
identi ed to date

Reproductive organ tumorsa (e.g., tes-
ticular cancer, neuroendocrine cervical 
carcinoma)

?Adrenal + renal tumorsa

aInsu cient numbers reported to provide prevalence information.
Note: Autosomal dominant inheritance of the MEN syndromes has been established.
Abbrevia tions: del, deletion; ins, insertion; MTC, medullary thyroid cancer; NET, neuroendocrine tumor; PPoma, pancreatic polypeptide–
secreting tumor; VIPoma, vasoactive intestinal polypeptide–secreting tumor.
Source: Reproduced from RV Thakker et al: J Clin Endocrinol Metab 97:2990, 2012.
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(e.g., polyuria, polydipsia, constipation, malaise, or 
dyspepsia). Nephrolithiasis and osteitis  brosa cystica 
(less commonly) may also occur. Biochemical inves-
tigations reveal hypercalcemia, usually in association 

with elevated circulating parathyroid hormone (P H) 
(Table 52-3). T e hypercalcemia is usually mild, 
and severe hypercalcemia or parathyroid cancer is 
a rare occurrence. Additional di erences in the pri-
mary hyperparathyroidism o  patients with MEN 1, 
as opposed to those without MEN 1, include an ear-
lier age at onset (20–25 years vs 55 years) and an equal 
male-to- emale ratio (1:1 vs 1:3). Preoperative imaging 
(e.g., neck ultrasound with 99m c-sestamibi parathyroid 
scintigraphy) is o  limited bene t because all parathy-
roid glands may be a ected, and neck exploration may 
be required irrespective o  preoperative localization 
studies.

TREATMENT  Parathyroid Tumors

Surgical removal o  the abnormally overactive parathy-
roids in patients with MEN 1 is the de initive treatment. 
However, it is controversial whether to per orm subtotal 
(e.g., removal o  3.5 glands) or total parathyroidectomy 
with or without autotransplantation o  parathyroid tissue 
in the  orearm, and whether surgery should be per ormed 
at an early or late stage. Minimally invasive parathyroid-
ectomy is not recommended because all  our parathy-
roid glands are usually a  ected with multiple adenomas 
or hyperplasia. Surgical experience should be taken into 
account given the variability in pathology in MEN 1. 
Calcimimetics (e.g., cinacalcet), which act via the cal-
cium-sensing receptor, have been used to treat primary 
hyperparathyroidism in some patients when surgery is 
unsuccess ul or contraindicated.

TABLE 52 -2  
MULTIPLE ENDOCRINE AND OTHER ORGAN 
NEOPLASIA SYNDROMES (MEONS)

DISEASEa GENE PRODUCT
CHROMOSOMAL 
LOCATION

Hyperparathyroidism-
jaw tumor (HPT-JT)

Para bromin  1q31.2

Carney complex
 CNC1  PPKAR1A 17q24.2
 CNC2 ?b 2p16
von Hippel-Lindau 

disease (VHL)
pVHL (elongin)  3p25

Neuro bromatosis 
type 1 (NF1)

Neuro bromin  17q11.2

Cowden’s syndrome (CWD)
 CWD1 PTEN 10q23.31
 CWD2  SDHB  1p36.13
 CWD3 SDHD 11q23.1
 CWD4 KLLN 10q23.31
 CWD5 PIK3CA 3q26.32
 CWD6 AKT1 14q32.33
McCune-Albright  

syndrome (MAS)
Gsα  20q13.32

aThe inheritance for these disorders is autosomal dominant, except MAS, 
which is due to mosaicism that results from the postzygotic somatic cell 
mutation of the GNAS1 gene, encoding Gsα.
b?, unknown.

TABLE 52-3  
BIOCHEMICAL AND RADIOLOGICAL SCREENING IN MULTIPLE ENDOCRINE NEOPLASIA TYPE 1

TUMOR
AGE TO BEGIN 
(YEARS)

BIOCHEMICAL TEST (PLASMA OR 
SERUM) ANNUALLY  IMAGING TEST (TIME INTERVAL)

Parathyroid 8  Calcium, PTH None
Pancreatic NETs
Gastrinoma  20  Gastrin (± gastric pH) None
Insulinoma  5 Fasting glucose, insulin None
Other pancreatic NET <10 Chromogranin A; pancreatic polypeptide, 

glucagon, vasoactive intestinal peptide
MRI, CT, or EUS (annually)

Anterior pituitary 5  Prolactin, IGF-I  MRI (every 3 years)
Adrenal  <10  None unless symptoms or signs of func-

tioning tumor and/or tumor >1 cm iden-
ti ed on imaging

MRI or CT (annually with pancreatic 
imaging)

Thymic and bronchial carcinoid  15 None CT or MRI (every 1–2 years)

Abbrevia tions: CT, computed tomography; EUS, endoscopic ultrasound; IGF-I, insulin-like growth factor I; MRI, magnetic resonance imaging; PTH, para-
thyroid hormone.
Source: Reproduced from RV Thakker et al: J Clin Endocrinol Metab 97:2990, 2012.
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Pa ncrea tic tumors

(See also Chap. 51) T e incidence o  pancreatic islet 
cell tumors, which are NE s, in patients with MEN 1 
ranges  rom 30 to 80% in di erent series. Most o  these 
tumors ( able  52-1) produce excessive amounts o  hor-
mone (e.g., gastrin, insulin, glucagon, vasoactive intesti-
nal polypeptide [VIP]) and are associated with distinct 
clinical syndromes, although some are non unctioning 
or nonsecretory. T ese pancreatic islet cell tumors have 
an earlier age at onset in patients with MEN 1 than in 
patients without MEN 1.

Ga strinoma

Gastrin-secreting tumors (gastrinomas) are associ-
ated with marked gastric acid production and recur-
rent peptic ulcerations, a combination re erred to as the 
Zollinger-Ellison syndrome. Gastrinomas occur more 
o en in patients with MEN 1 who are older than age 
30 years. Recurrent severe multiple peptic ulcers, which 
may per orate, and cachexia are major contributors to 
the high mortality. Patients with Zollinger-Ellison syn-
drome may also su er  rom diarrhea and steatorrhea. 
T e diagnosis is established by demonstration o  an ele-
vated  asting serum gastrin concentration in association 
with increased basal gastric acid secretion ( able  52-3). 
However, the diagnosis o  Zollinger-Ellison syndrome 
may be di cult in hypercalcemic MEN 1 patients, 
because hypercalcemia can also cause hypergastrin-
emia. Ultrasonography, endoscopic ultrasonography, 
computed tomography (C ), nuclear magnetic reso-
nance imaging (MRI), selective abdominal angiography, 
venous sampling, and somatostatin receptor scintigra-
phy are help ul in localizing the tumor prior to surgery. 
Gastrinomas represent more than 50% o  all pancre-
atic NE s in patients with MEN 1, and approximately 
20% o  patients with gastrinomas will be  ound to have 
MEN 1. Gastrinomas, which may also occur in the duo-
denal mucosa, are the major cause o  morbidity and 
mortality in patients with MEN 1. Most MEN 1 gastri-
nomas are malignant and metastasize be ore a diagnosis 
is established.

TREATMENT  Gastrinoma

Medical treatment o  patients with MEN 1 and Zollinger-
Ellison syndrome is directed toward reducing basal acid 
output to <10 mmol/L. Parietal cell H+-K+-adenosine tri-
phosphatase (A Pase) inhibitors (e.g., omeprazole or lanso-
prazole) reduce acid output and are the drugs o  choice  or 
gastrinomas. Some patients may also require additional treat-
ment with the histamine H2 receptor antagonists, cimetidine 
or ranitidine. T e role o  surgery in the treatment o  gastri-
nomas in patients with MEN 1 is controversial. T e goal o  

surgery is to reduce the risk o  distant metastatic disease and 
improve survival. For a nonmetastatic gastrinoma situated 
in the pancreas, surgical excision is o en e ective. However, 
the risk o  hepatic metastases increases with tumor size, such 
that 25–40% o  patients with pancreatic NE s >4 cm develop 
hepatic metastases, and 50–70% o  patients with tumors 
2–3 cm in size have lymph node metastases. Survival in 
MEN 1 patients with gastrinomas <2.5 cm in size is 100% 
at 15 years, but 52% at 15 years, i  metastatic disease is pres-
ent. T e presence o  lymph node metastases does not appear 
to adversely a ect survival. Surgery  or gastrinomas that are 
>2–2.5 cm has been recommended, because the disease-
related survival in these patients is improved  ollowing sur-
gery. In addition, duodenal gastrinomas, which occur more 
 requently in patients with MEN 1, have been treated suc-
cess ully with surgery. However, in most patients with MEN 
1, gastrinomas are multiple or extrapancreatic, and with the 
exception o  duodenal gastrinomas, surgery is rarely success-
 ul. For example, the results o  one study revealed that only 
~15% o  patients with MEN 1 were  ree o  disease immedi-
ately a er surgery, and at 5 years, this number had decreased 
to ~5%; the respective outcomes in patients without MEN 1 
were better, at 45% and 40%. Given these  ndings, most spe-
cialists recommend a nonsurgical management  or gastrino-
mas in MEN 1, except as noted earlier  or smaller, isolated 
lesions.  reatment o  disseminated gastrinomas is di cult. 
Chemotherapy with streptozotocin and 5-f uorouracil; hor-
monal therapy with octreotide or lanreotide, which are 
human somatostatin analogues; hepatic artery embolization; 
administration o  human leukocyte inter eron; and removal 
o  all resectable tumor have been success ul in some patients.

Insulinoma

T ese β islet cell insulin-secreting tumors represent 
10–30% o  all pancreatic tumors in patients with MEN 
1. Patients with an insulinoma present with hypogly-
cemic symptoms (e.g., weakness, headaches, sweat-
ing,  aintness, seizures, altered behavior, weight gain) 
that typically develop a er  asting or exertion and 
improve a er glucose intake. T e most reliable test is a 
supervised 72-h  ast. Biochemical investigations reveal 
increased plasma insulin concentrations in association 
with hypoglycemia ( able  52-3). Circulating concen-
trations o  C peptide and proinsulin, which are also 
increased, are use ul in establishing the diagnosis. It 
also is important to demonstrate the absence o  sul o-
nylureas in plasma and urine samples obtained during 
the investigation o  hypoglycemia ( able  52-3). Surgi-
cal success is greatly enhanced by preoperative localiza-
tion by endoscopic ultrasonography, C  scanning, or 
celiac axis angiography. Additional localization meth-
ods may include preoperative and perioperative percu-
taneous transhepatic portal venous sampling, selective 
intraarterial stimulation with hepatic venous sampling, 
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689and intraoperative direct pancreatic ultrasonography. 
Insulinomas occur in association with gastrinomas in 
10% o  patients with MEN 1, and the two tumors may 
arise at di erent times. Insulinomas occur more o en 
in patients with MEN 1 who are younger than 40 years, 
and some arise in individuals younger than 20 years. 
In contrast, in patients without MEN 1, insulinomas 
generally occur in those older than 40 years. Insulino-
mas may be the  rst mani estation o  MEN 1 in 10% o  
patients, and approximately 4% o  patients with insuli-
nomas will have MEN 1.

TREATMENT  Insulinoma

Medical treatment, which consists o   requent carbohydrate 
meals and diazoxide or octreotide, is not always success-
 ul, and surgery is the optimal treatment. Surgical treatment, 
which ranges  rom enucleation o  a single tumor to a distal 
pancreatectomy or partial pancreatectomy, has been curative 
in many patients. Chemotherapy may include streptozotocin, 
5-f uorouracil, and doxorubicin. Hepatic artery embolization 
has been used  or metastatic disease.

Gluca gonoma

T ese glucagon-secreting pancreatic NE s occur in 
<3% o  patients with MEN 1. T e characteristic clini-
cal mani estations o  a skin rash (necrolytic migratory 
erythema), weight loss, anemia, and stomatitis may 
be absent. T e tumor may have been detected in an 
asymptomatic patient with MEN 1 undergoing pan-
creatic imaging or by the  nding o  glucose intolerence 
and hyperglucagonemia.

TREATMENT  Glucagonoma

Surgical removal o  the glucagonoma is the treatment o  
choice. However, treatment may be di cult because approxi-
mately 50–80% o  patients have metastases at the time o  
diagnosis. Medical treatment with somatostatin analogues 
(e.g., octreotide or lanreotide) or chemotherapy with strep-
tozotocin and 5-f uorouracil has been success ul in some 
patients, and hepatic artery embolization has been used to 
treat metastatic disease.

Va soa ctive intestina l peptide (VIP) tumors 
(VIPoma s)

VIPomas have been reported in only a  ew patients 
with MEN 1. T is clinical syndrome is characterized 
by watery diarrhea, hypokalemia, and achlorhydria 
and is also re erred to as the Verner-Morrison syn-
drome, the WDHA (watery diarrhea, hypokalemia, and 

achlorhydria) syndrome, or the VIPoma syndrome. 
T e diagnosis is established by excluding laxative and 
diuretic abuse, by con rming a stool volume in excess 
o  0.5–1.0 L/d during a  ast, and by documenting a 
markedly increased plasma VIP concentration.

TREATMENT  VIPomas

Surgical management o  VIPomas, which are mostly located 
in the tail o  the pancreas, can be curative. However, in 
patients with unresectable tumor, somatostatin analogues, 
such as octreotide and lanreotide, may be e ective. Strep-
tozotocin with 5-f uorouracil may be bene cial, along with 
hepatic artery embolization  or the treatment o  metastases.

Pa ncrea tic polypeptide-secret ing tumors 
(Ppoma s) a nd non unctioning pa ncrea tic NETs

PPomas are  ound in a large number o  patients with 
MEN 1. No pathologic sequelae o  excessive polypep-
tide (PP) secretion are apparent, and the clinical sig-
ni cance o  PP is unknown. Many PPomas may have 
been unrecognized or classi ed as non unctioning 
pancreatic NE s, which likely represent the most com-
mon enteropancreatic NE  associated with MEN 1 
(Fig. 52-1). T e absence o  both a clinical syndrome 
and speci c biochemical abnormalities may result in a 
delayed diagnosis o  non unctioning pancreatic NE s, 
which are associated with a worse prognosis than other 
 unctioning tumors, including insulinoma and gastri-
noma. T e optimum screening method and its timing 
interval  or non unctioning pancreatic NE s remain to 
be established. At present, endoscopic ultrasound likely 
represents the most sensitive method o  detecting small 
pancreatic tumors, but somatostatin receptor scintogra-
phy is the most reliable method  or detecting metastatic 
disease ( able  52-3).

TREATMENT  PPomas and Nonfunctioning Pancreatic NETs

T e management o  non unctioning pancreatic NE s in the 
asymptomatic patient is controversial. One recommendation 
is to undertake surgery irrespective o  tumor size a er bio-
chemical assessment is complete. Alternatively, other experts 
recommend surgery based on tumor size, using either >1 cm 
or >3 cm at di erent centers. Pancreatoduodenal surgery 
is success ul in removing the tumors in 80% o  patients, but 
more than 40% o  patients develop complications, including 
diabetes mellitus,  requent steatorrhea, early and late dump-
ing syndromes, and other gastrointestinal symptoms. How-
ever, ~50–60% o  patients treated surgically survive >5 years. 
When considering these recommendations, it is important 
to consider that occult metastatic disease (e.g., tumors not 
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detected by imaging investigations) is likely to be present in a 
substantial proportion o  these patients at the time o  presen-
tation. Inhibitors o  tyrosine kinase receptors ( KRs) and o  
the mammalian target o  rapamycin (m OR) signaling path-
way have been reported to be e ective in treating pancreatic 
NE s and in doubling the progression- ree survival time.

Other pa ncrea tic NETs

NE s secreting growth hormone–releasing hormone 
(GHRH), GHRHomas, have been reported rarely in 
patients with MEN 1. It is estimated that ~33% o  
patients with GHRHomas have other MEN 1–related 
tumors. GHRHomas may be diagnosed by demonstrat-
ing elevated serum concentrations o  growth hormone 
and GHRH. More than 50% o  GHRHomas occur in 
the lung, 30% occur in the pancreas, and 10% are  ound 
in the small intestine. Somatostatinomas secrete soma-
tostatin, a peptide that inhibits the secretion o  a variety 
o  hormones, resulting in hyperglycemia, cholelithia-
sis, low acid output, steatorrhea, diarrhea, abdominal 
pain, anemia, and weight loss. Although 7% o  pan-
creatic NE s secrete somatostatin, the clinical  eatures 
o  somatostatinoma syndrome are unusual in patients 
with MEN 1.

Pituita ry tumors

Pituitary tumors occur in 15–50% o  patients with 
MEN 1 ( able  52-1). T ese occur as early as 5 years 
o  age or as late as the ninth decade. MEN 1 pituitary 
adenomas are more  requent in women than men 
and signi cantly are macroadenomas (i.e., diameter 
>1 cm). Moreover, about one-third o  these pituitary 
tumors show invasive  eatures such as in ltration o  
tumor cells into surrounding normal juxtatumoral 
pituitary tissue. However, no speci c histologic param-
eters di erentiate between MEN 1 and non–MEN 1 
pituitary tumors. Approximately 60% o  MEN 1–asso-
ciated pituitary tumors secrete prolactin, <25% secrete 
growth hormone, 5% secrete adrenocorticotropic 
hormone (AC H), and the remainder appear to be 
non unctioning, with some secreting glycoprotein sub-
units ( able  52-1). However, pituitary tumors derived 
 rom MEN 1 patients may exhibit immunoreactivity 
to several hormones. In particular, there is a greater 
 requency o  somatolactotrope tumors. Prolactino-
mas are the  rst mani estation o  MEN 1 in ~15% o  
patients, whereas somatotrope tumors occur more 
o en in patients older than 40 years o  age. Fewer than 
3% o  patients with anterior pituitary tumors will have 
MEN 1. Clinical mani estations are similar to those in 
patients with sporadic pituitary tumors without MEN 1 
and depend on the hormone secreted and the size o  the 
pituitary tumor. T us, patients may have symptoms o  
hyperprolactinemia (e.g., amenorrhea, in ertility, and 
galactorrhea in women, or impotence and in ertility in 
men) or have  eatures o  acromegaly or Cushing’s dis-
ease. In addition, enlarging pituitary tumors may com-
press adjacent structures such as the optic chiasm or 
normal pituitary tissue, causing visual disturbances 
and/or hypopituitarism. In asymptomatic patients with 
MEN 1, periodic biochemical monitoring o  serum 

FIGURE 52 -1
Pan crea t ic n o n fu n ct io n in g  n eu ro en d o crin e  tum or  NET  
in  a  14 yea r o ld  p a t ien t  with  m u lt ip le  en d o crin e  n eo  
p lasia  typ e  1  MEN 1 . A. An abdominal magnetic resonance 
imaging scan revealed a low-intensity >2.0 cm (anteroposterior 
maximal diameter) tumor within the neck of pancreas. There was 
no evidence of invasion of adjacent structures or metastases. The 
tumor is indicated by white dashed circle. B. The pancreatic NET 
was removed by surgery, and macroscopic examination con-
 rmed the location of the tumor (white dashed circles) in the neck 
of the pancreas. Immunohistochemistry showed the tumor to 
immunostain for chromogranin A, but not gastrointestinal pep-
tides or menin, thereby con rming that it was a nonsecreting NET 
due to loss of menin expression. (Part A adapted with permission 
from PJ Newey et al: J Clin Endocrinol Metab 10:3640, 2009.)

A

B

52_Hematology_ch52_p685-699.indd   690  04/08/16   4:26 PM



 

C

H

A

P

T

E

R

 

5

2

M

u

l

t

i

p

l

e

 

E

n

d

o

c

r

i

n

e

 

N

e

o

p

l

a

s

i

a

691prolactin and insulin-like growth  actor I (IGF-I) levels, 
as well as MRI o  the pituitary, can lead to early identi -
cation o  pituitary tumors ( able  52-3). In patients with 
abnormal results, hypothalamic-pituitary testing should 
characterize the nature o  the pituitary lesion and its 
e ects on the secretion o  other pituitary hormones.

TREATMENT  Pituitary Tumors

 reatment o  pituitary tumors in patients with MEN 1 con-
sists o  therapies similar to those used in patients without 
MEN 1 and includes appropriate medical therapy (e.g., bro-
mocriptine or cabergoline  or prolactinoma; or octreotide or 
lanreotide  or somatotrope tumors) or selective transsphe-
noidal adenomectomy, i   easible, with radiotherapy reserved 
 or residual unresectable tumor tissue. Pituitary tumors in 
MEN 1 patients may be more aggressive and less responsive 
to medical or surgical treatments.

Associa ted  tumors

Patients with MEN 1 may also develop carcinoid 
tumors, adrenal cortical tumors,  acial angio bromas, 
collagenomas, thyroid tumors, and lipomatous tumors.

Ca rcinoid tumors

(See also Chap. 51) Carcinoid tumors occur in more 
than 3% o  patients with MEN 1 ( able  52-1). T e carci-
noid tumor may be located in the bronchi, gastrointesti-
nal tract, pancreas, or thymus. At the time o  diagnosis, 
most patients are asymptomatic and do not have clinical 
 eatures o  the carcinoid syndrome. Importantly, no hor-
monal or biochemical abnormality (e.g., plasma chro-
mogranin A) is consistently observed in individuals with 
thymic or bronchial carcinoid tumors. T us, screening 
 or these tumors is dependent on radiologic imaging. T e 
optimum method  or screening has not been established. 
C  and MRI are sensitive  or detecting thymic and bron-
chial tumors ( able  52-3), although repeated C  scan-
ning raises concern about exposure to repeated doses 
o  ionizing radiation. Octreotide scintigraphy may also 
reveal some thymic and bronchial carcinoids, although 
there is insu cient evidence to recommend its rou-
tine use. Gastric carcinoids, o  which the type II gastric 
enterochroma n-like (ECL) cell carcinoids (ECLomas) 
are associated with MEN 1 and Zollinger-Ellison syn-
drome, may be detected incidentally at the time o  gastric 
endoscopy  or dyspeptic symptoms in MEN 1 patients. 
T ese tumors, which may be  ound in >10% o  MEN 1 
patients, are usually multiple and smaller than 1.5 cm. 
Bronchial carcinoids in patients with MEN 1 occur pre-
dominantly in women (male-to- emale ratio, 1:4). In 
contrast, thymic carcinoids in European patients with 

MEN 1 occur predominantly in men (male-to- emale 
ratio, 20:1), with cigarette smokers having a higher 
risk  or these tumors; thymic carcinoids in Japanese 
patients with MEN 1 have a less marked sex di erence 
(male-to- emale ratio 2:1). T e course o  thymic car-
cinoids in MEN 1 appears to be particularly aggressive. 
T e presence o  thymic tumors in patients with MEN 1 
is associated with a median survival a er diagnosis o  
approximately 9.5 years, with 70% o  patients dying as a 
direct result o  the tumor.

TREATMENT  Carcinoid Tumors

I  resectable, surgical removal o  carcinoid tumors is the 
treatment o  choice. For unresectable tumors and those with 
metastatic disease, treatment with radiotherapy or chemo-
therapeutic agents (e.g., cisplatin, etoposide) may be used. In 
addition, somatostatin analogues, such as octreotide or lan-
reotide, have resulted in symptom improvement and regres-
sion o  some tumors. Little is known about the malignant 
potential o  gastric type II ECLomas, but treatment with 
somatostatin analogues, such as octreotide or lanreotide, has 
resulted in regression o  these ECLomas.

Adrenocort ica l tumors

(See also Chap. 53) Asymptomatic adrenocorti-
cal tumors occur in 20–70% o  patients with MEN 1 
depending on the radiologic screening methods used 
( able  52-1). Most o  these tumors, which include corti-
cal adenomas, hyperplasia, multiple adenomas, nodular 
hyperplasia, cysts, and carcinomas, are non unction-
ing. Indeed, <10% o  patients with enlarged adrenal 
glands have hormonal hypersecretion, with primary 
hyperaldosteronism and AC H-independent Cushing’s 
syndrome being encountered most commonly. Occa-
sionally, hyperandrogenemia may occur in association 
with adrenocortical carcinoma. Pheochromocytoma in 
association with MEN 1 is rare. Biochemical investiga-
tion (e.g., plasma renin and aldosterone concentrations, 
low-dose dexamethasone suppression test, urinary cat-
echolamines, and/or metanephrines) should be under-
taken in those with symptoms or signs suggestive o  
 unctioning adrenal tumors or in those with tumors 
>1 cm. Adrenocortical carcinoma occurs in approxi-
mately 1% o  MEN 1 patients but increases to >10%  or 
adrenal tumors larger than 1 cm.

TREATMENT  Adrenocortical Tumors

Consensus has not been reached about the management o  
MEN 1–associated non unctioning adrenal tumors, because 
the majority are benign. However, the risk o  malignancy 
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increases with size, particularly  or tumors with a diameter 
>4 cm. Indications  or surgery  or adrenal tumors include: 
size >4 cm in diameter; atypical or suspicious radiologic 
 eatures (e.g., increased Houns eld unit on unenhanced C  
scan) and size o  1–4 cm in diameter; or signi cant measur-
able growth over a 6-month period. T e treatment o   unc-
tioning (e.g., hormone-secreting) adrenal tumors is similar to 
that  or tumors occurring in non–MEN 1 patients.

Meningioma

Central nervous system (CNS) tumors, including epen-
dymomas, schwannomas, and meningiomas, have been 
reported in MEN 1 patients ( able  52-1). Meningiomas 
are  ound in <10% o  patients with other clinical mani-
 estations o  MEN 1 (e.g., primary hyperparathyroid-
ism)  or >15 years. T e majority o  meningiomas are 
not associated with symptoms, and 60% do not enlarge. 
T e treatment o  MEN 1–associated meningiomas is 
similar to that in non–MEN 1 patients.

Lipoma s

Subcutaneous lipomas occur in >33% o  patients with 
MEN 1 ( able  52-1) and are  requently multiple. In 
addition, visceral, pleural, or retroperitoneal lipomas 
may occur in patients with MEN 1. Management is 
conservative. However, when surgically removed  or 
cosmetic reasons, they typically do not recur.

Fa cia l a ngiof broma s a nd colla genoma s

T e occurrence o  multiple  acial angio bromas in 
patients with MEN 1 may range  rom >20 to >90%, and 
occurrence o  collagenomas may range  rom 0 to >70% 
( able  52-1). T ese cutaneous  ndings may allow pre-
symptomatic diagnosis o  MEN 1 in the relatives o  a 
patient with MEN 1.  reatment  or these cutaneous 
lesions is usually not required.

Thyroid tumors

T yroid tumors, including adenomas, colloid goiters, 
and carcinomas, have been reported to occur in >25% 
o  patients with MEN 1. However, the prevalence o  
thyroid disorders in the general population is high, and 
it has been suggested that the association o  thyroid 
abnormalities in patients with MEN 1 may be inciden-
tal. T e treatment o  thyroid tumors in MEN 1 patients 
is similar to that  or non–MEN 1 patients.

Genetics a nd screening

T e MEN1 gene is located on chromosome 11q13 
and consists o  10 exons, which encode a 610–amino 
acid protein, menin, that regulates transcription, 

genome stability, cell division, and proli eration. T e 
pathophysiology o  MEN 1  ollows the Knudson two-
hit hypothesis with a tumor-suppressor role  or menin. 
Inheritance o  a germline MEN1 mutation predisposes 
an individual to developing a tumor that arises  ollow-
ing a somatic mutation, which may be a point mutation 
or more commonly a deletion, leading to loss o  hetero-
zygosity (LOH) in the tumor DNA. T e germline muta-
tions o  the MEN1 gene are scattered throughout the 
entire 1830-bp coding region and splice sites, and there 
is no apparent correlation between the location o  
MEN1 mutations and clinical mani estations o  the dis-
order, in contrast with the situation in patients with 
MEN 2 ( able  52-1). More than 10% o  MEN1 germline 
mutations arise de novo and may be transmitted to sub-
sequent generations. Some  amilies with MEN 1 muta-
tions develop parathyroid tumors as the sole 
endocrinopathy, and this condition is re erred to as 
 amilial isolated hyperparathyroidism (FIHP). However, 
between 5 and 25% o  patients with MEN 1 do not har-
bor germline mutations or deletions o  the MEN1 gene. 
Such patients with MEN 1–associated tumors but with-
out MEN1 mutations may represent phenocopies or 
have mutations involving other genes. Other genes 
associated with MEN 1–like  eatures include: CDC73, 
which encodes para bromin, whose mutations result in 
the hyperparathyroid-jaw tumor syndrome; the 
calcium-sensing receptor gene (CaSR), whose muta-
tions result in  amilial benign hypocalciuric hypercalce-
mia (FBHH); and the aryl hydrocarbon receptor 
interacting protein gene (AIP), a tumor suppressor 
located on chromosome 11q13 whose mutations are 
associated with  amilial isolated pituitary adenomas 
(FIPA). Genetic testing to determine the MEN1 muta-
tion status in symptomatic  amily members within a 
MEN 1 kindred, as well as to all index cases (e.g., 
patients) with two or more endocrine tumors, is advis-
able. I  an MEN1 mutation is not identi ed in the index 
case with two or more endocrine tumors, then clinical 
and genetic tests  or other disorders such as hyperpara-
thyroid-jaw tumor syndrome, FBHH, FIPA, MEN 2, or 
MEN 4 should be considered, because these patients 
may represent phenocopies  or MEN 1.

T e current guidelines recommend that MEN1 
mutational analysis should be undertaken in: (1) an 
index case with two or more MEN 1–associated endo-
crine tumors (e.g., parathyroid, pancreatic, or pituitary 
tumors); (2) asymptomatic  rst-degree relatives o  a 
known MEN1 mutation carrier; and (3)  rst-degree 
relatives o  a MEN1 mutation carrier with symp-
toms, signs, or biochemical or radiologic evidence 
 or one or more MEN 1–associated tumors. In addi-
tion, MEN1 mutational analysis should be considered 
in patients with suspicious or atypical MEN 1. T is 
would include individuals with parathyroid adenomas 
be ore the age o  30 years or multigland parathyroid 
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693disease; individuals with gastrinoma or multiple pan-
creatic NE s at any age; or individuals who have two 
or more MEN 1–associated tumors that are not part o  
the classical triad o  parathyroid, pancreatic islet, and 
anterior pituitary tumors (e.g., parathyroid tumor plus 
adrenal tumor). Family members, including asymp-
tomatic individuals who have been identi ed to harbor 
a MEN1 mutation, will require biochemical and radio-
logic screening ( able  52-3). In contrast, relatives who 
do not harbor the MEN1 mutation have a risk o  devel-
oping MEN 1–associated endocrine tumors that is 
similar to that o  the general population; thus, relatives 
without the MEN1 mutation do not require repeated 
screening.

Mutational analysis in asymptomatic individuals 
should be undertaken at the earliest opportunity and, 
i  possible, in the  rst decade o  li e because tumors 
have developed in some children by the age o  5 years. 
Appropriate biochemical and radiologic investigations 
( able  52-3) aimed at detecting the development o  
tumors should then be undertaken in a ected individu-
als. Mutant gene carriers should undergo biochemical 
screening at least once per annum and also have base-
line pituitary and abdominal imaging (e.g., MRI or C ), 
which should then be repeated at 1- to 3-year intervals 
( able  52-3). Screening should commence a er 5 years 
o  age and should continue  or li e because the disease 
may develop as late as the eighth decade. T e screening 
history and physical examination elicit the symptoms 
and signs o  hypercalcemia, nephrolithiasis, peptic ulcer 
disease, neuroglycopenia, hypopituitarism, galactor-
rhea and amenorrhea in women, acromegaly, Cushing’s 
disease, and visual  eld loss and the presence o  sub-
cutaneous lipomas, angio bromas, and collagenomas. 
Biochemical screening should include measurements 
o  serum calcium, P H, gastrointestinal hormones 
(e.g., gastrin, insulin with a  asting glucose, glucagon, 
VIP, PP), chromogranin A, prolactin, and IGF-I in all 
individuals. More speci c endocrine  unction tests 
should be undertaken in individuals who have symp-
toms or signs suggestive o  a speci c clinical syndrome. 
Biochemical screening  or the development o  MEN 1 
tumors in asymptomatic members o   amilies with 
MEN 1 is o  great importance to reduce morbidity and 
mortality  rom the associated tumors.

MULTIPLE ENDOCRINE NEOPLASIA TYPE 2 
AND TYPE 3
Clinica l ma ni esta tions

MEN type 2 (MEN 2), which is also called Sipple’s syn-
drome, is characterized by the association o  medullary 
thyroid carcinoma (M C), pheochromocytomas, and 
parathyroid tumors ( able  52-1). T ree clinical variants 
o  MEN 2 are recognized: MEN 2A, MEN 2B, and M C 

only. MEN 2A, which is o en re erred to as MEN 2, is 
the most common variant. In MEN 2A, M C is associ-
ated with pheochromocytomas in 50% o  patients (may 
be bilateral) and with parathyroid tumors in 20% o  
patients. MEN 2A may rarely occur in association with 
Hirschsprung’s disease, caused by the absence o  auto-
nomic ganglion cells in the terminal hindgut, resulting 
in colonic dilatation, severe constipation, and obstruc-
tion. MEN 2A may also be associated with cutaneous 
lichen amyloidosis, which is a pruritic lichenoid lesion 
that is usually located on the upper back. MEN 2B, 
which is also re erred to as MEN 3, represents 5% o  
all cases o  MEN 2 and is characterized by the occur-
rence o  M C and pheochromocytoma in association 
with a Mar anoid habitus; mucosal neuromas o  the 
lips, tongue, and eyelids; medullated corneal  bers; 
and intestinal autonomic ganglion dys unction leading 
to multiple diverticulae and megacolon. Parathyroid 
tumors do not usually occur in MEN 2B. M C only 
(FM C) is a variant in which M C is the sole mani-
 estation o  the syndrome. However, the distinction 
between FM C and MEN 2A is di cult and should 
only be considered i  there are at least  our  amily 
members above the age o  50 years who are a ected by 
M C but not pheochromocytomas or primary hyper-
parathyroidism. All o  the MEN 2 variants are due to 
mutations o  the rearranged during trans ection (RE ) 
protooncogene, which encodes a  KR. Moreover, there 
is a correlation between the locations o  RE  mutations 
and MEN 2 variants. T us, ~95% o  MEN 2A patients 
have mutations involving the cysteine-rich extracellular 
domain, with mutations o  codon 634 accounting  or 
~85% o  MEN 2A mutations; FM C patients also have 
mutations o  the cysteine-rich extracellular domain, 
with most mutations occurring in codon 618. In con-
trast, ~95% o  MEN 2B/MEN 3 patients have mutations 
o  codon 918 o  the intracellular tyrosine kinase domain 
( able 52-1 and Table 52-4).

Medulla ry thyro id ca rcinoma

M C is the most common  eature o  MEN 2A and MEN 
2B and occurs in almost all a ected individuals. M C 
represents 5–10% o  all thyroid gland carcinomas, and 
20% o  M C patients have a  amily history o  the dis-
order. T e use o  RE  mutational analysis to identi y 
 amily members at risk  or hereditary  orms o  M C 
has altered the presentation o  M C  rom that o  symp-
tomatic tumors to a preclinical disease  or which pro-
phylactic thyroidectomy ( able  52-4) is undertaken to 
improve the prognosis and ideally result in cure. How-
ever, in patients who do not have a known  amily his-
tory o  MEN 2A, FM C, or MEN 2B, and there ore have 
not had RE  mutational analysis, M C may present as a 
palpable mass in the neck, which may be asymptomatic 
or associated with symptoms o  pressure or dysphagia 
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in >15% o  patients. Diarrhea occurs in 30% o  patients 
and is associated either with elevated circulating con-
centrations o  calcitonin or tumor-related secretion o  
serotonin and prostaglandins. Some patients may also 
experience f ushing. In addition, ectopic AC H pro-
duction by M C may cause Cushing’s syndrome. T e 
diagnosis o  M C relies on the demonstration o  hyper-
calcitoninemia (>90 pg/mL in the basal state); stimu-
lation tests using IV pentagastrin (0.5 mg/kg) and or 
calcium in usion (2 mg/kg) are rarely used now, ref ect-
ing improvements in the assay  or calcitonin. Neck 
ultrasonography with  ne-needle aspiration o  the nod-
ules can con rm the diagnosis. Radionucleotide thy-
roid scans may reveal M C tumors as “cold” nodules. 
Radiography may reveal dense irregular calci cation 
within the involved portions o  the thyroid gland and in 
lymph nodes involved with metastases. Positron emis-
sion tomography (PE ) may help to identi y the M C 
and metastases (Fig. 52-2). Metastases o  M C usually 
occur to the cervical lymph nodes in the early stages 
and to the mediastinal nodes, lung, liver, trachea, adre-
nal, esophagus, and bone in later stages. Elevations in 
serum calcitonin concentrations are o en the  rst sign 
o  recurrence or persistent disease, and the serum calci-
tonin doubling time is use ul  or determining prognosis. 
M C can have an aggressive clinical course, with early 
metastases and death in approximately 10% o  patients. 
A  amily history o  aggressive M C or MEN 2B may be 
elicited.

TREATMENT  Medullary Thyroid Carcinoma

Individuals with RE  mutations who do not have clini-
cal mani estations o  M C should be o ered prophylac-
tic surgery between the ages o  <1 and 5 years. T e timing 
o  surgery will depend on the type o  RE  mutation and its 
associated risk  or early development, metastasis, and aggres-
sive growth o  M C ( able 52-4). Such patients should have 
a total thyroidectomy with a systematic central neck dissec-
tion to remove occult nodal metastasis, although the value 
o  undertaking a central neck dissection has been subject to 
debate. Prophylactic thyroidectomy, with li e-long thyroxine 
replacement, has dramatically improved outcomes in patients 
with MEN 2 and MEN 3, such that ~90% o  young patients 
with RE  mutations who had a prophylactic thyroidectomy 
have no evidence o  persistent or recurrent M C at 7 years 
a er surgery. In patients with clinically evident M C, a total 
thyroidectomy with bilateral central resection is recom-
mended, and an ipsilateral lateral neck dissection should be 
undertaken i  the primary tumor is >1 cm in size or there is 
evidence o  nodal metastasis in the central neck. Surgery is 
the only curative therapy  or M C. T e 10-year survival in 
patients with metastatic M C is ~20%. For inoperable M C 
or metastatic disease, the tyrosine kinase inhibitors, vande-
tanib and cabozantinib, have improved the progression- ree 
survival times. Other types o  chemotherapy are o  limited 
e cacy, but radiotherapy may help to palliate local disease.

TABLE 52 -4  
RECOMMENDATIONS FOR TESTS AND SURGERY IN MEN 2 AND MEN 3a

RET MUTATION, EXON 
(EX) LOCATION, AND 
CODON INVOLVED

RECOMMENDED AGE (YEARS) FOR TEST/INTERVENTION

RISKb

RET 
MUTATIONAL 
ANALYSIS

FIRST SERUM 
CALCITONIN 
AND NECK 
ULTRASOUND

PROPHYLACTIC 
THYROIDECTOMY

SCREENING FOR 
PHEOCHROMOCYTOMA

SCREENING 
FOR PHPT

Ex13 (768, 790)c; Ex14 
(804)c; Ex15 (891)c

+  <3–5  <3–5  5d 20  20

Ex10 (609, 611, 618, 
620)c; Ex11 (630)c

++  <3–5  <3–5  <5e 20  20

Ex11 (634)c +++  <3–5  <3–5  <5  8  20
Ex15 (883)f; Ex16 (918)f ++++  ASAP and by <1  ASAP and by 

<0.5–1
ASAP and by <1  8 —g

aAdapted from American Thyroid Association Guidelines, RT Kloos et al: Thyroid 6:565, 2009.
bRisk for early development of metastasis and aggressive growth of medullary thyroid cancer: ++++, highest; +++, high; ++, intermediate; and +, lowest.
cMutations associated with MEN 2A (or medullary thyroid carcinoma only).
dConsider surgery at 5 years or later if serum calcitonin is normal, neck ultrasound is normal, and there is a less aggressive family history and family 
preference.
eConsider surgery before 5 years or later if serum calcitonin is normal, neck ultrasound is normal, and there is a less aggressive family history and family 
preference.
fMutations associated with MEN 2B (MEN 3).
gNot required because PHPT is not a feature of MEN 2B (MEN 3).
Abbrevia tions: ASAP, as soon as possible; MEN, multiple endocrine neoplasia; PHPT, primary hyperparathyroidism.
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Pheochromocytoma

(See also Chap. 53) T ese noradrenaline- and adrenaline-
secreting tumors occur in >50% o  patients with MEN 
2A and MEN 2B and are a major cause o  morbidity 
and mortality. Patients may have symptoms and signs o  
catecholamine secretion (e.g., headaches, palpitations, 
sweating, poorly controlled hypertension), or they may 
be asymptomatic with detection through biochemical 
screening based on a history o   amilial MEN 2A, MEN 
2B, or M C. Pheochromocytomas in patients with MEN 
2A and MEN 2B di er signi cantly in distribution when 
compared with patients without MEN 2A and MEN 
2B. Extra-adrenal pheochromocytomas, which occur 
in 10% o  patients without MEN 2A and MEN 2B, are 
observed rarely in patients with MEN 2A and MEN 2B. 
Malignant pheochromocytomas are much less common 
in patients with MEN 2A and MEN 2B. T e biochemi-
cal and radiologic investigation o  pheochromocytoma 
in patients with MEN 2A and MEN 2B is similar to that 
in non–MEN 2 patients and includes the measurement 

o  plasma (obtained  rom supine patients) and urinary 
 ree  ractionated metanephrines (e.g., normetanephrine 
and metanephrines measured separately), C  or MRI 
scanning, radionuclide scanning with meta-iodo-(123I 
or 131I)-benzyl guanidine (MIBG), and PE  using (18F)-
f uorodopamine or (18F)-f uoro-2-dexoxy-d-glucose 
(Fig.  52-2).

TREATMENT  Pheochromocytoma

Surgical removal o  pheochromocytoma, using α and β adr-
enoreceptor blockade be ore and during the operation, is the 
recommended treatment. Endoscopic adrenal-sparing sur-
gery, which decreases postoperative morbidity, hospital stay, 
and expense, as opposed to open surgery, has become the 
method o  choice.

Pa ra thyro id  tumors

Parathyroid tumors occur in 10–25% o  patients with 
MEN 2A. However, >50% o  these patients do not have 
hypercalcemia. T e presence o  abnormally enlarged 
parathyroids, which are unusually hyperplastic, is o en 
seen in the normocalcemic patient undergoing thyroid-
ectomy  or M C. T e biochemical investigation and 
treatment o  hypercalcemic patients with MEN 2A is 
similar to that o  patients with MEN 1.

Genetics a nd screening

 o date, approximately 50 di erent RE  mutations 
have been reported, and these are located in exons 
5, 8, 10, 11, 13, 14, 15, and 16. RE  germline muta-

tions are detected in >95% o  MEN 2A, FM C, and MEN 
2B  amilies, with Cys634Arg being most common in 
MEN 2A, Cys618Arg being most common in FM C, and 
Met918T r being most common in MEN 2B ( ables 52-1 
and 52-4). Between 5 and 10% o  patients with M C or 
MEN 2A–associated tumors have de novo RE  germline 
mutations, and ~50% o  patients with MEN 2B have de 
novo RE  germline mutations. T ese de novo RE  germ-
line mutations always occur on the paternal allele. 
Approximately 5% o  patients with sporadic pheochro-
mocytoma have a germline RE  mutation, but such 
germline RE  mutations do not appear to be associated 
with sporadic primary hyperparathyroidism. T us, RE  
mutational analysis should be per ormed in: (1) all 
patients with M C who have a  amily history o  tumors 
associated with MEN 2, FM C, or MEN 3, such that the 
diagnosis can be con rmed and genetic testing o ered to 
asymptomatic relatives; (2) all patients with M C and 
pheochromocytoma without a known  amily history o  
MEN 2 or MEN 3; (3) all patients with M C, but without 
a  amily history o  MEN 2, FM C, or MEN 3, because 

FDG avid adrenal
pheochromocytoma

Metas tatic
MTC in
liver

FDG avid MTC
in neck

[H]

[F]

FIGURE 52 -2
Fluo ro d eoxyg lu cose   FDG  p o sit ro n  em issio n  tom o g ra  
p hy scan  in  a  p a t ien t  with  m u lt ip le  en d o crin e  n eo p lasia  
typ e  2A, showing medullary thyroid cancer (MTC) with hepatic 
and skeletal (left arm) metastasis and a left adrenal pheochro-
mocytoma. Note the presence of excreted FDG compound in the 
bladder. (Reproduced with permission from A Naziat et al: Clin Endo-
crinol [Oxf] 78:966, 2013.)
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these patients may have a de novo germline RE  muta-
tions; (4) all patients with bilateral pheochromocytoma; 
and (5) patients with unilateral pheochromocytoma, par-
ticularly i  this occurs with increased calcitonin levels.

Screening  or MEN 2/MEN 3–associated tumors in 
patients with RE  germline mutations should be under-
taken annually and include serum calcitonin measure-
ments, a neck ultrasound  or M C, plasma and 24-h 
urinary  ractionated metanephrines  or pheochro-
mocytoma, and albumin-corrected serum calcium or 
ionized calcium with P H  or primary hyperparathy-
roidism. In patients with MEN 2–associated RE  muta-
tions, screening  or M C should begin by 3 to 5 years; 
 or pheochromocytoma by 20 years; and  or primary 
hyperparathyroidism by 20 years o  age ( able  52-4).

MULTIPLE ENDOCRINE NEOPLASIA TYPE 4
Clinica l ma ni esta tions

Patients with MEN 1–associated tumors, such as para-
thyroid adenomas, pituitary adenomas, and pancreatic 
NE s, occurring in association with gonadal, adre-
nal, renal, and thyroid tumors have been reported to 
have mutations o  the gene encoding the 196–amino 
acid cyclin-dependent kinase inhibitor (CK1) p27 
kip1 (CDNKIB). Such  amilies with MEN 1–associated 
tumors and CDNKIB mutations are designated to have 
MEN 4 ( able  52-1). T e investigations and treatments 
 or the MEN 4–associated tumors are similar to those 
 or MEN 1 and non–MEN 1 tumors.

Genetics a nd screening

 o date, eight di erent MEN 4–associated muta-
tions o  CDNKIB, which is located on chromo-
some 12p13, have been reported, and all o  these 

are associated with a loss o   unction. T ese MEN 4 
patients may represent ~3% o  the 5–10% o  patients 
with MEN 1 who do not have mutations o  the MEN1 
gene. Germline CDNKIB mutations may rarely be 
 ound in patients with sporadic (i.e., non amilial)  orms 
o  primary hyperparathyroidism.

HYPERPARATHYROIDISM-JAW TUMOR 
SYNDROME
Clinica l ma ni esta tions

Hyperparathyroidism-jaw tumor (HP -J ) syndrome 
is an autosomal dominant disorder characterized by the 
development o  parathyroid tumors (15% are carcino-
mas) and  bro-osseous jaw tumors. In addition, some 
patients may also develop Wilms’ tumors, renal cysts, 
renal hematomas, renal cortical adenomas, papillary renal 
cell carcinomas, pancreatic adenocarcinomas, uterine 
tumors, testicular mixed germ cell tumors with a major 

seminoma component, and Hürthle cell thyroid adeno-
mas. T e parathyroid tumors may occur in isolation and 
without any evidence o  jaw tumors, and this may cause 
con usion with other hereditary hypercalcemic disor-
ders, such as MEN 1. However, genetic testing to identi y 
the causative mutation will help to establish the correct 
diagnosis. T e investigation and treatment  or HP -J - 
associated tumors are similar to those in non-HP - 
J  patients, except that early parathyroidectomy is advis-
able because o  the increased  requency o  parathyroid 
carcinoma.

Genetics a nd screening

T e gene that causes HP -J  is located on chro-
mosome 1q31.2 and encodes a 531–amino acid 
protein, para bromin ( able  52-2). Para bromin is 

also re erred to as cell division cycle protein 73 
(CDC73) and has a role in transcription. Genetic test-
ing in  amilies helps to identi y mutation carriers who 
should be periodically screened  or the development o  
tumors (Table 52-5).

VON HIPPEL-LINDAU DISEASE
Clinica l ma ni esta tions

von Hippel-Lindau (VHL) disease is an autosomal domi-
nant disorder characterized by hemangioblastomas o  the 
retina and CNS; cysts involving the kidneys, pancreas, 

TABLE 52 -5  
HPT-JT SCREENING GUIDELINES

TUMORa TEST  FREQUENCYb

Parathyroid Serum Ca, PTH  6–12 months
Ossifying jaw 
 broma

Panoramic jaw x-ray 
with neck shieldingc

5 years

Renal  Abdominal MRIc,d 5 years
Uterine Ultrasound (trans-

vaginal or trans-
abdominal) and 
additional imaging 
± D&C if indicatede

Annual

aScreening for most common HPT-JT–associated tumors is considered. 
Assessment for other reported tumor types may be indicated (e.g., pan-
creatic, thyroid, testicular tumors).
bFrequency of repeating test after baseline tests performed.
cX-rays and imaging involving ionizing radiation should ideally be 
avoided to minimize risk of generating subsequent mutations.
dUltrasound scan recommended if MRI unavailable.
eSuch selective pelvic imaging should be considered after obtaining a 
detailed menstrual history.
Abbrevia t ions: Ca, calcium; D&C, dilatation and curettage; HPT-JT, 
hyperparathyroidism-jaw tumor syndrome; MRI, magnetic resonance 
imaging; PTH, parathyroid hormone.
Source: Reproduced from PJ Newey et al: Hum Mutat 31:295, 2010.
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697and epididymis; renal cell carcinomas; pheochromocy-
tomas; and pancreatic islet cell tumors (See also Chap. 53). 
T e retinal and CNS hemangioblastomas are benign 
vascular tumors that may be multiple; those in the CNS 
may cause symptoms by compressing adjacent struc-
tures and/or increasing intracranial pressure. In the CNS, 
the cerebellum and spinal cord are the most  requently 
involved sites. T e renal abnormalities consist o  cysts 
and carcinomas, and the li etime risk o  a renal cell car-
cinoma (RCC) in VHL is 70%. T e endocrine tumors in 
VHL consist o  pheochromocytomas and pancreatic islet 
cell tumors. T e clinical presentation o  pheochromocy-
toma in VHL disease is similar to that in sporadic cases, 
except there is a higher  requency o  bilateral or multiple 
tumors, which may involve extra-adrenal sites in VHL 
disease. T e most  requent pancreatic lesions in VHL are 
multiple cyst-adenomas, which rarely cause clinical dis-
ease. However, nonsecreting pancreatic islet cell tumors 
occur in <10% o  VHL patients, who are usually asymp-
tomatic. T e pancreatic tumors in these patients are o en 
detected by regular screening using abdominal imaging. 
Pheochromocytomas should be investigated and treated 
as described earlier  or MEN 2. T e pancreatic islet cell 
tumors  requently become malignant, and early surgery 
is recommended.

Genetics a nd screening

T e VHL gene, which is located on chromosome 
3p26-p25, is widely expressed in human tissues and 
encodes a 213–amino acid protein (pVHL) 

( able  52-2). A wide variety o  germline VHL mutations 
have been identi ed. VHL acts as a tumor-suppressor 
gene. A correlation appears to exist between the type o  
mutation and the clinical phenotype; large deletions and 
protein-truncating mutations are associated with a low 
incidence o  pheochromocytomas, whereas some mis-
sense mutations in VHL patients are associated with 
pheochromocytoma (re erred to as VHL type 2C). Other 
missense mutations may be associated with hemangio-
blastomas and RCC but not pheochromocytoma 
(re erred to as VHL type 1), whereas distinct missense 
mutations are associated with hemangioblastomas, RCC, 
and pheochromocytoma (VHL type 2B). VHL type 2A, 
which re ers to the occurrence o  hemangioblastomas 
and pheochromocytoma without RCC, is associated with 
rare missense mutations. T e basis  or these complex 
genotype-phenotype relationships remains to be eluci-
dated. One major  unction o  pVHL, which is also 
re erred to as elongin, is to downregulate the expression 
o  vascular endothelial growth  actor (VEGF) and other 
hypoxia-inducible mRNAs. T us, pVHL, in complex 
with other proteins, regulates the expression o  hypoxia-
inducible  actors (HIF-1 and HIF-2) such that loss o  
 unctional pVHL leads to a stabilization o  the HIF pro-
tein complexes, resulting in VEGF overexpression and 

tumor angiogenesis. Screening  or the development o  
pheochromocytomas and pancreatic islet cell tumors is 
as described earlier  or MEN 2 and MEN 1, respectively 
( ables 52-3 and 52-4).

NEUROFIBROMATOSIS
Clinica l ma ni esta tions

Neuro bromatosis type 1 (NF1), which is also re erred 
to as von Recklinghausen’s disease, is an autosomal 
dominant disorder characterized by the  ollowing mani-
 estations: neurologic (e.g., peripheral and spinal neuro-
 bromas); ophthalmologic (e.g., optic gliomas and iris 
hamartomas such as Lisch nodules); dermatologic (e.g., 
ca é au lait macules); skeletal (e.g., scoliosis, macroceph-
aly, short stature, and pseudoarthrosis); vascular (e.g., 
stenoses o  renal and intracranial arteries); and endo-
crine (e.g., pheochromocytoma, carcinoid tumors, and 
precocious puberty). Neuro bromatosis type 2 (NF2) is 
also an autosomal dominant disorder but is characterized 
by the development o  bilateral vestibular schwannomas 
(acoustic neuromas) that lead to dea ness, tinnitus, or 
vertigo. Some patients with NF2 also develop meningio-
mas, spinal schwannomas, peripheral nerve neuro bro-
mas, and ca é au lait macules. Endocrine abnormalities 
are not  ound in NF2 and are associated solely with NF1. 
Pheochromocytomas, carcinoid tumors, and preco-
cious puberty occur in about 1% o  patients with NF1, 
and growth hormone de ciency has been also reported. 
T e  eatures o  pheochromocytomas in NF1 are similar 
to those in non-NF1 patients, with 90% o  tumors being 
located within the adrenal medulla and the remaining 
10% at an extra-adrenal location, which o en involves 
the para-aortic region. Primary carcinoid tumors are 
o en periampullary and may also occur in the ileum 
but rarely in the pancreas, thyroid, or lungs. Hepatic 
metastases are associated with symptoms o  the carci-
noid syndrome, which include f ushing, diarrhea, bron-
choconstriction, and tricuspid valve disease. Precocious 
puberty is usually associated with the extension o  an 
optic glioma into the hypothalamus with resultant early 
activation o  gonadotropin-releasing hormone secre-
tion. Growth hormone de ciency has also been observed 
in some NF1 patients, who may or may not have optic 
chiasmal gliomas, but it is important to note that short 
stature is  requent in the absence o  growth hormone 
de ciency in patients with NF1. T e investigation and 
treatment  or tumors are similar to those undertaken  or 
each respective tumor type in non-NF1 patients.

Genetics a nd screening

T e NF1 gene, which is located on chromosome 
17q11.2 and acts as a tumor suppressor, consists 
o  60 exons that span more than 350 kb o  
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genomic DNA ( able  52-2). Mutations in NF1 are o  
diverse types and are scattered throughout the exons. 
T e NF1 gene product is the protein neuro bromin, 
which has homologies to the p120GAP (G Pase acti-
vating protein) and acts on p21ras by converting the 
active G P bound  orm to its inactive GDP  orm. 
Mutations o  NF1 impair this downregulation o  the 
p21ras signaling pathways, which in turn results in 
abnormal cell proli eration. Screening  or the develop-
ment o  pheochromocytomas and carcinoid tumors is 
as described earlier  or MEN 2 and MEN 1, respectively 
( ables 52-3 and 52-4).

CARNEY COMPLEX
Clinica l ma ni esta tions

Carney complex (CNC) is an autosomal dominant 
disorder characterized by spotty skin pigmentation 
(usually o  the  ace, labia, and conjunctiva), myxomas 
(usually o  the eyelids and heart, but also the tongue, 
palate, breast, and skin), psammomatous melanotic 
schwannomas (usually o  the sympathetic nerve chain 
and upper gastrointestinal tract), and endocrine tumors 
that involve the adrenals, Sertoli cells, somatotropes, 
thyroid, and ovary. Cushing’s syndrome, the result o  
primary pigmented nodular adrenal disease (PPNAD), 
is the most common endocrine mani estation o  CNC 
and may occur in one-third o  patients. Patients with 
CNC and Cushing’s syndrome o en have an atypical 
appearance by being thin (as opposed to having trun-
cal obesity). In addition, they may have short stat-
ure, muscle and skin wasting, and osteoporosis. T ese 
patients o en have levels o  urinary  ree cortisol that are 
normal or increased only marginally. Cortisol produc-
tion may f uctuate periodically with days or weeks o  
hypercortisolism; this pattern is re erred to as “periodic 
Cushing’s syndrome.” Patients with Cushing’s syndrome 
usually have loss o  the circadian rhythm o  cortisol 
production. Acromegaly, the result o  a somatotrope 
tumor, a ects ~10% o  patients with CNC.  esticular 
tumors may also occur in one-third o  patients with 
CNC. T ese may either be large-cell calci ying Sertoli 
cell tumors, adrenocortical rests, or Leydig cell tumors. 
T e Sertoli cell tumors occasionally may be estrogen-
secreting and lead to precocious puberty or gyneco-
mastia. Some patients with CNC have been reported 
to develop thyroid  ollicular tumors, ovarian cysts, or 
breast duct adenomas.

Genetics a nd screening

CNC type 1 (CNC1) is due to mutations o  the 
protein kinase A (PKA) regulatory subunit 1 α 
(R1α) (PPKAR1A), a tumor suppressor, whose 

gene is located on chromosome 17q.24.2 ( able  52-2). 

T e gene causing CNC type 2 (CNC2) is located on 
chromosome 2p16 and has not yet been identi ed. It is 
interesting to note, however, that some tumors do not 
show LOH o  2p16 but instead show genomic instabil-
ity, suggesting that this CNC gene may not be a tumor 
suppressor. Screening and treatment o  these endocrine 
tumors are similar to those described earlier  or patients 
with MEN 1 and MEN 2 ( ables 52-3 and 52-4).

COWDEN’S SYNDROME
Clinica l ma ni esta tions

Multiple hamartomatous lesions, especially o  the skin, 
mucous membranes (e.g., buccal, intestinal, and colonic), 
breast, and thyroid are characteristic o  Cowden’s (CWD) 
syndrome, which is an autosomal dominant disorder. 
T yroid abnormalities occur in two-thirds o  patients 
with CWD syndrome, and these usually consist o  mul-
tinodular goiters or benign adenomas, although <10% o  
patients may have a  ollicular thyroid carcinoma. Breast 
abnormalities occur in >75% o  patients and consist o  
either  brocystic disease or adenocarcinomas. T e inves-
tigation and treatment  or CWD tumors are similar to 
those undertaken  or non-CWD patients.

Genetics a nd screening

CWD syndrome is genetically heterogenous, and 
six types (CWD1–6) are recognized ( able  52-2). 
CWD is due to mutations o  the phosphate and 

tensin homologue deleted on chromosome 10 (P EN) 
gene, located on chromosome 10q23.31. CWD2 is 
caused by mutations o  the succinate dehydrogenase 
subunit B (SDHB) gene, located on chromosome 
1p36.13; and CWD3 is caused by mutations o  the 
SDHD gene, located on chromosome 11q13.1. SDHB 
and SDHD mutations are also associated with pheo-
chromocytoma. CWD4 is caused by hypermethylation 
o  the Killin (KLLN) gene, the promoter o  which shares 
the same transcription site as P EN on chromosome 
10q23.31. CWD5 is caused by mutations o  the phos-
phatidylinositol 3-kinase catalytic alpha (PIK3CA) gene 
on chromosome 3q26.32, and CWD6 is caused by 
mutations o  the V-Akt murine thymoma viral onco-
gene homolog 1 (AK 1) gene on chromosome 
14q32.33. Screening  or thyroid abnormalities entails 
neck ultrasonography and  ne-needle aspiration with 
analysis o  cell cytology.

McCUNE-ALBRIGHT SYNDROME
Clinica l ma ni esta tions

McCune-Albright syndrome (MAS) is characterized by 
the triad o  polyostotic  brous dysplasia, which may be 
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699associated with hypophosphatemic rickets; ca é au lait 
skin pigmentation; and peripheral precocious puberty; 
other endocrine abnormalities include thyrotoxicosis, 
which may be associated with a multinodular goiter, 
somatotrope tumors, and Cushing’s syndrome (due to 
adrenal tumors). Investigation and treatment  or each 
endocrinopathy are similar to those used in patients 
without MAS.

Genetics a nd screening

MAS is a disorder o  mosaicism that results  rom 
postzygotic somatic cell mutations o  the G pro-
tein α stimulating subunit (Gsα), encoded by the 

GNAS1 gene, located on chromosome 20q13.32 
( able  52-2). T e Gsα mutations, which include 
Arg201Cys, Arg201His, Glu227Arg, or Glu227His, are 
activating and are  ound only in cells o  the abnormal 
tissues. Screening  or hyper unction o  relevant endo-
crine glands and development o  hypophosphatemia, 
which may be associated with elevated serum  broblast 
growth  actor 23 (FGF23) concentrations, is undertaken 
in MAS patients.
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Pheochromocytomas and paragangliomas are 
catecholamine-producing tumors derived  rom the 
sympathetic or parasympathetic nervous system. 
T ese tumors may arise sporadically or be inherited 
as  eatures o  multiple endocrine neoplasia type 2, von 
Hippel–Lindau disease, or several other pheochro-
mocytoma-associated syndromes. T e diagnosis o  
pheochromocytomas identi es a potentially correct-
able cause o  hypertension, and their removal can pre-
vent hypertensive crises that can be lethal. T e clinical 
presentation is variable, ranging  rom an adrenal inci-
dentaloma to a hypertensive crisis with associated cere-
brovascular or cardiac complications.

EPIDEMIOLOGY
Pheochromocytoma is estimated to occur in 2–8 o  
1 million persons per year, and ~0.1% o  hypertensive 
patients harbor a pheochromocytoma. T e mean age at 
diagnosis is ~40 years, although the tumors can occur 
 rom early childhood until late in li e. T e classic “rule 
o  tens”  or pheochromocytomas states that ~10% are 
bilateral, 10% are extra-adrenal, and 10% are malignant.

ETIOLOGY AND PATHOGENESIS
Pheochromocytomas and paragangliomas are well-vascu-
larized tumors that arise  rom cells derived  rom the sym-
pathetic (e.g., adrenal medulla) or parasympathetic (e.g., 
carotid body, glomus vagale) paraganglia (Fig. 53-1). 
T e name pheochromocytoma re ects the black-colored 
staining caused by chroma n oxidation o  catechol-
amines; although a variety o  terms have been used to 
describe these tumors, most clinicians use this designa-
tion to describe symptomatic catecholamine-producing 
tumors, including those in extra-adrenal retroperitoneal, 
pelvic, and thoracic sites. T e term paraganglioma is used 

PHEOCHROMOCYTOMA AND  
ADRENOCORTICAL CARCINOMA 

CHAP TER 5 3

to describe catecholamine-producing tumors in the skull 
base and neck; these tumors may secrete little or no cat-
echolamine. In contrast to common clinical parlance, the 
World Health Organization (WHO) restricts the term 
pheochromocytoma to adrenal tumors and applies the 
term paraganglioma to tumors at all other sites.

T e etiology o  sporadic pheochromocytomas and 
paragangliomas is unknown. However, 25–33% o  
patients have an inherited condition, including germ-
line mutations in the classically recognized RET, VHL, 
NF1, SDHB, SDHC, and SDHD genes or in the more 
recently recognized SDHA, SDHAF2, TMEM127, and 
MAX genes. Biallelic gene inactivation has been dem-
onstrated  or the VHL, NF1, and SDH genes, whereas 
RET mutations activate receptor tyrosine kinase activ-
ity. SDH is an enzyme o  the Krebs cycle and the mito-
chondrial respiratory chain. T e VHL protein is a 
component o  a ubiquitin E3 ligase. VHL mutations 
reduce protein degradation, resulting in upregulation o  
components involved in cell cycle progression, glucose 
metabolism, and oxygen sensing.

CLINICAL FEATURES
Its clinical presentation is so variable that pheochro-
mocytoma has been termed “the great masquerader” 
(Table 53-1). Among the presenting mani estations, 
episodes o  palpitation, headache, and pro use sweating 
are typical, and these mani estations constitute a classic 
triad. T e presence o  all three mani estations in asso-
ciation with hypertension makes pheochromocytoma 
a likely diagnosis. However, a pheochromocytoma can 
be asymptomatic  or years, and some tumors grow to a 
considerable size be ore patients note symptoms.

T e dominant sign is hypertension. Classically, 
patients have episodic hypertension, but sustained 
hypertension is also common. Catecholamine crises can 
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701

lead to heart  ailure, pulmonary edema, arrhythmias, 
and intracranial hemorrhage. During episodes o  hor-
mone release, which can occur at widely divergent inter-
vals, patients are anxious and pale, and they experience 
tachycardia and palpitations. T ese paroxysms generally 
last <1 h and may be precipitated by surgery, positional 
changes, exercise, pregnancy, urination (particularly with 
bladder pheochromocytomas), and various medications 
(e.g., tricyclic antidepressants, opiates, metoclopramide).

Jugular v.

Vagus  n.  Tympanic n.
Jugular p.

Intravaga l p.

Inte rcarotid p.

Sup. la ryngea l p.

Inf. la ryngea l p.

Subclavian p.

Pulmonary p.

Descending aorta

Glossopharyngea l n.

Jugular
ganglion
Nodose
ganglion

Sup.
la ryngea l a .

Int.
la ryngea l a .

Recurrent
la ryngea l n.
Aortico-
pulmonary p.
Coronary p.

Adrena l
pheochromocytoma

A  B  CExtra-adrena l
pheochromocytoma

Head and neck pa raganglioma

FIGURE 53 -1
Th e  p a rag an g lia l system  an d  top o g rap h ic site s  in  red   
o   p h eo ch rom o cytom as an d  p a rag an g liom as. (Parts A and 
B  rom WM Manger, RW Gif ord: Clinical and experimental pheo-
chromocytoma. Cambridge, Blackwell Science, 1996; Part C  rom 

GG Glenner, PM Grimley: Tumors o  the Extra-adrenal Paraganglion 
System [Including Chemoreceptors], Atlas o  Tumor Pathology, 2nd 
Series, Fascicle 9. Washington, DC, AFIP, 1974.)

TABLE 53 -1  
CLINICAL FEATURES ASSOCIATED WITH 
PHEOCHROMOCYTOMA, LISTED BY FREQUENCY  
OF OCCURRENCE

1. Headaches
2. Pro use sweating
3. Palpitations and tachycardia
4. Hypertension, sustained or paroxysmal
5. Anxiety and panic attacks
6. Pallor
7. Nausea
8. Abdominal pain
9. Weakness

10. Weight loss
11. Paradoxical response to antihypertensive drugs
12. Polyuria and polydipsia
13. Constipation
14. Orthostatic hypotension
15. Dilated cardiomyopathy
16. Erythrocytosis
17. Elevated blood sugar
18. Hypercalcemia

DIAGNOSIS
T e diagnosis is based on documentation o  catechol-
amine excess by biochemical testing and localization o  
the tumor by imaging. T ese two criteria are o  equal 
importance, although measurement o  catecholamines 
or metanephrines (their methylated metabolites) is tra-
ditionally the  rst step in diagnosis.

Biochemica l testing

Pheochromocytomas and paragangliomas synthe-
size and store catecholamines, which include norepi-
nephrine (noradrenaline), epinephrine (adrenaline), 
and dopamine. Elevated plasma and urinary levels o  
catecholamines and metanephrines  orm the corner-
stone o  diagnosis. T e characteristic  uctuations in 
the hormonal activity o  tumors results in consider-
able variation in serial catecholamine measurements. 
However, most tumors continuously leak O-methylated 
metabolites, which are detected by measurement o  
metanephrines.

Catecholamines and metanephrines can be measured 
by di erent methods, including high-per ormance liq-
uid chromatography, enzyme-linked immunosorbent 
assay, and liquid chromatography/mass spectrometry. 
When pheochromocytoma is suspected on clinical 
grounds (i.e., when values are three times the upper 
limit o  normal), this diagnosis is highly likely regard-
less o  the assay used. However, as summarized in 
Table 53-2, the sensitivity and speci city o  available 
biochemical tests vary greatly, and these di erences are 
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important in assessing patients with borderline eleva-
tions o  di erent compounds. Urinary tests  or meta-
nephrines (total or  ractionated) and catecholamines 
are widely available and are used commonly  or ini-
tial evaluation. Among these tests, those  or the  rac-
tionated metanephrines and catecholamines are the 
most sensitive. Plasma tests are more convenient and 
include measurements o  catecholamines and meta-
nephrines. Measurements o  plasma metanephrine 
are the most sensitive and are less susceptible to  alse-
positive elevations  rom stress, including venipuncture. 
Although the incidence o   alse-positive test results 
has been reduced by the introduction o  newer assays, 
physiologic stress responses and medications that 
increase catecholamine levels still can con ound test-
ing. Because the tumors are relatively rare, borderline 
elevations are likely to represent  alse-positive results. 
In this circumstance, it is important to exclude dietary 
or drug-related  actors (withdrawal o  levodopa or use 
o  sympathomimetics, diuretics, tricyclic antidepres-
sants, alpha and beta blockers) that might cause  alse-
positive results and then to repeat testing or per orm 
a clonidine suppression test (i.e., the measurement o  
plasma normetanephrine 3 h af er oral administra-
tion o  300 µg o  clonidine). Other pharmacologic 
tests, such as the phentolamine test and the glucagon 

provocation test, are o  relatively low sensitivity and are 
not recommended.

Dia gnostic ima ging

A variety o  methods have been used to localize pheo-
chromocytomas and paragangliomas ( able  53-2). C  
and MRI are similar in sensitivity and should be per-
 ormed with contrast.  2-weighted MRI with gadolinium 
contrast is optimal  or detecting pheochromocytomas 
and is somewhat better than C   or imaging extraadre-
nal pheochromocytomas and paragangliomas. About 5% 
o  adrenal incidentalomas, which usually are detected 
by C  or MRI, prove to be pheochromocytomas upon 
endocrinologic evaluation.

 umors also can be localized by procedures using 
radioactive tracers, including 131I- or 123I-metaiodoben-
zylguanidine (MIBG) scintigraphy, 111In-somatostatin 
analogue scintigraphy, 18F-DOPA positron emission 
tomography (PE ), or 18F- uorodeoxyglucose (FDG) 
PE . Because these agents exhibit selective uptake in 

TABLE 53 -2  
BIOCHEMICAL AND IMAGING METHODS USED 
FOR DIAGNOSIS OF PHEOCHROMOCYTOMA AND 
PARAGANGLIOMA

DIAGNOSTIC METHOD  SENSITIVITY  SPECIFICITY

24-h urinary tests
 Catecholamines  +++  +++
 Fractionated 

metanephrines
++++  ++

 Total metanephrines  +++  ++++
Plasma tests
 Catecholamines  +++  ++
 Free metanephrines  ++++  +++
Imaging
 CT  ++++  +++
 MRI  ++++  +++
MIBG scintigraphy  +++  ++++
Somatostatin receptor 
scintigraphya

++  ++

18Fluoro-DOPA PET/CT  +++  ++++

aValues are particularly high in head and neck paragangliomas.
Abbrevia tions: MIBG, metaiodobenzylguanidine; PET/CT, positron 
emission tomography plus CT. For the biochemical tests, the ratings cor-
respond globally to sensitivity and speci city rates as  ollows: ++, <85%; 
+++, 85–95%; and ++++, >95%.

TABLE 53 -3  
CLASSIFICATION OF UNILATERAL ADRENAL MASSES

MASS
APPROXIMATE 
PREVALENCE (% )

Ben ig n
Adrenocortical adenoma
 Endocrine-inactive  60–85
 Cortisol-producing  5–10
 Aldosterone-producing  2–5
Pheochromocytoma  5–10
Adrenal myelolipoma  <1
Adrenal ganglioneuroma  <0.1
Adrenal hemangioma  <0.1
Adrenal cyst  <1
Adrenal hematoma/hemorrhagic 
in arction

<1

In d e te rm in a te
Adrenocortical oncocytoma  <1
Malig n an t
Adrenocortical carcinoma  2–5
Malignant pheochromocytoma  <1
Adrenal neuroblastoma  <0.1
Lymphomas (including primary adrenal 
lymphoma)

<1

Metastases (most  requent: breast, lung)  15

Note: Bilateral adrenal enlargement/masses may be caused by con-
genital adrenal hyperplasia, bilateral macronodular hyperplasia, bilateral 
hemorrhage (due to antiphospholipid syndrome or sepsis-associated 
Waterhouse-Friderichsen syndrome), granuloma, amyloidosis, or in ltra-
tive disease including tuberculosis.
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703paragangliomas, nuclear imaging is particularly use ul 
in the hereditary syndromes.

Dif erentia l d ia gnosis

When the possibility o  a pheochromocytoma is being 
entertained, other disorders to consider include essen-
tial hypertension, anxiety attacks, use o  cocaine or 
amphetamines, mastocytosis or carcinoid syndrome 
(usually without hypertension), intracranial lesions, 
clonidine withdrawal, autonomic epilepsy, and  acti-
tious crises (usually  rom use o  sympathomimetic 
amines). When an asymptomatic adrenal mass is iden-
ti ed, likely diagnoses other than pheochromocytoma 
include a non unctioning adrenal adenoma, an aldoste-
ronoma, and a cortisol-producing adenoma (Cushing's 
syndrome) (Table 53-3).

TREATMENT  Pheochromocytoma

Complete tumor removal, the ultimate therapeutic goal, can 
be achieved by partial or total adrenalectomy. It is impor-
tant to preserve the normal adrenal cortex, particularly in 
hereditary disorders in which bilateral pheochromocytomas 
are most likely. Preoperative preparation o  the patient is 
important. Be ore surgery, blood pressure should be consis-
tently below 160/90 mmHg. Classically, blood pressure has 
been controlled by α-adrenergic blockers (oral phenoxyben-
zamine, 0.5–4 mg/kg o  body weight). Because patients are 
volume-constricted, liberal salt intake and hydration are nec-
essary to avoid severe orthostasis. Oral prazosin or intrave-
nous phentolamine can be used to manage paroxysms while 
adequate alpha blockade is awaited. Beta blockers (e.g., 10 
mg o  propranolol three or  our times per day) can then be 
added. Other antihypertensives, such as calcium channel 
blockers or angiotensin-converting enzyme inhibitors, have 
also been used e ectively.

Surgery should be per ormed by teams o  surgeons and 
anesthesiologists with experience in the management o  
pheochromocytomas. Blood pressure can be labile during 
surgery, particularly at the outset o  intubation or when the 
tumor is manipulated. Nitroprusside in usion is use ul  or 
intraoperative hypertensive crises, and hypotension usually 
responds to volume in usion.

Minimally invasive techniques (laparoscopy or retro-
peritoneoscopy) have become the standard approaches in 
pheochromocytoma surgery. T ey are associated with  ewer 
complications, a  aster recovery, and optimal cosmetic results. 
Extra-adrenal abdominal and most thoracic pheochromocy-
tomas also can also be removed endoscopically. Postopera-
tively, catecholamine normalization should be documented. 
An adrenocorticotropic hormone test should be used to 
exclude cortisol de ciency when bilateral adrenal cortex–
sparing surgery has been per ormed.

MALIGNANT PHEOCHROMOCYTOMA
About 5–10% o  pheochromocytomas and paragan-
gliomas are malignant. T e diagnosis o  malignant 
pheochromocytoma is problematic. T e typical his-
tologic criteria o  cellular atypia, presence o  mitoses, 
and invasion o  vessels or adjacent tissues are insu -
cient  or the diagnosis o  malignancy in pheochromo-
cytoma. T us, the term malignant pheochromocytoma 
is restricted to tumors with distant metastases, most 
commonly  ound by nuclear medicine imaging in lungs, 
bone, or liver—locations suggesting a vascular pathway 
o  spread. Because hereditary syndromes are associ-
ated with multi ocal tumor sites, these  eatures should 
be anticipated in patients with germ-line mutations o  
RET, VHL, SDHD, or SDHB. However, distant metasta-
ses also occur in these syndromes, especially in carriers 
o  SDHB mutations.

 reatment o  malignant pheochromocytoma or para-
ganglioma is challenging. Options include tumor mass 
reduction, alpha blockers  or symptoms, chemotherapy, 
and nuclear medicine radiotherapy. T e  rst-line choice 
is nuclear medicine therapy  or scintigraphically docu-
mented metastases, pre erably with 131I-MIBG in 200-
mCi doses at monthly intervals over three to six cycles. 
Averbuch's chemotherapy protocol includes dacarba-
zine (600 mg/m2 on days 1 and 2), cyclophosphamide 
(750 mg/m2 on day 1), and vincristine (1.4 mg/m2 on 
day 1), all repeated every 21 days  or three to six cycles. 
Palliation (stable disease to shrinkage) is achieved in 
about one-hal  o  patients. Other chemotherapeutic 
options are sunitinib and temozolomide/thalidomide. 
T e prognosis o  metastatic pheochromocytoma or 
paraganglioma is variable, with 5-year survival rates o  
30–60%.

PHEOCHROMOCYTOMA IN PREGNANCY
Pheochromocytomas occasionally are diagnosed in 
pregnancy. Endoscopic removal, pre erably in the 
 ourth to sixth month o  gestation, is possible and can 
be  ollowed by unevent ul childbirth. Regular screen-
ing in  amilies with inherited pheochromocytomas 
provides an opportunity to identi y and remove asymp-
tomatic tumors in women o  reproductive age.

PHEOCHROMOCYTOMA-ASSOCIATED 
SYNDROMES
About 25–33% o  patients with a pheochromocytoma 
or paraganglioma have an inherited syndrome. At diag-
nosis, patients with inherited syndromes are a mean o  
~15 years younger than patients with sporadic tumors.

Neurof bromatosis type 1 (NF1) was the  rst 
described pheochromocytoma-associated syndrome 
(Chap. 48). T e NF1 gene  unctions as a tumor 
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suppressor by regulating the Ras signaling cascade. 
Classic  eatures o  neuro bromatosis include multiple 
neuro bromas, ca é au lait spots, axillary  reckling o  
the skin, and Lisch nodules o  the iris (Fig. 53-2). Pheo-
chromocytomas occur in only ~1% o  these patients 
and are located predominantly in the adrenals. Malig-
nant pheochromocytoma is not uncommon.

T e best-known pheochromocytoma-associated 
syndrome is the autosomal dominant disorder multiple 
endocrine neoplasia type 2 (MEN2) (Chap. 52). Both 
types o  MEN2 (2A and 2B) are caused by mutations in 
RET (rearranged during trans ection), which encodes a 
tyrosine kinase. T e locations o  RE  mutations corre-
late with the severity o  disease and the type o  MEN2 
(Chap. 52). MEN2A is characterized by medullary 
thyroid carcinoma (M C), pheochromocytoma, and 
hyperparathyroidism; MEN2B also includes M C and 
pheochromocytoma as well as multiple mucosal neu-
romas, mar anoid habitus, and other developmental 
disorders, though it typically lacks hyperparathyroid-
ism. M C is  ound in virtually all patients with MEN2, 
but pheochromocytoma occurs in only ~50% o  these 
patients. Nearly all pheochromocytomas in MEN2 are 
benign and located in the adrenals, of en bilaterally 
(Fig. 53-3). Pheochromocytoma may be symptomatic 

be ore M C. Prophylactic thyroidectomy is being per-
 ormed in many carriers o  RET mutations; pheochro-
mocytomas should be excluded be ore any surgery in 
these patients.

Von Hippel–Lindau syndrome (VHL) is an autoso-
mal dominant disorder that predisposes to retinal and 
cerebellar hemangioblastomas, which also occur in the 
brainstem and spinal cord (Fig. 53-4). Other important 
 eatures o  VHL are clear cell renal carcinomas, pancre-
atic neuroendocrine tumors, endolymphatic sac tumors 
o  the inner ear, cystadenomas o  the epididymis and 
broad ligament, and multiple pancreatic or renal cysts.

T e VHL gene (among other genes) encodes an E3 ubiq-
uitin ligase that regulates expression o  hypoxia-inducible 
 actor 1. Loss o  VHL is associated with increased expres-
sion o  vascular endothelial growth  actor (VEGF), which 
induces angiogenesis. Although the VHL gene can be inac-
tivated by all types o  mutations, patients with pheochro-
mocytoma predominantly have missense mutations. About 
20–30% o  patients with VHL have pheochromocytomas, 
but in some  amilies the incidence can reach 90%. T e rec-
ognition o  pheochromocytoma as a VHL-associated  ea-
ture provides an opportunity to diagnose retinal, central 
nervous system, renal, and pancreatic tumors at a stage 
when e ective treatment may still be possible.

FIGURE 53 -2
Neu ro f b rom atosis. A. MRI o  bilateral adrenal pheochromo-
cytoma. B. Cutaneous neuro bromas. C. Lisch nodules o  the iris. 

D. Axillary  reckling. (Part A  rom HPH Neumann et al: Keio J Med 
54:15, 2005; with permission.)
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T e paraganglioma syndromes (PGLs) have been 
classi ed by genetic analyses o   amilies with head 
and neck paragangliomas. T e susceptibility genes 
encode subunits o  the enzyme succinate dehydroge-
nase (SDH), a component in the Krebs cycle and the 
mitochondrial electron transport chain. SDH is  ormed 
by  our subunits (A–D). Mutations o  SDHB (PGL4), 
SDHC (PGL3), SDHD (PGL1), and SDHAF2 (PGL2) 
predispose to the PGLs. T e transmission o  the dis-
ease in carriers o  SDHB and SDHC germ-line muta-
tions is autosomal dominant. In contrast, in SDHD and 
SDHAF2  amilies, only the progeny o  a ected  athers 
develop tumors i  they inherit the mutation. PGL1 is 
most common,  ollowed by PGL4; PGL2 and PGL3 
are rare. Adrenal, extra-adrenal abdominal, and tho-
racic pheochromocytomas, which are components o  
PGL1 and PGL4, are rare in PGL3 and absent in PGL2 

(Fig. 53-5). About one-third o  patients with PGL4 
develop metastases.

Familial pheochromocytoma (FP) has been attributed 
to hereditary, mainly adrenal tumors in patients with 
germ-line mutations in the genes TMEM127, MAX, and 
SDHA.  ransmission is also autosomal dominant, and 
mutations o  MAX, like those o  SDHD, cause tumors 
only i  inherited  rom the  ather.

GUIDELINES FOR GENETIC SCREENING OF 
PATIENTS WITH PHEOCHROMOCYTOMA OR 
PARAGANGLIOMA
In addition to  amily history, general  eatures sug-
gesting an inherited syndrome include young age, 
multi ocal tumors, extra-adrenal tumors, and malig-
nant tumors (Fig. 53-6). Because o  the relatively high 

FIGURE 53 -3
Mu lt ip le  en d o crin e  n eo p lasia  typ e  2. A, B. Multi ocal medul-
lary thyroid carcinoma shown by MIBG scintigraphy (A) and oper-
ative specimen (B). Arrows demonstrate the tumors; arrowheads 
show the tissue bridge o  the cut specimen. C–E. Bilateral adrenal 

pheochromocytoma shown by MIBG scintigraphy (C), CT imaging 
(D), and operative specimens (E). (From HPH Neumann et al: Keio J 
Med 54:15, 2005; with permission.)
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prevalence o   amilial syndromes among patients who 
present with pheochromocytoma or paraganglioma, 
it is use ul to identi y germ-line mutations even in 
patients without a known  amily history. A  rst step is 
to search  or clinical  eatures o  inherited syndromes 
and to obtain an in-depth, multigenerational  amily 
history. Each o  these syndromes exhibits autosomal 
dominant transmission with variable penetrance, but a 
proband with a mother a ected by paraganglial tumors 
is not predisposed to PLG1 (SDHD mutation carrier). 
Cutaneous neuro bromas, ca é au lait spots, and axil-
lary  reckling suggest neuro bromatosis. Germ-line 
mutations in NF1 have not been reported in patients 
with sporadic pheochromocytomas. T us, NF1 testing 
need not be per ormed in the absence o  other clini-
cal  eatures o  neuro bromatosis. A personal or  am-
ily history o  M C or an elevation o  serum calcitonin 
strongly suggests MEN 2 and should prompt testing 
 or RET mutations. A history o  visual impairment or 
tumors o  the cerebellum, kidney, brainstem, or spinal 
cord suggests the possibility o  VHL. A personal and/or 
 amily history o  head and neck paraganglioma suggests 
PGL1 or PGL4.

A single adrenal pheochromocytoma in a patient 
with an otherwise unremarkable history may still be 
associated with mutations o  VHL, RET, SDHB, or 
SDHD (in decreasing order o   requency).  wo-thirds 
o  extra-adrenal tumors are associated with one o  these 
syndromes, and multi ocal tumors occur with decreas-
ing  requency in carriers o  RET, SDHD, VHL, and 
SDHB mutations. About 30% o  head and neck para-
gangliomas are associated with germ-line mutations o  
one o  the SDH subunit genes (most of en SDHD) and 
are rare in carriers o  VHL, RET, and TMEM127 muta-
tions (Fig. 53-6F).

Immunohistochemistry is help ul in the preselection 
o  hereditary pheochromocytoma. Negative immunos-
taining with antibodies to SDHB,  MEM127, and MAX 
may predict mutations o  the SDH, TMEM127, and 
MAX genes, respectively.

Once the underlying syndrome is diagnosed, the 
bene t o  genetic testing can be extended to rela-
tives. For this purpose, it is necessary to identi y the 
germ-line mutation in the proband and, af er genetic 
counseling, to per orm DNA sequence analyses o  the 
responsible gene in relatives to determine whether they 

FIGURE 53 -4
Vo n  Hip p e l–Lin d au  d isease. A. Retinal angioma. All subse-
quent panels show  ndings on MRI: B–D. Hemangioblastomas o  
the cerebellum (B) in brainstem (C) and spinal cord (D). E. Bilat-
eral pheochromocytomas and bilateral renal clear cell carcinomas 
F. Multiple pancreatic cysts. (Parts A and D  rom HPH Neumann et 

al: Adv Nephrol Necker Hosp 27:361, 1997. © Elsevier. Part B  rom SH 
Morgan, J-P Grun eld [eds]: Inherited Disorders o  the Kidney. Ox ord, 
UK, Ox ord University Press, 1998. Part F  rom HPH Neumann et al: 
Contrib Nephrol 136:193, 2001. © S. Karger AG, Basel.)
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are a ected. Other  amily members may bene t when 
individuals who carry a germ-line mutation are bio-
chemically screened  or paraganglial tumors.

Asymptomatic paraganglial tumors, now of en 
detected in patients with hereditary tumors and their 
relatives, are challenging to manage. Watch ul waiting 
strategies have been introduced. Head and neck para-
gangliomas—mainly carotid body, jugular, and vagal 
tumors—are increasingly treated by radiation, since 
surgery is  requently associated with permanent palsy 
o  cranial nerves II, VII, IX, X, XI, and XII. Neverthe-
less, tympanic paragangliomas are symptomatic early, 
and most o  these tumors can easily be resected, with 
subsequent improvement o  hearing and alleviation o  
tinnitus.

ADRENOCORTICAL CARCINOMA
Adrenocortical carcinoma (ACC) is a rare malignancy 
with an annual incidence o  1–2 per million population. 
ACC is generally considered a highly malignant tumor; 
however, it presents with broad interindividual variabil-
ity with regard to biologic characteristics and clinical 
behavior. Somatic mutations in the tumor-suppressor 

gene TP53 are  ound in 25% o  apparently sporadic 
ACC. Germline TP53 mutations are the cause o  the 
Li-Fraumeni syndrome associated with multiple solid 
organ cancers including ACC and are  ound in 25% 
o  pediatric ACC cases; the TP53 mutation R337H 
is  ound in almost all pediatric ACC in Brazil. Other 
genetic changes identi ed in ACC include alterations 
in the Wnt/β-catenin pathway and in the insulin-like 
growth  actor 2 (IGF2) cluster; IGF2 overexpression is 
 ound in 90% o  ACC.

Patients with large adrenal tumors suspicious o  
malignancy should be managed by a multidisciplinary 
specialist team, including an endocrinologist, an oncol-
ogist, a surgeon, a radiologist, and a histopathologist. 
FNA is not indicated in suspected ACC:  rst, cytology 
and also histopathology o  a core biopsy cannot di er-
entiate between benign and malignant primary adrenal 
masses; second, FNA violates the tumor capsule and 
may even cause needle canal metastasis. Even when 
the entire tumor specimen is available, the histopatho-
logic di erentiation between benign and malignant 
lesions is a diagnostic challenge. T e most common 
histopathologic classi cation is the Weiss score, taking 
into account high nuclear grade; mitotic rate (>5/HPF); 

FIGURE 53 -5
Pa rag an g lio m a  syn d ro m e . A patient with the SDHD W5X 
mutation and PGL1 underwent incomplete resection o  a le t 
carotid body tumor. A. 18F-DOPA positron emission tomography 
demonstrating tumor uptake in the right jugular glomus, the 
right carotid body, the le t carotid body, the le t coronary glomus, 
and the right adrenal gland. Note the physiologic accumulation 

o  the radiopharmaceutical agent in the kidneys, liver, gallblad-
der, renal pelvis, and urinary bladder. B and C. CT angiography 
with three-dimensional reconstruction. Arrows point to the para-
ganglial tumors. (From S Hoegerle et al: Eur J Nucl Med Mol Imaging 
30:689, 2003; with permission.)
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atypical mitosis; <25% clear cells; di use architecture; 
and presence o  necrosis, venous invasion, and invasion 
o  sinusoidal structures and tumor capsule. T e pres-
ence o  three or more elements suggests ACC.

Although 60–70% o  ACCs show biochemical evi-
dence o  steroid overproduction, in many patients, this 
is not clinically apparent due to the relatively ine cient 

steroid production by the adrenocortical cancer cells. 
Excess production o  glucocorticoids and adrenal 
androgen precursors are most common. Mixed excess 
production o  several corticosteroid classes by an adre-
nal tumor is generally indicative o  malignancy.

 umor staging at diagnosis (Table 53-4) has impor-
tant prognostic implications and requires scanning 

FIGURE 53 -6
Mu ta t ion  d ist rib u t io n  in the VHL, RET, SDHB, SDHC, SDHD, and 
NF1 genes in 2021 patients with pheochromocytomas and para-
gangliomas  rom the European-American Pheochromocytoma-
Paraganglioma Registry based in Freiburg, Germany, as updated 
on March 1, 2014. A. Correlation with age. The bars depict the  re-
quency o  sporadic (spor) or various inherited  orms o  pheochro-
mocytoma in dif erent age groups. The inherited disorders are 
much more common among younger individuals presenting with 

pheochromocytoma. Patients with mutations in the TMEM127, 
MAX, and SDHA genes are not included, since they contribute 
<1% in decades 4–7 only. B–F. Germ-line mutations according to 
multiple (B), extra-adrenal retroperitoneal (C), thoracic (D ), and 
malignant (E ) pheochromocytomas and head and neck paragan-
gliomas (F ). (Data  rom the Freiburg International Pheochromocy-
toma and Paraganglioma Registry, 2014.)
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o  the chest and abdomen  or local organ invasion, 
lymphadenopathy, and metastases. Intravenous con-
trast medium is necessary  or maximum sensitivity 

 or hepatic metastases. An adrenal origin may be di -
cult to determine on standard axial C  imaging i  the 
tumors are large and invasive, but C  reconstructions 

CT/MRI finding of inc identally dis covered adrenal mas s

Positive

Neg.

Repea t screening for 
hormone  excess  a fte r 

12 months

F/U as  needed

Neg.
Neg.

Unila te ra l
 adrena lectomy

Negative  but
   imaging sugges tive
   of malignancy:
• S ize  >4 cm
• High CT dens ity (>20 HU)
• CT contras t wash-out <40% Repea t screening for 

hormone  excess  a fte r
12 months

Negative  and  imaging
not sugges tive  of
malignancy:
• S ize  <4 cm
• Low CT dens ity (<10 HU)
• CT contras t wash-out >50%

F/U as  needed

 Pos.

 Pos.

ALGORITHM FOR THE MANAGEMENT OF THE PATIENT WITH AN INCIDENTALLY DISCOVERED
ADRENAL MASS

    Screening  for hormone  exces s
• P lasma  metanephrines  or 24-h urine  for
    me tanephrine /ca techolamine  excre tion
• 24-h urine  for free  cortisol excre tion, plasma  ACTH,
    midnight plasma (or sa livary) cortisol, 
    dexamethasone  1 mg overnight tes t
    (pe rform a t leas t two out of four te s ts )     
• P lasma  a ldos te rone  and plasma  renin
• If tumor >2 cm: Serum 17-hydroxyproges te rone
    and DHEAS

Confirmatory tes ting

Repea t imaging
as  needed

FIGURE 53 -7
Man ag em ent  o   th e  p a t ien t  with  an  in cid en ta lly d iscove red  ad ren a l m ass. CT, computed tomography; F/U,  ollow-up; MRI, mag-
netic resonance imaging.

TABLE 53-4  
CLASSIFICATION SYSTEM FOR STAGING OF ADRENOCORTICAL CARCINOMA

ENSAT STAGE  TNM STAGE  TNM DEFINITIONS

I  T1,N0,M0 T1, tumor ≤5 cm
N0, no positive lymph node
M0, no distant metastases

II  T2,N0,M0 T2, tumor >5 cm
N0, no positive lymph node
M0, no distant metastases

III  T1–T2,N1,M0 N1, positive lymph node(s)
T3–T4,N0–N1,M0 M0, no distant metastases

T3, tumor in ltration into surrounding tissue
T4, tumor invasion into adjacent organs or venous tumor 
thrombus in vena cava or renal vein

IV  T1–T4,N0–N1,M1 M1, presence o  distant metastases

Abbrevia t ions: ENSAT, European Network  or the Study o  Adrenal Tumors; TNM, tumor, node, metastasis.
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and MRI are more in ormative (Fig. 53-8) using mul-
tiple planes and di erent sequences. Vascular and 
adjacent organ invasion is diagnostic o  malignancy. 
18-Fluoro-2-deoxy-D-glucose positron emission 
tomography (18-FDG PE ) is highly sensitive  or the 
detection o  malignancy and can be used to detect small 
metastases or local recurrence that may not be obvious 
on C  (Fig.  53-8). However, FDG PE  is not speci c 
and there ore cannot be used  or di erentiating benign 
 rom malignant adrenal lesions. Metastasis in ACC 
most  requently occurs to liver and lung.

T ere is no established grading system  or ACC, and 
the Weiss score carries no prognostic value; the most 
important prognostic histopathologic parameter is the 
Ki67 proli eration index, with Ki67 <10% indicative o  
slow to moderate growth velocity, whereas a Ki67 ≥10% 
is associated with poor prognosis including high risk o  
recurrence and rapid progression.

Cure o  ACC can only be achieved by early detec-
tion and complete surgical removal. Capsule violation 
during primary surgery, metastasis at diagnosis, and 
primary treatment in a nonspecialist center are major 
determinants o  poor survival. I  the primary tumor 
invades adjacent organs, en bloc removal o  kidney and 
spleen should be considered to reduce the risk o  recur-
rence. Surgery can also be considered in a patient with 
metastases i  there is severe tumor-related hormone 
excess. T is indication needs to be care ully weighed 
against surgical risk, including thromboembolic com-
plications, and the resulting delay in the introduction o  
other therapeutic options. Patients with con rmed ACC 
and success ul removal o  the primary tumor should 

receive adjuvant treatment with mitotane (o,p'DDD), 
particularly in patients with a high risk o  recurrence as 
determined by tumor size >8 cm, histopathologic signs 
o  vascular invasion, capsule invasion or violation, and 
a Ki67 proli eration index ≥10%. Adjuvant mitotane 
should be continued  or at least 2 years, i  the patient can 
tolerate side e ects. Regular monitoring o  plasma mito-
tane levels is mandatory (therapeutic range 14–20 mg/L; 
neurotoxic complications more  requent at >20 mg/L). 
Mitotane is usually started at 500 mg tid, with stepwise 
increases to a maximum dose o  2000 mg tid in days 
(high-dose saturation) or weeks (low-dose saturation) 
as tolerated. Once therapeutic range plasma mitotane 
levels are achieved, the dose can be tapered to mainte-
nance doses mostly ranging  rom 1000 to 1500 mg tid. 
Mitotane treatment results in disruption o  cortisol syn-
thesis and thus requires glucocorticoid replacement; glu-
cocorticoid replacement dose should be at least double 
o  that usually used in adrenal insu ciency (i.e., 20 mg 
tid) because mitotane induces hepatic CYP3A4 activity 
resulting in rapid inactivation o  glucocorticoids. Mito-
tane also increases circulating CBG, thereby decreasing 
the available  ree cortisol  raction. Single metastases can 
be addressed surgically or with radio requency ablation 
as appropriate. I  the tumor recurs or progresses during 
mitotane treatment, chemotherapy should be consid-
ered; the established  rst-line chemotherapy regimen 
is the combination o  cisplatin, etoposide, and doxoru-
bicin plus continuing mitotane. Pain ul bone metastasis 
responds to irradiation. Overall survival in ACC is still 
poor, with 5-year survival rates o  30–40% and a median 
survival o  15 months in metastatic ACC.

A  B

C  D

E  F

FIGURE 53 -8
Im ag in g  in  ad ren o co rt ica l ca rcin om a . Magnetic resonance 
imaging scan with A.  rontal and B. lateral views o  a right adre-
nocortical carcinoma that was detected incidentally. Computed 
tomography (CT) scan with C. coronal and D. transverse views 
depicting a right-sided adrenocortical carcinoma. Note the 

irregular border and inhomogeneous structure. CT scan E. and 
positron emission tomography/CT F. visualizing a peritoneal 
metastasis o  an adrenocortical carcinoma in close proximity to 
the right kidney (arrow).
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J. Larry Jam eson   ■   Dan  L. Longo  

Neop  stic ce  s c n pro uce   v riety o  pro ucts th t 
c n sti u  te hor on  , he  to ogic,  er  to ogic, 
 n  neuro ogic responses. Paraneoplastic syndromes is 
the ter  use  to re er to the  isor ers th t  cco p ny 
benign or    ign nt tu ors but  re not  irect y re  te  
to   ss e ects or inv sion.  u ors o  neuroen ocrine 
origin, such  s s    -ce    ung c rcino   (SCLC)  n  
c rcinoi s, pro uce   wi e  rr y o  pepti e hor ones 
 n   re co  on c uses o  p r neop  stic syn ro es. 
However,    ost every type o  tu or h s the potenti   
to pro uce hor ones or to in uce cytokine  n  i  u-
no ogic responses. C re u  stu ies o  the prev  ence o  
p r neop  stic syn ro es in ic te th t they  re  ore 
co  on th n is gener   y  ppreci te . T e signs, sy p-
to s,  n   et bo ic   ter tions  ssoci te  with p r ne-
op  stic  isor ers   y be over ooke  in the context o  
     ign ncy  n  its tre t ent. Consequent y,  typic   
c inic     ni est tions in   p tient with c ncer shou   
pro pt consi er tion o    p r neop  stic syn ro e. 
T e  ost co  on en ocrino ogic  n  he  to ogic 
syn ro es  ssoci te  with un er ying neop  si  wi   be 
 iscusse  here.

ENDOCRINE PARANEOPLASTIC 
SYNDROMES

Etio logy

Hor ones c n be pro uce   ro  eutopic or ectopic 
sources. Eutopic re ers to the expression o    hor one 
 ro  its nor    tissue o  origin, where s ectopic re ers 
to hor one pro uction  ro   n  typic   tissue source. 
For ex  p e,   renocorticotropic hor one (AC H) 
is expresse  eutopic   y by the corticotrope ce  s o  the 

PARANEOPLASTIC SYNDROMES: 
ENDOCRINOLOGIC/HEMATOLOGIC

CHAP TER 5 4

 nterior pituit ry, but it c n be expresse  ectopic   y 
in SCLC. M ny hor ones  re pro uce   t  ow  ev-
e s  ro    wi e  rr y o  tissues in    ition to the c  s-
sic en ocrine source. T us, ectopic expression is o en 
  qu ntit tive ch nge r ther th n  n  bso ute ch nge in 
tissue expression. Neverthe ess, the ter  ectopic expres-
sion is  r  y entrenche   n  conveys the  bnor    
physio ogy  ssoci te  with hor one pro uction by 
neop  stic ce  s. In    ition to high  eve s o  hor ones, 
ectopic expression typic   y is ch r cterize  by  bnor-
    regu  tion o  hor one pro uction (e.g.,  e ective 
 ee b ck contro )  n  pepti e processing (resu ting in 
  rge, unprocesse  precursors).

A  iverse  rr y o   o ecu  r  ech nis s h s been 
suggeste  to c use ectopic hor one pro uction. In 
r re inst nces, genetic re rr nge ents exp  in  ber-
r nt hor one expression. For ex  p e, tr ns oc tion 
o  the p r thyroi  hor one (P H) gene c n resu t 
in high  eve s o  P H expression in tissues other 
th n the p r thyroi  g  n  bec use the genetic re r-
r nge ent brings the P H gene un er the contro  o  
 typic   regu  tory e e ents. A re  te  pheno enon 
is we    ocu ente  in   ny  or s o   euke i   n  
 y pho  , in which so  tic genetic re rr nge ents 
con er   growth   v nt ge  n    ter ce  u  r  i er-
enti tion  n   unction (Chap. 16). A though genetic 
re rr nge ents c use se ecte  c ses o  ectopic hor-
 one pro uction, this  ech nis  is r re,  s   ny 
tu ors  re  ssoci te  with excessive pro uction o  
nu erous pepti es. Ce  u  r  e i erenti tion prob-
 b y un er ies  ost c ses o  ectopic hor one pro-
 uction. M ny c ncers  re poor y  i erenti te ,  n  
cert in tu or pro ucts, such  s hu  n chorionic 
gon  otropin (hCG), p r thyroi  hor one–re  te  
protein (P HrP),  n  α  etoprotein,  re ch r cteristic 
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713o  gene expression  t e r ier  eve op ent   st ges. In 
contr st, the propensity o  cert in c ncers to pro uce 
p rticu  r hor ones (e.g., squ  ous ce   c rcino-
  s pro uce P HrP) suggests th t  e i erenti tion 
is p rti   or th t se ective p thw ys  re  erepresse . 
T ese expression pro  es prob b y re ect epigenetic 
 o i c tions th t   ter tr nscription   repression, 
 icroRNA expression,  n  other p thw ys th t gov-
ern ce    i erenti tion.

In SCLC, the p thw y o   i erenti tion h s been 
re  tive y we    e ne . T e neuroen ocrine phenotype 
is  ict te  in p rt by the b sic-he ix- oop-he ix (bHLH) 
tr nscription   ctor hu  n  ch ete-scute ho o ogue 1 
(hASH-1), which is expresse   t  bnor    y high  ev-
e s in SCLC  ssoci te  with ectopic AC H. T e  ctiv-
ity o  hASH-1 is inhibite  by h iry enh ncer o  sp it 1 
(HES-1)  n  by Notch proteins, which   so  re c p b e 
o  in ucing growth  rrest. T us,  bnor    expres-
sion o  these  eve op ent   tr nscription   ctors 
 ppe rs to provi e    ink between ce   pro i er tion  n  
 i erenti tion.

Ectopic hor one pro uction wou   be  ere y  n 
epipheno enon  ssoci te  with c ncer i  it  i  not 
resu t in c inic     ni est tions. Excessive  n  unregu-
  te  pro uction o  hor ones such  s AC H, P HrP, 
 n  v sopressin c n  e   to subst nti    orbi ity  n  
co p ic te the c ncer tre t ent p  n. Moreover, the 
p r neop  stic en ocrinop thies   y be   presenting 
c inic    e ture o  un er ying    ign ncy  n  pro pt 
the se rch  or  n unrecognize  tu or.

A   rge nu ber o  p r neop  stic en ocrine syn-
 ro es h ve been  escribe ,  inking overpro uction 
o  p rticu  r hor ones with speci c types o  tu ors. 
However, cert in recurring syn ro es e erge  ro  
this group (Table 54-1). T e  ost co  on p r -
neop  stic en ocrine syn ro es inc u e hyperc  ce-
 i   ro  overpro uction o  P HrP  n  other   ctors, 
hypon tre i   ro  excess v sopressin,  n  Cushing’s 
syn ro e  ro  ectopic AC H.

HYPERCALCEMIA CAUSED BY ECTOPIC 
PRODUCTION OF PTHRP
Etio logy

Hu or   hyperc  ce i  o     ign ncy (HHM) occurs 
in up to 20% o  p tients with c ncer. HHM is  ost 
co  on in c ncers o  the  ung, he    n  neck, skin, 
esoph gus, bre st,  n  genitourin ry tr ct  n  in  u -
tip e  ye o    n   y pho  s. T ere  re sever    is-
tinct hu or   c uses o  HHM, but it is c use   ost 
co  on y by overpro uction o  P HrP. In    ition to 
 cting  s   circu  ting hu or     ctor, bone  et st ses 
(e.g., bre st,  u tip e  ye o  )   y pro uce P HrP, 

 e  ing to  oc   osteo ysis  n  hyperc  ce i . P HrP 
  y   so   ect the initi tion  n  progression o  tu ors 
by  cting through pro-surviv    n  che okine p thw ys.

P HrP is structur   y re  te  to P H  n  bin s to 
the P H receptor, exp  ining the si i  r bioche i-
c    e tures o  HHM  n  hyperp r thyroi is . P HrP 
p  ys   key ro e in ske et    eve op ent  n  regu  tes 
ce  u  r pro i er tion  n   i erenti tion in other tissues, 
inc u ing skin, bone   rrow, bre st,  n  h ir  o  ic es. 
T e  ech nis  o  P HrP in uction in    ign ncy 
is inco p ete y un erstoo ; however, tu or-be ring 
tissues co  on y  ssoci te  with HHM nor    y 
pro uce P HrP  uring  eve op ent or ce   renew  . 
P HrP expression is sti u  te  by he gehog p thw ys 
 n  G i tr nscription   ctors th t  re  ctive in   ny 
   ign ncies.  r ns or ing growth   ctor β ( GF-β), 
which is pro uce  by   ny tu ors,   so sti u  tes 
P HrP, in p rt by  ctiv ting the G i p thw y. Mut -
tions in cert in oncogenes, such  s Ras,   so c n  cti-
v te P HrP expression. In   u t   ce    y pho  , 
the tr ns ctiv ting   x protein pro uce  by hu  n 
  ce    y photropic virus 1 (H LV-1) sti u  tes 
P HrP pro oter  ctivity. Met st tic  esions to bone 
 re  ore  ike y to pro uce P HrP th n  re  et st ses 
in other tissues, suggesting th t bone pro uces   ctors 
(e.g.,  GF-β) th t enh nce P HrP pro uction or th t 
P HrP-pro ucing  et st ses h ve   se ective growth 
  v nt ge in bone. P HrP  ctiv tes the pro-surviv   
AK  p thw y  n  the che okine receptor CXCR4. 
T us, P HrP pro uction c n be sti u  te  by  ut -
tions in oncogenes,   tere  expression o  vir   or ce -
 u  r tr nscription   ctors,  n   oc   growth   ctors. In 
   ition to its ro e in HHM, the P HrP p thw y   y 
  so provi e   potenti   t rget  or ther peutic interven-
tion to i pe e c ncer growth.

Another re  tive y co  on c use o  HHM is excess 
pro uction o  1,25- ihy roxyvit  in D. Like gr nu o  -
tous  isor ers  ssoci te  with hyperc  ce i ,  y pho  s 
c n pro uce  n enzy e th t converts 25-hy roxyvit  in 
D to the  ore  ctive 1,25- ihy roxyvit  in D,  e  ing 
to enh nce  g strointestin   c  ciu   bsorption. Other 
c uses o  HHM inc u e tu or- e i te  pro uction o  
osteo ytic cytokines  n  in     tory  e i tors.

Clin ica l ma nifesta tions

T e typic   present tion o  HHM is   p tient with   
known    ign ncy who is  oun  to be hyperc  ce ic 
on routine   bor tory tests. Less o en, hyperc  ce i  
is the initi   presenting  e ture o     ign ncy. P rticu-
  r y when c  ciu   eve s  re   rke  y incre se  (>3.5 
  o /L [>14  g/ L]), p tients   y experience   tigue, 
 ent   st tus ch nges,  ehy r tion, or sy pto s o  
nephro ithi sis.
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Dia gnosis

Fe tures th t   vor HHM,  s oppose  to pri  ry hyper-
p r thyroi is , inc u e known    ign ncy, recent 
onset o  hyperc  ce i ,  n  very high seru  c  ciu  
 eve s. Like hyperp r thyroi is , hyperc  ce i  c use  
by P HrP is  cco p nie  by hyperc  ciuri   n  hypo-
phosph te i . P tients with HHM typic   y h ve  et -
bo ic   k  osis r ther th n hyperch ore ic  ci osis,  s 

TABLE 54-1  
PARANEOPLASTIC SYNDROMES CAUSED BY ECTOPIC HORMONE PRODUCTION

PARANEOPLASTIC SYNDROME  ECTOPIC HORMONE  TYPICAL TUMOR TYPESa

Co m m o n
Hypercalcemia o  malignancy  Parathyroid hormone–related protein (PTHrP)  Squamous cell (head and neck, lung, skin), breast, 

genitourinary, gastrointestinal
1,25-dihydroxyvitamin D  Lymphomas
Parathyroid hormone (PTH) (rare)  Lung, ovary
Prostaglandin E2 (PGE2) (rare)  Renal, lung

Syndrome o  inappropriate 
antidiuretic hormone secretion 
(SIADH)

Vasopressin  Lung (squamous, small cell), gastrointestinal, 
genitourinary, ovary

Cushing’s syndrome  Adrenocorticotropic hormone (ACTH)  Lung (small cell, bronchial carcinoid, 
adenocarcinoma, squamous), thymus, 
pancreatic islet, medullary thyroid carcinoma

Corticotropin-releasing hormone (CRH) (rare)  Pancreatic islet, carcinoid, lung, prostate
Ectopic expression o  gastric inhibitory 
peptide (GIP), luteinizing hormone 
(LH)/human chorionic gonadotropin (hCG), 
other G protein–coupled receptors (rare)

Macronodular adrenal hyperplasia

Less Co m m o n
Non–islet cell hypoglycemia  Insulin-like growth  actor type II (IGF-II)  Mesenchymal tumors, sarcomas, adrenal, hepatic, 

gastrointestinal, kidney, prostate
Insulin (rare)  Cervix (small-cell carcinoma)

Male  eminization  hCGb Testis (embryonal, seminomas), germinomas, 
choriocarcinoma, lung, hepatic, pancreatic islet

Diarrhea or intestinal 
hypermotility

Calcitoninc Lung, colon, breast, medullary thyroid carcinoma

Vasoactive intestinal peptide (VIP)  Pancreas, pheochromocytoma, esophagus
Rare
Oncogenic osteomalacia  Phosphatonin (f broblast growth  actor 23 

[FGF23])
Hemangiopericytomas, osteoblastomas, f bromas, 
sarcomas, giant cell tumors, prostate, lung

Acromegaly  Growth hormone–releasing hormone (GHRH)  Pancreatic islet, bronchial, and other carcinoids
Growth hormone (GH)  Lung, pancreatic islet

Hyperthyroidism  Thyroid-stimulating hormone (TSH)  Hydatidi orm mole, embryonal tumors, struma 
ovarii

Hypertension  Renin  Juxtaglomerular tumors, kidney, lung, pancreas, 
ovary

aOnly the most common tumor types are listed. For most ectopic hormone syndromes, an extensive list o  tumors has been reported to produce one or 
more hormones.
bhCG is produced eutopically by trophoblastic tumors. Certain tumors produce disproportionate amounts o  the hCG α or hCG β subunit. High levels o  hCG 
rarely cause hyperthyroidism because o  weak binding to the TSH receptor.
cCalcitonin is produced eutopically by medullary thyroid carcinoma and is used as a tumor marker.

is seen in hyperp r thyroi is . Me sure ent o  P H 
is use u  to exc u e pri  ry hyperp r thyroi is ; the 
P H  eve  shou   be suppresse  in HHM. An e ev te  
P HrP  eve  con r s the  i gnosis,  n  it is incre se  
in ~80% o  hyperc  ce ic p tients with c ncer. 
1,25-Dihy roxyvit  in D  eve s   y be incre se  in 
p tients with  y pho  .
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715
TREATMENT Humoral Hypercalcemia of Malignancy

T e   n ge ent o  HHM begins with re ov   o  excess c  -
ciu  in the  iet,  e ic tions, or IV so utions. S  ine rehy-
 r tion (typic   y 200–500  L/h) is use  to  i ute seru  
c  ciu   n  pro ote c  ciuresis; exercise c ution in p tients 
with c r i c, hep tic, or ren   insuf ciency. Force   iuresis 
with  urose i e (20–80  g IV in esc   ting  oses) or other 
 oop  iuretics c n enh nce c  ciu  excretion but provi es 
re  tive y  itt e v  ue except in  i e-thre tening hyperc  ce-
 i . When use ,  oop  iuretics shou   be    inistere  on y 
  er co p ete rehy r tion  n  with c re u   onitoring o  
 ui  b   nce. Or   phosphorus (e.g., 250  g Neutr -Phos 
3–4 ti es   i y) shou   be given unti  seru  phosphorus is 
>1   o /L (>3  g/ L). Bisphosphon tes such  s p  i ro-
n te (60–90  g IV), zo e ron te (4–8  g IV),  n  eti ron te 
(7.5  g/kg per   y PO  or 3–7 consecutive   ys) c n re uce 
seru  c  ciu  within 1–2   ys  n  suppress c  ciu  re e se 
 or sever   weeks. Bisphosphon te in usions c n be repe te , 
or or   bisphosphon tes c n be use   or chronic tre t ent. 
Di  ysis shou   be consi ere  in severe hyperc  ce i  when 
s  ine hy r tion  n  bisphosphon te tre t ents  re not pos-
sib e or  re too s ow in onset. Previous y use   gents such 
 s c  citonin  n   ithr  ycin h ve  itt e uti ity now th t 
bisphosphon tes  re  v i  b e. C  citonin (2–8 U/kg SC every 
6–12 h) shou   be consi ere  when r pi  correction o  severe 
hyperc  ce i  is nee e . Hyperc  ce i   ssoci te  with 
 y pho  s,  u tip e  ye o  , or  euke i    y respon  to 
g ucocorticoi  tre t ent (e.g., pre nisone 40–100  g PO in 
 our  ivi e   oses).

ECTOPIC VASOPRESSIN: TUMOR-
ASSOCIATED SIADH
Etio logy

V sopressin is  n  nti iuretic hor one nor    y 
pro uce  by the posterior pituit ry g  n . Ectopic v so-
pressin pro uction by tu ors is   co  on c use o  
the syn ro e o  in ppropri te  nti iuretic hor one 
(SIADH), occurring in  t  e st h    o  p tients with 
SCLC. SIADH   so c n be c use  by   nu ber o  non-
neop  stic con itions, inc u ing centr   nervous syste  
(CNS) tr u  , in ections,  n   e ic tions. Co pens -
tory responses to SIADH, such  s  ecre se  thirst,   y 
 itig te the  eve op ent o  hypon tre i . However, 
with pro onge  pro uction o  excessive v sopressin, the 
os ost t contro  ing thirst  n  hypoth    ic v sopres-
sin secretion   y beco e reset. In    ition, int ke o  
 ree w ter, or   y or intr venous y, c n quick y worsen 
hypon tre i  bec use o  re uce  ren    iuresis.

 u ors with neuroen ocrine  e tures, such  s SCLC 
 n  c rcinoi s,  re the  ost co  on sources o  ecto-
pic v sopressin pro uction, but it   so occurs in other 

 or s o   ung c ncer  n  with CNS  esions, he    n  
neck c ncer,  n  genitourin ry, g strointestin  ,  n  
ov ri n c ncers. T e  ech nis  o   ctiv tion o  the 
v sopressin gene in these tu ors is unknown but o en 
invo ves conco it nt expression o  the   j cent oxyto-
cin gene, suggesting  erepression o  this  ocus.

Clin ica l ma nifesta tions

Most p tients with ectopic v sopressin secretion  re 
 sy pto  tic  n   re i enti e  bec use o  the pres-
ence o  hypon tre i  on routine che istry testing. 
Sy pto s   y inc u e we kness,  eth rgy, n use , 
con usion,  epresse   ent   st tus,  n  seizures. T e 
severity o  sy pto s re ects the r pi ity o  onset  s 
we    s the severity o  hypon tre i . Hypon tre i  
usu   y  eve ops s ow y but   y be ex cerb te  by the 
   inistr tion o  IV  ui s or the institution o  new 
 e ic tions.

Dia gnosis

T e  i gnostic  e tures o  ectopic v sopressin pro uc-
tion  re the s  e  s those o  other c uses o  SIADH. 
Hypon tre i   n  re uce  seru  os o   ity occur in 
the setting o   n in ppropri te y nor    or incre se  
urine os o   ity. Urine so iu  excretion is nor    or 
incre se  un ess vo u e  ep etion is present. Other 
c uses o  hypon tre i  shou   be exc u e , inc u -
ing ren  ,   ren  , or thyroi  insuf ciency. Physio ogic 
sources o  v sopressin sti u  tion (CNS  esions, 
pu  on ry  ise se, n use ),    ptive circu  tory  ech-
 nis s (hypotension, he rt   i ure, hep tic cirrhosis), 
 n   e ic tions, inc u ing   ny che other peutic 
 gents,   so shou   be consi ere   s possib e c uses o  
hypon tre i . V sopressin  e sure ents  re not usu-
   y necess ry to   ke the  i gnosis.

TREATMENT Ectopic Vasopressin: Tumor-Associated SIADH

Most p tients with ectopic v sopressin pro uction  eve op 
hypon tre i  over sever   weeks or  onths. T e  isor er 
shou   be correcte  gr  u   y un ess  ent   st tus is   tere  
or there is risk o  seizures.  re t ent o  the un er ying 
   ign ncy   y re uce ectopic v sopressin pro uction, but 
this response is s ow i  it occurs  t    . F ui  restriction to  ess 
th n urine output, p us insensib e  osses, is o en suf cient to 
correct hypon tre i  p rti   y. However, strict  onitoring o  
the   ount  n  types o   iqui s consu e  or    inistere  
intr venous y is require   or  ui  restriction to be e ective. 
S  t t b ets  n  s  ine  re not he p u  un ess vo u e  ep e-
tion is   so present. De ec ocyc ine (150–300  g or   y three 
to  our ti es   i y) c n be use  to inhibit v sopressin  ction 
on the ren    ist   tubu e, but its onset o   ction is re  tive y 
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716 s ow (1–2 weeks). Coniv pt n,   nonpepti e V2-receptor 
 nt gonist, c n be    inistere  either PO (20–120  g bi ) 
or IV (10–40  g)  n  is p rticu  r y e ective when use  in 
co bin tion with  ui  restriction in euvo e ic hypon -
tre i .  o v pt n (15  g PO   i y) is  nother v sopressin 
 nt gonist. T e  ose c n be incre se  to 30–60  g/  b se  
on response. Severe hypon tre i  (N  <115  eq/L) or  en-
t   st tus ch nges   y require tre t ent with hypertonic 
(3%) or nor    s  ine in usion together with  urose i e 
to enh nce  ree w ter c e r nce. T e r te o  so iu  correc-
tion shou   be s ow (0.5–1  eq/L per hour) to prevent r pi  
 ui  shi s  n  the possib e  eve op ent o  centr   pontine 
 ye ino ysis.

CUSHING’S SYNDROME CAUSED BY 
ECTOPIC ACTH PRODUCTION
Etio logy

Ectopic AC H pro uction  ccounts  or 10–20% o  
c ses o  Cushing’s syn ro e. T e syn ro e is p r-
ticu  r y co  on in neuroen ocrine tu ors. SCLC 
is the  ost co  on c use o  ectopic AC H,  o  owe  
by bronchi    n  thy ic c rcinoi s, is et ce   tu ors, 
other c rcinoi s,  n  pheochro ocyto  s. Ectopic 
AC H pro uction is c use  by incre se  expression o  
the proopio e  nocortin (POMC) gene, which enco es 
AC H,   ong with  e  nocyte-sti u  ting hor one 
(MSH), β  ipotropin,  n  sever   other pepti es. In 
  ny tu ors, there is  bun  nt but  berr nt expression 
o  the POMC gene  ro   n intern   pro oter, proxi-
    to the thir  exon, which enco es AC H. However, 
bec use this pro uct   cks the sign   sequence neces-
s ry  or protein processing, it is not secrete . Incre se  
pro uction o  AC H  rises inste    ro   ess  bun  nt, 
but unregu  te , POMC expression  ro  the s  e pro-
 oter site use  in the pituit ry. However, bec use the 
tu ors   ck   ny o  the enzy es nee e  to process the 
POMC po ypepti e, it is typic   y re e se   s  u tip e 
  rge, bio ogic   y in ctive  r g ents   ong with re  -
tive y s       ounts o   u  y processe ,  ctive AC H.

R re y, corticotropin-re e sing hor one (CRH) is 
pro uce  by p ncre tic is et ce   tu ors, SCLC,  e -
u   ry thyroi  c ncer, c rcinoi s, or prost te c ncer. 
When  eve s  re high enough, CRH c n c use pitu-
it ry corticotrope hyperp  si   n  Cushing’s syn ro e. 
 u ors th t pro uce CRH so eti es   so pro uce 
AC H, r ising the possibi ity o    p r crine  ech nis  
 or AC H pro uction.

A  istinct  ech nis   or AC H-in epen ent Cush-
ing’s syn ro e invo ves ectopic expression o  v rious 
G protein–coup e  receptors in the   ren   no u es. 
Ectopic expression o  the g stric inhibitory pepti e (GIP) 

receptor is the best-ch r cterize  ex  p e o  this  ech -
nis . In this c se,  e  s in uce GIP secretion, which 
in ppropri te y sti u  tes   ren   growth  n  g ucocor-
ticoi  pro uction.

Clinica l ma nifesta t ions

T e c inic    e tures o  hypercortiso e i   re  etecte  
in on y   s      r ction o  p tients with  ocu ente  
ectopic AC H pro uction. P tients with ectopic AC H 
syn ro e gener   y exhibit  ess   rke  weight g in 
 n  centripet     t re istribution, prob b y bec use the 
exposure to excess g ucocorticoi s is re  tive y brie  
 n  bec use c chexi  re uces the propensity  or weight 
g in  n    t  eposition. T e ectopic AC H syn ro e 
is  ssoci te  with sever   c inic    e tures th t  istin-
guish it  ro  other c uses o  Cushing’s syn ro e (e.g., 
pituit ry   eno  s,   ren     eno  s, i trogenic 
g ucocorticoi  excess). T e  et bo ic   ni est tions 
o  ectopic AC H syn ro e  re  o in te  by  ui  
retention  n  hypertension, hypok  e i ,  et bo ic 
  k  osis, g ucose into er nce,  n  occ sion   y ste-
roi  psychosis. T e very high AC H  eve s o en c use 
incre se  pig ent tion,  n   e  notrope-sti u  t-
ing hor one (MSH)  ctivity  erive   ro  the POMC 
precursor pepti e is   so incre se . T e extr or i-
n ri y high g ucocorticoi   eve s in p tients with ecto-
pic sources o  AC H c n  e   to   rke  skin  r gi ity 
 n  e sy bruising. In    ition, the high cortiso   eve s 
o en overwhe   the ren   11β-hy roxysteroi   ehy-
 rogen se type II enzy e, which nor    y in ctiv tes 
cortiso   n  prevents it  ro  bin ing to ren    iner-
  ocorticoi  receptors. Consequent y, in    ition to the 
excess  iner  ocorticoi s pro uce  by AC H sti u-
  tion o  the   ren   g  n , high  eve s o  cortiso  exert 
 ctivity through the  iner  ocorticoi  receptor,  e  ing 
to severe hypok  e i .

Dia gnosis

T e  i gnosis o  ectopic AC H syn ro e is usu-
   y not  if cu t in the setting o    known    ign ncy. 
Urine  ree cortiso   eve s  uctu te but  re typic   y 
gre ter th n two to  our ti es nor   ,  n  the p  s   
AC H  eve  is usu   y >22 p o /L (>100 pg/ L). A 
suppresse  AC H  eve  exc u es this  i gnosis  n  
in ic tes  n AC H-in epen ent c use o  Cushing’s 
syn ro e (e.g.,   ren   or exogenous g ucocorticoi ). 
In contr st to pituit ry sources o  AC H,  ost ectopic 
sources o  AC H  o not respon  to g ucocorticoi  sup-
pression. T ere ore, high- ose  ex  eth sone (8  g 
PO) suppresses 8:00 a .m. seru  cortiso  (50%  ecre se 
 ro  b se ine) in ~80% o  pituit ry AC H-pro ucing 
  eno  s but   i s to suppress ectopic AC H in ~90% 
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717o  c ses. Bronchi    n  other c rcinoi s  re we  -
 ocu ente  exceptions to these gener   gui e ines,  s 
these ectopic sources o  AC H   y exhibit  ee b ck 
regu  tion in istinguish b e  ro  pituit ry   eno  s, 
inc u ing suppression by high- ose  ex  eth sone, 
 n  AC H responsiveness to   ren   b ock  e with 
 etyr pone. I  necess ry, petros   sinus c theteriz -
tion c n be use  to ev  u te   p tient with AC H-
 epen ent Cushing’s syn ro e when the source o  
AC H is unc e r. A er CRH sti u  tion,   3:1 petros   
sinus:peripher   AC H r tio strong y suggests   pitu-
it ry AC H source. I  ging stu ies (co pute  to og-
r phy or   gnetic reson nce i  ging)  re   so use u  
in the ev  u tion o  suspecte  c rcinoi   esions,    ow-
ing biopsy  n  ch r cteriz tion o  hor one pro uc-
tion using speci   st ins. I   v i  b e, positron e ission 
to ogr phy or octreoti e sc nning   y i enti y so e 
sources o  AC H pro uction.

TREATMENT  Cushing’s Syndrome Caused by Ectopic ACTH 
Production

T e  orbi ity  ssoci te  with the ectopic AC H syn ro e 
c n be subst nti  . P tients   y experience  epression or 
person  ity ch nges bec use o  extre e cortiso  excess. 
Met bo ic  er nge ents, inc u ing  i betes  e  itus  n  
hypok  e i , c n worsen   tigue. Poor woun  he  ing  n  
pre isposition to in ections c n co p ic te the surgic   
  n ge ent o  tu ors,  n  opportunistic in ections c use  
by org nis s such  s Pneumocystis carinii  n   ycoses 
 re o en the c use o   e th in p tients with ectopic AC H 
pro uction. T ese p tients  ike y h ve incre se  risk o  
venous thro boe bo is  re ecting the co bin tion o  
   ign ncy  n    tere  co gu  tion   ctor pro  es. Depen -
ing on prognosis  n  tre t ent p  ns  or the un er ying 
   ign ncy,  e sures to re uce cortiso   eve s  re o en 
in ic te .  re t ent o  the un er ying    ign ncy   y 
re uce AC H  eve s but is r re y suf cient to re uce cortiso  
 eve s to nor   . A ren  ecto y is not pr ctic    or  ost o  
these p tients but shou   be consi ere   uring surgery  or 
the    ign ncy or i  the un er ying tu or is not resect b e 
 n  the prognosis is otherwise   vor b e (e.g., c rcinoi ). 
Me ic   ther py with ketocon zo e (300–600  g PO bi ), 
 etyr pone (250–500  g PO every 6 h),  itot ne (3–6 g 
PO in  our  ivi e   oses, t pere  to   int in  ow cortiso  
pro uction), or other  gents th t b ock steroi  synthesis or 
 ction is o en the  ost pr ctic   str tegy  or   n ging the 
hypercortiso is   ssoci te  with ectopic AC H pro uction. 
G ucocorticoi  rep  ce ent shou   be provi e  to prevent 
  ren   insuf ciency. Un ortun te y,   ny p tients eventu-
   y progress  espite  e ic   b ock  e.

TUMOR-INDUCED HYPOGLYCEMIA CAUSED 
BY EXCESS PRODUCTION OF IGF-II
Mesenchy    tu ors, he  ngiopericyto  s, hep -
toce  u  r tu ors,   ren   c rcino  s,  n    v riety 
o  other   rge tu ors h ve been reporte  to pro uce 
excessive   ounts o  insu in- ike growth   ctor type 
II (IGF-II) precursor, which bin s we k y to insu in 
receptors  n   ore strong y to IGF-I receptors,  e  -
ing to insu in- ike  ctions. T e gene enco ing IGF-II 
resi es on   chro oso e 11p15  ocus th t is nor    y 
i printe  (th t is, expression is exc usive y  ro    
sing e p rent      e e). Bi   e ic expression o  the IGF-
II gene occurs in   subset o  tu ors, suggesting  oss o  
 ethy  tion  n   oss o  i printing  s    ech nis   or 
gene in uction. In    ition to incre se  IGF-II pro uc-
tion, IGF-II bio v i  bi ity is incre se   ue to co p ex 
  ter tions in circu  ting bin ing proteins. Incre se  
IGF-II suppresses growth hor one (GH)  n  insu in, 
resu ting in re uce  IGF bin ing protein 3 (IGFBP-3), 
IGF-I,  n   ci -  bi e subunit (ALS). T e re uction in 
ALS  n  IGFBP-3, which nor    y sequester IGF-II, 
c uses it to be  isp  ce  to   s     circu  ting co p ex 
th t h s gre ter  ccess to insu in t rget tissues. For this 
re son, circu  ting IGF-II  eve s   y not be   rke  y 
incre se   espite c using hypog yce i . In    ition to 
IGF-II– e i te  hypog yce i , tu ors   y occupy 
enough o  the  iver to i p ir g uconeogenesis.

In  ost c ses,   tu or c using hypog yce i  is c ini-
c   y  pp rent (usu   y >10 c  in size)  n  hypog yce-
 i   eve ops in  ssoci tion with   sting. T e  i gnosis 
is    e by  ocu enting  ow seru  g ucose  n  sup-
presse  insu in  eve s in  ssoci tion with sy pto s o  
hypog yce i . Seru  IGF-II  eve s   y not be incre se  
(IGF-II  ss ys   y not  etect IGF-II precursors). 
Incre se  IGF-II  RNA expression is  oun  in  ost o  
these tu ors. Any  e ic tions  ssoci te  with hypog y-
ce i  shou   be e i in te .  re t ent o  the un er ying 
   ign ncy, i  possib e,   y re uce the pre isposition to 
hypog yce i . Frequent  e  s  n  IV g ucose, especi   y 
 uring s eep or   sting,  re o en necess ry to prevent 
hypog yce i . G uc gon  n  g ucocorticoi s h ve   so 
been use  to enh nce g ucose pro uction.

HUMAN CHORIONIC GONADOTROPIN
hCG is co pose  o  α  n  β subunits  n  c n be pro-
 uce   s int ct hor one, which is bio ogic   y  ctive, 
or  s unco bine  bio ogic   y inert subunits. Ectopic 
pro uction o  int ct hCG occurs  ost o en in  ssoci -
tion with testicu  r e bryon   tu ors, ger  ce   tu ors, 
extr gon     ger ino  s,  ung c ncer, hep to  ,  n  
p ncre tic is et tu ors. Eutopic pro uction o  hCG 
occurs with trophob  stic    ign ncies. hCG α subunit 
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718 pro uction is p rticu  r y co  on in  ung c ncer  n  
p ncre tic is et c ncer. In  en, high hCG  eve s sti u  te 
steroi ogenesis  n   ro  t se  ctivity in testicu  r Ley-
 ig ce  s, resu ting in incre se  estrogen pro uction  n  
the  eve op ent o  gyneco  sti . Precocious puberty in 
boys or gyneco  sti  in  en shou   pro pt  e sure-
 ent o  hCG  n  consi er tion o    testicu  r tu or or 
 nother source o  ectopic hCG pro uction. Most wo en 
 re  sy pto  tic. hCG is e si y  e sure .  re t ent 
shou   be  irecte   t the un er ying    ign ncy.

ONCOGENIC OSTEOMALACIA
Hypophosph te ic oncogenic osteo    ci ,   so 
c   e  tu or-in uce  osteo    ci  ( IO), is ch r c-
terize  by   rke  y re uce  seru  phosphorus  n  
ren   phosph te w sting,  e  ing to  usc e we k-
ness, bone p in,  n  osteo    ci . Seru  c  ciu   n  
P H  eve s  re nor   ,  n  1,25- ihy roxyvit  in 
D is  ow. Oncogenic osteo    ci  is usu   y c use  by 
benign  esenchy    tu ors, such  s he  ngioperi-
cyto  s,  bro  s,  n  gi nt ce   tu ors, o en o  the 
ske et   extre ities or he  . It h s   so been  escribe  
in s rco  s  n  in p tients with prost te  n   ung 
c ncer. Resection o  the tu or reverses the  isor er, 
con r ing its hu or   b sis. T e circu  ting phos-
ph turic   ctor is c   e  phosphatonin—    ctor th t 
inhibits ren   tubu  r re bsorption o  phosph te  n  
ren   conversion o  25-hy roxyvit  in D to 1,25- ihy-
 roxyvit  in D. Phosph tonin h s been i enti e   s 
 brob  st growth   ctor 23 (FGF23). FGF23  eve s  re 
incre se  in so e, but not    , p tients with osteogenic 
osteo    ci . FGF23  or s   tern ry co p ex with the 
k otho protein  n  ren   FGF receptors to re uce ren   
phosph te re bsorption.  re t ent invo ves re ov   o  
the tu or, i  possib e,  n  supp e ent tion with phos-
ph te  n  vit  in D. Octreoti e tre t ent re uces 
phosph te w sting in so e p tients with tu ors th t 
express so  tost tin receptor subtype 2. Octreoti e 
sc ns   y   so be use u  in  etecting these tu ors.

HEMATOLOGIC SYNDROMES

T e e ev tion o  gr nu ocyte, p  te et,  n  eosinophi  
counts in  ost p tients with  ye opro i er tive  isor-
 ers is c use  by the pro i er tion o  the  ye oi  e e-
 ents  ue to the un er ying  ise se r ther th n to   
p r neop  stic syn ro e. T e p r neop  stic he  to-
 ogic syn ro es in p tients with so i  tu ors  re  ess 
we   ch r cterize  th n  re the en ocrine syn ro es 
bec use the ectopic hor one(s) or cytokines respon-
sib e h ve not been i enti e  in  ost o  these tu ors 
(Table 54-2). T e extent o  the p r neop  stic syn-
 ro es p r   e s the course o  the c ncer.

ERYTHROCYTOSIS
Ectopic pro uction o  erythropoietin by c ncer ce  s 
c uses  ost p r neop  stic erythrocytosis. T e ectopi-
c   y pro uce  erythropoietin sti u  tes the pro uc-
tion o  re  b oo  ce  s (RBCs) in the bone   rrow  n  
r ises the he  tocrit. Other  y phokines  n  hor-
 ones pro uce  by c ncer ce  s   y sti u  te eryth-
ropoietin re e se but h ve not been prove  to c use 
erythrocytosis.

Most p tients with erythrocytosis h ve  n e ev te  
he  tocrit (>52% in  en, >48% in wo en) th t is 
 etecte  on   routine b oo  count. Approxi  te y 3% 
o  p tients with ren   ce   c ncer, 10% o  p tients with 
hep to  ,  n  15% o  p tients with cerebe   r he  n-
giob  sto  s h ve erythrocytosis. In  ost c ses, the 
erythrocytosis is  sy pto  tic.

P tients with erythrocytosis  ue to   ren   ce   c n-
cer, hep to  , or CNS c ncer shou   h ve  e sure-
 ent o  re  ce     ss. I  the re  ce     ss is e ev te , 
the seru  erythropoietin  eve  shou   be  e -
sure . P tients with  n  ppropri te c ncer, e ev te  
erythropoietin  eve s,  n  no other exp  n tion  or 
erythrocytosis (e.g., he og obinop thy th t c uses 
incre se  O2  f nity; Chap. 2) h ve the p r neop  s-
tic syn ro e.

TABLE 54-2  
PARANEOPLASTIC HEMATOLOGIC SYNDROMES

SYNDROME  PROTEINS  CANCERS TYPICALLY ASSOCIATED WITH SYNDROME

Erythrocytosis  Erythropoietin  Renal cancers, hepatocarcinoma, cerebellar hemangioblastomas
Granulocytosis  G-CSF, GM-CSF, IL-6  Lung cancer, gastrointestinal cancer, ovarian cancer, genitourinary cancer, Hodgkin’s disease
Thrombocytosis  IL-6  Lung cancer, gastrointestinal cancer, breast cancer, ovarian cancer, lymphoma
Eosinophilia  IL-5  Lymphoma, leukemia, lung cancer
Thrombophlebitis  Unknown  Lung cancer, pancreatic cancer, gastrointestinal cancer, breast cancer, genitourinary cancer, 

ovarian cancer, prostate cancer, lymphoma

Abbrevia t ions: G-CSF, granulocyte colony-stimulating  actor; GM-CSF, granulocyte-macrophage colony-stimulating  actor; IL, interleukin.
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719
TREATMENT Erythrocytosis

Success u  resection o  the c ncer usu   y reso ves the eryth-
rocytosis. I  the tu or c nnot be resecte  or tre te  e ec-
tive y with r  i tion ther py or che other py, ph eboto y 
  y contro   ny sy pto s re  te  to erythrocytosis.

GRANULOCYTOSIS
Approxi  te y 30% o  p tients with so i  tu ors h ve 
gr nu ocytosis (gr nu ocyte count >8000/µL). In  bout 
h    o  p tients with gr nu ocytosis  n  c ncer, the 
gr nu ocytosis h s  n i enti  b e nonp r neop  s-
tic etio ogy (in ection, tu or necrosis, g ucocorticoi  
   inistr tion, etc.). T e other p tients h ve proteins 
in urine  n  seru  th t sti u  te the growth o  bone 
  rrow ce  s.  u ors  n  tu or ce    ines  ro  
p tients with  ung, ov ri n,  n  b    er c ncers h ve 
been  ocu ente  to pro uce gr nu ocyte co ony-
sti u  ting   ctor (G-CSF), gr nu ocyte-  croph ge 
co ony-sti u  ting   ctor (GM-CSF),  n /or inter eu-
kin 6 (IL-6). However, the etio ogy o  gr nu ocytosis 
h s not been ch r cterize  in  ost p tients.

P tients with gr nu ocytosis  re ne r y      sy p-
to  tic,  n  the  i erenti   white b oo  ce   count 
 oes not h ve   shi  to i   ture  or s o  neutrophi s. 
Gr nu ocytosis occurs in 40% o  p tients with  ung  n  
g strointestin   c ncers, 20% o  p tients with bre st 
c ncer, 30% o  p tients with br in tu ors  n  ov ri n 
c ncers, 20% o  p tients with Ho gkin’s  ise se,  n  
10% o  p tients with ren   ce   c rcino  . P tients with 
  v nce -st ge  ise se  re  ore  ike y to h ve gr nu o-
cytosis th n  re those with e r y-st ge  ise se.

P r neop  stic gr nu ocytosis  oes not require tre t-
 ent. T e gr nu ocytosis reso ves when the un er ying 
c ncer is tre te .

THROMBOCYTOSIS
So e 35% o  p tients with thro bocytosis (p  te et 
count >400,000/µL) h ve  n un er ying  i gnosis o  
c ncer. IL-6,   c n i  te  o ecu e  or the etio ogy o  
p r neop  stic thro bocytosis, sti u  tes the pro uc-
tion o  p  te ets in vitro  n  in vivo. So e p tients with 
c ncer  n  thro bocytosis h ve e ev te   eve s o  IL-6 
in p  s  . Another c n i  te  o ecu e is thro bopoi-
etin,   pepti e hor one th t sti u  tes  eg k ryocyte 
pro i er tion  n  p  te et pro uction. T e etio ogy o  
thro bocytosis h s not been est b ishe  in  ost c ses.

P tients with thro bocytosis  re ne r y      sy p-
to  tic. T ro bocytosis is not c e r y  inke  to 
thro bosis in p tients with c ncer. T ro bocytosis 
is present in 40% o  p tients with  ung  n  g stroin-
testin   c ncers; 20% o  p tients with bre st, en o e-
tri  ,  n  ov ri n c ncers;  n  10% o  p tients with 

 y pho  . P tients with thro bocytosis  re  ore 
 ike y to h ve   v nce -st ge  ise se  n  h ve   poorer 
prognosis th n  o p tients without thro bocytosis. In 
ov ri n c ncer, IL-6 h s been shown to  irect y pro-
 ote tu or growth. P r neop  stic thro bocytosis 
 oes not require tre t ent other th n tre t ent o  the 
un er ying tu or.

EOSINOPHILIA
Eosinophi i  is present in ~1% o  p tients with c ncer. 
 u ors  n  tu or ce    ines  ro  p tients with  y -
pho  s or  euke i    y pro uce IL-5, which sti u-
  tes eosinophi  growth. Activ tion o  IL-5 tr nscription 
in  y pho  s  n   euke i s   y invo ve tr ns oc tion 
o  the  ong  r  o  chro oso e 5, to which the genes 
 or IL-5  n  other cytokines   p.

P tients with eosinophi i   re typic   y  sy pto -
 tic. Eosinophi i  is present in 10% o  p tients with 
 y pho  , 3% o  p tients with  ung c ncer,  n  occ -
sion   p tients with cervic  , g strointestin  , ren  ,  n  
bre st c ncer. P tients with   rke  y e ev te  eosino-
phi  counts (>5000/µL) c n  eve op shortness o  bre th 
 n  wheezing. A chest r  iogr ph   y reve    i use 
pu  on ry in  tr tes  ro  eosinophi  in  tr tion  n  
 ctiv tion in the  ungs.

TREATMENT Eosinophilia

De nitive tre t ent is  irecte   t the un er ying    ig-
n ncy:  u ors shou   be resecte  or tre te  with r  i tion 
or che other py. In  ost p tients who  eve op shortness o  
bre th re  te  to eosinophi i , sy pto s reso ve with the use 
o  or   or inh  e  g ucocorticoi s. IL-5  nt gonists exist but 
h ve not been ev  u te  in this c inic   setting.

THROMBOPHLEBITIS
Deep venous thro bosis  n  pu  on ry e bo is   re 
the  ost co  on thro botic con itions in p tients 
with c ncer. Migr tory or recurrent thro boph ebi-
tis   y be the initi     ni est tion o  c ncer. Ne r y 
15% o  p tients who  eve op  eep venous thro bo-
sis or pu  on ry e bo is  h ve    i gnosis o  c ncer 
(Chap. 22). T e coexistence o  peripher   venous thro -
bosis with viscer   c rcino  , p rticu  r y p ncre tic 
c ncer, is c   e   rousseau’s syndrome.

Pa thogenesis

P tients with c ncer  re pre ispose  to thro boe bo-
 is  bec use they  re o en  t be  rest or i  obi ize , 
 n  tu ors   y obstruct or s ow b oo   ow. Postoper -
tive  eep venous thro bosis is twice  s co  on in c ncer 
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720 p tients who un ergo surgery. Chronic IV c theters   so 
pre ispose to c otting. In    ition, c otting   y be pro-
 ote  by re e se o  proco gu  nts or cytokines  ro  
tu or ce  s or  ssoci te  in     tory ce  s or by p  te et 
  hesion or  ggreg tion. T e speci c  o ecu es th t pro-
 ote thro boe bo is  h ve not been i enti e .

Che other peutic  gents, p rticu  r y those  ssoci-
 te  with en othe i       ge, c n in uce venous thro -
bosis. T e  nnu   risk o  venous thro bosis in p tients 
with c ncer receiving che other py is  bout 11%, six-
 o   higher th n the risk in the gener   popu  tion. 
B eo ycin, l - sp r gin se, th  i o i e  n  ogues, cis-
p  tin-b se  regi ens,  n  high  oses o  busu   n  n  
c r ustine  re      ssoci te  with  n incre se  risk.

In    ition to c ncer  n  its tre t ent c using 
secon  ry thro bosis, pri  ry thro bophi ic  is-
e ses   y be  ssoci te  with c ncer. For ex  p e, the 
 ntiphospho ipi   ntibo y syn ro e is  ssoci te  with 
  wi e r nge o  p tho ogic   ni est tions. About 20% 
o  p tients with this syn ro e h ve c ncers. A ong 
p tients with c ncer  n   ntiphospho ipi   ntibo ies, 
35–45%  eve op thro bosis.

Clin ica l ma nifesta tions

P tients with c ncer who  eve op  eep venous thro -
bosis usu   y  eve op swe  ing or p in in the  eg,  n  
physic   ex  in tion reve  s ten erness, w r th,  n  
re ness. P tients who present with pu  on ry e bo is  
 eve op  yspne , chest p in,  n  syncope,  n  physic   
ex  in tion shows t chyc r i , cy nosis,  n  hypoten-
sion. So e 5% o  p tients with no history o  c ncer who 
h ve    i gnosis o   eep venous thro bosis or pu  o-
n ry e bo is  wi   h ve    i gnosis o  c ncer within 1 
ye r. T e  ost co  on c ncers  ssoci te  with thro -
boe bo ic episo es inc u e  ung, p ncre tic, g stro-
intestin  , bre st, ov ri n,  n  genitourin ry c ncers; 
 y pho  s;  n  br in tu ors. P tients with c ncer who 
un ergo surgic   proce ures requiring gener    nesthe-
si  h ve   20–30% risk o   eep venous thro bosis.

Dia gnosis

T e  i gnosis o   eep venous thro bosis in p tients 
with c ncer is    e by i pe  nce p ethys ogr phy or 
bi  ter   co pression u tr sonogr phy o  the  eg veins. 
P tients with   nonco pressib e venous seg ent h ve 
 eep venous thro bosis. I  co pression u tr sonogr -
phy is nor     n  there is   high c inic   suspicion  or 
 eep venous thro bosis, venogr phy shou   be  one to 
 ook  or    u in      ing  e ect. E ev tion o  d- i er is 
not  s pre ictive o   eep venous thro bosis in p tients 
with c ncer  s it is in p tients without c ncer; e ev tions 
 re seen in peop e over  ge 65 ye rs without conco i-
t nt evi ence o  thro bosis, prob b y  s   consequence 
o  incre se  thro bin  eposition  n  turnover in  ging.

P tients with sy pto s  n  signs suggesting   
pu  on ry e bo is  shou   be ev  u te  with   chest 
r  iogr ph, e ectroc r iogr  ,  rteri   b oo  g s  n  y-
sis,  n  venti  tion-per usion sc n. P tients with  is-
  tche  seg ent   per usion  e ects h ve   pu  on ry 
e bo us. P tients with equivoc   venti  tion-per usion 
 n ings shou   be ev  u te   s  escribe   bove  or 
 eep venous thro bosis in their  egs. I   eep venous 
thro bosis is  etecte , they shou   be  ntico gu  te . 
I   eep venous thro bosis is not  etecte , they shou   
be consi ere   or   pu  on ry  ngiogr  .

P tients without    i gnosis o  c ncer who present 
with  n initi   episo e o  thro boph ebitis or pu  o-
n ry e bo us nee  no    ition   tests  or c ncer other 
th n   c re u  history  n  physic   ex  in tion. In  ight 
o  the   ny possib e pri  ry sites,  i gnostic testing in 
 sy pto  tic p tients is w ste u . However, i  the c ot 
is re r ctory to st n  r  tre t ent or is in  n unusu   
site or i  the thro boph ebitis is  igr tory or recurrent, 
e orts to  n   n un er ying c ncer  re in ic te .

TREATMENT Thrombophlebitis

P tients with c ncer  n     i gnosis o   eep venous thro -
bosis or pu  on ry e bo is  shou   be tre te  initi   y 
with IV un r ction te  hep rin or  ow- o ecu  r-weight 
hep rin  or  t  e st 5   ys,  n  w r  rin shou   be st rte  
within 1 or 2   ys. T e w r  rin  ose shou   be   juste  so 
th t the intern tion   nor   ize  r tio (INR) is 2–3. P tients 
with proxi     eep venous thro bosis  n    re  tive con-
tr in ic tion to hep rin  ntico gu  tion (he orrh gic br in 
 et st ses or peric r i   e usion) shou   be consi ere   or 
p  ce ent o      ter in the in erior ven  c v  (Green e   
  ter) to prevent pu  on ry e bo is . W r  rin shou   be 
   inistere   or 3–6  onths. An   tern tive  ppro ch is to 
use  ow- o ecu  r-weight hep rin  or 6  onths. P tients 
with c ncer who un ergo     jor surgic   proce ure shou   
be consi ere   or hep rin prophy  xis or pneu  tic boots. 
Bre st c ncer p tients un ergoing che other py  n  p tients 
with i p  nte  c theters shou   be consi ere   or prophy-
  xis. Gui e ines reco  en  th t hospit  ize  p tients with 
c ncer  n  p tients receiving   th  i o i e  n  ogue receive 
prophy  xis with  ow- o ecu  r-weight hep rin or  ow- ose 
 spirin. Use o  prophy  xis routine y  uring che other py is 
controversi    n  not reco  en e  by the A eric n Society 
o  C inic   Onco ogy.

Neurologic paraneoplastic syndromes are discussed 
in Chap. 55.

Ac kn o wl ed g men t

T e authors acknowledge the contributions of Bruce E. 
Johnson to prior versions of this chapter.
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Paraneoplastic neurologic  isor ers (PNDs) are can-
cer-relate  syn romes that can a ect any part o  the 
nervous system (Table 55-1). T ey are cause  by mech-
anisms other than metastasis or by any o  the complica-
tions o  cancer such as coagulopathy, stroke, metabolic 
an  nutritional con itions, in ections, an  si e e ects 
o  cancer therapy. In 60% o  patients, the neurologic 
symptoms prece e the cancer  iagnosis. Clinically  is-
abling PNDs occur in 0.5–1% o  all cancer patients, 
but they a ect 2–3% o  patients with neuroblastoma or 
small-cell lung cancer (SCLC) an  30–50% o  patients 
with thymoma or sclerotic myeloma.

PATHOGENESIS

Most PNDs are me iate  by immune responses trig-
gere  by neuronal proteins (onconeuronal antigens) 
expresse  by tumors. In PNDs o  the central nervous 
system (CNS), many antibo y-associate  immune 
responses have been i enti e  (Table 55-2). T ese 
antibo ies react with the patient’s tumor, an  their 
 etection in serum or cerebrospinal  ui  (CSF) usually 
pre icts the presence o  cancer. When the antigens are 
intracellular, most syn romes are associate  with exten-
sive in ltrates o  CD4+ an  CD8+   cells, microglial 
activation, gliosis, an  variable neuronal loss. T e in l-
trating   cells are o en in close contact with neurons 
un ergoing  egeneration, suggesting a primary patho-
genic role.   cell–me iate  cytotoxicity may contribute 
 irectly to cell  eath in these PNDs. T us both humoral 
an  cellular immune mechanisms participate in the 
pathogenesis o  many PNDs. T is complex immuno-
pathogenesis may un erlie the resistance o  many o  
these con itions to therapy.

PARANEOPLASTIC NEUROLOGIC SYNDROMES  
AND AUTOIMMUNE ENCEPHALITIS

CHAP TER 5 5

In contrast to the  isor ers associate  with immune 
responses against intracellular antigens, those asso-
ciate  with antibo ies to antigens expresse  on the 
neuronal cell sur ace o  the CNS or at the neuromus-
cular junction are more responsive to immunotherapy 
(Table 55-3, Fig. 55-1). T ese  isor ers occur with an  
without a cancer association an  may a ect chil ren 
an  young a ults, an  there is increasing evi ence that 
they are me iate  by the antibo ies.

Other PNDs are likely immune-me iate , although 
their antigens are unknown. T ese inclu e several syn-
 romes o  in ammatory neuropathies an  myopathies. 
In a  ition, many patients with typical PND syn romes 
are antibo y-negative.

For still other PNDs, the cause remains quite 
obscure. T ese inclu e, among others, several neuropa-
thies that occur in the terminal stages o  cancer an  a 
number o  neuropathies associate  with plasma cell 
 yscrasias or lymphoma without evi ence o  in am-
matory in ltrates or  eposits o  immunoglobulin, cryo-
globulin, or amyloi .

APPROACH TO THE PATIENT: 
Paraneoplastic Neurologic Disorders
T ree key concepts are important  or the  iagnosis an  
management o  PNDs. First, it is common  or symptoms 
to appear be ore the presence o  a tumor is known; secon , 
the neurologic syn rome usually  evelops rapi ly, pro-
 ucing severe  e cits in a short perio  o  time; an  thir , 
there is evi ence that prompt tumor control improves the 
neurologic outcome. T ere ore, the major concern o  the 
physician is to recognize a  isor er promptly as paraneo-
plastic an  to i enti y an  treat the tumor.
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PND OF THE CENTRAL NERVOUS SYSTEM AND DORSAL ROOT 
GANGLIA When symptoms involve brain, spinal cor , or 
 orsal root ganglia, the suspicion o  PND is usually base  
on a combination o  clinical, ra iologic, an  CSF  n ings. 
Presence o  antineuronal antibo ies ( ables 55-2 an  55-3) 
may help in the  iagnosis, but only 60–70% o  PNDs o  the 
CNS an  less than 20% o  those involving the peripheral 
nervous system have neuronal or neuromuscular junction 
antibo ies that can be use  as  iagnostic tests.

Magnetic resonance imaging (MRI) an  CSF stu ies 
are important to rule out neurologic complications  ue 
to the  irect sprea  o  cancer, particularly metastatic an  
leptomeningeal  isease. In most PNDs, the MRI  n ings 
are nonspeci c. Paraneoplastic limbic encephalitis is usu-
ally associate  with characteristic MRI abnormalities in 
the mesial temporal lobes (see below), but similar  n ings 
can occur with other  isor ers (e.g., nonparaneoplastic 
autoimmune limbic encephalitis an  human herpesvirus 
type 6 [HHV-6] encephalitis) (Fig. 55-2). T e CSF pro-
 le o  patients with PND o  the CNS or  orsal root gan-
glia typically consists o  mil  to mo erate pleocytosis 
(<200 mononuclear cells, pre ominantly lymphocytes), an 
increase in the protein concentration, an  a variable pres-
ence o  oligoclonal ban s. T ere are no speci c electro-
physiologic tests that are  iagnostic o  PND. Moreover, a 
biopsy o  the a ecte  tissue is o en  if cult to obtain, an  
although use ul to rule out other  isor ers (e.g., metasta-
sis) the pathologic  n ings are not speci c  or PND.

PND OF NERVE AND MUSCLE I  symptoms involve peripheral 
nerve, neuromuscular junction, or muscle, the  iagnosis 
o  a speci c PND is usually establishe  on clinical, electro-
physiologic, an  pathologic groun s. T e clinical history, 
accompanying symptoms (e.g., anorexia, weight loss), an  
type o  syn rome  ictate the stu ies an   egree o  e ort 
nee e  to  emonstrate a neoplasm. For example, the  re-
quent association o  Lambert-Eaton myasthenic syn rome 
(LEMS) with SCLC shoul  lea  to a chest an  ab omen 
compute  tomography (C ) or bo y positron emission 
tomography (PE ) scan an , i  negative, perio ic tumor 
screening  or at least 3 years a er the neurologic  iagnosis. 
In contrast, the weak association o  polymyositis with can-
cer calls into question the nee   or repeate  cancer screen-
ings in this situation. Serum an  urine immuno xation 

TABLE 55-1  
PARANEOPLASTIC SYNDROMES OF THE NERVOUS 
SYSTEM

CLASSIC SYNDROMES: 
USUALLY OCCUR WITH 
CANCER ASSOCIATION

NONCLASSIC SYNDROMES: 
MAY OCCUR WITH AND 
WITHOUT CANCER 
ASSOCIATION

Encephalomyelitis
Limbic encephalitis
Cerebellar degeneration 
(adults)

Opsoclonus-myoclonus
Subacute sensory 
neuronopathy

Gastrointestinal paresis or 
pseudo-obstruction

Dermatomyositis (adults)
Lambert-Eaton myasthenic 
syndrome

Cancer- or melanoma-
associated retinopathy

Brainstem encephalitis
Sti -person syndrome
Necrotizing myelopathy
Motor neuron disease
Guillain-Barré syndrome
Subacute and chronic mixed 
sensory-motor neuropathies

Neuropathy associated with 
plasma cell dyscrasias and 
lymphoma

Vasculitis o  nerve
Pure autonomic neuropathy
Acute necrotizing myopathy
Polymyositis
Vasculitis o  muscle
Optic neuropathy
BDUMP

Abbrevia t ion: BDUMP, bilateral di use uveal melanocytic proli eration.

TABLE 55-2  
ANTIBODIES TO INTRACELLULAR ANTIGENS, SYNDROMES, AND ASSOCIATED CANCERS

ANTIBODY  ASSOCIATED NEUROLOGIC SYNDROME(S)  TUMORS

Anti-Hu (ANNA1)  Encephalomyelitis, subacute sensory neuronopathy  SCLC
Anti-Yo (PCA1)  Cerebellar degeneration  Ovary, breast
Anti-Ri (ANNA2)  Cerebellar degeneration, opsoclonus, brainstem encephalitis  Breast, gynecologic, SCLC
Anti-Tr  Cerebellar degeneration  Hodgkin’s lymphoma
Anti-CRMP5 (CV2)  Encephalomyelitis, chorea, optic neuritis, uveitis, peripheral neuropathy  SCLC, thymoma, other
Anti-Ma proteins  Limbic, hypothalamic, brainstem encephalitis  Testicular (Ma2), other (Ma)
Anti-amphiphysin  Sti -person syndrome, encephalomyelitis  Breast, SCLC
Recoverin, bipolar cell 
antibodies, othersa

Cancer-associated retinopathy (CAR)
Melanoma-associated retinopathy (MAR)

SCLC (CAR), melanoma (MAR)

Anti-GAD  Sti -person, cerebellar syndromes, limbic encephalitis  In requent tumor association 
(thymoma)

aA variety o  target antigens have been identi ed.
Abbrevia t ions: CRMP, collapsing response-mediator protein; SCLC, small-cell lung cancer.
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stu ies shoul  be consi ere  in patients with peripheral 
neuropathy o  unknown cause;  etection o  a monoclonal 
gammopathy suggests the nee   or a  itional stu ies to un-
cover a B cell or plasma cell malignancy. In paraneoplastic 
neuropathies,  iagnostically use ul antineuronal antibo ies 
are limite  to anti-CV2/CRMP5 an  anti-Hu.

For any type o  PND, i  antineuronal antibo ies are 
negative, the  iagnosis relies on the  emonstration o  can-
cer an  the exclusion o  other cancer-relate  or in epen-
 ent neurologic  isor ers. Combine  C  an  PE  scans 
o en uncover tumors un etecte  by other tests. For germ 
cell tumors o  the testis an  teratomas o  the ovary, ultra-
soun  an  C  or MRI o  the ab omen an  pelvis may 
reveal tumors un etectable by PE .

TABLE 55-3  
ANTIBODIES TO CELL SURFACE OR SYNAPTIC ANTIGENS, SYNDROMES, AND ASSOCIATED TUMORS

ANTIBODY  NEUROLOGIC SYNDROME  TUMOR TYPE WHEN ASSOCIATED

Anti-AChR (muscle)a Myasthenia gravis  Thymoma
Anti-AChR (neuronal)a Autonomic ganglionopathy  SCLC
Anti-VGCCb LEMS, cerebellar degeneration  SCLC
Anti-NMDARa Anti-NMDAR encephalitis  Teratoma in young women (children and 

men rarely have tumors)
Anti-LGI1c Limbic encephalitis, hyponatremia,  aciobrachial tonic or 

dystonic seizures
Rarely thymoma

Anti-Caspr2c Morvan’s syndrome, neuromyotonia  Thymoma, prostate cancer
Anti-GABABRd Limbic encephalitis, seizures  SCLC, neuroendocrine
Anti-GABAARd Encephalitis with prominent seizures and status epilepticus; 

less o ten opsoclonus and sti -person syndrome
Rarely thymoma

Anti-AMPARd Limbic encephalitis with relapses  SCLC, thymoma, breast
Glycine receptord Encephalomyelitis with rigidity, sti -person syndrome  Rarely, thymoma, lung cancer
Anti-DPPXd Agitation, myoclonus, tremor, seizures, hyperekplexia, 

encephalomyelitis with rigidity
No cancer, but  requent diarrhea or cachexia 
suggesting paraneoplasia

aA direct pathogenic role o  these antibodies has been demonstrated.
bAnti-VGCC antibodies are pathogenic  or LEMS.
cPreviously named voltage-gated potassium channel antibodies (VGKC); currently included under the term VGKC-complex proteins. O  note, the signi cance 
o  antibodies to VGKC-complex proteins other than LGI1 and Caspr2 is uncertain (the antigens are unknown, and the response to immunotherapy is variable)
dThese antibodies are strongly suspected to be pathogenic.
Abbrevia t ions: AChR, acetylcholine receptor; AMPAR, α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptor; Caspr2, contactin-associated 
protein-like 2; DPPX, dipeptidyl-peptidase-like protein-6; GABABR, γ-aminobutyric acid B receptor; GAD, glutamic acid decarboxylase; LEMS, Lambert-Eaton 
myasthenic syndrome; LGI1, leucine-rich glioma-inactivated 1; NMDAR, N-methyl-d -aspartate receptor; SCLC, small-cell lung cancer; VGCC, voltage-gated 
calcium channel.

cor . It is o en associate  with  orsal root ganglia an  
autonomic  ys unction. For any given patient, the clini-
cal mani estations are  etermine  by the areas pre om-
inantly involve , but pathologic stu ies almost always 
reveal abnormalities beyon  the symptomatic regions. 
Several clinicopathologic syn romes may occur alone 
or in combination: (1) cortical encephalitis, which may 
present as “epilepsia partialis continua”; (2) limbic 
encephalitis, characterize  by con usion,  epression, 
agitation, anxiety, severe short-term memory  e cits, 
partial complex seizures, an  sometimes  ementia (the 
MRI usually shows unilateral or bilateral me ial tem-
poral lobe abnormalities, best seen with  2 an   ui -
attenuate  inversion recovery sequences); (3) brainstem 
encephalitis, resulting in eye movement  isor ers (nys-
tagmus, opsoclonus, supranuclear or nuclear paresis), 
cranial nerve paresis,  ysarthria,  ysphagia, an  cen-
tral autonomic  ys unction; (4) cerebellar gait and limb 
ataxia; (5) myelitis, which may cause lower or upper 
motor neuron symptoms, myoclonus, muscle rigi ity, 
an  spasms; an  (6) autonomic dys unction as a result o  
involvement o  the neuraxis at multiple levels, inclu -
ing hypothalamus, brainstem, an  autonomic nerves 
(see Paraneoplastic Peripheral Neuropathies, below). 
Car iac arrhythmias, postural hypotension, an  central 

SPECIFIC PARANEOPLASTIC 
NEUROLOGIC SYNDROMES

PARANEOPLASTIC ENCEPHALOMYELITIS 
AND FOCAL ENCEPHALITIS
T e term encephalomyelitis  escribes an in ammatory 
process with multi ocal involvement o  the nervous sys-
tem, inclu ing brain, brainstem, cerebellum, an  spinal 
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A

B  C D  E

FIGURE 55 -1
Antib od ies to  the  GluN1 sub un it  o   the  N m ethyl 
d  asp arta te   NMDA  recep tor in  a  p atient  with  anti NMDA 
recep tor encep halit is and  ovarian  teratom a. A. Coronal 
section o  rat brain immunolabeled (green f uorescence) with 
the patient’s antibodies. The reactivity predominates in the 
hippocampus, which is highly enriched in NMDA receptors. B. This 
image shows the antibody reactivity with cultures o  rat hippo-
campal neurons; the intense green immunolabeling is due to the 

antibodies against the GluN1 subunit o  NMDA receptors. (C–E) 
Images o  HEK cells (a human kidney cell line) trans ected to express 
NMDA receptors, showing reactivity with patient’s antibodies C. 
and with a commercial monoclonal antibody against NMDA recep-
tors D. the patient’s antibody reactivity co-labels only the cells 
that express NMDA receptors E. (From J Dalmau et al: Lancet Neurol 
7:1091, 2008; with permission.)

hypoventilation are  requent causes o   eath in patients 
with encephalomyelitis.

Paraneoplastic encephalomyelitis an   ocal encepha-
litis are usually associate  with SCLC, but many other 
cancers have been implicate . Patients with SCLC an  
these syn romes usually have anti-Hu antibo ies in 
serum an  CSF. Anti-CRMP5 antibo ies occur less 
 requently; some o  these patients may  evelop chorea, 
uveitis, or optic neuritis. Antibo ies to Ma proteins are 
associate  with limbic, hypothalamic, an  brainstem 
encephalitis an  occasionally with cerebellar symptoms 
(Fig. 55-3); some patients  evelop hypersomnia, cata-
plexy, an  severe hypokinesia. MRI abnormalities are 

 requent, inclu ing those  escribe  with limbic encepha-
litis an  variable involvement o  the hypothalamus, basal 
ganglia, or upper brainstem. T e oncologic associations 
o  these antibo ies are shown in  able 55-2.

TREATMENT Encephalomyelitis and Focal Encephalitis

Most types o  paraneoplastic encephalitis an  encephalomy-
elitis respon  poorly to treatment. Stabilization o  symptoms 
or partial neurologic improvement may occasionally occur, 
particularly i  there is a satis actory response o  the tumor 
to treatment. Controlle  trials o  therapy are lacking, but 
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many experts recommen  treatment initially with glucocor-
ticoi s. I  there is no response within several  ays, one can 
a vance to intravenous immunoglobulin (IVIg) or plasma 
exchange, an  then to immunosuppression with either ritux-
imab or cyclophosphami e. Approximately 30% o  patients 
with anti-Ma2-associate  encephalitis respon  to treatment 
o  the tumor (usually a germ cell neoplasm o  the testis) an  
immunotherapy.

ENCEPHALITIDES WITH ANTIBODIES TO 
CELL-SURFACE OR SYNAPTIC PROTEINS
T ese  isor ers are important  or three reasons: (1) 
they can occur with an  without tumor association, (2) 
some syn romes pre ominate in young in ivi uals an  
chil ren, an  (3)  espite the severity o  the symptoms 
patients usually respon  to treatment o  the tumor, i  
 oun , an  immunotherapy (e.g., glucocorticoi s, IVIg, 
plasma exchange, rituximab, or cyclophosphami e) 
( able  55-3).

Encephalitis with N-methyl-d-aspartate (NMDA) 
receptor antibodies (Fig.  55-1) usually occurs in young 
women an  chil ren, but men an  ol er patients o  
both sexes can be a ecte . T e  isor er has a charac-
teristic pattern o  symptom progression that inclu es 
a pro rome resembling a viral process,  ollowe  in a 
 ew  ays by the onset o  severe psychiatric symptoms, 
memory loss, seizures,  ecrease  level o  conscious-
ness, abnormal movements (oro acial, limb, an  trunk 
 yskinesias,  ystonic postures), autonomic instabil-
ity, an   requent hypoventilation. Monosymptomatic 
episo es, such as pure psychosis, occur in 4% o  the 
patients. Clinical relapses occur in 12–24% o  patients 
(12%  uring the  rst 2 years a er initial presentation). 
Most patients have intrathecal synthesis o  antibo ies, 
likely by in ltrating plasma cells in brain an  menin-
ges (Fig. 55-4A). T e syn rome is o en mis iagnose  
as a viral or i iopathic encephalitis, neuroleptic malig-
nant syn rome, or encephalitis lethargica, an  many 
patients are initially evaluate  by psychiatrists with the 
suspicion o  acute psychosis. T e  etection o  an asso-
ciate  teratoma is  epen ent on age an  gen er: 46% 
o   emale patients 12 years or ol er have uni- or bilat-
eral ovarian teratomas, whereas less than 7% o  girls 
younger than 12 have a teratoma (Fig. 55-4B). In male 
patients, the  etection o  a tumor is rare. Patients ol er 

FIGURE 55 -2
Flu id  a t ten ua ted  inve rsion  recovery seq u en ce  m ag n e t ic 
re so n an ce  im ag in g  o   a  p a t ien t  with  lim b ic en cep h a lit is 
an d  LGI1 an t ib o d ies. Note the abnormal hyperintensity 
involving the medial aspect o  the temporal lobes.

A  B  C

FIGURE 55 -3
Mag n e t ic re son an ce  im ag in g   MRI  an d  tum or o   a  
p a t ien t  with  an t i Ma2 a sso cia ted  en cep h a lit is. A. an d  
B. Fluid-attenuated inversion recovery MRI sequences showing 
abnormal hyperintensities in the medial temporal lobes, 

hypothalamus, and upper brainstem. C. This image corresponds 
to a section o  the patient’s orchiectomy incubated with a speci c 
marker (Oct4) o  germ cell tumors. The positive (brown) cells 
correspond to an intratubular germ cell neoplasm.
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than 45 years are more  requently male; about 20% o  
these patients have tumors (e.g., cancer o  the breast, 
ovary, or lung).

Encephalitis with leucine-rich glioma-inactivated 1 
(LGI1) antibodies pre ominates in patients ol er than 
50 years (65% male) an   requently presents with mem-
ory loss an  seizures (limbic encephalopathy), along 
with hyponatremia an  sleep  ys unction. In a small 
number o  patients, the encephalitis is prece e  by or 
occurs with myoclonic-like movements calle   acio-
brachial  ystonic or tonic seizures. Less than 10% o  
patients have thymoma.

Encephalitis with contactin-associated protein-like 
2 (Caspr2) antibodies pre ominates in patients ol er 
than 50 years an  is associate  with Morvan’s syn rome 
(encephalitis, insomnia, con usion, hallucinations, 
autonomic  ys unction, an  neuromyotonia) an , less 
 requently, with limbic encephalitis, neuromyotonia, 
an  neuropathic pain. About 30–40% o  patients have 
thymoma.

Encephalitis with γ-aminobutyric acid type B (GABAB) 
receptor antibodies is usually associate  with limbic 
encephalitis an  seizures. In rare instances, patients 
 evelop cerebellar symptoms an  opsoclonus. Fi y 
percent o  patients have SCLC or a neuroen ocrine 
tumor o  the lung. Patients may have a  itional anti-
bo ies to glutamic aci   ecarboxylase (GAD), which 
are o  unclear signi cance. Other antibo ies to non-
neuronal proteins are o en  oun  in these patients 
as well as in patients with α-amino-3-hy roxy-5-
methylisoxazole-4-propionic aci  (AMPA) receptor anti-
bo ies, in icating a general ten ency to autoimmunity.

Encephalitis with GABAA receptor antibodies may 
a ect chil ren an  a ults. When antibo ies are pres-
ent at high titer in serum an  CSF, the  isor er asso-
ciates with prominent seizures an  status epilepticus, 
o en requiring pharmacologically in uce  coma. Low 
titer antibo ies in serum are o en associate  with 
other autoimmune con itions, an  the spectrum o  
symptoms is wi er, inclu ing encephalitis, seizures, 
opsoclonus, or sti -person syn rome. Most patients 
 o not have an un erlying tumor, but some may have 
thymoma.

Encephalitis with AMPA receptor antibodies a ects 
mi  le-age  women, who  evelop acute limbic  ys unc-
tion or, less  requently, prominent psychiatric symp-
toms; 70% o  the patients have an un erlying tumor in 
the lung, breast, or thymus. Neurologic relapses may 
occur; these also respon  to immunotherapy an  are 
not necessarily associate  with tumor recurrence.

Encephalitis with glycine receptor (GlyR) antibodies 
has been  escribe  in a ults with progressive enceph-
alomyelitis with rigi ity an  myoclonus (PERM) an  
sti -person spectrum o  symptoms (with or without 
GAD antibo ies). T e  isor er usually occurs without 
tumor association, although some patients have lung 
cancer, thymoma, or Ho gkin’s lymphoma.

Encephalitis with dipeptidyl-peptidase-like protein-6 
(or DPPX) antibodies results in symptoms o  CNS 
hyperexcitability inclu ing agitation, hallucinations, 
paranoi   elusions, tremor, myoclonus, nystagmus, 
seizures, an  sometimes hyperekplexia. Some patients 
 evelop progressive encephalomyelitis with rigi ity an  
myoclonus. Diarrhea, other gastrointestinal symptoms, 

A  B

FIGURE 55 -4
Path o lo g ic f n d in g s in  an t i–N m e thyl d  a sp a rta te   NMDA  
recep to r en cep h a lit is. In ltrates o  plasma cells (brown cells; 
stained  or CD138) in the meninges and brain o  a patient A. the 
inset is a magni cation o  some plasma cells. B. Neurons and 

neuronal processes in the teratoma o  a patient (brown cells; 
stained with MAP2); these neurons express NMDA receptors (not 
shown). (From E Martinez-Hernandez et al: Neurology 77:589, 2011, 
with permission.)
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727an  substantial loss o  weight o en suggest the pres-
ence o  an un erlying tumor, but no tumor asso-
ciation has been i enti e . T e  isor er respon s to 
immunotherapy.

PARANEOPLASTIC CEREBELLAR 
DEGENERATION
T is  isor er is o en prece e  by a pro rome that 
may inclu e  izziness, oscillopsia, blurry or  ouble 
vision, nausea, an  vomiting. A  ew  ays or weeks later, 
patients  evelop  ysarthria, gait an  limb ataxia, an  
variable  ysphagia. T e examination usually shows 
 ownbeating nystagmus an , rarely, opsoclonus. Brain-
stem  ys unction, upgoing toes, or a mil  neuropathy 
may occur. Early in the course, MRI stu ies are usually 
normal; later, the MRI reveals cerebellar atrophy. T e 
 isor er results  rom extensive  egeneration o  Pur-
kinje cells, with variable involvement o  other cerebellar 
cortical neurons,  eep cerebellar nuclei, an  spinocer-
ebellar tracts. T e tumors more  requently involve  are 
SCLC, cancer o  the breast an  ovary, an  Ho gkin’s 
lymphoma.

Anti-Yo antibo ies in patients with breast an  gyne-
cologic cancers an  anti- r antibo ies in patients with 
Ho gkin’s lymphoma are the two immune responses 
typically associate  with prominent or pure cerebel-
lar  egeneration. Antibo ies to P/Q-type voltage-gate  
calcium channels (VGCC) occur in some patients with 
SCLC an  cerebellar  ys unction; only some o  these 
patients  evelop LEMS. A variable  egree o  cerebellar 
 ys unction can be associate  with virtually any o  the 
antibo ies an  PND o  the CNS shown in  able  55-2.

A number o  single case reports have  escribe  
neurologic improvement a er tumor removal, plasma 
exchange, IVIg, cyclophosphami e, rituximab, or glu-
cocorticoi s. However, most patients with paraneo-
plastic cerebellar  egeneration  o not improve with 
treatment.

PARANEOPLASTIC OPSOCLONUS-
MYOCLONUS SYNDROME
Opsoclonus is a  isor er o  eye movement characterize  
by involuntary, chaotic sacca es that occur in all  irec-
tions o  gaze; it is  requently associate  with myoclonus 
an  ataxia. Opsoclonus-myoclonus may be cancer-
relate  or i iopathic. When the cause is paraneoplastic, 
the tumors involve  are usually cancer o  the lung an  
breast in a ults, neuroblastoma in chil ren, an  ovarian 
teratoma in a olescents an  young women. T e patho-
logic substrate o  opsoclonus-myoclonus is unclear, but 
stu ies suggest that  isinhibition o  the  astigial nucleus 
o  the cerebellum is involve . Most patients  o not have 
antineuronal antibo ies. A small subset o  patients with 

ataxia, opsoclonus, an  other eye-movement  isor ers 
 evelop anti-Ri antibo ies; in rare instances, muscle 
rigi ity, laryngeal spasms, autonomic  ys unction, 
an   ementia also occur. T e tumors most  requently 
involve  in anti-Ri-associate  syn romes are breast an  
ovarian cancer. I  the tumor is not success ully treate , 
the syn rome in a ults o en progresses to encephalop-
athy, coma, an   eath. In a  ition to treating the tumor, 
symptoms may respon  to immunotherapy (glucocorti-
coi s, plasma exchange, an /or IVIg).

At least 50% o  chil ren with opsoclonus-myoclonus 
have an un erlying neuroblastoma. Hypotonia, ataxia, 
behavioral changes, an  irritability are  requent accom-
panying symptoms. Neurologic symptoms o en 
improve with treatment o  the tumor an  glucocorti-
coi s, a renocorticotropic hormone (AC H), plasma 
exchange, IVIg, an  rituximab. Many patients are le  
with psychomotor retar ation an  behavioral an  sleep 
problems.

PARANEOPLASTIC SYNDROMES OF THE 
SPINAL CORD
T e number o  reports o  paraneoplastic spinal cor  
syn romes, such as subacute motor neuronopathy an  
acute necrotizing myelopathy, has  ecrease  in recent 
years. T is may represent a true  ecrease in inci ence, 
 ue to improve  an  prompt oncologic interventions, 
or the i enti cation o  nonparaneoplastic etiologies. 
Some patients with cancer  evelop upper or lower motor 
neuron dys unction or both, resembling amyotrophic 
lateral sclerosis. It is unclear whether these  isor ers 
have a paraneoplastic etiology or simply coinci e with 
the presence o  cancer. T ere are isolate  case reports 
o  cancer patients with motor neuron  ys unction who 
ha  neurologic improvement a er tumor treatment. A 
search  or lymphoma shoul  be un ertaken in patients 
with a rapi ly progressive motor neuron syn rome an  
a monoclonal protein in serum or CSF.

Paraneoplastic myelitis may present with upper or 
lower motor neuron symptoms, segmental myoclo-
nus, an  rigi ity, an  can be the  rst mani estation o  
encephalomyelitis. Neuromyelitis optica (NMO) with 
aquaporin 4 antibodies may occur in rare instances as a 
paraneoplastic mani estation o  a cancer.

PARANEOPLASTIC STIFF-PERSON 
SYNDROME
T is  isor er is characterize  by progressive muscle 
rigi ity, sti ness, an  pain ul spasms triggere  by au i-
tory, sensory, or emotional stimuli. Rigi ity mainly 
involves the lower trunk an  legs, but it can a ect the 
upper extremities an  neck. Sometimes, only one 
extremity is a ecte  (stif -limb syndrome). Symptoms 
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728 improve with sleep an  general anesthetics. Electro-
physiologic stu ies  emonstrate continuous motor 
unit activity. T e associate  antibo ies target proteins 
(GAD, amphiphysin) involve  in the  unction o  inhibi-
tory synapses using γ-aminobutyric aci  (GABA) or 
glycine as neurotransmitters. T e presence o  amphi-
physin antibo ies usually in icates a paraneoplastic 
etiology relate  to SCLC an  breast cancer. By contrast, 
GAD antibo ies may occur in some cancer patients 
but are much more  requently present in the nonpara-
neoplastic  isor er. GlyR antibo ies may occur in some 
patients with sti -person syn rome; these antibo ies 
are also  etectable in patients with PERM.

Optimal treatment o  sti -person syn rome requires 
therapy o  the un erlying tumor, glucocorticoi s, an  
symptomatic use o   rugs that enhance GABA-ergic 
transmission ( iazepam, baclo en, so ium valproate, 
tiagabine, vigabatrin). IVIg an  plasma exchange are 
transiently e ective in some patients.

PARANEOPLASTIC SENSORY 
NEURONOPATHY OR DORSAL ROOT 
GANGLIONOPATHY
T is syn rome is characterize  by sensory  e cits that 
may be symmetric or asymmetric, pain ul  ysesthesias, 
ra icular pain, an   ecrease  or absent re exes. All 
mo alities o  sensation an  any part o  the bo y inclu -
ing  ace an  trunk can be involve . Specialize  sensa-
tions such as taste an  hearing can also be a ecte . 
Electrophysiologic stu ies show  ecrease  or absent 
sensory nerve potentials with normal or near-normal 
motor con uction velocities. Symptoms result  rom an 
in ammatory, likely immune-me iate , process that 
targets the  orsal root ganglia, causing neuronal loss 
an  secon ary  egeneration o  the posterior columns 
o  the spinal cor . T e  orsal an , less  requently, the 
anterior nerve roots an  peripheral nerves may also be 
involve . T is  isor er o en prece es or is associate  
with encephalomyelitis an  autonomic  ys unction an  
has the same immunologic an  oncologic associations 
(Hu antibo ies, SCLC).

As with anti-Hu-associate  encephalomyelitis, the 
therapeutic approach  ocuses on prompt treatment o  
the tumor. Glucocorticoi s occasionally pro uce clini-
cal stabilization or improvement. T e bene t o  IVIg 
an  plasma exchange is not proven.

PARANEOPLASTIC PERIPHERAL 
NEUROPATHIES
T ese  isor ers may  evelop any time  uring the 
course o  the neoplastic  isease. Neuropathies occur-
ring at late stages o  cancer or lymphoma usually cause 

mil  to mo erate sensorimotor  e cits  ue to axonal 
 egeneration o  unclear etiology. T ese neuropathies 
are o en maske  by concurrent neurotoxicity  rom che-
motherapy an  other cancer therapies. In contrast, the 
neuropathies that  evelop in the early stages o  cancer 
 requently show a rapi  progression, sometimes with a 
relapsing an  remitting course, an  evi ence o  in am-
matory in ltrates an  axonal loss or  emyelination. 
I   emyelinating  eatures pre ominate, IVIg, plasma 
exchange, or glucocorticoi s may improve symptoms. 
Occasionally anti-CRMP5 antibo ies are present; 
 etection o  anti-Hu suggests concurrent  orsal root 
ganglionitis.

Guillain-Barré syndrome an  brachial plexitis have occa-
sionally been reporte  in patients with lymphoma, but 
there is no clear evi ence o  a paraneoplastic association.

Malignant monoclonal gammopathies inclu e: (1) 
multiple myeloma an  sclerotic myeloma associate  
with IgG or IgA monoclonal proteins; an  (2) Wal en-
ström’s macroglobulinemia, B cell lymphoma, an  
chronic B cell lymphocytic leukemia associate  with 
IgM monoclonal proteins. T ese  isor ers may cause 
neuropathy by a variety o  mechanisms, inclu ing com-
pression o  roots an  plexuses by metastasis to vertebral 
bo ies an  pelvis,  eposits o  amyloi  in peripheral 
nerves, an  paraneoplastic mechanisms. T e paraneo-
plastic variety has several  istinctive  eatures. Approxi-
mately hal  o  patients with sclerotic myeloma  evelop 
a sensorimotor neuropathy with pre ominantly motor 
 e cits, resembling a chronic in ammatory  emyelin-
ating neuropathy; some patients  evelop elements o  
the POEMS syn rome (polyneuropathy, organomegaly, 
en ocrinopathy, M protein, skin changes).  reatment o  
the plasmacytoma or sclerotic lesions usually improves 
the neuropathy. In contrast, the sensorimotor or sen-
sory neuropathy associate  with multiple myeloma 
is more re ractory to treatment. Between 5 an  10% 
o  patients with Wal enström’s macroglobulinemia 
 evelop a  istal symmetric sensorimotor neuropathy 
with pre ominant involvement o  large sensory  bers. 
T ese patients may have IgM antibo ies in their serum 
against myelin-associate  glycoprotein an  various 
gangliosi es. In a  ition to treating the Wal enström’s 
macroglobulinemia, other therapies may improve the 
neuropathy, inclu ing plasma exchange, IVIg, chloram-
bucil, cyclophosphami e,  u arabine, or rituximab.

Vasculitis o  the nerve and muscle causes a pain ul 
symmetric or asymmetric  istal axonal sensorimo-
tor neuropathy with variable proximal weakness. It 
pre ominantly a ects el erly men an  is associate  
with an elevate  erythrocyte se imentation rate an  
increase  CSF protein concentration. SCLC an  lym-
phoma are the primary tumors involve . Glucocorti-
coi s an  cyclophosphami e o en result in neurologic 
improvement.
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729Peripheral nerve hyperexcitability (neuromyotonia, or 
Isaacs’ syndrome) is characterize  by spontaneous an  
continuous muscle  ber activity o  peripheral nerve 
origin. Clinical  eatures inclu e cramps, muscle twitch-
ing ( asciculations or myokymia), sti ness,  elaye  
muscle relaxation (pseu omyotonia), an  spontaneous 
or evoke  carpal or pe al spasms. T e involve  muscles 
may be hypertrophic, an  some patients  evelop par-
esthesias an  hyperhi rosis. CNS  ys unction, inclu -
ing moo  changes, sleep  isor er, hallucinations, an  
autonomic symptoms may occur. T e electromyogram 
(EMG) shows  brillations;  asciculations; an   oublet, 
triplet, or multiplet single-unit (myokymic)  ischarges 
that have a high intraburst  requency. Some patients 
have Caspr2 antibo ies in the context o  Morvan’s syn-
 rome, but most cases o  isolate  neuromyotonia are 
antibo y negative. T e  isor er o en occurs without 
cancer; i  paraneoplastic, benign an  malignant thymo-
mas an  SCLC are the usual tumors. Phenytoin, carba-
mazepine, an  plasma exchange improve symptoms.

Paraneoplastic autonomic neuropathy usually  evel-
ops as a component o  other  isor ers, such as LEMS an  
encephalomyelitis. It may rarely occur as a pure or pre om-
inantly autonomic neuropathy with cholinergic or a rener-
gic  ys unction at the pre- or postganglionic levels. Patients 
can  evelop several li e-threatening complications, such as 
gastrointestinal paresis with pseu o-obstruction, car iac 
 ysrhythmias, an  postural hypotension. Other clinical 
 eatures inclu e abnormal pupillary responses,  ry mouth, 
anhi rosis, erectile  ys unction, an  problems in sphinc-
ter control. T e  isor er occurs in association with several 
tumors, inclu ing SCLC, cancer o  the pancreas or testis, 
carcinoi  tumors, an  lymphoma. Because autonomic 
symptoms can be the presenting  eature o  encephalomyeli-
tis, serum anti-Hu an  anti-CRMP5 antibo ies shoul  be 
sought. Antibo ies to ganglionic (alpha3-type) neuronal 
acetylcholine receptors are the cause o  autoimmune auto-
nomic ganglionopathy, a  isor er that  requently occurs 
without cancer association.

Patients with this syn rome  evelop myalgias an  
rapi  progression o  weakness involving the extremi-
ties an  the pharyngeal an  respiratory muscles, o en 
resulting in  eath. Serum muscle enzymes are elevate , 
an  muscle biopsy shows extensive necrosis with mini-
mal or absent in ammation an  sometimes  eposits o  
complement. T e  isor er occurs as a paraneoplastic 
mani estation o  a variety o  cancers inclu ing SCLC 
an  cancer o  the gastrointestinal tract, breast, ki -
ney, an  prostate, among others. Glucocorticoi s an  
treatment o  the un erlying tumor rarely control the 
 isor er.

PARANEOPLASTIC VISUAL SYNDROMES
T is group o   isor ers involves the retina an , less  re-
quently, the uvea an  optic nerves. T e term cancer-
associated retinopathy is use  to  escribe paraneoplastic 
cone an  ro   ys unction characterize  by photosen-
sitivity, progressive loss o  vision an  color perception, 
central or ring scotomas, night blin ness, an  attenua-
tion o  photopic an  scotopic responses in the electroret-
inogram (ERG). T e most commonly associate  tumor is 
SCLC. Melanoma-associate  retinopathy a ects patients 
with metastatic cutaneous melanoma. Patients  evelop 
acute onset o  night blin ness an  shimmering,  icker-
ing, or pulsating photopsias that o en progress to visual 
loss. T e ERG shows re uce  b waves with normal  ark 
a apte  a waves. Paraneoplastic optic neuritis an  uveitis 
are very uncommon an  can  evelop in association with 
encephalomyelitis. Some patients with paraneoplastic 
uveitis an  optic neuritis have anti-CRMP5 antibo ies.

Some paraneoplastic retinopathies are associate  with 
serum antibo ies that speci cally react with the sub-
set o  retinal cells un ergoing  egeneration, supporting 
an immune-me iate  pathogenesis ( able  55-2). Para-
neoplastic retinopathies usually  ail to improve with 
treatment, although rare responses to glucocorticoi s, 
plasma exchange, an  IVIg have been reporte .
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Emergencies in patients with cancer may be classi ed into 
three groups: pressure or obstruction caused by a space-
occupying lesion, metabolic or hormonal problems (para-
neoplastic syndromes, Chap. 54), and treatment-related 
complications.

STRUCTURAL-OBSTRUCTIVE 
ONCOLOGIC EMERGENCIES

SUPERIOR VENA CAVA SYNDROME
Superior vena cava syndrome (SVCS) is the clinical 
mani estation o  superior vena cava (SVC) obstruc-
tion, with severe reduction in venous return  rom the 
head, neck, and upper extremities. Malignant tumors, 
such as lung cancer, lymphoma, and metastatic tumors, 
are responsible  or the majority o  SVCS cases. With 
the expanding use o  intravascular devices (e.g., per-
manent central venous access catheters, pacemaker/
de brillator leads), the prevalence o  benign causes o  
SVCS is increasing now, accounting  or at least 40% o  
cases. Lung cancer, particularly o  small-cell and squa-
mous cell histologies, accounts  or approximately 85% 
o  all cases o  malignant origin. In young adults, malig-
nant lymphoma is a leading cause o  SVCS. Hodgkin’s 
lymphoma involves the mediastinum more commonly 
than other lymphomas but rarely causes SVCS. When 
SVCS is noted in a young man with a mediastinal mass, 
the di erential diagnosis is lymphoma versus primary 
mediastinal germ cell tumor. Metastatic cancers to the 
mediastinal lymph nodes, such as testicular and breast 
carcinomas, account  or a small proportion o  cases. 
Other causes include benign tumors, aortic aneurysm, 
thyromegaly, thrombosis, and  brosing mediastinitis 
 rom prior irradiation, histoplasmosis, or Behçet’s syn-
drome. SVCS as the initial mani estation o  Behçet’s 
syndrome may be due to in ammation o  the SVC 
associated with thrombosis.

ONCOLOGIC EMERGENCIES

CHAP TER 5 6

Patients with SVCS usually present with neck and 
 acial swelling (especially around the eyes), dyspnea, 
and cough. Other symptoms include hoarseness, 
tongue swelling, headaches, nasal congestion, epistaxis, 
hemoptysis, dysphagia, pain, dizziness, syncope, and 
lethargy. Bending  orward or lying down may aggra-
vate the symptoms. T e characteristic physical  ndings 
are dilated neck veins; an increased number o  col-
lateral veins covering the anterior chest wall; cyanosis; 
and edema o  the  ace, arms, and chest. Facial swelling 
and plethora are typically exacerbated when the patient 
is supine. More severe cases include proptosis, glos-
sal and laryngeal edema, and obtundation. T e clinical 
picture is milder i  the obstruction is located above the 
azygos vein. Symptoms are usually progressive, but in 
some cases, they may improve as collateral circulation 
develops.

Signs and symptoms o  cerebral and/or laryngeal 
edema, though rare, are associated with a poorer prog-
nosis and require urgent evaluation. Seizures are more 
likely related to brain metastases than to cerebral 
edema  rom venous occlusion. Patients with small-cell 
lung cancer and SVCS have a higher incidence o  brain 
metastases than those without SVCS.

Cardiorespiratory symptoms at rest, particularly with 
positional changes, suggest signi cant airway and vascular 
obstruction and limited physiologic reserve. Cardiac arrest 
or respiratory  ailure can occur, particularly in patients 
receiving sedatives or undergoing general anesthesia.

Rarely, esophageal varices may develop. T ese are 
“downhill” varices based on the direction o  blood  ow 
 rom cephalad to caudad (in contrast to “uphill” varices 
associated with caudad to cephalad  ow  rom portal 
hypertension). I  the obstruction to the SVC is proximal 
to the azygous vein, varices develop in the upper one-
third o  the esophagus. I  the obstruction involves or 
is distal to the azygous vein, varices occur in the entire 
length o  the esophagus. Variceal bleeding may be a late 
complication o  chronic SVCS.
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733Superior vena cava obstruction may lead to bilateral 
breast edema with bilateral enlarged breast. Unilateral 
breast dilatation may be seen as a consequence o  axil-
lary or subclavian vein blockage.

T e diagnosis o  SVCS is a clinical one. T e most 
signi cant chest radiographic  nding is widening o  the 
superior mediastinum, most commonly on the right 
side. Pleural e usion occurs in only 25% o  patients, 
o en on the right side. T e majority o  these e usions 
are exudative and occasionally chylous. However, a 
normal chest radiograph is still compatible with the 
diagnosis i  other characteristic  ndings are present. 
Computed tomography (C ) provides the most reli-
able view o  the mediastinal anatomy. T e diagnosis 
o  SVCS requires diminished or absent opaci cation 
o  central venous structures with prominent collat-
eral venous circulation. Magnetic resonance imaging 
(MRI) has no advantages over C . Invasive procedures, 
including bronchoscopy, percutaneous needle biopsy, 
mediastinoscopy, and even thoracotomy, can be per-
 ormed by a skilled clinician without any major risk 
o  bleeding. Endobronchial or esophageal ultrasound-
guided needle aspiration may establish the diagno-
sis sa ely. For patients with a known cancer, a detailed 
workup usually is not necessary, and appropriate treat-
ment may be started a er obtaining a C  scan o  the 
thorax. For those with no history o  malignancy, a 
detailed evaluation is essential to rule out benign 
causes and determine a speci c diagnosis to direct the 
appropriate therapy.

TREATMENT Superior Vena Cava Syndrome

T e one potentially li e-threatening complication o  a supe-
rior mediastinal mass is tracheal obstruction. Upper airway 
obstruction demands emergent therapy. Diuretics with a low-
salt diet, head elevation, and oxygen may produce temporary 
symptomatic relie . Glucocorticoids may be use ul at shrink-
ing lymphoma masses; they are o  no bene t in patients with 
lung cancer.

Radiation therapy is the primary treatment  or SVCS 
caused by non-small-cell lung cancer and other metastatic 
solid tumors. Chemotherapy is e ective when the underly-
ing cancer is small-cell carcinoma o  the lung, lymphoma, 
or germ cell tumor. SVCS recurs in 10–30% o  patients; it 
may be palliated with the use o  intravascular sel -expand-
ing stents (Fig. 56-1). Early stenting may be necessary in 
patients with severe symptoms; however, the prompt increase 
in venous return a er stenting may precipitate heart  ailure 
and pulmonary edema. Other complications o  stent place-
ment include hematoma at the insertion site, SVC per ora-
tion, stent migration in the right ventricle, stent  racture, and 
pulmonary embolism. Surgery may provide immediate relie  
 or patients in whom a benign process is the cause.

Clinical improvement occurs in most patients, although 
this improvement may be due to the development o  ade-
quate collateral circulation. T e mortality associated with 
SVCS does not relate to caval obstruction but rather to the 
underlying cause.

SVCS AND CENTRAL VENOUS CATHETERS IN ADULTS T e use o  long-
term central venous catheters has become common practice 
in patients with cancer. Major vessel thrombosis may occur. 
In these cases, catheter removal should be combined with 
anticoagulation to prevent embolization. SVCS in this set-
ting, i  detected early, can be treated by  brinolytic therapy 
without sacri cing the catheter. T e routine use o  low-dose 
war arin or low-molecular-weight heparin to prevent throm-
bosis related to permanent central venous access catheters in 
cancer patients is not recommended.

PERICARDIAL EFFUSION/TAMPONADE
Malignant pericardial disease is  ound at autopsy in 
5–10% o  patients with cancer, most  requently with 
lung cancer, breast cancer, leukemias, and lympho-
mas. Cardiac tamponade as the initial presentation 
o  extrathoracic malignancy is rare. T e origin is not 
malignancy in about 50% o  cancer patients with symp-
tomatic pericardial disease, but it can be related to 
irradiation, drug-induced pericarditis, hypothyroid-
ism, idiopathic pericarditis, in ection, or autoimmune 
diseases.  wo types o  radiation pericarditis occur: an 
acute in ammatory, e usive pericarditis occurring 
within months o  irradiation, which usually resolves 
spontaneously, and a chronic e usive pericarditis that 
may appear up to 20 years a er radiation therapy and is 
accompanied by a thickened pericardium.

Most patients with pericardial metastasis are asymp-
tomatic. However, the common symptoms are dyspnea, 
cough, chest pain, orthopnea, and weakness. Pleural 
e usion, sinus tachycardia, jugular venous distention, 
hepatomegaly, peripheral edema, and cyanosis are the 
most  requent physical  ndings. Relatively speci c diag-
nostic  ndings, such as paradoxical pulse, diminished 
heart sounds, pulsus alternans (pulse waves alternating 
between those o  greater and lesser amplitude with suc-
cessive beats), and  riction rub are less common than 
with nonmalignant pericardial disease. Chest radio-
graphs and electrocardiogram (ECG) reveal abnormali-
ties in 90% o  patients, but hal  o  these abnormalities 
are nonspeci c. Echocardiography is the most help ul 
diagnostic test. Pericardial  uid may be serous, sero-
sanguineous, or hemorrhagic, and cytologic examina-
tion o  pericardial  uid is diagnostic in most patients. 
Measurements o  tumor markers in the pericardial  uid 
are not help ul in the diagnosis o  malignant pericardial 
 uid. Pericardioscopy (not widely available) with tar-
geted pericardial and epicardial biopsy may di erentiate 
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A B

C

FIGURE 56-1
Superior vena cava syndrome (SVCS). A. Chest radiographs 
o  a 59-year-old man with recurrent SVCS caused by non-
small-cell lung cancer showing right paratracheal mass 
with right pleural ef usion. B. Computed tomography 
o  same patient demonstrating obstruction o  the supe-
rior vena cava with thrombosis (arrow) by the lung cancer 
(square) and collaterals (arrowheads). C. Balloon angioplasty 
(arrowhead) with Wallstent (arrow) in same patient.

neoplastic and benign pericardial disease. A combina-
tion o  cytology, pericardial and epicardial biopsy, and 
guided pericardioscopy gives the best diagnostic yield. 
C  scan  ndings o  irregular pericardial thickening and 
mediastinal lymphadenopathy suggest this is a malig-
nant pericardial e usion. Cancer patients with peri-
cardial e usion containing malignant cells on cytology 
have a very poor survival, about 7 weeks.

TREATMENT Pericardial Ef usion/Tamponade

Pericardiocentesis with or without the introduction o  scle-
rosing agents, the creation o  a pericardial window, complete 
pericardial stripping, cardiac irradiation, or systemic chemo-
therapy are e ective treatments. Acute pericardial tamponade 

with li e-threatening hemodynamic instability requires 
immediate drainage o   uid. T is can be quickly achieved 
by pericardiocentesis. T e recurrence rate a er percutane-
ous catheter drainage is about 20%. Sclerotherapy (pericar-
dial instillation o  bleomycin, mitomycin C, or tetracycline) 
may decrease recurrences. Alternatively, subxiphoid pericar-
diotomy can be per ormed in 45 min under local anesthesia. 
T oracoscopic pericardial  enestration can be employed  or 
benign causes; however, 60% o  malignant pericardial e u-
sions recur a er this procedure. In a subset o  patients, drain-
age o  the pericardial e usion is paradoxically  ollowed by 
worsening hemodynamic instability. T is so-called “postop-
erative low cardiac output syndrome” occurs in up to 10% o  
patients undergoing surgical drainage and carries poor short-
term survival.
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735INTESTINAL OBSTRUCTION
Intestinal obstruction and reobstruction are common 
problems in patients with advanced cancer, particularly 
colorectal or ovarian carcinoma. However, other can-
cers, such as lung or breast cancer and melanoma, can 
metastasize within the abdomen, leading to intestinal 
obstruction. Metastatic disease  rom colorectal, ovar-
ian, pancreatic, gastric, and occasionally breast cancer 
can lead to peritoneal carcinomatosis, with in ltration 
o  the omentum and peritoneal sur ace, thus limiting 
bowel motility.  ypically, obstruction occurs at multiple 
sites in peritoneal carcinomatosis. Melanoma has a pre-
dilection to involve the small bowel; this involvement 
may be isolated, and resection may result in prolonged 
survival. Intestinal pseudoobstruction is caused by in l-
tration o  the mesentery or bowel muscle by tumor, 
involvement o  the celiac plexus, or paraneoplastic neu-
ropathy in patients with small-cell lung cancer. Para-
neoplastic neuropathy is associated with IgG antibodies 
reactive to neurons o  the myenteric and submucosal 
plexuses o  the jejunum and stomach. Ovarian cancer 
can lead to authentic luminal obstruction or to pseu-
doobstruction that results when circum erential inva-
sion o  a bowel segment arrests the  orward progression 
o  peristaltic contractions.

T e onset o  obstruction is usually insidious. Pain 
is the most common symptom and is usually colicky 
in nature. Pain can also be due to abdominal disten-
tion, tumor masses, or hepatomegaly. Vomiting can 
be intermittent or continuous. Patients with complete 
obstruction usually have constipation. Physical exami-
nation may reveal abdominal distention with tympany, 
ascites, visible peristalsis, high-pitched bowel sounds, 
and tumor masses. Erect plain abdominal  lms may 
reveal multiple air- uid levels and dilation o  the small 
or large bowel. Acute cecal dilation to >12–14 cm is 
considered a surgical emergency because o  the high 
likelihood o  rupture. C  scan is use ul in de ning the 
extent o  disease and the exact nature o  the obstruc-
tion and di erentiating benign  rom malignant causes 
o  obstruction in patients who have undergone surgery 
 or malignancy. Malignant obstruction is suggested by a 
mass at the site o  obstruction or prior surgery, adenop-
athy, or an abrupt transition zone and irregular bowel 
thickening at the obstruction site. Benign obstruc-
tion is more likely when C  shows mesenteric vascular 
changes, a large volume o  ascites, or a smooth transi-
tion zone and smooth bowel thickening at the obstruc-
tion site. In challenging patients with obstructive 
symptoms, particularly low-grade small-bowel obstruc-
tion (SBO), C  enteroclysis o en can help establish the 
diagnosis by providing distention o  small-bowel loops. 
In this technique, water-soluble contrast is in used 
through a nasoenteric tube into the duodenum or prox-
imal small bowel  ollowed by C  images. T e prognosis 

 or the patient with cancer who develops intestinal 
obstruction is poor; median survival is 3–4 months. 
About 25–30% o  patients are  ound to have intestinal 
obstruction due to causes other than cancer. Adhesions 
 rom previous operations are a common benign cause. 
Ileus induced by vinca alkaloids, narcotics, or other 
drugs is another reversible cause.

TREATMENT Intestinal Obstruction

T e management o  intestinal obstruction in patients with 
advanced malignancy depends on the extent o  the underly-
ing malignancy, options  or  urther antineoplastic therapy, 
estimated li e expectancy, the  unctional status o  the major 
organs, and the extent o  the obstruction. T e initial man-
agement should include surgical evaluation. Operation is 
not always success ul and may lead to  urther complications 
with a substantial mortality rate (10–20%). Laparoscopy can 
diagnose and treat malignant bowel obstruction in some 
cases. Sel -expanding metal stents placed in the gastric out-
let, duodenum, proximal jejunum, colon, or rectum may 
palliate obstructive symptoms at those sites without major 
surgery. Patients known to have advanced intraabdominal 
malignancy should receive a prolonged course o  conser-
vative management, including nasogastric decompression. 
Percutaneous endoscopic or surgical gastrostomy tube place-
ment is an option  or palliation o  nausea and vomiting, the 
so-called “venting gastrostomy.”  reatment with antiemet-
ics, antispasmodics, and analgesics may allow patients to 
remain outside the hospital. Octreotide may relieve obstruc-
tive symptoms through its inhibitory e ect on gastrointesti-
nal secretion. Glucocorticoids have anti-in ammatory e ects 
and may help the resolution o  bowel obstruction. T ey also 
have antiemetic e ects.

URINARY OBSTRUCTION
Urinary obstruction may occur in patients with pros-
tatic or gynecologic malignancies, particularly cervical 
carcinoma; metastatic disease  rom other primary sites 
such as carcinomas o  the breast, stomach, lung, colon, 
and pancreas; or lymphomas. Radiation therapy to pel-
vic tumors may cause  brosis and subsequent ureteral 
obstruction. Bladder outlet obstruction is usually due to 
prostate and cervical cancers and may lead to bilateral 
hydronephrosis and renal  ailure.

Flank pain is the most common symptom. Persistent 
urinary tract in ection, persistent proteinuria, or hema-
turia in patients with cancer should raise suspicion o  
ureteral obstruction.  otal anuria and/or anuria alter-
nating with polyuria may occur. A slow, continuous 
rise in the serum creatinine level necessitates immedi-
ate evaluation. Renal ultrasound is the sa est and cheap-
est way to identi y hydronephrosis. T e  unction o  an 
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736 obstructed kidney can be evaluated by a nuclear scan. 
C  scan can reveal the point o  obstruction and identi y 
a retroperitoneal mass or adenopathy.

TREATMENT Urinary Obstruction

Obstruction associated with  ank pain, sepsis, or  stula  or-
mation is an indication  or immediate palliative urinary 
diversion. Internal ureteral stents can be placed under local 
anesthesia. Percutaneous nephrostomy o ers an alternative 
approach  or drainage. T e placement o  a nephrostomy is 
associated with a signi cant rate o  pyelonephritis. In the case 
o  bladder outlet obstruction due to malignancy, a suprapu-
bic cystostomy can be used  or urinary drainage. An aggres-
sive intervention with invasive approaches to improve the 
obstruction should be weighed against the likelihood o  anti-
tumor response, and the ability to reverse renal insuf ciency 
should be evaluated.

MALIGNANT BILIARY OBSTRUCTION
T is common clinical problem can be caused by a pri-
mary carcinoma arising in the pancreas, ampulla o  
Vater, bile duct, or liver or by metastatic disease to the 
periductal lymph nodes or liver parenchyma. T e most 
common metastatic tumors causing biliary obstruction 
are gastric, colon, breast, and lung cancers. Jaundice, 
light-colored stools, dark urine, pruritus, and weight 
loss due to malabsorption are usual symptoms. Pain 
and secondary in ection are uncommon in malignant 
biliary obstruction. Ultrasound, C  scan, or percuta-
neous transhepatic or endoscopic retrograde cholangi-
ography will identi y the site and nature o  the biliary 
obstruction.

TREATMENT Malignant Biliary Obstruction

Palliative intervention is indicated only in patients with dis-
abling pruritus resistant to medical treatment, severe malab-
sorption, or in ection. Stenting under radiographic control, 
surgical bypass, or radiation therapy with or without chemo-
therapy may alleviate the obstruction. T e choice o  therapy 
should be based on the site o  obstruction (proximal vs dis-
tal), the type o  tumor (sensitive to radiotherapy, chemother-
apy, or neither), and the general condition o  the patient. In 
the absence o  pruritus, biliary obstruction may be a largely 
asymptomatic cause o  death.

SPINAL CORD COMPRESSION
Malignant spinal cord compression (MSCC) is de ned 
as compression o  the spinal cord and/or cauda equina 
by an extradural tumor mass. T e minimum radiologic 

evidence  or cord compression is indentation o  the 
theca at the level o  clinical  eatures. Spinal cord com-
pression occurs in 5–10% o  patients with cancer. Epi-
dural tumor is the  rst mani estation o  malignancy in 
about 10% o  patients. T e underlying cancer is usually 
identi ed during the initial evaluation; lung cancer is 
the most common cause o  MSCC.

Metastatic tumor involves the vertebral column 
more o en than any other part o  the bony skeleton. 
Lung, breast, and prostate cancer are the most  requent 
o enders. Multiple myeloma also has a high incidence 
o  spine involvement. Lymphomas, melanoma, renal 
cell cancer, and genitourinary cancers also cause cord 
compression. T e thoracic spine is the most common 
site (70%),  ollowed by the lumbosacral spine (20%) 
and the cervical spine (10%). Involvement o  multiple 
sites is most  requent in patients with breast and pros-
tate carcinoma. Cord injury develops when metastases 
to the vertebral body or pedicle enlarge and compress 
the underlying dura. Another cause o  cord com-
pression is direct extension o  a paravertebral lesion 
through the intervertebral  oramen. T ese cases usually 
involve a lymphoma, myeloma, or pediatric neoplasm. 
Parenchymal spinal cord metastasis due to hematog-
enous spread is rare. Intramedullary metastases can be 
seen in lung cancer, breast cancer, renal cancer, mela-
noma, and lymphoma and are  requently associated 
with brain metastases and leptomeningeal disease.

Expanding extradural tumors induce injury 
through several mechanisms. Obstruction o  the epi-
dural venous plexus leads to edema. Local production 
o  in ammatory cytokines enhances blood  ow and 
edema  ormation. Compression compromises blood 
 ow, leading to ischemia. Production o  vascular endo-
thelial growth  actor is associated with spinal cord 
hypoxia and has been implicated as a potential cause o  
damage a er spinal cord injury.

T e most common initial symptom in patients with 
spinal cord compression is localized back pain and 
tenderness due to involvement o  vertebrae by tumor. 
Pain is usually present  or days or months be ore other 
neurologic  ndings appear. It is exacerbated by move-
ment and by coughing or sneezing. It can be di eren-
tiated  rom the pain o  disk disease by the  act that it 
worsens when the patient is supine. Radicular pain 
is less common than localized back pain and usually 
develops later. Radicular pain in the cervical or lum-
bosacral areas may be unilateral or bilateral. Radicu-
lar pain  rom the thoracic roots is o en bilateral and 
is described by patients as a  eeling o  tight, band-like 
constriction around the thorax and abdomen.  ypi-
cal cervical radicular pain radiates down the arm; 
in the lumbar region, the radiation is down the legs. 
Lhermitte’s sign, a tingling or electric sensation down 
the back and upper and lower limbs upon  exing 
or extending the neck, may be an early sign o  cord 
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737compression. Loss o  bowel or bladder control may be 
the presenting symptom but usually occurs late in the 
course. Occasionally patients present with ataxia o  
gait without motor and sensory involvement due to 
involvement o  the spinocerebellar tract.

On physical examination, pain induced by straight 
leg raising, neck  exion, or vertebral percussion may 
help to determine the level o  cord compression. 
Patients develop numbness and paresthesias in the 
extremities or trunk. Loss o  sensibility to pinprick is as 
common as loss o  sensibility to vibration or position. 
T e upper limit o  the zone o  sensory loss is o en one 
or two vertebrae below the site o  compression. Motor 
 ndings include weakness, spasticity, and abnormal 
muscle stretching. An extensor plantar re ex re ects 
signi cant compression. Deep tendon re exes may be 
brisk. Motor and sensory loss usually precedes sphinc-
ter disturbance. Patients with autonomic dys unction 
may present with decreased anal tonus, decreased peri-
neal sensibility, and a distended bladder. T e absence 
o  the anal wink re ex or the bulbocavernosus re ex 
con rms cord involvement. In doubt ul cases, evalu-
ation o  postvoiding urinary residual volume can be 
help ul. A residual volume o  >150 mL suggests bladder 
dys unction. Autonomic dys unction is an un avorable 
prognostic  actor. Patients with progressive neurologic 
symptoms should have  requent neurologic examina-
tions and rapid therapeutic intervention. Other illnesses 
that may mimic cord compression include osteoporotic 
vertebral collapse, disk disease, pyogenic abscess or ver-
tebral tuberculosis, radiation myelopathy, neoplastic 
leptomeningitis, benign tumors, epidural hematoma, 
and spinal lipomatosis.

Cauda equina syndrome is characterized by low 
back pain; diminished sensation over the buttocks, 
posterior-superior thighs, and perineal area in a saddle 
distribution; rectal and bladder dys unction; sexual 
impotence; absent bulbocavernous, patellar, and Achil-
les’ re exes; and variable amount o  lower-extremity 
weakness. T is re ects compression o  nerve roots 
as they  orm the cauda equina a er leaving the spinal 
cord. T e majority o  cauda equine tumors are primary 
tumors o  glial or nerve sheath origin; metastases are 
very rare.

Patients with cancer who develop back pain should 
be evaluated  or spinal cord compression as quickly as 
possible (Fig. 56-2).  reatment is more o en success ul 
in patients who are ambulatory and still have sphinc-
ter control at the time treatment is initiated. Patients 
should have a neurologic examination and plain  lms 
o  the spine. T ose whose physical examination sug-
gests cord compression should receive dexamethasone 
(6 mg intravenously every 6 h), starting immediately.

Erosion o  the pedicles (the “winking owl” sign) is 
the earliest radiologic  nding o  vertebral tumor. Other 
radiographic changes include increased intrapedicular 

distance, vertebral destruction, lytic or sclerotic lesions, 
scalloped vertebral bodies, and vertebral body collapse. 
Vertebral collapse is not a reliable indicator o  the pres-
ence o  tumor; about 20% o  cases o  vertebral collapse, 
particularly those in older patients and postmenopausal 
women, are due not to cancer but to osteoporosis. Also, 
a normal appearance on plain  lms o  the spine does 
not exclude the diagnosis o  cancer. T e role o  bone 
scans in the detection o  cord compression is not clear; 
this method is sensitive but less speci c than spinal 
radiography.

T e  ull-length image o  the cord provided by MRI 
is the imaging procedure o  choice. Multiple epidural 
metastases are noted in 25% o  patients with cord 
compression, and their presence in uences treatment 
plans. On  1-weighted images, good contrast is noted 
between the cord, cerebrospinal  uid, and extradu-
ral lesions. Owing to its sensitivity in demonstrating 
the replacement o  bone marrow by tumor, MRI can 
show which parts o  a vertebra are involved by tumor. 
MRI also visualizes intraspinal extradural masses com-
pressing the cord.  2-weighted images are most use-
 ul  or the demonstration o  intramedullary pathology. 
Gadolinium-enhanced MRI can help to delineate intra-
medullary disease. MRI is as good as or better than 
myelography plus postmyelogram C  scan in detect-
ing metastatic epidural disease with cord compression. 
Myelography should be reserved  or patients who have 
poor MRIs or who cannot undergo MRI promptly. C  
scan in conjunction with myelography enhances the 
detection o  small areas o  spinal destruction.

In patients with cord compression and an unknown 
primary tumor, a simple workup including chest radi-
ography, mammography, measurement o  prostate-
speci c antigen, and abdominal C  usually reveals the 
underlying malignancy.

TREATMENT Spinal Cord Compression

T e treatment o  patients with spinal cord compression is 
aimed at relie  o  pain and restoration/preservation o  neuro-
logic  unction (Fig. 56-2). Management o  MSCC requires a 
multidisciplinary approach.

Radiation therapy plus glucocorticoids is generally the 
initial treatment o  choice  or most patients with spinal cord 
compression. Up to 75% o  patients treated when still ambu-
latory remain ambulatory, but only 10% o  patients with 
paraplegia recover walking capacity. Indications  or surgi-
cal intervention include unknown etiology,  ailure o  radia-
tion therapy, a radioresistant tumor type (e.g., melanoma or 
renal cell cancer), pathologic  racture dislocation, and rap-
idly evolving neurologic symptoms. Laminectomy is done  or 
tissue diagnosis and  or the removal o  posteriorly localized 
epidural deposits in the absence o  vertebral body disease. 
Because most cases o  epidural spinal cord compression are 
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738

due to anterior or anterolateral extradural disease, resection 
o  the anterior vertebral body along with the tumor,  ollowed 
by spinal stabilization, has achieved good results. A random-
ized trial showed that patients who underwent an operation 
 ollowed by radiotherapy (within 14 days) retained the abil-
ity to walk signi cantly longer than those treated with radio-
therapy alone. Surgically treated patients also maintained 
continence and neurologic  unction signi cantly longer than 
patients in the radiation group. T e length o  survival was 
not signi cantly di erent in the two groups, although there 
was a trend toward longer survival in the surgery group. 
T e study drew some criticism  or the poorer than expected 
results in the patients who did not go to surgery. T e bene t 
o  surgery over radiotherapy decreased in patients over age 
65 years. However, patients should be evaluated  or surgery i  
they are expected to survive longer than 3 months. Conven-
tional radiotherapy has a role a er surgery. Chemotherapy 
may have a role in patients with chemosensitive tumors who 
have had prior radiotherapy to the same region and who are 
not candidates  or surgery. Most patients with prostate cancer 
who develop cord compression have already had hormonal 
therapy; however,  or those who have not, androgen depriva-
tion is combined with surgery and radiotherapy. Patients who 

previously received radiotherapy  or MSCC with an in- eld 
tumor progression can be treated with reirradiation i  they 
are not surgical candidates.

Patients with metastatic vertebral tumors may bene t 
 rom percutaneous vertebroplasty or kyphoplasty, the injec-
tion o  acrylic cement into a collapsed vertebra to stabilize 
the  racture. Pain palliation is common, and local antitumor 
e ects have been noted. Cement leakage may cause symp-
toms in about 10% o  patients. Bisphosphonates may be help-
 ul in prevention o  SCC in patients with bony involvement.

T e histology o  the tumor is an important determinant o  
both recovery and survival. Rapid onset and progression o  
signs and symptoms are poor prognostic  eatures.

INCREASED INTRACRANIAL PRESSURE
About 25% o  patients with cancer die with intracra-
nial metastases. T e cancers that most o en metas-
tasize to the brain are lung and breast cancers and 
melanoma. Brain metastases o en occur in the pres-
ence o  systemic disease, and they  requently cause 
major symptoms, disability, and early death. T e ini-
tial presentation o  brain metastases  rom a previously 

Symptomatic therapy

Back pa in

Neurologic exam

Pla in spine  x-ray

High-dose
dexamethasone

MRI of spine

Bone  metas tases  but
no epidura l metas tases

Symptomatic therapy ±
radia tion therapy

Epidura l metas tases  No metas tases

Surgery followed by
radia tion therapy or
radia tion therapy a lone

Symptomatic therapy

Pain crescendo pa tte rn
Lhermitte ’s  s ign
Pain aggravated with cough,
Valsa lva , and recumbency

Abnormal

Normal

Normal Suspicious  for
myelopa thy

FIGURE 56 -2
Man ag em ent  o f can ce r p a t ien ts with  b ack p a in .
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739unknown primary cancer is common. Lung cancer is 
most commonly the primary malignancy. Chest/abdo-
men C  scans and brain MRI as the initial diagnostic 
studies can identi y a biopsy site in most patients.

T e signs and symptoms o  a metastatic brain 
tumor are similar to those o  other intracranial 
expanding lesions: headache, nausea, vomiting, behav-
ioral changes, seizures, and  ocal, progressive neu-
rologic changes. Occasionally the onset is abrupt, 
resembling a stroke, with the sudden appearance o  
headache, nausea, vomiting, and neurologic de cits. 
T is picture is usually due to hemorrhage into the 
metastasis. Melanoma, germ cell tumors, and renal cell 
cancers have a particularly high incidence o  intracra-
nial bleeding. T e tumor mass and surrounding edema 
may cause obstruction o  the circulation o  cerebro-
spinal  uid, with resulting hydrocephalus. Patients 
with increased intracranial pressure may have pap-
illedema with visual disturbances and neck sti ness. 
As the mass enlarges, brain tissue may be displaced 
through the  xed cranial openings, producing various 
herniation syndromes.

C  scan and MRI are equally e ective in the diag-
nosis o  brain metastases. C  scan with contrast should 
be used as a screening procedure. T e C  scan shows 
brain metastases as multiple enhancing lesions o  vari-
ous sizes with surrounding areas o  low-density edema. 
I  a single lesion or no metastases are visualized by 
contrast-enhanced C , MRI o  the brain should be per-
 ormed. Gadolinium-enhanced MRI is more sensitive 
than C  at revealing meningeal involvement and small 
lesions, particularly in the brainstem or cerebellum.

Intracranial hypertension (“pseudotumor cerebri”) 
secondary to tretinoin therapy has been reported.

TREATMENT Increased Intracranial Pressure

Dexamethasone is the best initial treatment  or all symptom-
atic patients with brain metastases. Patients with multiple 
lesions should usually receive whole-brain radiation. Patients 
with a single brain metastasis and with controlled extracra-
nial disease may be treated with surgical excision  ollowed by 
whole-brain radiation therapy, especially i  they are younger 
than 60 years. Radioresistant tumors should be resected i  
possible. Stereotactic radiosurgery (SRS) is recommended 
in patients with a limited number o  brain metastases (one 
to  our) who have stable, systemic disease or reasonable sys-
temic treatment options and  or patients who have a small 
number o  metastatic lesions in whom whole-brain radiation 
therapy has  ailed. With a gamma kni e or linear accelerator, 
multiple small, well-collimated beams o  ionizing radiation 
destroy lesions seen on MRI. Some patients with increased 
intracranial pressure associated with hydrocephalus may 
bene t  rom shunt placement. I  neurologic deterioration is 

not reversed with medical therapy, ventriculotomy to remove 
cerebrospinal  uid (CSF) or craniotomy to remove tumors or 
hematomas may be necessary.

NEOPLASTIC MENINGITIS
 umor involving the leptomeninges is a complication 
o  both primary central nervous system (CNS) tumors 
and tumors that metastasize to the CNS. T e incidence 
is estimated at 3–8% o  patients with cancer. Melanoma, 
breast and lung cancer, lymphoma (including AIDS-
associated), and acute leukemia are the most common 
causes. Synchronous intraparenchymal brain metastases 
are evident in 11–31% o  patients with neoplastic men-
ingitis. Leptomeningeal seeding is  requent in patients 
undergoing resection o  brain metastases or receiving 
stereotactic radiotherapy  or brain metastases.

Patients typically present with multi ocal neurologic 
signs and symptoms, including headache, gait abnor-
mality, mental changes, nausea, vomiting, seizures, back 
or radicular pain, and limb weakness. Signs include cra-
nial nerve palsies, extremity weakness, paresthesia, and 
decreased deep tendon re exes.

Diagnosis is made by demonstrating malignant 
cells in the CSF; however, up to 40% o  patients may 
have  alse-negative CSF cytology. An elevated CSF 
protein level is nearly always present (except in 
H LV-1–associated adult   cell leukemia). Patients 
with neurologic signs and symptoms consistent with 
neoplastic meningitis who have a negative CSF cytol-
ogy but an elevated CSF protein level should have the 
spinal tap repeated at least three times  or cytologic 
examination be ore the diagnosis is rejected. MRI 
 ndings suggestive o  neoplastic meningitis include 
leptomeningeal, subependymal, dural, or cranial nerve 
enhancement; super cial cerebral lesions; intradu-
ral nodules; and communicating hydrocephalus. Spi-
nal cord imaging by MRI is a necessary component 
o  the evaluation o  nonleukemia neoplastic meningi-
tis because ~20% o  patients have cord abnormalities, 
including intradural enhancing nodules that are diag-
nostic  or leptomeningeal involvement. Cauda equina 
lesions are common, but lesions may be seen anywhere 
in the spinal canal. T e value o  MRI  or the diagno-
sis o  leptomeningeal disease is limited in patients with 
hematopoietic malignancy. Radiolabeled CSF  ow 
studies are abnormal in up to 70% o  patients with 
neoplastic meningitis; ventricular outlet obstruction, 
abnormal  ow in the spinal canal, or impaired  ow 
over the cerebral convexities may a ect distribution 
o  intrathecal chemotherapy, resulting in decreased 
ef cacy or increased toxicity. Radiation therapy may 
correct CSF  ow abnormalities be ore use o  intra-
thecal chemotherapy. Neoplastic meningitis can also 
lead to intracranial hypertension and hydrocephalus. 
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740 Placement o  a ventriculoperitoneal shunt may e ec-
tively palliate symptoms in these patients.

T e development o  neoplastic meningitis usu-
ally occurs in the setting o  uncontrolled cancer out-
side the CNS; thus, prognosis is poor (median survival 
10–12 weeks). However, treatment o  the neoplastic 
meningitis may success ully alleviate symptoms and 
control the CNS spread.

TREATMENT Neoplastic Meningitis

Intrathecal chemotherapy, usually methotrexate, cytarabine, 
or thiotepa, is delivered by lumbar puncture or by an intra-
ventricular reservoir (Ommaya). An extended-release prepa-
ration o  cytarabine (Depocyte) has a longer hal -li e and is 
more e ective than other  ormulations. Among solid tumors, 
breast cancer responds best to therapy. Epidermal growth  ac-
tor receptor (EGFR) tyrosine kinase inhibitors ( KIs) may be 
e ective in non-small-cell lung cancer patients with EGFR 
mutations and leptomeningeal involvement. Patients with 
neoplastic meningitis  rom either acute leukemia or lym-
phoma may be cured o  their CNS disease i  the systemic dis-
ease can be eliminated.

SEIZURES
Seizures occurring in a patient with cancer can be 
caused by the tumor itsel , by metabolic disturbances, 
by radiation injury, by cerebral in arctions, by chemo-
therapy-related encephalopathies, or by CNS in ections. 
Metastatic disease to the CNS is the most common 
cause o  seizures in patients with cancer. However, sei-
zures occur more  requently in primary brain tumors 
than in metastatic brain lesions. Seizures are a present-
ing symptom o  CNS metastasis in 6–29% o  cases. 
Approximately 10% o  patients with CNS metastasis 
eventually develop seizures.  umors that a ect the  ron-
tal, temporal, and parietal lobes are more commonly 
associated with seizures than are occipital lesions. T e 
presence o   rontal lesions correlates with early seizures, 
and the presence o  hemispheric symptoms increases 
the risk  or late seizures. Both early and late seizures 
are uncommon in patients with posterior  ossa and 
sellar lesions. Seizures are common in patients with 
CNS metastases  rom melanoma and low-grade pri-
mary brain tumors. Very rarely, cytotoxic drugs such 
as etoposide, busul an, i os amide, and chlorambu-
cil cause seizures. Another cause o  seizures related to 
drug therapy is reversible posterior leukoencephalopa-
thy syndrome (RPLS). RPLS is associated rarely with 
administration o  cisplatin, 5- uorouracil, bleomycin, 
vinblastine, vincristine, etoposide, paclitaxel, i os-
 amide, cyclophosphamide, doxorubicin, cytarabine, 
methotrexate, oxaliplatin, cyclosporine, tacrolimus, and 

vascular endothelial growth  actor inhibitors including 
bevacizumab, a ibercept, sunitinib, sora enib, pazo-
panib, and axitinib. RPLS occurs in patients undergoing 
allogeneic bone marrow or solid-organ transplantation. 
RPLS is characterized by headache, altered conscious-
ness, generalized seizures, visual disturbances, hyper-
tension, and posterior cerebral white matter vasogenic 
edema on C /MRI. Seizures may begin  ocally but are 
typically generalized.

TREATMENT Seizures

Patients in whom seizures due to CNS metastases have been 
demonstrated should receive anticonvulsive treatment with 
phenytoin or levetiracetam. I  this is not e ective, valproic 
acid can be added. Prophylactic anticonvulsant therapy is 
not recommended. In postcraniotomy patients, prophylactic 
antiepileptic drugs should be withdrawn during the  rst week 
a er surgery. Most antiseizure medications including phe-
nytoin induce cytochrome P450 (CYP450), which alters the 
metabolism o  many antitumor agents, including irinotecan, 
taxanes, and etoposide as well as molecular targeted agents, 
including imatinib, ge tinib, erlotinib, tipi arnib, sora enib, 
sunitinib, temsirolimus, everolimus, and vemura enib. Leve-
tiracetam and topiramate are anticonvulsant agents not 
metabolized by the hepatic CYP450 system and do not alter 
the metabolism o  antitumor agents. T ey have become the 
pre erred drugs. Surgical resection and other antitumor treat-
ments such as radiotherapy and chemotherapy may improve 
seizure control.

PULMONARY AND INTRACEREBRAL 
LEUKOSTASIS
Hyperleukocytosis and the leukostasis syndrome 
associated with it is a potentially  atal complication 
o  acute leukemia (particularly myeloid leukemia) 
that can occur when the peripheral blast cell count is 
>100,000/mL. T e  requency o  hyperleukocytosis is 
5–13% in acute myeloid leukemia (AML) and 10–30% 
in acute lymphoid leukemia; however, leukostasis is rare 
in lymphoid leukemia. At such high blast cell counts, 
blood viscosity is increased, blood  ow is slowed by 
aggregates o  tumor cells, and the primitive myeloid 
leukemic cells are capable o  invading through the 
endothelium and causing hemorrhage. Brain and lung 
are most commonly a ected. Patients with brain leu-
kostasis may experience stupor, headache, dizziness, 
tinnitus, visual disturbances, ataxia, con usion, coma, 
or sudden death. On examination, papilledema, retinal 
vein distension, retinal hemorrhages, and  ocal de cit 
may be present. Administration o  600 cGy o  whole-
brain irradiation can protect against this complication 
and can be  ollowed by rapid institution o  antileukemic 
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741therapy. Hydroxyurea, 3–5 g, can rapidly reduce a high 
blast cell count while the accurate diagnostic workup 
is in progress. Pulmonary leukostasis may present as 
respiratory distress and hypoxemia, and progress to 
respiratory  ailure. Chest radiographs may be nor-
mal but usually show interstitial or alveolar in ltrates. 
Hyperleukocytosis rarely may cause acute leg ischemia, 
renal vein thrombosis, myocardial ischemia, bowel 
in raction, and priapism. Arterial blood gas results 
should be interpreted cautiously. Rapid consumption 
o  plasma oxygen by the markedly increased number o  
white blood cells can cause spuriously low arterial oxy-
gen tension. Pulse oximetry is the most accurate way o  
assessing oxygenation in patients with hyperleukocyto-
sis. Leukapheresis may be help ul in decreasing circulat-
ing blast counts.  reatment o  the leukemia can result in 
pulmonary hemorrhage  rom lysis o  blasts in the lung, 
called leukemic cell lysis pneumopathy. Intravascular 
volume depletion and unnecessary blood trans usions 
may increase blood viscosity and worsen the leukosta-
sis syndrome. Leukostasis is very rarely a  eature o  the 
high white cell counts associated with chronic lymphoid 
or chronic myeloid leukemia.

When acute promyelocytic leukemia is treated with 
di erentiating agents like tretinoin and arsenic trioxide, 
cerebral or pulmonary leukostasis may occur as tumor 
cells di erentiate into mature neutrophils. T is com-
plication can be largely avoided by using cytotoxic che-
motherapy or arsenic together with the di erentiating 
agents.

HEMOPTYSIS
Hemoptysis may be caused by nonmalignant condi-
tions, but lung cancer accounts  or a large proportion 
o  cases. Up to 20% o  patients with lung cancer have 
hemoptysis some time in their course. Endobronchial 
metastases  rom carcinoid tumors, breast cancer, colon 
cancer, kidney cancer, and melanoma may also cause 
hemoptysis. T e volume o  bleeding is o en dif cult to 
gauge. Massive hemoptysis is de ned as >200–600 mL 
o  blood produced in 24 h. However, any hemopty-
sis should be considered massive i  it threatens li e. 
When respiratory dif culty occurs, hemoptysis should 
be treated emergently. T e  rst priorities are to main-
tain the airway, optimize oxygenation, and stabilize the 
hemodynamic status. I  the bleeding side is known, the 
patient should be placed in a lateral decubitus posi-
tion, with the bleeding side down to prevent aspiration 
into the una ected lung, and given supplemental oxy-
gen. I  large-volume bleeding continues or the airway 
is compromised, the patient should be intubated and 
undergo emergency bronchoscopy. I  the site o  bleed-
ing is detected, either the patient undergoes a de ni-
tive surgical procedure or the lesion is treated with 

a neodymium:yttrium-aluminum-garnet (Nd:YAG) 
laser, argon plasma coagulation, or electrocautery. In 
stable patients, multidetector C  angiography delin-
eates bronchial and nonbronchial systemic arteries and 
identi es the source o  bleeding and underlying pathol-
ogy with high sensitivity. Massive hemoptysis usually 
originates  rom the high-pressure bronchial circulation. 
Bronchial artery embolization is considered a  rst-line 
de nite procedure  or managing hemoptysis. Bron-
chial artery embolization may control brisk bleeding in 
75–90% o  patients, permitting the de nitive surgical 
procedure to be done more sa ely.

Embolization without de nitive surgery is associ-
ated with rebleeding in 20–50% o  patients. Recurrent 
hemoptysis usually responds to a second embolization 
procedure. A postembolization syndrome character-
ized by pleuritic pain,  ever, dysphagia, and leukocytosis 
may occur; it lasts 5–7 days and resolves with symp-
tomatic treatment. Bronchial or esophageal wall necro-
sis, myocardial in arction, and spinal cord in arction 
are rare complications. Surgery, as a salvage strategy, is 
indicated a er  ailure o  embolization and is associated 
with better survival when per ormed in a nonurgent 
setting.

Pulmonary hemorrhage with or without hemop-
tysis in hematologic malignancies is o en associated 
with  ungal in ections, particularly Aspergillus sp. 
A er granulocytopenia resolves, the lung in ltrates in 
aspergillosis may cavitate and cause massive hemopty-
sis. T rombocytopenia and coagulation de ects should 
be corrected, i  possible. Surgical evaluation is recom-
mended in patients with aspergillosis-related cavitary 
lesions.

Bevacizumab, an antibody to vascular endothelial 
growth  actor (VEGF) that inhibits angiogenesis, has 
been associated with li e-threatening hemoptysis in 
patients with non-small-cell lung cancer, particularly 
o  squamous cell histology. Non-small-cell lung cancer 
patients with cavitary lesions or previous hemoptysis 
(≥2.5 mL) within the past 3 months have higher risk  or 
pulmonary hemorrhage.

AIRWAY OBSTRUCTION
Airway obstruction re ers to a blockage at the level o  
the mainstem bronchi or above. It may result either 
 rom intraluminal tumor growth or  rom extrinsic 
compression o  the airway. T e most common cause o  
malignant upper airway obstruction is invasion  rom 
an adjacent primary tumor, most commonly lung can-
cer,  ollowed by esophageal, thyroid, and mediastinal 
malignancies including lymphomas. Extrathoracic 
primary tumors such as renal, colon, or breast cancer 
can cause airway obstruction through endobronchial 
and/or mediastinal lymph node metastases. Patients 
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742 may present with dyspnea, hemoptysis, stridor, wheez-
ing, intractable cough, postobstructive pneumonia, or 
hoarseness. Chest radiographs usually demonstrate 
obstructing lesions. C  scans reveal the extent o  tumor. 
Cool, humidi ed oxygen, glucocorticoids, and ventila-
tion with a mixture o  helium and oxygen (Heliox) may 
provide temporary relie . I  the obstruction is proximal 
to the larynx, a tracheostomy may be li esaving. For 
more distal obstructions, particularly intrinsic lesions 
incompletely obstructing the airway, bronchoscopy 
with mechanical debulking and dilatation or ablational 
treatments including laser treatment, photodynamic 
therapy, argon plasma coagulation, electrocautery, or 
stenting can produce immediate relie  in most patients 
(Fig. 56-3). However, radiation therapy (either exter-
nal-beam irradiation or brachytherapy) given together 
with glucocorticoids may also open the airway. Symp-
tomatic extrinsic compression may be palliated by 
stenting. Patients with primary airway tumors such as 

FIGURE 56 -3
Airway ob st ru ct io n . A. Computed tomography scan o  a 
62-year-old man with tracheal obstruction caused by renal carci-
noma showing paratracheal mass with tracheal invasion/obstruc-
tion (arrow). B. Chest x-ray o  same patient a ter stent (arrows) 
placement.

squamous cell carcinoma, carcinoid tumor, adenocystic 
carcinoma, or non-small-cell lung cancer, i  resectable, 
should have surgery.

METABOLIC EMERGENCIES

HYPERCALCEMIA
Hypercalcemia is the most common paraneoplastic 
syndrome. Its pathogenesis and management are dis-
cussed fully in Chap. 54.

SYNDROME OF INAPPROPRIATE 
SECRETION OF ANTIDIURETIC HORMONE 
(SIADH)
Hyponatremia is a common electrolyte abnormality in 
cancer patients, and SIADH is the most common cause 
among patients with cancer. SIADH is discussed fully 
in Chap. 54.

LACTIC ACIDOSIS
Lactic acidosis is a rare and potentially  atal metabolic 
complication o  cancer. Lactic acidosis associated with 
sepsis and circulatory  ailure is a common pretermi-
nal event in many malignancies. Lactic acidosis in the 
absence o  hypoxemia may occur in patients with leuke-
mia, lymphoma, or solid tumors. In some cases, hypo-
glycemia also is present. Extensive involvement o  the 
liver by tumor is o en present. In most cases, decreased 
metabolism and increased production by the tumor both 
contribute to lactate accumulation.  umor cell overex-
pression o  certain glycolytic enzymes and mitochon-
drial dys unction can contribute to its increased lactate 
production. HIV-in ected patients have an increased risk 
o  aggressive lymphoma; lactic acidosis that occurs in 
such patients may be related either to the rapid growth 
o  the tumor or  rom toxicity o  nucleoside reverse tran-
scriptase inhibitors. Symptoms o  lactic acidosis include 
tachypnea, tachycardia, change o  mental status, and 
hepatomegaly. T e serum level o  lactic acid may reach 
10–20 mmol/L (90–180 mg/dL).  reatment is aimed at 
the underlying disease. T e danger  rom lactic acidosis 
is  rom the acidosis, not the lactate. Sodium bicarbonate 
should be added i  acidosis is very severe or i  hydrogen 
ion production is very rapid and uncontrolled. Other 
treatment options include renal replacement therapy, 
such as hemodialysis, and thiamine replacement. T e 
prognosis is poor regardless o  the treatment o ered.

HYPOGLYCEMIA
Persistent hypoglycemia is occasionally associated 
with tumors other than pancreatic islet cell tumors. 
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743Usually these tumors are large; tumors o  mesenchy-
mal origin, hepatomas, or adrenocortical tumors may 
cause hypoglycemia. Mesenchymal tumors are usually 
located in the retroperitoneum or thorax. Obtunda-
tion, con usion, and behavioral aberrations occur in 
the postabsorptive period and may precede the diag-
nosis o  the tumor. T ese tumors o en secrete incom-
pletely processed insulin-like growth  actor II (IGF-II), 
a hormone capable o  activating insulin receptors and 
causing hypoglycemia.  umors secreting incompletely 
processed big IGF-II are characterized by an increased 
IGF-II to IGF-I ratio, suppressed insulin and C-peptide 
level, and inappropriately low growth hormone and 
β-hydroxybutyrate concentrations. Rarely, hypoglyce-
mia is due to insulin secretion by a non-islet cell car-
cinoma. T e development o  hepatic dys unction  rom 
liver metastases and increased glucose consumption by 
the tumor can contribute to hypoglycemia. I  the tumor 
cannot be resected, hypoglycemia symptoms may be 
relieved by the administration o  glucose, glucocorti-
coids, or glucagon.

Hypoglycemia can be arti actual; hyperleukocyto-
sis  rom leukemia, myeloproli erative diseases, leuke-
moid reactions, or colony-stimulating  actor treatment 
can increase glucose consumption in the test tube a er 
blood is drawn, leading to pseudohypoglycemia.

ADRENAL INSUFFICIENCY
In patients with cancer, adrenal insuf ciency may go 
unrecognized because the symptoms, such as nausea, 
vomiting, anorexia, and orthostatic hypotension, are 
nonspeci c and may be mistakenly attributed to pro-
gressive cancer or to therapy. Primary adrenal insu -
 ciency may develop owing to replacement o  both 
glands by metastases (lung, breast, colon, or kidney 
cancer; lymphoma), to removal o  both glands, or to 
hemorrhagic necrosis in association with sepsis or 
anticoagulation. Impaired adrenal steroid synthesis 
occurs in patients being treated  or cancer with mito-
tane, ketoconazole, or aminoglutethimide or undergo-
ing rapid reduction in glucocorticoid therapy. Rarely, 
metastatic replacement causes primary adrenal insu -
 ciency as the  rst mani estation o  an occult malig-
nancy. Metastasis to the pituitary or hypothalamus 
is  ound at autopsy in up to 5% o  patients with can-
cer, but associated secondary adrenal insuf ciency is 
rare. On the other hand, ipilimumab, an anti-C LA-4 
antibody used  or treatment o  malignant melanoma, 
may cause autoimmunity including autoimmune-
like enterocolitis, hypophysitis, and hepatitis. Auto-
immune hypophysitis may present with headache, 
visual  eld de ects, and pituitary hormone de cien-
cies mani esting as hypopituitarism, adrenal insuf -
ciency (including adrenal crisis), or hypothyroidism. 

Anti-C LA-4-associated hypophysitis symptoms occur 
at an average o  6–12 weeks a er initiation o  ther-
apy. T e treatment o  severe autoimmune toxicity is 
glucocorticoids. Almost all patients with hypophy-
sitis respond to withdrawal o  ipilimumab and gluco-
corticoid therapy in several days. However, pituitary 
dys unction may resolve or may be permanent, requir-
ing long-term therapy and thyroid and testosterone 
replacement. Peripheral Addison’s disease can also be 
observed with anti-C LA-4 antibodies. Megestrol ace-
tate, used to manage cancer and HIV-related cachexia, 
may suppress plasma levels o  cortisol and adrenocor-
ticotropic hormone (AC H). Patients taking meges-
trol may develop adrenal insuf ciency, and even those 
whose adrenal dys unction is not symptomatic may 
have inadequate adrenal reserve i  they become seri-
ously ill. Paradoxically, some patients may develop 
Cushing’s syndrome and/or hyperglycemia because o  
the glucocorticoid-like activity o  megestrol acetate. 
Cranial irradiation  or childhood brain tumors may 
a ect the hypothalamus-pituitary-adrenal axis, result-
ing in secondary adrenal insuf ciency.

Acute adrenal insuf ciency is potentially lethal. 
 reatment o  suspected adrenal crisis is initiated a er 
the sampling o  serum cortisol and AC H levels.

TREATMENT-RELATED EMERGENCIES

TUMOR LYSIS SYNDROME
 umor lysis syndrome ( LS) is characterized by hyper-
uricemia, hyperkalemia, hyperphosphatemia, and 
hypocalcemia and is caused by the destruction o  a 
large number o  rapidly proli erating neoplastic cells. 
Acidosis may also develop. Acute renal  ailure occurs 
 requently.

 LS is most o en associated with the treatment o  
Burkitt’s lymphoma, acute lymphoblastic leukemia, and 
other rapidly proli erating lymphomas, but it also may 
be seen with chronic leukemias and, rarely, with solid 
tumors. T is syndrome has been seen in patients with 
chronic lymphocytic leukemia a er treatment with 
nucleosides like  udarabine.  LS has been observed 
with administration o  glucocorticoids, hormonal 
agents such as letrozole and tamoxi en, and monoclo-
nal antibodies such as rituximab and gemtuzumab.  LS 
usually occurs during or shortly (1–5 days) a er che-
motherapy. Rarely, spontaneous necrosis o  malignan-
cies causes  LS.

Hyperuricemia may be present at the time o  che-
motherapy. E ective treatment kills malignant cells and 
leads to increased serum uric acid levels  rom the turn-
over o  nucleic acids. Owing to the acidic local environ-
ment, uric acid can precipitate in the tubules, medulla, 
and collecting ducts o  the kidney, leading to renal 
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744  ailure. Lactic acidosis and dehydration may contrib-
ute to the precipitation o  uric acid in the renal tubules. 
T e  nding o  uric acid crystals in the urine is strong 
evidence  or uric acid nephropathy. T e ratio o  urinary 
uric acid to urinary creatinine is >1 in patients with 
acute hyperuricemic nephropathy and <1 in patients 
with renal  ailure due to other causes.

Hyperphosphatemia, which can be caused by the 
release o  intracellular phosphate pools by tumor lysis, 
produces a reciprocal depression in serum calcium, 
which causes severe neuromuscular irritability and 
tetany. Deposition o  calcium phosphate in the kidney 
and hyperphosphatemia may cause renal  ailure. Potas-
sium is the principal intracellular cation, and massive 
destruction o  malignant cells may lead to hyperkale-
mia. Hyperkalemia in patients with renal  ailure may 
rapidly become li e-threatening by causing ventricular 
arrhythmias and sudden death.

T e likelihood that  LS will occur in patients with 
Burkitt’s lymphoma is related to the tumor burden and 
renal  unction. Hyperuricemia and high serum levels 
o  lactate dehydrogenase (LDH >1500 U/L), both o  

which correlate with total tumor burden, also correlate 
with the risk o   LS. In patients at risk  or  LS, pre-
treatment evaluations should include a complete blood 
count, serum chemistry evaluation, and urine analy-
sis. High leukocyte and platelet counts may arti cially 
elevate potassium levels (“pseudohyperkalemia”) due 
to lysis o  these cells a er the blood is drawn. In these 
cases, plasma potassium instead o  serum potassium 
should be  ollowed. In pseudohyperkalemia, no elec-
trocardiographic abnormalities are present. In patients 
with abnormal baseline renal  unction, the kidneys and 
retroperitoneal area should be evaluated by sonography 
and/or C  to rule out obstructive uropathy. Urine out-
put should be watched closely.

TREATMENT Tumor Lysis Syndrome

Recognition o  risk and prevention are the most important 
steps in the management o  this syndrome (Fig. 56-4). T e 
standard preventive approach consists o  allopurinol, urinary 
alkalinization, and aggressive hydration. Urinary alkalization 

Serum uric acid >8 mg/dL
Serum crea tinine  >1.6 mg/dL

Mainta in hydra tion by adminis tra tion of normal or 1/2 normal sa line  a t 3000 mL/m2 per day
–/+ Keep urine  pH a t 7.0 or grea te r by adminis tra tion of sodium bicarbona te*
Adminis te r a llopurinol a t 300 mg/m2 per day
Monitor se rum chemis try

PREVENTION AND TREATMENT OF TUMOR LYSIS SYNDROME

If, a fte r 24–48 h

Serum uric acid >8 mg/dL
Serum crea tinine  >1.6 mg/dL

Correct trea table  rena l fa ilure
(obs truction)

Sta rt rasburicase  0.2 mg/kg
da ily

Serum uric acid ≤8.0 mg/dL
Serum crea tinine  ≤1.6 mg/dL

Urine  pH ≥7.0

Delay chemotherapy if
feas ible  or s ta rt hemodia lys is

± chemotherapy

Start chemotherapy
Discontinue  bicarbona te  adminis tra tion*
Monitor serum chemis try every 6–12 h

If se rum potass ium >6 meq/L
Serum uric acid >10 mg/dL
Serum crea tinine  >10 mg/dL
Serum phospha te  >10 mg/dL or increas ing
Symptomatic hypoca lcemia  present

Begin hemodia lys is

FIGURE 56 -4
Man ag em ent  o f p a t ien ts a t  h ig h  risk fo r th e  tu m or lysis syn d rom e. *See text.
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745with sodium bicarbonate is controversial. It increases uric 
acid solubility, but decreases calcium phosphate solubil-
ity. I  it is used, it should be discontinued when hyperphos-
phatemia develops. Intravenous allopurinol may be given 
in patients who cannot tolerate oral therapy. In some cases, 
uric acid levels cannot be lowered suf ciently with the stan-
dard preventive approach. Rasburicase (recombinant urate 
oxidase) can be e ective in these instances, particularly when 
renal  ailure is present. Urate oxidase is missing  rom pri-
mates and catalyzes the conversion o  poorly soluble uric acid 
to readily soluble allantoin. Rasburicase acts rapidly, decreas-
ing uric acid levels within hours; however, it may cause 
hypersensitivity reactions such as bronchospasm, hypoxemia, 
and hypotension. Rasburicase should also be administered to 
high-risk patients  or  LS prophylaxis. Rasburicase is con-
traindicated in patients with glucose-6-phosphate dehydro-
genase de ciency who are unable to break down hydrogen 
peroxide, an end product o  the urate oxidase reaction. Ras-
buricase is known to cause ex vivo enzymatic degradation o  
uric acid in test tube at room temperature. T is leads to spu-
riously low uric acid levels during laboratory monitoring o  
the patient with  LS. Samples must be cooled immediately to 
deactivate the urate oxidase. Despite aggressive prophylaxis, 
 LS and/or oliguric or anuric renal  ailure may occur. Care 
should be taken to prevent worsening o  symptomatic hypo-
calcemia by induction o  alkalosis during bicarbonate in u-
sion. Administration o  sodium bicarbonate may also lead 
to urinary precipitation o  calcium phosphate, which is less 
soluble at alkaline pH. Dialysis is o en necessary and should 
be considered early in the course. Hemodialysis is pre-
 erred. Hemo ltration o ers a gradual, continuous method 
o  removing cellular by-products and  uid. T e prognosis is 
excellent, and renal  unction recovers a er the uric acid level 
is lowered to ≤10 mg/dL.

HUMAN ANTIBODY INFUSION REACTIONS
T e initial in usion o  human or humanized anti-
bodies (e.g., rituximab, gemtuzumab, trastuzumab, 
alemtuzumab, panitumumab, brentuximab vedotin) 
is associated with  ever, chills, nausea, asthenia, and 
headache in up to hal  o  treated patients. Broncho-
spasm and hypotension occur in 1% o  patients. Severe 
mani estations including pulmonary in ltrates, acute 
respiratory distress syndrome, and cardiogenic shock 
occur rarely. Laboratory mani estations include elevated 
hepatic aminotrans erase levels, thrombocytopenia, 
and prolongation o  prothrombin time. T e patho-
genesis is thought to be activation o  immune e ec-
tor processes (cells and complement) and release o  
in ammatory cytokines, such as tumor necrosis  actor 
α, inter eron gamma, interleukin 6, and interleukin 10 
(cytokine release syndrome [CRS]). Although its ori-
gins are not completely understood, CRS is believed to 
be due to activation o  a variety o  cell types including 

monocytes/macrophages and   and B lymphocytes. 
Severe reactions  rom rituximab have occurred with 
high numbers (>50 × 109lymphocytes) o  circulating 
cells bearing the target antigen (CD20) and have been 
associated with a rapid  all in circulating tumor cells, 
mild electrolyte evidence o   LS, and very rarely, death. 
In addition, increased liver enzymes, D-dimer, and 
LDH and prolongation o  the prothrombin time may 
occur. Diphenhydramine, hydrocortisone, and acet-
aminophen can o en prevent or suppress the in usion-
related symptoms. I  they occur, the in usion is stopped 
and restarted at hal  the initial in usion rate a er the 
symptoms have abated. Severe CRS may require inten-
sive support  or acute respiratory distress syndrome 
(ARDS) and resistant hypotension.

HEMOLYTIC-UREMIC SYNDROME
Hemolytic-uremic syndrome (HUS) and, less com-
monly, thrombotic thrombocytopenic purpura (  P) 
may rarely occur a er treatment with antineoplastic 
drugs, including mitomycin, gemcitabine, cisplatin, 
and bleomycin, and with VEGF inhibitors. It occurs 
most o en in patients with gastric, lung, colorectal, 
pancreatic, and breast carcinoma. In one series, 35% o  
patients were without evident cancer at the time this 
syndrome appeared. Secondary HUS/  P has also 
been reported as a rare but sometimes  atal complica-
tion o  bone marrow transplantation.

HUS usually has its onset 4–8 weeks a er the last 
dose o  chemotherapy, but it is not rare to detect it sev-
eral months later. HUS is characterized by microan-
giopathic hemolytic anemia, thrombocytopenia, and 
renal  ailure. Dyspnea, weakness,  atigue, oliguria, and 
purpura are also common initial symptoms and  nd-
ings. Systemic hypertension and pulmonary edema  re-
quently occur. Severe hypertension, pulmonary edema, 
and rapid worsening o  hemolysis and renal  unction 
may occur a er a blood or blood product trans usion. 
Cardiac  ndings include atrial arrhythmias, pericardial 
 riction rub, and pericardial e usion. Raynaud’s phe-
nomenon is part o  the syndrome in patients treated 
with bleomycin.

Laboratory  ndings include severe to moderate ane-
mia associated with red blood cell  ragmentation and 
numerous schistocytes on peripheral smear. Reticu-
locytosis, decreased plasma haptoglobin, and an LDH 
level document hemolysis. T e serum bilirubin level is 
usually normal or slightly elevated. T e Coombs’ test 
is negative. T e white cell count is usually normal, and 
thrombocytopenia (<100,000/µL) is almost always pres-
ent. Most patients have a normal coagulation pro le, 
although some have mild elevations in thrombin time 
and in levels o   brin degradation products. T e serum 
creatinine level is elevated at presentation and shows a 
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746 pattern o  subacute worsening within weeks o  the ini-
tial azotemia. T e urinalysis reveals hematuria, pro-
teinuria, and granular or hyaline casts; and circulating 
immune complexes may be present.

T e basic pathologic lesion appears to be deposition 
o   brin in the walls o  capillaries and arterioles, and 
these deposits are similar to those seen in HUS due to 
other causes. T ese microvascular abnormalities involve 
mainly the kidneys and rarely occur in other organs. 
T e pathogenesis o  cancer treatment–related HUS 
is not completely understood, but probably the most 
important  actor is endothelial damage. Primary  orms 
o  HUS/  P are related to a decrease in processing o  
von Willebrand  actor by a protease called ADAM S13.

T e case  atality rate is high; most patients die within 
a  ew months. T ere is no consensus on the optimal 
treatment  or chemotherapy-induced HUS.  reat-
ment modalities  or HUS/  P including immuno-
complex removal (plasmapheresis, immunoadsorption, 
or exchange trans usion), antiplatelet/anticoagulant 
therapies, immunosuppressive therapies, and plasma 
exchange have varying degrees o  success. T e outcome 
with plasma exchange is generally poor, as in many 
other cases o  secondary   P. Rituximab is success ully 
used in patients with chemotherapy-induced HUS as 
well as in ADAM S13-de cient   P.

NEUTROPENIA AND INFECTION
T ese remain the most common serious complications o  
cancer therapy. T ey are covered in detail in Chap. 30.

PULMONARY INFILTRATES
Patients with cancer may present with dyspnea associ-
ated with di use interstitial in ltrates on chest radio-
graphs. Such in ltrates may be due to progression o  
the underlying malignancy, treatment-related toxicities, 
in ection, and/or unrelated diseases. T e cause may be 
multi actorial; however, most commonly they occur as 
a consequence o  treatment. In ltration o  the lung by 
malignancy has been described in patients with leu-
kemia, lymphoma, and breast and other solid cancers. 
Pulmonary lymphatics may be involved di usely by 
neoplasm (pulmonary lymphangitic carcinomatosis), 
resulting in a di use increase in interstitial markings 
on chest radiographs. T e patient is o en mildly dys-
pneic at the onset, but pulmonary  ailure develops over 
a period o  weeks. In some patients, dyspnea precedes 
changes on the chest radiographs and is accompanied 
by a nonproductive cough. T is syndrome is character-
istic o  solid tumors. In patients with leukemia, di use 
microscopic neoplastic peribronchial and peribronchio-
lar in ltration is  requent but may be asymptomatic. 
However, some patients present with di use interstitial 

in ltrates, an alveolar capillary block syndrome, and 
respiratory distress. In these situations, glucocorticoids 
can provide symptomatic relie , but speci c chemother-
apy should always be started promptly.

Several cytotoxic agents, such as bleomycin, metho-
trexate, busul an, nitrosoureas, gemcitabine, mito-
mycin, vinorelbine, docetaxel, paclitaxel,  udarabine, 
pentostatin, and i os amide may cause pulmonary dam-
age. T e most  requent presentations are interstitial 
pneumonitis, alveolitis, and pulmonary  brosis. Some 
cytotoxic agents, including methotrexate and procar-
bazine, may cause an acute hypersensitivity reaction. 
Cytosine arabinoside has been associated with noncar-
diogenic pulmonary edema. Administration o  multiple 
cytotoxic drugs, as well as radiotherapy and preexist-
ing lung disease, may potentiate the pulmonary toxic-
ity. Supplemental oxygen may potentiate the e ects 
o  drugs and radiation injury. Patients should always 
be managed with the lowest FIO2 that is suf cient to 
maintain hemoglobin saturation.

T e onset o  symptoms may be insidious, with symp-
toms including dyspnea, nonproductive cough, and 
tachycardia. Patients may have bibasilar crepitant rales, 
end-inspiratory crackles,  ever, and cyanosis. T e chest 
radiograph generally shows an interstitial and some-
times an intraalveolar pattern that is strongest at the 
lung bases and may be symmetric. A small e usion 
may occur. Hypoxemia with decreased carbon monox-
ide di using capacity is always present. Glucocorticoids 
may be help ul in patients in whom pulmonary toxic-
ity is related to radiation therapy or to chemotherapy. 
 reatment is otherwise supportive.

Molecular targeted agents, imatinib, erlotinib, and 
ge tinib are potent inhibitors o  tyrosine kinases. T ese 
drugs may cause interstitial lung disease (ILD). In the 
case o  ge tinib, preexisting  brosis, poor per ormance 
status, and prior thoracic irradiation are independent 
risk  actors; this complication has a high  atality rate. In 
Japan, incidence o  interstitial lung disease associated 
with ge tinib was about 4.5% compared to 0.5% in the 
United States.  emsirolimus and everolimus, both esters 
a derivative o  rapamycin, are agents that block the e ects 
o  mammalian target o  rapamycin (m OR), an enzyme 
that has an important role in regulating the synthesis o  
proteins that control cell division. It may cause ground-
glass opacities in the lung with or without di use intersti-
tial disease and lung parenchymal consolidation. Patients 
may be asymptomatic with only radiologic  ndings or 
may be symptomatic. Symptoms include cough, dyspnea, 
and/or hypoxemia, and sometimes patients present with 
systemic symptoms such as  ever and  atigue. T e inci-
dence o  everolimus-induced interstitial lung disease 
also appears to be higher in Japanese patients.  reatment 
includes dose reduction or withdrawal and, in some 
cases, the addition o  glucocorticoids.
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747Radiation pneumonitis and/or  brosis is a relatively 
 requent side e ect o  thoracic radiation therapy. It may 
be acute or chronic. Radiation-induced lung toxicity is 
a  unction o  the irradiated lung volume, dose per  rac-
tion, and radiation dose. T e larger the irradiated lung 
 eld, the higher is the risk  or radiation pneumonitis. 
T e use o  concurrent chemoradiation, particularly 
regimens including paclitaxel, increases pulmonary 
toxicity. Radiation pneumonitis usually develops 2–6 
months a er completion o  radiotherapy. T e clinical 
syndrome, which varies in severity, consists o  dyspnea, 
cough with scanty sputum, low-grade  ever, and an ini-
tial hazy in ltrate on chest radiographs. T e in ltrate 
and tissue damage usually are con ned to the radiation 
 eld. T e patients subsequently may develop a patchy 
alveolar in ltrate and air bronchograms, which may 
progress to acute respiratory  ailure that is sometimes 
 atal. A lung biopsy may be necessary to make the diag-
nosis. Asymptomatic in ltrates  ound incidentally a er 
radiation therapy need not be treated. However, pred-
nisone should be administered to patients with  ever or 
other symptoms. T e dosage should be tapered slowly 
a er the resolution o  radiation pneumonitis, because 
abrupt withdrawal o  glucocorticoids may cause an 
exacerbation o  pneumonia. Delayed radiation  bro-
sis may occur years a er radiation therapy and is sig-
naled by dyspnea on exertion. O en it is mild, but it 
can progress to chronic respiratory  ailure. T erapy is 
supportive.

Classical radiation pneumonitis that leads to pulmo-
nary  brosis is due to radiation-induced production o  
local cytokines such as platelet-derived growth  actor β, 
tumor necrosis  actor, interleukins, and trans orming 
growth  actor β in the radiation  eld. An immunologi-
cally mediated sporadic radiation pneumonitis occurs 
in about 10% o  patients; bilateral alveolitis mediated 
by   cells results in in ltrates outside the radiation  eld. 
T is  orm o  radiation pneumonitis usually resolves 
without sequelae.

Pneumonia is a common problem in patients under-
going treatment  or cancer. Bacterial pneumonia typi-
cally causes a localized in ltrate on chest radiographs. 
T erapy is tailored to the causative organism. When di -
 use interstitial in ltrates appear in a  ebrile patient, the 
di erential diagnosis is extensive and includes pneu-
monia due to in ection with Pneumocystis carinii; viral 
in ections including cytomegalovirus, adenovirus, her-
pes simplex virus, herpes zoster, respiratory syncytial 
virus, or intracellular pathogens such as Mycoplasma 
and Legionella; e ects o  drugs or radiation; tumor pro-
gression; nonspeci c pneumonitis; and  ungal disease. 
Detection o  opportunistic pathogens in pulmonary 
in ections is still a challenge. Diagnostic tools include 
chest radiographs, C  scans, bronchoscopy with bron-
choalveolar lavage, brush cytology, transbronchial 

biopsy,  ne-needle aspiration, and open lung biopsy. 
In addition to the culture, evaluation o  bronchoalveo-
lar lavage  uid  or P. carinii by polymerase chain reac-
tion (PCR) and serum galactomannan test improve the 
diagnostic yield. Patients with cancer who are neutrope-
nic and have  ever and local in ltrates on chest radio-
graph should be treated initially with broad-spectrum 
antibiotics. A new or persistent  ocal in ltrate not 
responding to broad-spectrum antibiotics argues  or 
initiation o  empiric anti ungal therapy. When di use 
bilateral in ltrates develop in patients with  ebrile 
neutropenia, broad-spectrum antibiotics plus trime-
thoprim-sul amethoxazole, with or without erythromy-
cin, should be initiated. Addition o  an antiviral agent 
is necessary in some settings, such as patients undergo-
ing allogeneic hematopoietic stem cell transplantation. 
I  the patient does not improve in 4 days, open lung 
biopsy is the procedure o  choice. Bronchoscopy with 
bronchoalveolar lavage may be used in patients who are 
poor candidates  or surgery.

In patients with pulmonary in ltrates who are a e-
brile, heart  ailure and multiple pulmonary emboli are 
in the di erential diagnosis.

NEUTROPENIC ENTEROCOLITIS
Neutropenic enterocolitis (typhlitis) is the in ammation 
and necrosis o  the cecum and surrounding tissues that 
may complicate the treatment o  acute leukemia. Never-
theless, it may involve any segment o  the gastrointestinal 
tract including small intestine, appendix, and colon. T is 
complication has also been seen in patients with other 
 orms o  cancer treated with taxanes, 5- uorouracil, iri-
notecan, vinorelbine, cisplatin, carboplatin, and high-
dose chemotherapy (Fig. 56-5). It also has been reported 
in patients with AIDS, aplastic anemia, cyclic neutrope-
nia, idiosyncratic drug reactions involving antibiotics, 
and immunosuppressive therapies. T e patient develops 
right lower quadrant abdominal pain, o en with rebound 
tenderness and a tense, distended abdomen, in a setting 
o   ever and neutropenia. Watery diarrhea (o en con-
taining sloughed mucosa) and bacteremia are common, 
and bleeding may occur. Plain abdominal  lms are gen-
erally o  little value in the diagnosis; C  scan may show 
marked bowel wall thickening, particularly in the cecum, 
with bowel wall edema, mesenteric stranding, and asci-
tes, and may help to di erentiate neutropenic colitis 
 rom other abdominal disorders such as appendicitis, 
diverticulitis, and Clostridium dif cile–associated coli-
tis in this high-risk population. Patients with bowel wall 
thickness >10 mm on ultrasonogram have higher mortal-
ity rates. However, bowel wall thickening is signi cantly 
more prominent in patients with C. dif cile colitis. Pneu-
matosis intestinalis is a more speci c  nding, seen only 
in those with neutropenic enterocolitis and ischemia. 
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T e combined involvement o  the small and large bowel 
suggests a diagnosis o  neutropenic enterocolitis. Rapid 
institution o  broad-spectrum antibiotics, bowel rest, 
and nasogastric suction may reverse the process. Use 
o  myeloid growth  actors improved outcome signi -
cantly. Surgical intervention is reserved  or severe cases 
o  neutropenic enterocolitis with evidence o  per oration, 
peritonitis, gangrenous bowel, or gastrointestinal hemor-
rhage despite correction o  any coagulopathy.

C. dif cile colitis is increasing in incidence. Newer 
strains o  C. dif cile produce about 20 times more o  
toxins A and B compared to previously studied strains. 
C. dif cile risk is also increased with chemotherapy. 
Antibiotic coverage  or C. dif cile should be added i  
pseudomembranous colitis cannot be excluded.

FIGURE 56 -5
Ab d o m in a l com p u ted  to m o g rap hy  CT  scan s o f a  
72 yea r o ld  wo m an  with  n eu t ro p en ic en te ro co lit is sec 
on d a ry to  ch em o th e rap y. A. Air in in erior mesenteric vein 
(arrow) and bowel wall with pneumatosis intestinalis. B. CT scan 
o  upper abdomen demonstrating air in portal vein (arrows).

HEMORRHAGIC CYSTITIS
Hemorrhagic cystitis can develop in patients receiving 
cyclophosphamide or i os amide. Both drugs are metab-
olized to acrolein, which is a strong chemical irritant 
that is excreted in the urine. Prolonged contact or high 
concentrations may lead to bladder irritation and hem-
orrhage. Symptoms include gross hematuria,  requency, 
dysuria, burning, urgency, incontinence, and noctu-
ria. T e best management is prevention. Maintaining 
a high rate o  urine  ow minimizes exposure. In addi-
tion, 2-mercaptoethanesul onate (mesna) detoxi es the 
metabolites and can be coadministered with the insti-
gating drugs. Mesna usually is given three times on the 
day o  i os amide administration in doses that are each 
20% o  the total i os amide dose. I  hemorrhagic cystitis 
develops, the maintenance o  a high urine  ow may be 
suf cient supportive care. I  conservative management is 
not e ective, irrigation o  the bladder with a 0.37–0.74% 
 ormalin solution  or 10 min stops the bleeding in most 
cases. N-Acetylcysteine may also be an e ective irrigant. 
Prostaglandin (carboprost) can inhibit the process. In 
extreme cases, ligation o  the hypogastric arteries, uri-
nary diversion, or cystectomy may be necessary.

Hemorrhagic cystitis also occurs in patients who 
undergo bone marrow transplantation (BM ). In 
the BM  setting, early-onset hemorrhagic cystitis is 
related to drugs in the treatment regimen (e.g., cyclo-
phosphamide), and late-onset hemorrhagic cystitis is 
usually due to the polyoma virus BKV or adenovirus 
type 11. BKV load in urine alone or in combination 
with acute gra -versus-host disease correlates with 
development o  hemorrhagic cystitis. Viral causes are 
usually detected by PCR-based diagnostic tests.  reat-
ment o  viral hemorrhagic cystitis is largely support-
ive, with reduction in doses o  immunosuppressive 
agents, i  possible. No antiviral therapy is approved, 
although cido ovir is reported to be e ective in a small 
series. Hyperbaric oxygen therapy has been used suc-
cess ully in patients with BKV-associated and cyclo-
phosphamide-induced hemorrhagic cystitis during 
hematopoietic stem cell transplantation, as well as in 
hemorrhagic radiation cystitis.

HYPERSENSITIVITY REACTIONS TO 
ANTINEOPLASTIC DRUGS
Many antineoplastic drugs may cause hypersensitiv-
ity reaction. T ese reactions are unpredictable and 
potentially li e-threatening. Most reactions occur dur-
ing or within hours o  parenteral drug administration. 
 axanes, platinum compounds, asparaginase, eto-
poside, procarbazine, and biologic agents, including 
rituximab, bevacizumab, trastuzumab, gemtuzumab, 
cetuximab, and alemtuzumab, are more commonly 
associated with acute hypersensitivity reactions than 
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749are other agents. Acute hypersensitivity reactions to 
some drugs, such as taxanes, occur during the  rst or 
second dose administered. Hypersensitivity to plati-
num compounds occurs a er prolonged exposure. 
Skin testing may identi y patients with high risk  or 
hypersensitivity a er carboplatin exposure. Premedi-
cation with histamine H1 and H2 receptor antagonists 
and glucocorticoids reduces the incidence o  hyper-
sensitivity reaction to taxanes, particularly paclitaxel. 

Despite premedication, hypersensitivity reactions 
may still occur. In these cases, rapid desensitiza-
tion in the intensive care unit setting or re-treatment 
may be attempted with care, but the use o  alterna-
tive agents may be required. Candidate patients  or 
desensitization include those who have mild to severe 
hypersensitivity type I, with mast cell–mediated 
and IgE-dependent reactions occurring during a 
chemotherapy in usion or shortly therea er.
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T ere are over 10 million American cancer survivors. 
T e vast majority o  these will bear some mark o  their 
cancer and its treatment, and a large proportion will 
experience long-term consequences including medical 
problems, psychosocial dys unction, economic hard-
ship, sexual dys unction, and discrimination regarding 
employment and insurance. Many o  these problems are 
directly related to cancer treatment. As patients survive 
longer  rom more types o  malignancies, we are increas-
ingly recognizing the biologic toll our very imper ect 
therapies take in terms o  morbidity and mortality. 
T e human  ace o  these consequences o  therapy con-
 ronts the cancer specialist who treats them every day. 
Although long-term survivors o  childhood leukemias, 
Hodgkin’s lymphoma, and testicular cancer, as exam-
ples, have taught us much about the consequences o  
cancer treatment, we keep learning more as patients 
survive longer with newer therapies. Newer “targeted” 
chemotherapy drugs have their own, o en unique, 
long-term toxicities about which we remain in a learn-
ing process. Cancer “survivorship” clinics are increasing 
to expressly  ollow patients  or long-term toxicities o  
cancer treatment.

T e pace o  developing therapies that mitigate treat-
ment-related consequences has been slow, partly due to 
an understandable aversion to alter regimens that work 
and partly due to a lack o  new, e ective, less toxic ther-
apeutic agents with less “collateral damage” to replace 
known agents with known toxicities. T e types o  dam-
age  rom cancer treatment vary. O en, a  nal common 
pathway is irreparable damage to DNA. Surgery can cre-
ate dys unction, including blind gut loops with absorp-
tion problems and loss o   unction o  removed body 
parts. Radiation may damage end-organ  unction,  or 
example, loss o  potency in prostate cancer patients, pul-
monary  brosis, and neurocognitive impairment, and 
may act as a direct carcinogen. Cancer chemotherapy 

LATE CONSEQUENCES OF CANCER 
AND ITS TREATMENT

CHAP TER 5 7

can be a direct carcinogen and has a kaleidoscope o  
other toxicities discussed in this chapter. Table 57-1 lists 
the late e ects o  cancer treatment.

T e  rst goal o  therapy is to eradicate or control the 
malignancy. Late treatment consequences are, indeed, 
testimony to the increasing success o  such treatment. 
T eir occurrence sharply underlines the necessity to 
develop more e ective therapies with less long-term 
morbidity and mortality. At the same time, a sense o  
perspective and relative risk is necessary;  ear o  long-
term complications should not prevent the application 
o  e ective, particularly curative, cancer treatment.

CARDIOVASCULAR DYSFUNCTION

CHEMOTHERAPEUTIC AGENTS
Cardiovascular toxicity o  cancer chemotherapeutic 
agents includes dysrhythmias, cardiac ischemia, cardio-
myopathic congestive heart  ailure (CHF), pericardial 
disease, and peripheral vascular disease. Because these 
cardiac toxicities are di cult to distinguish  rom dis-
ease that is not associated with cancer treatment, clear 
etiologic implication o  cancer chemotherapeutic agents 
may be di cult. Cardiovascular complications occur-
ring in an unexpected clinical setting in patients who 
have undergone cancer therapy are o en important in 
raising suspicion. Dose-dependent myocardial toxicity 
o  anthracyclines with characteristic myo brillar drop-
out is pathologically pathognomonic on endomyocardial 
biopsy. Anthracycline cardiotoxicity occurs through a 
root mechanism o  chemical  ree radical damage. Fe3+-
doxorubicin complexes damage DNA, nuclear and cyto-
plasmic membranes, and mitochondria. About 5% o  
patients receiving >450–550 mg/m2 o  doxorubicin will 
develop CHF. Cardiotoxicity in relation to the dose o  
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anthracycline is clearly not a step  unction, but rather a 
continuous  unction, and occasional patients are seen 
with CHF at substantially lower doses. Advanced age, 
other concomitant cardiac disease, hypertension, dia-
betes, and thoracic radiation therapy are all important 
co actors in promoting anthracycline-associated CHF. 
T e risk o  cardiac  ailure appears to be substantially 
lower when doxorubicin is administered by continu-
ous in usion. Anthracycline-related CHF is di cult to 
reverse and has a mortality rate as high as 50%, making 
prevention crucial. Some anthracyclines such as mito-
xantrone are associated with less cardiotoxicity, and 
continuous-in usion regimens and liposomally encap-
sulated doxorubicin are associated with less cardiotox-
icity. Dexrazoxane, an intracellular iron chelator, may 
limit anthracycline toxicity, but the concern o  limiting 
chemotherapeutic e cacy has somewhat limited its use. 
Monitoring patients  or cardiac toxicity typically involves 

periodic gated nuclear cardiac blood pool ejection  rac-
tion testing (multigated acquisition scan [MUGA]) or 
cardiac ultrasonography. More recently, cardiac magnetic 
resonance imaging (MRI) has been used, but MRI is not 
standard or widespread.  esting is per ormed more  re-
quently at higher cumulative doses, with additional risk 
 actors, and certainly  or any newly developing CHF or 
other symptoms o  cardiac dys unction.

A er anthracyclines, trastuzumab is the next most 
 requent cardiotoxic drug currently in use.  rastuzumab 
is  requently used as adjuvant breast cancer therapy, 
sometimes in conjunction with anthracyclines, which 
is believed to result in additive or possibly synergistic 
toxicity. In contrast to anthracyclines, cardiotoxicity is 
not dose-related, is usually reversible, is not associated 
with pathologic changes o  anthracyclines on cardiac 
myo brils, and has a di erent biochemical mechanism 
inhibiting intrinsic cardiac repair mechanisms.  oxicity 

TABLE 57-1  
LATE EFFECTS OF CANCER THERAPY

SURGICAL PROCEDURE  EFFECT

Amputation  Functional loss
Lymph node dissection  Risk o  lymphedema
Ostomy  Psychosocial impact
Splenectomy  Risk o  sepsis
Adhesions  Risk o  obstruction
Bowel anastomoses  Malabsorption syndromes

RADIATION THERAPY  EFFECT

Org an
 Bone  Premature termination o  growth, osteonecrosis
 So t tissues  Atrophy,  brosis
 Brain  Neuropsychiatric de cits, cognitive dys unction
 Thyroid  Hypothyroidism, Graves’ disease, cancer
 Salivary glands  Dry mouth, caries, dysgeusia
 Eyes  Cataracts
 Heart  Pericarditis, myocarditis, coronary artery disease
 Lung  Pulmonary  brosis
 Kidney  Decreased  unction, hypertension
 Liver  Decreased  unction
 Intestine  Malabsorption, stricture
 Gonads  In ertility, premature menopause
 Any  Secondary neoplasia

CHEMOTHERAPY  EFFECT

Org an  Dru g
 Bone  Glucocorticoids  Osteoporosis, avascular necrosis
 Brain  Methotrexate, cytarabine, others  Neuropsychiatric de cits, cognitive decline?
 Peripheral nerves  Vincristine, platinum, taxanes  Neuropathy, hearing loss
 Eyes  Glucocorticoids  Cataracts
 Heart  Anthracyclines, trastuzumab  Cardiomyopathy
 Lung  Bleomycin  Pulmonary  brosis

Methotrexate  Pulmonary hypersensitivity
 Kidney  Platinum, others  Decreased  unction, hypomagnesemia
 Liver  Various  Altered  unction
 Gonads  Alkylating agents, others  In ertility, premature menopause
 Bone marrow  Various  Aplasia, myelodysplasia, secondary leukemia
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752 is typically routinely monitored every three to  our doses 
using  unctional cardiac testing as mentioned earlier  or 
anthracyclines.

Other cardiotoxic drugs include lapatinib, phos-
phoramide mustards (cyclophosphamide), i os amide, 
interleukin 2, ponatinib, imatinib, and sunitinib.

RADIATION THERAPY
Radiation therapy that includes the heart can cause 
interstitial myocardial  brosis, acute and chronic peri-
carditis, valvular disease, and accelerated premature ath-
erosclerotic coronary artery disease. Repeated or high 
(>6000 cGy) radiation doses are associated with greater 
risk, as is concomitant or distant cardiotoxic cancer che-
motherapy exposure. Symptoms o  acute pericarditis, 
which peaks about 9 months a er treatment, include 
dyspnea, chest pain, and  ever. Chronic constrictive 
pericarditis may develop 5–10 years  ollowing radiation 
therapy. Cardiac valvular disease includes aortic insu -
 ciency  rom  brosis or papillary muscle dys unction 
resulting in mitral regurgitation. A three old increased 
risk o   atal myocardial in arction is associated with 
mantle  eld radiation with accelerated coronary artery 
disease. Carotid radiation similarly increases the risk o  
embolic stroke.

TREATMENT  Chemotherapeutic/Radiation-Induced 
Cardiovascular Disease

T erapy  or chemotherapeutic/radiation-induced cardio-
vascular disease is essentially the same as therapy  or dis-
ease not associated with cancer treatment. Discontinuation 
o  the o ending agent is the  rst step. Diuretics, f uid and 
sodium restriction, and antiarrhythmic agents are o en use-
 ul  or acute symptoms. A erload reduction with angioten-
sin-converting enzyme (ACE) inhibitors or, in some cases, 
β-adrenergic blockers (carvedilol) o en is o  signi cant ben-
e t, and digitalis may be help ul as well.

A hybrid discipline o  “cardio-oncology” has been devel-
oping in clinics to expressly  ollow chemotherapy-treated 
patients  or cardiotoxicity. T e goals are early intervention 
using more sensitive techniques, management o  cardiotoxic-
ity be ore it becomes symptomatic, and using clinical trials to 
identi y cardioprotective strategies.

PULMONARY DYSFUNCTION

CHEMOTHERAPEUTIC AGENTS
Bleomycin generates activated  ree radical oxygen 
species and causes pneumonitis associated with a 
radiographic or interstitial ground-glass appearance 

di usely throughout both lungs, o en worse in the 
lower lobes. A nonproductive cough with or without 
 ever may be an early sign. T is toxicity is dose-related 
and dose-limiting. T e di usion capacity o  the lungs 
 or carbon dioxide (DLCO) is a sensitive measure o  
toxicity and recovery, and a baseline value is gener-
ally obtained  or  uture comparison prior to bleomycin 
therapy. Additive or synergistic risk  actors include age, 
prior lung disease, and concomitant use o  other che-
motherapy, lung irradiation, and high concentrations 
o  inspired oxygen. Other chemotherapeutic agents 
notable  or pulmonary toxicity include mitomycin, 
nitrosoureas, doxorubicin with radiation, gemcitabine 
combined with weekly docetaxel, methotrexate, and 
f udarabine. High-dose alkylating agents, cyclophos-
phamide, i os amide, and melphalan are  requently 
used in the hematopoietic stem cell transplant setting, 
o en with whole-body radiation. T is therapy may 
result in severe pulmonary  brosis and/or pulmonary 
venoocclusive disease.

RADIATION THERAPY
Risk  actors  or radiation pneumonitis include 
advanced age, poor per ormance status, preexisting 
compromised pulmonary  unction, and radiation vol-
ume and dose. T e dose “threshold” is thought to be 
in the range o  5 to 20 Gy. Hypoxemia and dyspnea 
on exertion are characteristic. Fine, high-pitched “Vel-
cro rales” may be an accompanying physical  nding, 
and  ever, cough, and pleuritic chest pain are common 
symptoms. T e DLCO is the most sensitive measure o  
pulmonary  unctional impairment, and ground-glass 
in ltrates o en correspond with relatively sharp edges 
to the irradiated volume, although the pneumonitis 
may progress beyond the  eld and even occasionally 
involve the contralateral unirradiated lung.

TREATMENT Pulmonary Dysfunction

Chemotherapy- and radiation-induced pneumonitis is gen-
erally very corticosteroid responsive, except in the case o  
nitrosoureas. Prednisone 1 mg/kg is o en used to control 
acute symptoms and pulmonary dys unction with a generally 
slow taper. Prolonged glucocorticoid therapy requires gastro-
intestinal protection with proton pump inhibitors, manage-
ment o  hyperglycemia, heightened in ection management, 
and treatment o  steroid-induced osteoporosis. Antibiot-
ics, bronchodilators, oxygen in only necessary doses, and 
diuretics may all play an important role in management o  
pneumonitis, and consultation with a pulmonologist should 
be routinely undertaken. Ami ostine has been studied as a 
pulmonary radioprotectant, with inconclusive results, and 
is associated with skin rash,  atigue, and nausea; hence, it is 
not considered standard therapy at this time.  rans orming 
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753growth  actor β ( GF-β) is believed to be a major inducer 
o  radiation  brosis and represents a therapeutic target  or 
development o  anti- GF-β therapies.

NEUROLOGIC DYSFUNCTION

CHEMOTHERAPEUTIC AGENTS
Chemotherapy- and radiation-induced neurologic dys-
 unction is un ortunately increasing in both incidence 
and severity as a result o  improved supportive care 
leading to more aggressive regimens and longer cancer 
survivorship allowing the development o  late toxicity. 
Direct e ects on myelin, glial cells, and neurons have all 
been implicated, with alterations in cellular cytoskeleton, 
axonal transport, and cellular metabolism as mechanisms.

Vinca alkaloids produce a characteristic “stocking-
glove” neuropathy with numbness and tingling advanc-
ing to loss o  motor  unction, which is highly dose 
related. Distal sensorimotor polyneuropathy promi-
nently involves loss o  deep tendon ref exes with ini-
tially loss o  pain and temperature sensation,  ollowed 
by proprioceptive and vibratory loss. T is requires care-
 ul patient history and physical examination by expe-
rienced oncologists to decide when the drug must be 
stopped due to toxicity. Milder toxicity o en slowly 
completely resolves. Vinca alkaloids may sometimes 
be associated with jaw claudication, autonomic neu-
ropathy, ileus, cranial nerve palsies, and, in severe cases, 
encephalopathy, seizures, and coma.

Cisplatin is associated with sensorimotor neuropa-
thy and hearing loss, especially at doses >400 mg/m2, 
requiring audiometry in patients with preexisting hear-
ing compromise. Carboplatin is o en substituted in 
such cases given its lesser e ect on hearing.

Many o  the agents that target kinase enzymes in 
tumor cells and 5-f uorouracil congeners produce dys-
esthesias and pain ul hands and  eet known as hand-
 oot syndrome or palmar-plantar erythrodysesthesia. 
Symptoms usually abate when the agent is stopped.

Neurocognitive dys unction has been well described 
in childhood survivors o  acute lymphoblastic leukemia 
(ALL) treatment, including intrathecal methotrexate or 
cytosine arabinoside in conjunction with prophylactic 
cranial irradiation. Methotrexate alone may cause acute 
leukoencephalopathy characterized by somnolence 
and con usion that is o en reversible. Acute toxicity is 
dose related, especially at doses >3 g/m2, with younger 
patients being at greater risk. Subacute methotrexate 
toxicity occurs weeks a er therapy and is o en amelio-
rated with glucocorticoid therapy. Chronic methotrex-
ate toxicity (leukoencephalopathy) develops months 
or years a er treatment and is characterized clini-
cally as progressive loss o  cognitive  unction and  ocal 

neurologic signs, which are irreversible, promoted by 
synchronous or metachronous radiation therapy, and 
more pronounced at a younger age.

Neurocognitive decline  ollowing chemotherapy 
alone occurs notably in breast cancer patients receiv-
ing adjuvant chemotherapy; this has been re erred to as 
“chemo brain.” It is clinically associated with impaired 
memory, learning, attention, and speed o  in orma-
tion processing. T ere is no clear mechanistic explana-
tion  or its cause and no clearly e ective therapy. T is 
entity is justi ably attracting more attention and clearly 
needs to be studied to develop e ective therapy or 
prophylaxis.

Many cancer patients experience intrusive or debili-
tating concerns about cancer recurrence  ollowing 
success ul therapy. In addition, these patients may expe-
rience job, insurance, stress, relationship,  nancial, and 
sexual di culties. Oncologists need to ask about and 
address these issues explicitly with patients and provide 
appropriate counseling or support systems. Suicidal ide-
ation and suicide have an increased incidence in cancer 
patients and survivors.

RADIATION THERAPY
Acute radiation central nervous system (CNS) toxicity 
occurs within weeks; is characterized by nausea, drows-
iness, hypersomnia, and ataxia; and is most o en asso-
ciated with recovery. Early delayed toxicity occurring 
weeks to 3 months  ollowing therapy is associated with 
similar symptoms as acute toxicity and is pathologically 
associated with reversible demyelination. Chronic, late 
radiation injury occurs 9 months to up to 10 years  ol-
lowing therapy. Focal necrosis is a common pathologic 
 nding, and glucocorticoid therapy may be help ul. Di -
 use radiation injury is associated with global CNS neu-
rologic dys unction and di use white matter changes 
on computed tomography (C ) or MRI. Pathologically, 
small vessel changes are prominent. Glucocorticoids 
may be symptomatically use ul but do not alter the 
course. Necrotizing encephalopathy is the most severe 
 orm o  radiation injury and almost always is associated 
with chemotherapy, notably methotrexate.

Cranial radiation may also be associated with an 
array o  endocrine abnormalities with disruption o  
normal pituitary/hypothalamic axis  unction, and a 
high index o  suspicion needs to be maintained to iden-
ti y and treat this toxicity.

Radiation-associated spinal cord injury (myelopathy) 
is highly dose-dependent and rarely occurs with mod-
ern radiation therapy. An early, sel -limited  orm involv-
ing electric sensations down the spine on neck f exion 
(Lhermitte’s sign) is seen 6–12 weeks a er treatment and 
generally resolves over weeks. Peripheral nerve toxicity 
is quite rare owing to relative radiation resistance.
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754 HEPATIC DYSFUNCTION

CHEMOTHERAPEUTIC AGENTS
Long-term hepatic damage  rom standard chemother-
apy regimens is rare. Long-term methotrexate or high-
dose chemotherapy alone or with radiation therapy, 
 or example, in preparative regimens  or bone marrow 
transplantation, may result in venoocclusive disease o  
the liver. T is potentially lethal complication classically 
presents with anicteric ascites, elevated alkaline phos-
phatase, and hepatosplenomegaly. Pathologically, there 
is venous congestion, epithelial cell proli eration, and 
hepatocyte atrophy progressing to  rank  brosis. Fre-
quent monitoring o  liver  unction tests during any che-
motherapy is necessary to avoid both idiosyncratic and 
expected toxicities.

Certain nucleoside drugs have been associated with 
hepatic dys unction; however, this complication is rare 
in oncology.

RADIATION THERAPY
Hepatic radiation damage depends on dose, volume,  rac-
tionation, preexisting liver disease, and synchronous or 
metachronous chemotherapy. In general, radiation doses 
to the liver >1500 cGy can produce hepatic dys unction 
with a steep dose-injury curve. Radiation-induced liver 
disease closely mimics hepatic venoocclusive disease.

RENAL/BLADDER DYSFUNCTION

Cisplatin produces reversible decrements in renal  unc-
tion, but may also produce severe irreversible toxic-
ity in the presence o  renal disease and may predispose 
to accentuated damage with subsequent renal insults. 
Cyclophosphamide and i os amide, as prodrugs primar-
ily activated in the liver, have cleavage products (acro-
lein) that can produce hemorrhagic cystitis. T is can be 
prevented with the  ree radical scavenger MESNA (mer-
captoethane sul onate), which is required  or i os amide 
administration. Hemorrhagic cystitis caused by these 
agents may predispose to bladder cancer.

REPRODUCTIVE AND ENDOCRINE 
DYSFUNCTION

CHEMOTHERAPEUTIC AGENTS
Alkylating agents are associated with the highest rates 
o  male and  emale in ertility, which is directly depen-
dent on age, dose, and duration o  treatment. T e age at 
treatment is an important determinant o   ertility out-
come, with prepubertal patients having the highest tol-
erance. Ovarian  ailure is age related, and  emales who 

resume menses a er treatment are still at increased risk 
 or premature menopause. Males generally have revers-
ible azoospermia during lower intensity alkylator che-
motherapy, and long-term in ertility is associated with 
doses o  cyclophosphamide >9 g/m2 and with high-
intensity therapy, such as that used in hematopoietic 
stem cell transplantation. Males undergoing potentially 
sterilizing chemotherapy should be o ered sperm bank-
ing. Gonadotropin-releasing hormone (GnRH) ana-
logs remain experimental to preserve ovarian  unction. 
Assisted reproductive technologies can be help ul to 
couples with chemotherapy-induced in ertility.

RADIATION THERAPY
 esticles and ovaries in prepubertal patients are less 
sensitive to radiation damage; spermatogenesis is 
a ected by low doses o  radiation, and complete azo-
ospermia occurs at 600–700 cGy. Leydig cell dys unc-
tion, in contrast, occurs at <2000 cGy, and hence, 
endocrine  unction is lost at much higher radiation 
doses than spermatogenesis. Erectile dys unction 
occurs in up to 80% o  men treated with external-
beam radiation therapy  or prostate cancer. Sildena l 
may be use ul in reversing erectile dys unction. Ovar-
ian  unction damage with radiation is age related and 
occurs at doses o  150–500 cGy. Premature induction 
o  menopause can have serious medical and psycho-
logical sequelae. Hormone replacement therapy is o en 
contraindicated (as in estrogen receptor–positive breast 
cancer). Attention must be paid to maintenance o  bone 
mass with calcium and vitamin D supplements and 
oral bisphosphonates, and bone mass should be moni-
tored using bone density determinations. Paroxetine, 
clonidine, pregabalin, and other drugs may be use ul in 
symptomatically controlling hot f ashes.

Long-term survivors o  childhood cancer (e.g., ALL) 
who have received cranial radiation may have altered 
leptin biology and growth hormone de ciency, leading 
to obesity and reduced strength, exercise tolerance, and 
bone density.

Radiation therapy to the neck (e.g., in Hodgkin’s 
lymphoma) may lead to hypothyroidism, Graves’ dis-
ease, thyroiditis, and thyroid malignancies. T yroid-
stimulating hormone ( SH) is  ollowed routinely in 
such patients to prevent hypothyroidism, and to sup-
press persistently elevated levels o   SH which may 
cause or drive thyroid cancer.

OCULAR COMPLICATIONS

Cataracts may be caused by glucocorticoids, depending 
on duration and dose; radiation therapy; and uncom-
monly tamoxi en. Orbital radiation therapy may cause 
blindness.
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755ORAL COMPLICATIONS

Radiation therapy can produce xerostomia (dry mouth), 
with an attendant increase in caries and poor dentition. 
 aste and appetite may be suppressed. Bisphosphonate 
use may result in osteonecrosis o  the jaw.

RAYNAUD’S PHENOMENON

Up to 40% o  patients treated with bleomycin may 
develop Raynaud’s phenomenon as a result o  an 
unknown mechanism.

SECOND MALIGNANCIES

Second malignancies in patients cured o  cancer are a 
major cause o  death, and treated cancer patients must be 
monitored  or their occurrence. T e induction o  second 
malignancies is governed by the complex interplay o  a 
number o   actors including age, gender, environmental 
exposures, genetic susceptibility, and cancer treatment 
itsel . In a number o  settings, the events leading to the 
primary cancer themselves increase the risk o  second 
malignancies. Patients with lung cancer are at increased 
risk o  esophageal and head and neck cancers, and vice 
versa, due to shared risk  actors including alcohol and 
tobacco abuse. Indeed, the risk o  developing a second 
primary head and neck, esophageal, or lung cancer is also 
increased in these patients. Patients with breast cancer are 
at increased risk o  breast cancer in the opposite breast. 
Patients with Hodgkin’s lymphoma are at risk  or non-
Hodgkin’s lymphomas. Genetic cancer syndromes (e.g., 
multiple endocrine neoplasia or Li-Fraumeni, Lynch’s, 
Cowden’s, and Gardner’s syndromes) are examples o  
genetically based second malignancies o  speci c types. 
Cancer treatment itsel  does not appear to be responsible 
 or the risk o  these secondary malignancies. De cient 
DNA repair can greatly increase the risk o  cancers 
 rom DNA-damaging agents, as in ataxia-telangiectasia. 
Importantly, the risk o  treatment-related second malig-
nancies is at least additive and o en synergistic with 
combined chemotherapy and radiation therapy, and 
hence  or such combined-therapy treatment approaches, 
it is important to establish the necessity o  each in the 
treatment program. All o  these patients require special 
surveillance or, in some cases, prophylactic surgery as 
part o  appropriate treatment and  ollow-up.

CHEMOTHERAPEUTIC AGENTS
Chemotherapy is signi cantly associated with two  atal 
second malignancies, acute leukemia and myelodysplastic 

syndromes.  wo types o  leukemia have been described; 
in patients treated with alkylating agents, acute myeloid 
leukemia is associated with deletions in chromosome 
5 or 7. T e li etime risk is about 1–5%, is increased by 
radiation therapy, and increases with age. T e incidence 
o  these leukemias peaks at 4–6 years, with risk return-
ing close to baseline at 10 years. T e other type o  acute 
myeloid leukemia is related to therapy with topoisom-
erase inhibitors, is associated with chromosome 10q23 
translocations, has an incidence o  <1%, and generally 
occurs 1.5–3 years a er treatment. Both o  these acute 
myeloid leukemias are re ractory to treatment and have a 
high mortality. T e development o  myelodysplastic syn-
dromes is increased  ollowing chemotherapy, and these 
are o en associated with leukemic progression and a dis-
mal prognosis.

RADIATION THERAPY
Patients receiving radiation have an increasing and 
li elong risk o  second malignancies that is 1–2% in 
the second decade  ollowing treatment but increases 
to >25% a er 25 years. T ese malignancies include 
cancers o  the thyroid and breast, sarcomas, and CNS 
cancers, which o en tend to be aggressive and have a 
poor prognosis. An example o  organ-, age-, and sex-
dependent radiation-induced secondary malignancy 
is breast cancer, in which the risk is small with radia-
tion in women under age 30 but increases about 20- old 
over baseline in women over 30. A 25-year-old woman 
treated with mantle radiation  or Hodgkin’s lymphoma 
has a 29% actuarial risk o  developing breast cancer by 
age 55.

HORMONAL THERAPY
 reatment o  breast cancer with tamoxi en  or 5 years 
or longer is associated with a 1–2% risk o  endo-
metrial cancer. Surveillance is generally e ective at 
 nding these cancers at an early stage. T e risk o  mor-
tality  rom tamoxi en-induced endometrial cancer is 
low compared to the bene t o  tamoxi en as adjuvant 
therapy  or breast cancer.

IMMUNOSUPPRESSIVE THERAPY
Immunosuppressive therapy, as used in allogeneic bone 
marrow transplantation, particularly with   cell deple-
tion using antithymocyte globulin or other means, 
increases the risk o  Epstein Barr virus–associated B cell 
lymphoproli erative disorder. T e incidence at 10 years 
a er   cell depletion is 9–12%. Discontinuing immuno-
suppressive therapy, i  possible, is o en associated with 
complete disease regression.
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756 RECOMMENDATIONS FOR FOLLOW-UP

All  ormer cancer patients should be  ollowed inde nitely. 
T is is most o en done by oncologists, but demographic 
changes suggest that more primary care physicians will 
need to be trained in the  ollow-up o  treated cancer 
patients in remission. Cancer patients need to be educated 
about signs and symptoms o  recurrence and potentially 
adverse e ects related to therapy. Localized pain or pal-
pable abnormality in a previously radiated  eld should 
prompt radiographic evaluation. Screening tests, when 
available and validated, should be used on a routine and 
regular basis (e.g., mammography and Pap smear), par-
ticularly in patients receiving radiation to speci c organs. 
Annual mammography should start no later than 10 years 
a er breast radiation. Patients receiving radiation  elds 
encompassing thyroid tissue should have regular thyroid 
exams and  SH testing. Patients treated with alkylating 
agents or topoisomerase inhibitors should have a complete 
blood count every 6–12 months, and cytopenias, abnor-
mal cells on peripheral smear, or macrocytosis should 
be evaluated with bone marrow biopsy and aspirate, to 
include cytogenetics, f ow cytometry, or f uorescence in 
situ hybridization (FISH) studies as appropriate.

As the population o  cancer survivors lives longer and 
grows, cancer survivorship has become an increasingly 
recognized subject, and the Institute o  Medicine and 
National Research Council have published a monograph 
entitled From Cancer Patient to Cancer Survivor: Lost in 
Transition. T e monograph proposes a plan that would 
in orm clinicians caring  or cancer survivors in complete 
detail o  their previous treatments, complications thereo , 
signs and symptoms o  late e ects, and recommended 
screening and  ollow-up procedures. Table 57-2 lists 
long-term treatment e ects by cancer type.

OUTLOOK

Clearly, the challenge  or the  uture is to combine che-
motherapy, targeted agents, biologic therapies, radia-
tion, and surgery to produce better outcomes with less 
toxicity, including late e ects o  therapy. T is is easily 
said but less easily accomplished. As treatment becomes 
more e ective in new patient populations (ovarian, 
bladder, anal, and laryngeal cancers,  or example), we 
will expect to discover new populations at risk  or late 
e ects. T ese populations will need to be  ollowed care-
 ully, so that such e ects are recognized and treated. 
Cancer survivors represent an underused resource  or 
prevention studies. Childhood cancer survivors, espe-
cially, su er multiple chronic health impairments. T e 
incidence o  these late treatment consequences appears 
to have no plateau with age, throwing in stark relie  the 
necessity o  close monitoring and therapies with  ewer 
late consequences o  treatment.

TABLE 57 -2  
LONG-TERM TREATMENT EFFECTS BY CANCER TYPE

CANCER TYPE  LATE EFFECTS

Pediatric 
cancers

Majority have at least one late e ect
30% with moderate/severe problems
Cardiovascular: radiation, anthracyclines
Lungs: radiation
Skeletal abnormalities: radiation
Psychological, cognitive, and sexual 
problems

Second neoplasms signi cant cause o  
death

Hodgkin’s 
lymphoma

Thyroid dys unction: radiation
Premature coronary artery disease: 
radiation

Gonadal dys unction: chemotherapy
Postsplenectomy sepsis
Myelodysplasia
Acute myeloid leukemia
Non-Hodgkin’s lymphomas
Breast cancer, lung cancer, and melanoma
Fatigue, psychological and sexual problems
Peripheral neuropathy

Non-Hodgkin’s 
lymphoma

Myelodysplasia
Acute leukemia
Bladder cancer
Peripheral neuropathy

Acute leukemia  Second malignancies: hematologic, solid 
tumors

Neuropsychiatric dys unction
Subnormal growth
Thyroid abnormalities
In ertility

Bone marrow 
stem cell 
transplantation

In ertility
Gra t-versus-host disease (allogeneic 
transplant)

Psychosexual dys unction.
Head and neck 
cancer

Poor dentition, dry mouth, poor nutrition: 
radiation

Breast cancer  Tamoxi en: endometrial cancer, blood clots
Aromatase inhibitors: osteoporosis, arthritis
Cardiomyopathy: anthracycline ± radiation, 
trastuzumab

Acute leukemia
Hormone de ciency symptoms: hot f ashes, 
vaginal dryness, dyspareunia

Psychosocial dys unction
“Chemo brain”

Testicular 
cancer

Raynaud’s phenomenon
Renal dys unction
Pulmonary dys unction
Retrograde ejaculation: surgery
15% sexual dys unction

Colon cancer  Major risk is second colon cance.
Quality o  li e high in survivors

Prostate cancer  Impotence
Urinary incontinence (0–15%)
Chronic proctitis, prostatitis/cystitis: radiation
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QUESTIONS

DIREC IONS: Choose the one best response to each 
question.

1. Which o  the  ollowing statements regarding eryth-
ropoiesis is  RUE?

A. Hypoxia-inducible  actor-1α is downregulated 
in response to hypoxia and results in increased 
production o  erythropoietin.

B. In response to erythropoietin, red blood cell 
production can increase to by a maximum  actor o  2 
over a 3–6 day period.

C. Normal red blood cell production results in 
replacement o  approximately 1% o  all circulating 
red blood cells each week.

D. T e erythroid precursor, the pronormoblast, can 
produce 16–32 mature red blood cells.

E. With increased erythropoietin, each progenitor cell is 
stimulated to produce additional red blood cells.

2. A 36-year-old woman presents to your o ce com-
plaining o  easy  atigability. She is  ound to have ane-
mia. On  urther questioning, she does report heavy 
menses and has been  ollowing a vegetarian diet. Her 
physical examination is normal with the exception o  
mildly pale conjunctiva. Her hemoglobin is 9.1 g/dL, 
hematocrit is 27.6%. T e MCV is 65  L, MCH is 
24 pg, and MCHC is 26%. T e red cell distribution 
width is 16.7%. T e peripheral blood smear is shown 
in Figure 2.

 Which o  the  ollowing is present on the peripheral 
blood smear?

A. Anisocytosis
B. Hypochromia
C. Poikilocytosis
D. A and B
E. All o  the above

3. A 24-year-old woman is 12 weeks’ pregnant with 
her  rst child. She is re erred  or evaluation o  an

REVIEW AND  
SELF-ASSESSMENT*

Charles M. Wiener ■  Cynth ia  D. Brown ■  Brian  Houston

�Questions and answers were taken  rom Wiener C et al. (eds). Harrison’s Principles o  Internal Medicine Sel -Assessment and Board Review. 19th ed. New York: 
McGraw-Hill; 2017.

FIGURE 2  (From RS Hillman et al: Hematology in Clinical Prac-
tice, 5th ed. New York, McGraw-Hill, 2010.)

 3. (Continued)
  abnormal  nding on complete blood count. She is 

asymptomatic and has had no complications thus 
 ar. She is o   urkish descent. She has no  amily 
members with signi cant anemias. Her hemoglo-
bin is 12.2 g/dL and hematocrit is 37%. T e MCV is 
60  L and MCH is 25 pg. Her  erritin is 50 µg/L and 
iron is 15 µmol/L. What is the characteristic  nding 
expected on peripheral blood smear?

A. Burr cells
B. Howell-Jolly bodies
C. Schistocytes
D. Spherocytes
E.  arget cells

4. You are asked to review the peripheral blood smear 
(see Figure 4)  rom a patient with anemia.

 Serum lactate dehydrogenase and total bilirubin are 
elevated and there is hemoglobinuria. T is patient is 
likely to have which physical examination  nding?
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 4. (Continued)

A. Goiter
B. Heme-positive stools
C. Mechanical second heart sound
D. Splenomegaly
E. T ickened calvarium

7. Glycoprotein IIb/IIIa
8.  issue  actor
9. Plasmin

10. Protein S

A. A vitamin-K–dependent co actor that accelerates the 
anticoagulant action o  protein C on  actors V and 
VIII

B. T e most abundant receptor on the sur ace o  
platelets that binds VWF and  brinogen

C. T e major protease enzyme o  the  brinolytic system
D. Primary trigger  or activation o  the coagulation 

system

11. You are consulted a er an episode o  postpartum 
hemorrhage in a 24-year-old woman. T is was 
her  rst pregnancy, and she success ully delivered 
a healthy child at 39 weeks and 4 days. T e child 
weighed 7 lb 12 oz, and the delivery was an uncom-
plicated spontaneous vaginal delivery. T e uterine 
 undus contracted appropriately, but over the course 
o  the next 12 hours, the patient had more than 1 L 
o  bloody discharge. She has  elt increasingly weak 
and has lightheadedness on standing. Her heart rate 
is 126 bpm and blood pressure is 92/50. She appears 
pale. Her pulses are thready. Cardiovascular exami-
nation shows regular tachycardia. Her hemoglobin 
prior to delivery was 9.2 g/dL. It is now 6.0 g/dL. 
Her prothrombin time (P ) is 12.0/INR 1.1, and 
the activated partial thromboplastin time (aP  ) is 
42.5 seconds. Upon  urther questioning, the patient 
describes one other episode o  prolonged oral bleed-
ing in childhood at about age 7. At that time, she 
had a cap placed on a tooth and subsequently expe-
rienced signi cant bleeding. She bruises easily, but 
has not had hemarthroses. She says she stopped 
playing soccer in grade school due to large bruises 
a er minor injuries that were pain ul and embar-
rassing to her. She has had no other surgeries. She is 
taking iron supplements and prenatal vitamins. She 
has no allergies. She has a  amily history o  exces-
sive bleeding a er a surgical procedure in her  ather 
 rom whom she is estranged. What do you suspect as 
the cause o  the patient’s illness?

A. Acquired inhibitor o  coagulation
B. Factor VIII de ciency
C. Factor IX de ciency
D. Surreptitious ingestion o  an anticoagulant
E. Von Willebrand disease

12. A 68-year-old man is undergoing a total knee 
replacement  or degenerative arthritis. His past 
medical history is signi cant  or hypertension,

FIGURE 4  (From RS Hillman et al: Hematology in Clinical Prac-
tice, 5th ed. New York, McGraw-Hill, 2010.)

5. You are seeing a patient in  ollow-up in whom you 
have begun an evaluation  or an elevated hema-
tocrit. You suspect polycythemia vera based on a 
history o  aquagenic pruritus and splenomegaly. 
Which set o  laboratory tests are consistent with the 
diagnosis o  polycythemia vera?

A. Elevated red blood cell mass, high serum 
erythropoietin levels, normal oxygen saturation

B. Elevated red blood cell mass, low serum 
erythropoietin levels, normal oxygen saturation

C. Normal red blood cell mass, high serum 
erythropoietin levels, low arterial oxygen saturation

D. Normal red blood cell mass, low serum 
erythropoietin levels, low arterial oxygen saturation

6. Which protein is the primary mediating  actor  or 
platelet adhesion?

A. Collagen
B. Endothelin
C.  issue  actor
D. T rombin
E. Von Willebrand  actor

 Match the  ollowing proteins involved in hemostasis 
with their de nition:
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 12. (Continued)
  diabetes mellitus, hyperlipidemia, gout, and obesity. 

His medication list includes metoprolol, sitagliptin, 
met ormin, allopurinol, rosuvastatin, and aspirin 
daily. He is asked to stop his aspirin in preparation 
 or surgery. Which o  the  ollowing tests are indi-
cated prior to surgery to ensure that the patient 
is not at increased risk o  postoperative bleeding 
complications?

A. Activated partial thromboplastin time (aP  )
B. Bleeding time
C. Prothrombin time (P )
D. A and C
E. A, B, and C

13. A 62-year-old woman is evaluated in hematology 
clinic a er a second episode o  deep venous throm-
bosis. Her  rst episode occurred at age 34  ollowing 
a pregnancy, and this episode occurred  ollowing 
an automobile accident that resulted in a  emur 
 racture. She has no  amily history o  DV  or pul-
monary embolus. She is requesting a work up  or 
hypercoagulability. Her automobile accident was 2 
months ago. She remains casted and has undergone 
surgical intervention on her  racture 4 weeks prior. 
She remains on low molecular weight heparin. What 
do you advise at the current time?

A. Do nothing. No  urther testing is indicated
B. Send Factor V Leiden and prothrombin 20210
C. Send protein C and S levels
D. Send antithrombin III levels
E. Have the patient return in 3–6 months  or  urther 

testing

14. A 24-year-old woman seeks evaluation  rom her pri-
mary care provider  or a “swollen gland” on the right 
side o  her neck. She  rst noticed it about 2 weeks ago 
and has  elt  atigued with a sore throat and low-grade 
 evers throughout this time. On examination, there is 
dominant 2.0 cm right posterior cervical lymph node 
that is rubbery and mobile. It is tender to palpation. 
In addition, there are also several 0.5–1 cm lymph 
nodes in the bilateral anterior and posterior cervical 
chains as well as the occipital area. All o  the  ollow-
ing  ndings  avor a benign diagnosis EXCEP :

A. Age <50
B. Multiple lymph node involvement
C. Presence o  mobility on examination
D. Presence o  tenderness to palpation
E. Size o  dominant node 2 cm or greater

15. A 58-year-old man presents with complaints o   atigue, 
dyspnea on exertion, and abdominal pain that is worst 
on the le  side o  his abdomen. He has a medical his-
tory o  di cult to treat hypertension. His medical regi-
men includes lisinopril 40 mg daily, amlodipine 10 mg 
daily, hydrochlorothiazide 25 mg daily, and methyl-
dopa 250 mg twice daily. He has been intolerant o  beta 
blockers due to bradycardia. T e most recent medica-
tion change was addition o  the methyldopa approxi-
mately 6 months ago. His vital signs are: HR 110 bpm, 
RR 18/min,  emp 37.0°C, BP 148/84, and SaO2 95% 
on room air. He appears pale with mild jaundice. 
Scleral icterus is present. His chest examination is clear, 
and cardiovascular examination shows only a regular 
tachycardia. T e liver is 10 cm to percussion and pal-
pable 1 cm below the right costal margin. T e spleen 
is palpable 10 cm below the le  costal margin. T ere 
is no edema. On laboratory examination, the hemo-
globin is 7.5 g/dL and hematocrit is 23.2%. T e white 
blood cell count is 8300/µL with a normal di erential 
and platelets are 123,000/µL. T e peripheral smear 
shows spherocytes and anisocytosis. AS , AL , and 
alkaline phosphatase are normal. T e total bilirubin is 
3.3 mg/dL, and the direct bilirubin is 0.4 mg/dL. What 
is the most likely cause o  the patient’s splenomegaly?

A. Autoimmune hemolytic anemia
B. Chronic myeloid leukemia
C. Hodgkin’s lymphoma
D. Myelo brosis with myeloid metaplasia
E. Passive congestion due to portal hypertension

16. T e presence o  Howell-Jolly bodies, Heinz bodies, 
basophilic stippling, and nucleated red blood cells in 
a patient with hairy cell leukemia prior to any treat-
ment intervention implies which o  the  ollowing?

A. Di use splenic in ltration by tumor
B. Disseminated intravascular coagulation (DIC)
C. Hemolytic anemia
D. Pancytopenia
E.  rans ormation to acute leukemia

17. Which o  the  ollowing is true regarding in ection 
risk a er elective splenectomy?

A. Patients are at no increased risk o  viral in ection a er 
splenectomy.

B. Patients should be vaccinated 2 weeks a er splenectomy.
C. Splenectomy patients over the age o  50 are at greatest 

risk  or postsplenectomy sepsis.
D. Staphylococcus aureus is the most commonly 

implicated organism in postsplenectomy sepsis.
E. T e risk o  in ection a er splenectomy increases with 

time.
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18. You are an internist at a community hospital and are 
asked to consult regarding an abnormality seen on 
a peripheral blood smear. A 64-year-old man was 
admitted to the orthopedic surgery service  or a 
right total hip replacement surgery. His postopera-
tive course was complicated by an aspiration event 
and subsequent pneumonia. His white blood cell 
count rose  rom 6.3/µL to 12.1/µL with 83% neu-
trophil and 10% bands. T ere was comment o  an 
abnormal bilobed nucleus in a polymorphonuclear 
cell seen on the peripheral smear in the majority o  
granulocytes. T e initial cbc did not have a di eren-
tial or peripheral smear per ormed. When you eval-
uate the smear, you see the  ollowing in Figure 18. 
What is your recommendation?

A. A bone marrow biopsy should be per ormed
B. A  ollow-up cbc with di erential and peripheral 

smear should be evaluated in 4–6 weeks to ensure a 
return to normal

C. No  urther  ollow-up is required. T is is a benign 
inherited disorder

D. No  urther  ollow-up is required. T is is an expected 
reaction to the patient’s in ection

E. Without a prior peripheral smear  or comparison, 
the acuity o  the change is unable to be determined. 
Either C or D could be correct

 19. (Continued)
  neutrophil stimulation, con rming the suspected 

diagnosis o  chronic granulomatous disease. All o  
the  ollowing would be potentially considered  or 
initial treatment in this patient EXCEP :

A. Glucocorticoids
B. Inf iximab
C. Inter eron-gamma
D. Prophylactic itraconazole
E. Prophylactic trimethoprim-sul amethoxazole

20. A patient with longstanding HIV in ection, alco-
holism, and asthma is seen in the emergency room 
 or 1–2 days o  severe wheezing. He has not been 
taking any medicines  or months. He is admitted 
to the hospital and treated with nebulized therapy 
and systemic glucocorticoids. His CD4 count is 
8 and viral load is >750,000. His total white blood 
cell (WBC) count is 5200 cells /µL with 90% neu-
trophils. He is accepted into an inpatient substance 
abuse rehabilitation program and be ore discharge 
is started on opportunistic in ection prophylaxis, 
bronchodilators, a prednisone taper over 2 weeks, 
ranitidine, and highly active antiretroviral therapy. 
T e rehabilitation center pages you 2 weeks later; a 
routine laboratory check reveals a total WBC count 
o  900 cells/µL with 5% neutrophils. Which o  the 
 ollowing new drugs would most likely explain this 
patient’s neutropenia?

A. Darunavir
B. E avirenz
C. Ranitidine
D. Prednisone
E.  rimethoprim-sul amethoxazole

Questions 21 through 25
 For each patient below, choose the most likely 
peripheral blood smear (Figures A through E):

21. A 22-year-old man with a hematocrit o  17%. He 
has sickle cell disease and is admitted with a vaso-
occlusive crisis a er an upper respiratory illness.

22. A 36-year-old woman with a hematocrit o  32%. She 
had a splenectomy 5 years ago a er a motor vehicle 
accident.

23. A 55-year-old man with a hematocrit o  28%. He has 
advanced alcoholic liver disease with cirrhosis and is 
awaiting liver transplantation.

24. A 64-year-old woman with a hematocrit o  28%. She 
has heme-positive stool and a 2-cm adenomatous 
colonic polyp at colonoscopy.

FIGURE 18  

19. An 18-year-old man presents with a gastric out-
let obstruction. He has had  requent episodes o  
abdominal pain, diarrhea, and proctitis. A prior 
colonic biopsy has demonstrated sharply de ned 
granulomas in the colon. In addition, he has had 
recurrent episodes o  pneumonia. He has grown 
both Staphylococcus aureus and Burkholderia cepa-
cia  rom his lungs. A dihydrorhodamine oxidation 
test shows no shi  in f uorescence in response to
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25. A 72-year-old man with a hematocrit o  33%. Four 
years ago he received a mechanical prosthetic aortic 
valve because o  aortic stenosis due to a congenital 
bicuspid valve.

A. 

B. 

C. 

D. 

E. 

26. Which o  the  ollowing statements regarding the 
epidemiology o  cancer is true?

A. Cancer has equal mortality rates across all racial groups
B. Cancer is responsible  or one out o   our deaths in the 

United States
C. Cancer is the third leading cause o  death in the 

United States
D. Since 1992, the incidence o  cancer has been 

increasing by about 2% each year
E. T e greatest number o  cancers in the world occurs in 

Europe or North America

27. A 42-year-old woman is treated with carboplatin 
and paclitaxel  or stage III ovarian cancer. C  imag-
ing a er completing six cycles o  therapy shows that 
the tumor burden has decreased by 25%. What is the 
best assessment o  her response to therapy?

A. Complete response
B. Partial response
C. Progressive disease
D. Stable disease
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28. A 68-year-old woman is diagnosed with stage II 
breast cancer. She has a history o  severe chronic 
obstructive pulmonary disease with an FEV1 o  32% 
predicted, coronary artery disease with prior stent-
ing o  the le  anterior descending artery, peripheral 
vascular disease, and obesity. She continues to smoke 
1–2 packs o  cigarettes every day. She requires oxygen 
at 2 L/min continuously and is  unctionally quite lim-
ited. She currently is able to attend to all o  her activi-
ties o  daily living, including showering and dressing. 
She retired  rom her work as a waitress 10 years previ-
ously due to her lung disease. At home, she does per-
 orm some o  the household chores, but is not able to 
use a vacuum. She does go out once or twice weekly to 
run typical errands and does drive. She  eels short o  
breath with most o  these activities and o en utilizes 
a motorized cart when out and about. How would 
you categorize her per ormance status and prognosis 
 or treatment taking this into consideration?

A. She has an Eastern Cooperative Oncology Group 
(ECOG) grade o  1 and has a good prognosis with 
appropriate therapy

B. She has an ECOG grade o  2 and has a good 
prognosis with appropriate therapy

C. She has an ECOG grade o  3 and has a good 
prognosis with appropriate therapy

D. She has an ECOG grade o  3 and has a poor prognosis 
despite therapy

E. She has an ECOG grade o  4 and has a poor prognosis 
that precludes therapy

29. Among women younger than 60 who die  rom can-
cer, which o  the  ollowing is the most common 
organ o  origin?

A. Breast
B. Cervical
C. Colon
D. Leukemia
E. Lung

30. A 24-year-old woman is seen in  ollow-up 12 months 
a er an allogeneic stem cell transplant  or acute 
myeloid leukemia. She is doing well without evidence 
o  recurrent disease, but has had mani estations 
o  chronic gra  versus host disease. She should be 
administered all o  the  ollowing vaccines EXCEP :

A. Diphtheria-tetanus
B. Inf uenza
C. Measles, mumps, and rubella
D. Poliomyelitis via injection
E. 23-valent pneumococcal polysaccharide

31. A 63-year-old man is treated with paclitaxel and 
carboplatin chemotherapy  or stage IIIB adeno-
carcinoma o  the lung. He presents  or evaluation 
o  a  ever to 38.3°C (100.9°F). He is  ound to have 
erythema at the exit site o  his tunneled catheter 
although the tunnel itsel  is not tender or red. Blood 
cultures are negative at 48 hours. His neutrophil 
count is 1550/µL. What is the best approach to the 
management o  this patient?

A. Removal o  catheter alone
B.  reatment with ce azidime and vancomycin
C.  reatment with topical antibiotics at the catheter site
D.  reatment with vancomycin alone
E.  reatment with vancomycin and removal o  catheter

32. A 44-year-old woman has myelodysplastic syndrome 
and has undergone myeloablative allogeneic stem 
cell transplant. She has been neutropenic  or 10 days 
and has developed a  ever to 39.5°C (103.1°F). She 
has had a Port-a-cath inserted  or her intravenous 
access  or the past 6 months. Her catheter site does 
not appear inf amed, and she has never tested posi-
tive  or methicillin-resistant Staphylococcus aureus. 
What is the best initial choice o  antibiotics  or this 
patient?

A. Ce epime
B. Meropenem
C. Piperacillin-tazobactam
D. Any o  the above would be acceptable choices
E. Any o  the above would be acceptable choice with the 

addition o  vancomycin

33. A 42-year-old man is diagnosed with a stage I malig-
nant melanoma on his le  upper arm. Which o  the 
 ollowing represents the strongest risk  actor(s)  or 
the development o  this disease?

A. First degree relative with melanoma
B. Light skin/hair/eye color
C. Number o  total body nevi
D. Poor tanning ability
E. A and C

34. A 55-year-old woman presents to her dermatolo-
gist with a lesion on her leg that is 8 mm in largest 
diameter and irregular in shape. She reports this 
mole has become larger and darker and wants to 
have it evaluated. Biopsy con rms melanoma that 
extends 0.5 mm  rom the sur ace and into the der-
mis with <1 mitosis/mm. Which o  the  ollowing 
 actors has the greatest impact on the patient’s 
prognosis?

58_Hematology_R&A_p757-792.indd   762  05/08/16   3:41 PM



Review and Self-Assessment 763

 34. (Continued)

A. Anatomic site
B. Breslow thickness
C. Clark level
D. Number o  mitoses
E. Sex

35. A 46-year-old woman has previously had stage IIb 
melanoma removed  rom her upper back. She pres-
ents to the emergency room with dyspnea and is 
 ound to have multiple lung lesions concerning  or 
metastatic disease. Prior to embarking upon che-
motherapy  or her disease, the presence o  which 
genetic mutation is an indication  or speci c 
therapy?

A. BRAF
B. C-kit
C. ERK
D. N-RAS
E. MEK

36. You con rm the patient has the mutation o  interest. 
Which o  the  ollowing is recommended? 

A. Dacarbazine 
B. Interleukin-2
C. Ipilimumab
D. Vemura enib
E. T e speci c therapy depends upon the  unctional 

status and desires o  the patient

37. All o  the  ollowing statements regarding nonmela-
noma skin cancer are true, EXCEP :

A. Actinic keratoses and cheilitis are both premalignant 
 orms o  squamous cell carcinoma

B. All  orms o  UV light exposure, including tanning 
beds, increase the risk o  nonmelanoma skin 
cancers

C. Basal cell carcinoma is most likely to become a 
metastatic malignancy

D. Keratoacanthomas that regress spontaneously should 
be treated as aggressively as other squamous cell 
cancers as they progress to metastatic disease

E. Solid organ transplantation is associated with a 
marked increased risk o  both squamous and basal 
cell carcinoma that can be aggressive and lead to 
death

38. A 65-year-old man presents to his primary care phy-
sician complaining o  a hoarse voice  or 6 months. He 
smokes 1 pack o  cigarettes daily and also drinks at 
least a 6 pack o  beer daily. His physical examination

 38. (Continued)
  reveals a thin man with a weak voice in no distress. 

No stridor is heard. T e head and neck examination 
is normal. No cervical lymphadenopathy is present. 
He is re erred to otolaryngologist who discovered a 
laryngeal lesion. Biopsy reveals squamous cell car-
cinoma. On imaging, the mass measures 2.8 cm. 
No suspicious lymphadenopathy is present on PE  
imaging. What is the best choice o  therapy  or this 
patient?

A. Concomitant chemotherapy and radiation therapy
B. Chemotherapy alone
C. Radiation therapy alone
D. Radical neck dissection alone
E. Radical neck dissection  ollowed by concomitant 

chemotherapy and radiation

39. All o  the  ollowing have been identi ed as risk  ac-
tors  or the development o  head and neck cancers 
EXCEP :

A. Alcohol consumption
B. Epstein-Barr virus in ection
C. Helicobacter pylori in ection
D. Human papilloma virus in ection
E.  obacco consumption

40. Which o  the  ollowing statements regarding to a 
solitary pulmonary nodule is true?

A. A lobulated and irregular contour is more indicative 
o  malignancy than a smooth one

B. About 80% o  incidentally  ound pulmonary nodules 
are benign

C. Absence o  growth over a period o  6–12 months is 
su cient to determine i  a solitary pulmonary nodule 
is benign.

D. Ground glass nodules should be regarded as benign
E. Multiple nodules indicate malignant disease

41. A 64-year-old man seeks evaluation  or a solitary 
pulmonary nodule that was  ound incidentally. He 
had presented to the emergency department  or 
shortness o  breath and chest. A C  pulmonary 
angiogram did not show any evidence o  pulmo-
nary embolism; however, a 9 mm nodule is seen 
in the periphery o  the le  lower lobe. No enlarged 
mediastinal lymph nodes are present. He is a cur-
rent smoker o  2 packs o  cigarettes daily and has 
done so since the age o  16. He generally reports no 
 unctional limitation related to respiratory symp-
toms. His FEV1 is 88% predicted, FVC is 92% pre-
dicted, and di usion capacity is 80% predicted. 
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 41. (Continued)
  He previously had a normal chest x-ray 3 years pre-

viously. What is the next best step in the evaluation 
and treatment o  this patient?

A. Per orm a bronchoscopy with biopsy  or diagnosis
B. Per orm a combined PE /C  to assess  or uptake in 

the nodule and assess  or lymph node metastases
C. Per orm a  ollow-up C  scan in 3 months to assess 

 or interval growth
D. Re er the patient to radiation oncology  or 

stereotactic radiation o  the dominant nodule
E. Re er the patient to thoracic surgery  or video-

assisted thoracoscopic biopsy and resection o  lung 
nodule i  malignancy is diagnosed

42. A 62-year-old man presents to the emergency room 
complaining o  a droopy right eye and blurred vision 
 or the past day. T e symptoms started abruptly, and he 
denies any antecedent illness. For the past 4 months, 
he has been complaining o  increasing pain in his 
right arm and shoulder. His primary care physician 
has treated him  or shoulder bursitis without relie . 
His past medical history is signi cant  or COPD and 
hypertension. He smokes 1 pack o  cigarettes daily. 
He has chronic daily sputum production and stable 
dyspnea on exertion. On physical examination, he 
has right eye ptosis with unequal pupils. His pupil is 
2 mm on the right and not reactive whereas the pupil 
is 4 mm and reactive on the le . However, his ocu-
lar movements appear intact. His lung  elds are clear 
to auscultation. On extremity examination, there is 
wasting o  the intrinsic muscles o  the hand. Which 
o  the  ollowing would be most likely to explain the 
patient’s constellation o  symptoms?

A. Enlarged mediastinal lymph nodes causing occlusion 
o  the superior vena cava

B. Metastases to the midbrain  rom small cell lung 
cancer

C. Paraneoplastic syndrome caused by antibodies to 
voltage-gated calcium channels

D. Presence o  a cervical rib on chest x-ray
E. Right apical pleural thickening with a mass-like 

density measuring 1 cm in thickness

43. As an oncologist you are considering treatment 
options  or your patients with lung cancer, includ-
ing small molecule therapy targeting the epidermal 
growth  actor receptor (EGFR). Which o  the  ollow-
ing patients is most likely to have an EGFR mutation?

A. A 23-year-old man with a hamartoma
B. A 33-year-old woman with a carcinoid tumor

 43. (Continued)
C. A 45-year-old woman who has never smoked with an 

adenocarcinoma
D. A 56-year-old man with a 100 pack-year history o  

tobacco with small cell lung carcinoma
E. A 76-year-old man with squamous cell carcinoma 

and a history o  asbestos exposure

44. You are meeting today with Mr.  akei to discuss his 
recent diagnosis o  small cell lung cancer. On review-
ing his PE /C  results  rom earlier today, you note 
that he has a mass in the hilar region o  his le  lung, 
and that he has a moderate pleural e usion there. 
You know that he underwent thoracentesis o  that 
e usion last week, and so you call the pathologist to 
get a cytopathology report. He reports the presence 
o  hyperchromic, small basophilic atypical cells in 
the pleural f uid, consistent with small cell lung can-
cer. You now know which o  the  ollowing is true?

A. T irty percent o  patients with SCLC are diagnosed 
with the same stage o  disease as Mr.  akei.

B. Mr.  akei has extensive stage disease.
C. Surgical therapy alone has a high curative rate  or  

Mr.  akei’s stage o  SCLC. 
D. T e majority o  patients with SCLC o  this stage 

respond to chemotherapy alone and go into remission 
with a high 2-year survival.

E. Radiation plays no role in therapy  or this disease.

45. Which o  the  ollowing statements regarding screen-
ing  or lung cancer in the National Lung Screening 
 rial using low-dose C  scanning is true?

A. Greater than 80% o  positive results were  ound to be 
malignant a er biopsy

B. Positive results were  ound in approximately 5% o  
patients over the 3-year trial

C. T e trial compared the use o  chest radiograph vs 
low-dose C  scan in patients 30–50 years old

D. T ere was a reduction in lung cancer mortality in the 
low-dose C  group

E. T ere was no di erence in all-cause mortality 
between the C  and radiograph groups

46. A 34-year-old woman is seen by her internist  or 
evaluation o  right breast mass. T is was noted 
approximately 1 week ago when she was showering. 
She has not had any nipple discharge or discom ort. 
She has no other medical problems. On examination 
her right breast has a so  1 cm by 2 cm mass in the 
right upper quadrant. T ere is no axillary lymphade-
nopathy present. T e contralateral breast is normal. 
T e breast is re-examined in 3 weeks and the same 
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 46. (Continued)
   ndings are present. T e cyst is aspirated and clear 

f uid is removed. T e mass is no longer palpable. 
Which o  the  ollowing statements is true?

A. Breast MRI should be obtained to discern  or residual 
f uid collection

B. Mammography is required to  urther evaluate the 
lesion

C. She should be evaluated in 1 month  or recurrence
D. She should be re erred to a breast surgeon  or 

resection
E. She should not breast eed any more children

47. Which o  the  ollowing women has the lowest risk o  
breast cancer?

A. A woman with menarche at 12 years,  rst child at  
24 years and menopause at 47 years

B. A woman with menarche at 14 years,  rst child at  
17 years and menopause at 52 years

C. A woman with menarche at 16 years,  rst child at  
17 years and menopause at 42 years

D. A woman with menarche at 16 years,  rst child at  
32 years and menopause at 52 years

E. T ey are all equal

48. Which o  the  ollowing history or physical  ndings 
should prompt investigation  or hereditary non-
polyposis colon cancer screening in a 32-year-old 
man?

A. Father, paternal aunt, and paternal cousin with colon 
cancer with ages o  diagnosis o  54, 68, and 37 years, 
respectively

B. Innumerable polyps visualized on routine 
colonoscopy

C. Mucocutaneous pigmentation
D. New diagnosis o  ulcerative colitis
E. None o  the above

49. A 64-year-old woman presents with complaints o  
a change in stool caliber  or the past 2 months. T e 
stools now have a diameter o  only the size o  her   h 
digit. Over this same period, she  eels she has to exert 
increasing strain to have a bowel movement and some-
times has associated abdominal cramping. She o en 
has blood on the toilet paper when she wipes. During 
this time, she has lost about 20 lb with a decreased 
appetite. On physical examination, the patient appears 
cachectic with a body mass index o  22.5 kg/m2. T e 
abdomen is f at and nontender. T e liver span is 12 cm 
to percussion. On digital rectal examination, a mass 
lesion is palpated approximately 6 cm into the rectum.

 49. (Continued)
  A colonoscopy is attempted which demonstrates a 

2.5-cm sessile mass that narrows the distal colonic 
lumen. T e biopsy con rms adenocarcinoma. T e 
colonoscope is not able to traverse the mass. A C  scan 
o  the abdomen does not show evidence o  metastatic 
disease. Liver  unction tests are normal. A carcino-
embryonic antigen level is 4.2 ng/mL. T e patient is 
re erred  or surgery and undergoes rectosigmoidec-
tomy with pelvic lymph node dissection. Final pathol-
ogy demonstrates extension o  the primary tumor into 
the muscularis propria, but not the serosa. O  15 lymph 
nodes removed, 2 are positive  or tumor. What do you 
recommend  or this patient  ollowing surgery?

A. Chemotherapy with a regimen containing 
5-f uorouracil

B. Complete colonoscopy within 3 months
C. Measurement o  CEA levels at 3 month intervals
D. Radiation therapy to the pelvis
E. All o  the above

50. A 56-year-old man presents to a physician with weight 
loss and dysphagia. He  eels that  ood gets stuck in his 
mid-chest such that he no longer is able to eat meats. 
He reports his diet consists primarily o  so   oods and 
liquids. T e symptoms have progressively worsened 
over 6 months. During this time, he has lost about 50 lb. 
He occasionally gets pain in his mid-chest that radiates 
to his back and also occasionally  eels that he regurgi-
tates undigested  oods. He does not have a history o  
gastroesophageal ref ux disease. He does not regularly 
seek medical care. He is known to have hypertension, 
but takes no medications. He drinks 500 cc or more o  
whiskey daily and also smokes 1.5 packs o  cigarettes 
per day. On physical examination, the patient appears 
cachectic with temporal wasting. He has a body mass 
index o  19.4 kg/m2. His blood pressure is 198/110, 
heart rate 110 bpm, respiratory rate 18/min, tempera-
ture 37.4°C (99.2°F), and oxygen saturation is 93% on 
room air. His pulmonary examination shows decreased 
breath sounds at the apices with scattered expiratory 
wheezes. His cardiovascular examination demonstrates 
an S4 gallop with a hyperdynamic precordium. A regu-
lar tachycardia is present. Blood pressures are equal in 
both arms. Liver span is not enlarged. T ere are no pal-
pable abdominal masses. What is the most likely cause 
o  the patient’s presentation?

A. Adenocarcinoma o  the esophagus
B. Ascending aortic aneurysm
C. Esophageal stricture
D. Gastric cancer
E. Squamous cell carcinoma o  the esophagus

58_Hematology_R&A_p757-792.indd   765  05/08/16   3:41 PM



766 Review and Self-Assessment766

51. Which o  the  ollowing risk  actors is associated with 
BO H adenocarcinoma and squamous cell carci-
noma o  the esophagus?

A. Barrett’s esophagus
B. Chronic gastroesophageal ref ux disease
C. Cigarette smoking
D. Lye ingestion
E. Male sex

52. All o  the  ollowing conditions are known to increase 
the risk o  developing hepatocellular carcinoma 
EXCEP :

A. Cirrhosis  rom any cause
B. Hepatitis C in ection
C. Malaria
D. Nonalcoholic  atty liver (NAFL)
E. Nonalcoholic steatohepatitis (NASH)

53. A 59-year-old man with known cirrhosis due to 
prior hepatitis C in ection is brought to the clinic by 
his  amily due to complaints o  1 month o  worsen-
ing malaise, abdominal bloating, and nausea with 
1 week o  right upper quadrant pain. His physical 
examination is notable  or normal vital signs (base-
line low blood pressure) and new hepatomegaly. 
Which o  the  ollowing statements is true regarding 
the possibility o  hepatocellular carcinoma?

A. FDG-PE  scan is more sensitive  or showing primary 
tumor than C  or ultrasound

B. Hepatomegaly is an uncommon  nding in 
hepatocellular carcinoma

C. Imaging criteria alone (without biopsy) have a <75% 
speci city  or the diagnosis

D. Serum al a- etoprotein (AFP) is the most sensitive but 
nonspeci c test

E. Ultrasound is an excellent screening test  or this 
patient

54. T e patient described above is  ound to have a 
4-cm single lesion hepatocellular carcinoma. His 
per ormance status is excellent despite his recent 
decline. He still works as a web designer and walks 
over 10,000 steps daily. Based on this in ormation, 
he may be eligible  or all o  the  ollowing therapies 
EXCEP :

A. Cadaveric liver transplant
B. Living donor liver transplant
C. Local ablation with ethanol injection
D. Local radio requency ablation
E. Primary resection

55. All o  the  ollowing statements regarding cholangio-
carcinoma are true EXCEP :

A. Asians in ected with liver f ukes have an increased 
risk o  cholangiocarcinoma

B. In eligible patients with cholangiocarcinoma, 
liver transplant plus radiation has a >60% 5-year 
recurrence- ree survival

C. Most patients present due to an abnormal screening 
ultrasound, without symptoms

D. Primary biliary cirrhosis and hepatitis C virus 
in ection are associated with cholangiocarcinoma

E. T e incidence o  cholangiocarcinomas is increasing in 
recent years

56. All o  the  ollowing statements regarding pancreatic 
cancer are true EXCEP :

A. Alcohol consumption is not a risk  actor  or 
pancreatic cancer

B. Cigarette smoking is a risk  actor  or pancreatic 
cancer

C. Despite accounting  or <5% o  malignancies 
diagnosed in the United States, pancreatic cancer is 
the 4th leading cause o  cancer death

D. I  detected early, the 5-year survival is up to 20%
E. T e 5-year survival rates  or pancreatic cancer have 

improved substantially in the last decade

57. A 65-year-old man is evaluated in clinic  or 1 month o  
progressive painless jaundice and 10 lb unintentional 
weight loss. His physical examination is unremark-
able. A dual phase contrast C  shows a suspicious 
mass in the head o  the pancreas with biliary ductal 
dilation. Which o  the  ollowing is the best diagnostic 
test to evaluate  or suspected pancreatic cancer?

A. C  guided percutaneous needle biopsy
B. Endoscopic ultrasound guided needle biopsy
C. ERCP with pancreatic juice sampling  or 

cytopathology
D. FDG-PE  imaging
E. Serum CA 19-9

58. A 63-year-old man presents to his internist with 3 
months o  worsening painless jaundice and anorexia. 
Further evaluation reveals a 1.5-cm obstructing 
lesion in the head o  the pancreas that is con rmed 
as pancreatic adenocarcinoma by endoscopic ultra-
sound biopsy. T e patient undergoes a modi ed 
Whipple procedure and is  ound to have a 1.6-cm 
primary tumor with no microscopic residual disease 
and negative lymph nodes. Which o  the  ollowing 
statements regarding this patient is true?
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 58. (Continued)

A. He has a >75% expected 5-year survival a er surgery
B. He has pathologic stage 2 disease
C. He should receive adjuvant chemotherapy
D. T e presence o  SMAD4 gene inactivation in the 

tumor is a positive prognostic sign
E. T is presentation accounts  or approximately 25% o  

patients with pancreatic cancer

59. A 63-year-old man complains o  notable pink tinged 
urine  or the last month. At  rst he thought it was 
due to eating beets, but has not cleared. His medi-
cal history is notable  or hypertension and cigarette 
smoking. He does report some worsening urinary 
 requency and hesitancy over the last 2 years. Physi-
cal examination is unremarkable. Urinalysis is nota-
ble  or gross hematuria with no white cells or casts. 
Renal  unction is normal. Which o  the  ollowing 
statements regarding this patient is true?

A. Cigarette smoking is not a risk  or bladder cancer
B. Gross hematuria makes prostate cancer more likely 

than bladder cancer
C. I  invasive bladder cancer with nodal involvement but 

no distant metastases is  ound, 5-year survival is 20%
D. I  super cial bladder cancer is  ound, intravesicular 

BCG may be used as adjuvant therapy
E. Radical cystectomy is generally recommended  or 

invasive bladder cancer

60. A 68-year-old man comes to his physician complain-
ing o  2 months o  increasing right f ank pain with 
1 month o  worsening hematuria. He was treated 
 or cystitis at a walk-in clinic 3 weeks ago with no 
improvement. He also reports poor appetite and 5 lb 
weight loss. His physical examination is notable  or 
a palpable mass in the right f ank measuring >5 cm. 
His renal  unction is normal. All o  the  ollowing are 
true about this patient’s likely diagnosis EXCEP :

A. Anemia is more common than erythrocytosis
B. Cigarette smoking increased his risk
C. I  his disease has metastasized, with best therapy 

5-year survival is >50%
D. I  his disease is con ned to the kidney, 5-year survival 

is >80%
E. T e most likely pathology is clear cell carcinoma

61. In the patient described above, imaging shows a 
10-cm solid mass in the right kidney and multiple 
nodules in the lungs consistent with metastatic dis-
ease. Needle biopsy o  a lung lesion con rms the 

 61. (Continued)
  diagnosis o  renal cell carcinoma. Which o  the  ol-

lowing is recommended therapy?

A. Gemcitabine
B. Inter eron gamma
C. Interleukin-2
D. Radical nephrectomy
E. Sunitinib

62. Which o  the  ollowing has been shown in random-
ized trials to reduce the  uture risk o  pancreatic can-
cer diagnosis?

A. Finasteride
B. Selenium
C.  estosterone
D. Vitamin C
E. Vitamin E

63. A 54-year-old man is evaluated in an executive health 
program. On physical examination he is noted to 
have an enlarged prostate with a right lobe nodule. 
He does not recall his last digital rectal examination 
and has never had prostate-speci c antigen (PSA) 
tested. Based on this evaluation, which o  the  ollow-
ing is next recommended?

A. Bone scan to evaluate  or metastasis
B. PSA
C. PSA now and in 3 months to measure PSA velocity
D. Repeat digital rectal examination in 3 months
E.  ransrectal ultrasound guided biopsy

64. Which o  the  ollowing statements regarding use o  
prostate-speci c antigen (PSA) is true?

A. Asymptomatic men with an elevated PSA should 
receive a 2-week course o  antibiotics be ore 
repeating PSA and considering biopsy

B. Most prostate cancer deaths occur in men with PSA 
levels below the top quartile

C. PSA is produced by malignant and nonmalignant 
prostate cells

D. T e American Urological Association recommends 
PSA screening in men 40–55 years o  age

E. T e US Preventive Services  ask Force recommends 
PSA screening in men between 55 and 69 years o  
age

65. All o  the  ollowing medications may be use ul 
in the treatment o  benign prostatic hypertrophy 
EXCEP :
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 65. (Continued)

A. Al uzosin
B. Bosentan
C. Dutasteride
D. Finasteride
E. Sildena l

66. A 26-year-old man presents with pain and swelling 
o  his right testicle that has persisted a er an empiric 
treatment  or epididymitis. Ultrasound con rms 
a 1.5 × 2 cm solid mass, suspicious  or testicular 
cancer. Radical inguinal orchiectomy con rms the 
mass as a seminoma with disease limited to the testis 
(tumor stage p 1). Chest, abdomen, and pelvis C  
shows no evidence o  metastatic disease or lymph-
adenopathy. Results o  serum tumor markers dem-
onstrate the  ollowing: AFP 5 ng/mL (<10 ng/mL), 
β-human chorionic gonadotropin (β-hCG) 182 U/L 
(0.2–0.8 U/L), and LDH 432 U/L (100–190 U/L). 
Following resection, all tumor markers become 
undetectable a er an appropriate interval. Which is 
the next best step in this patient’s treatment?

A. Immediate retroperitoneal radiation therapy
B. Nerve-sparing retroperitoneal lymph node dissection
C. Single dose therapy with cisplatin
D. Surveillance alone with treatment only i  relapse 

detected
E. Either A or D are associated with a near 100% cure rate

67. Which o  the  ollowing statements describes the rela-
tionship between testicular tumors and serum markers?

A. β-hCG and AFP should be measured in  ollowing the 
progress o  a tumor

B. β-hCG is limited in its use ulness as a marker because 
it is identical to human luteinizing hormone

C. Measurement o  tumor markers the day a er 
surgery  or localized disease is use ul in determining 
completeness o  the resection.

D. More than 40% o  nonseminomatous germ cell 
tumors produce no cell markers

E. Pure seminomas produce AFP or β-hCG in more 
than 90% o  cases.

68. All o  the  ollowing statements regarding the risk o  
ovarian cancer are true EXCEP :

A.  en percent o  women with ovarian cancer have a 
germline mutation in either BRACA1 or BRACA2

B. Early prophylactic oophorectomy in women with 
BRACA1 or BRACA2 mutations reduces the risk o  
developing subsequent breast cancer

C. Individuals with a single copy o  a BRACA1 or 
BRACA2 mutant allele have an increased risk o  
breast and ovarian cancer

D. Women with a mutation in BRACA1 have a higher 
risk o  ovarian cancer than woman with a mutation in 
BRACA2

E. Women with BRACA1, BRACA2, or other at risk 
germ line mutations should be screened with serial 
measurement o  the CA-125 tumor marker

69. A 42-year-old woman seeks evaluation  or over  
6 months o  post-coital bleeding without dyspareu-
nia. She also notes some recent spotting between her 
regular menses. She has no past medical history, is 
unmarried with multiple sexual partners and unpro-
tected sex, and works as an accountant. She has not 
sought gynecologic evaluation  or over 10 years. 
Pelvic examination reveals an abnormal appearance 
o  the cervix with an abnormal Pap smear, positive 
HPV test, and negative HIV, chlamydia, gonorrhea, 
and syphilis studies. A cervical biopsy shows squa-
mous cell carcinoma con ned to the cervix. All o  
the  ollowing statements regarding this woman’s 
condition are true EXCEP :

A. Cervical cancer is an uncommon cancer worldwide
B. Her cancer is related to HPV in ection
C. HPV vaccination be ore initiation o  sexual activity 

can decrease the risk o  developing an abnormal Pap 
smear

D. She has stage 1 cervical cancer
E. With surgical therapy her 5-year survival is >80%

70. Which o  the  ollowing statements regarding the 
presentation and evaluation o  suspected brain 
malignancy is true?

A. A low grade glioma is more likely to present with a 
new seizure than a high grade glioma

B. Approximately hal  o  all malignant brain lesions are 
metastatic with the other hal  being all primary brain 
tumors combined

C. C  with intravenous contrast is the pre erred radiologic 
study to evaluate a suspected intracranial tumor

D. Headache is present at presentation in over 75% o  
patients with brain tumors

E. High grade gliomas are more likely to present with 
headache and alteration in cognitive  unction than 
metastatic lesions

71. A 63-year-old woman presents to the emergency 
department a er developing a new onset seizure. 
Family members came to her when they heard a 
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 71. (Continued)
  use and she has been in excellent health until this epi-

sode. She works as a congressional sta er in a legislative 
o ce. Her physical examination is unremarkable; she 
is somnolent and disoriented a er receiving lorazepam 
by the emergency medical team. She receives an urgent 
head MRI with contrast (see Figures 71A and 71B). T e 
largest lesion visualized is less than 3 cm in diameter. 
Which o  the  ollowing statements is true about her 
likely diagnosis?

A. Metastatic lesions due to ovarian carcinoma are more 
likely than metastatic lesions due to a lung carcinoma

B. She is likely a candidate  or platinum-based 
chemotherapy

C. She likely has a primary brain malignancy
D. She may be a candidate  or stereotactic radiosurgery
E. Stereotactic radiosurgery and whole brain radiation 

have similar mortality outcomes  or metastatic disease

72. A 55-year-old woman presents to the emergency 
department a er a minor motorcycle collision com-
plaining o  di use chest pain. Her chest radiograph 
shows multiple 2–4 cm nodules and masses without 
cavitation in all lobes. Her physical examination is 
totally normal other than some di use chest. She has 
no past medical history and takes no medications, 
other than a multivitamin. She exercises regularly and 
had negative colonoscopy and mammogram within 
the last 2 years. She works as a librarian and rides 
motorcycles  or recreation. T ere is no history o  cig-
arette or illicit drug use. Abdominal, pelvic, and head 
imaging shows no likely primary lesions. A broncho-
scopic biopsy o  a lung lesion is per ormed and shows 
histology consistent with moderately well di erenti-
ated adenocarcinoma. T ere were no airway abnor-
malities. Her FDG-PE  scan shows no lesions other 
than those in the lung, and repeat colonoscopy and 
mammography are normal. All o  the  ollowing state-
ments regarding her carcinoma are true EXCEP :

A. Gene expression pro les may help determine the 
original primary carcinoma and aid in determining 
the most appropriate therapy

B. Immunohistochemical staining o  cytokeratin 7  
(CK 7) and cytokeratin 20 (CK 20) may help 
determine the most appropriate therapy

C. Median survival o  patients with carcinoma o  
uncertain primary is approximately 18 months

D. Moderately di erentiated adenocarcinoma is the most 
common histology o  carcinoma o  unknown primary

E. Prognostic  actors including per ormance status and 
LDH level may identi y patients most amenable to 
therapy

 71. (Continued)
  commotion in her bedroom and  ound her having a 

tonic-clonic seizure that spontaneously ended a er 
about 1 minute. She has no prior neurologic history, 
her medical history is only notable  or hyperten-
sion controlled with a diuretic and 40 pack years o  
cigarette smoking. T ere is no history o  illicit drug 

FIGURE 71 A 

FIGURE 71 B 
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74. In the patient described above, she should receive 
treatment with all o  the  ollowing  or her hypercal-
cemia EXCEP :

A. Calcitonin
B. Furosemide
C. Normal saline
D. Pamidronate
E. Prednisone

75. A 61-year-old woman is diagnosed with stage 2 
breast carcinoma. She receives a mastectomy where 
she is  ound to have 1 positive lymph node. T e 
tumor is positive  or estrogen-receptor, progestin-
receptor, and overexpression o  Her2/Neu. She 
receives adjuvant chemotherapy with doxorubicin, 
cisplatin, and trastuzumab. Match the concerning 
toxicity with the appropriate agent.

1. Cisplatin
2. Doxorubicin
3.  rastuzumab 

A. Reversible cardiomyopathy
B. Irreversible cardiomyopathy
C. Sensorimotor neuropathy 

73. A 63-year-old woman is brought to the emergency 
room by her nephew because o  severe con usion 
and obtundation. Her vital signs are normal and 
there are no  ocal physical  ndings. She is  ound to 
have hypercalcemia with a serum level o  14.8 mg/dL 
along with minimal elevation o  BUN and creatinine. 
Initial evaluation reveals a chest radiograph with 
multiple nodules suggestive o  metastatic disease. 
Un ortunately the nephew does not know anything 
about his aunt’s medical history. He reports that she 
was in town attending a healing yoga con erence. 
Subsequent laboratory testing reveals a normal para-
thyroid hormone level and an elevated parathyroid 
hormone-related protein level. All o  the  ollow-
ing are a likely primary malignancy in this woman 
EXCEP :

A. Adenocarcinoma o  the breast 
B. Mantle cell lymphoma 
C. Squamous cell o  the lung
D. Squamous cell o  the piri orm sinus
E.  ransitional cell o  the bladder
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ANSWERS

in the workup o  this patient would be to per orm 
iron studies, including  erritin, iron, trans errin, and 
total iron binding capacity. 

3. T e answer is E. 
(Chap. 2) T is patient has an asymptomatic micro-
cytosis and hypochromia as evidenced by a low 
mean corpuscular volume (MCV) and low mean 
corpuscular hemoglobin (MCH), but is not anemic. 
T is is typical o  individuals with alpha thalassemia 
trait. T alassemias are inherited disorders o  hemo-
globin production that results in production o  an 
abnormal alpha or beta globin. Alpha thalassemias 
are most common in individuals o  A rican, Asian, 
Middle Eastern, or Mediterranean descent. T e pro-
duction o  alpha globulin is encoded by 4 α-globin 
genes, 2 each on chromosome 16 (α α/ α α). Alpha 
thalassemia trait results when there is a de ect in 
2 o  the α-globin genes (-α/-α or --/α α). Overall, 
the production o  the α-globin is adequate to yield 
normal hemoglobin and not result in excessive 
hemolysis. However, microcytosis and hypochro-
mia are seen. Hematocrit is normal or only mini-
mally reduced while RBC count may be increased. 
In addition, to microcytosis and hypochromia, the 
characteristic  nding on peripheral smear is the tar-
get cell. T ese cells have a bulls-eye appearance and 
can also be seen in liver disease. Burr cells are typi-
cally seen in uremia and show multiple spiny pro-
jections. Howell-Jolly bodies are nuclear remnants 
that can be seen in some RBCs in individuals who 
have undergone splenomegaly as these proteins are 
not easily cleared in these individuals. Schistocytes 
are RBC  ragments that can be seen in individu-
als who are experiencing intravascular hemolysis. 
Spherocytes are small dense red cells that lack cen-
tral pallor and biconcavity. T ey are typically seen 
in hereditary spherocytosis, but can also be seen in 
other autoimmune hemolytic anemias (AIHAs). 

4. T e answer is C. 
(Chap. 2) T is blood smear shows  ragmented 
RBCs o  varying size and shape. In the presence o  a 
 oreign body within the circulation (prosthetic heart 
valve, vascular gra ), RBCs can become destroyed. 
Such intravascular hemolysis will also cause serum 
lactate dehydrogenase to be elevated and hemoglo-
binuria. In isolated extravascular hemolysis, there 
is no hemoglobin or hemosiderin released into the 
urine. T e characteristic peripheral blood smear in 
splenomegaly is the presence o  Howell-Jolly bodies 
(nuclear remnants within RBCs). Certain diseases 

1. T e answer is D. 
(Chap. 2) Normal erythropoiesis requires proper 
erythropoietin (EPO) production, proli erative 
capacity o  the bone marrow, availability o  iron 
and other co actors, and e ective maturation o  
red blood cell (RBC) precursors. T e physiologic 
regulator o  RBC production is EPO, a glycoprotein 
produced in the peritubular capillary lining cells o  
the kidney. EPO production and gene regulation is 
controlled by hypoxia inducible  actor-1α, which is 
upregulated in response to hypoxia. EPO then stim-
ulates the early progenitor cells in the bone marrow 
to increase in number and, in turn, to produce more 
RBCs. T e  rst morphologically recognizable RBC 
precursor is the pronormoblast. T is cell divides 
4–5 times to generate a total o  16–32 mature RBCs. 
With EPO stimulation, red cell production increases 
markedly up to 4–5  old, reaching maximum capac-
ity within a 1–2 week period. In the absence o  EPO, 
however, erythroid progenitor cells will undergo 
apoptosis or programmed cell death. Overall, nor-
mal red cell production and turnover result in the 
replacement o  0.8–1.0% o  the red cell population 
on a daily basis.

2. T e answer is E. 
(Chap. 2) T e patient presents with a microcytic 
anemia in the setting o  heavy menses and a vegetar-
ian diet that may be low in iron. She is most likely to 
have an iron de ciency anemia, which results in a 
hypoproli erative bone marrow relative to the degree 
o  anemia. At least 75% o  all anemias are hypopro-
li erative in nature, with iron de ciency being the 
most common cause. Iron de ciency anemia results 
in a characteristic microcytic hypochromic anemia. 
On laboratory examination, this is mani est as a low 
mean corpuscular volume, low mean corpuscular 
hemoglobin, and low mean corpuscular hemoglobin 
concentration. T e peripheral blood smear in iron 
de ciency anemia characteristically shows microcy-
tosis (small cells) and hypochromia (pale cells) with 
small cells with central pallor. However, there is also 
marked anisocytosis (unequal size cells) and poi-
kilocytosis (abnormal shape cells) with cells o  many 
di erent sizes and shapes. T e degree o  anisocy-
tosis typically correlates with the red cell distribu-
tion width (RDW) as measured on the complete 
blood count. Poikilocytosis results in cells o  many 
di erent shapes and represents a de ect o  red cell 
maturation in the bone marrow or  ragmentation or 
circulating red cells. T us, all o  the  ndings can be 
seen in severe iron de ciency anemia. T e next step 
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are associated with extramedullary hematopoiesis 
(e.g., chronic hemolytic anemias), which can be 
detected by an enlarged spleen, thickened calvar-
ium, myelo brosis, or hepatomegaly. T e peripheral 
blood smear may show tear-drop cells or nucleated 
RBCs. Hypothyroidism is associated with macrocy-
tosis, which is not demonstrated here. Chronic gas-
trointestinal blood loss will cause microcytosis, not 
schistocytes.

5. T e answer is B. 
(Chap. 2) T e  rst step in diagnosing polycythemia 
vera is to document an elevated RBC mass. A nor-
mal RBC mass suggests spurious polycythemia. Next, 
serum EPO levels should be measured. I  EPO levels 
are low, the diagnosis is polycythemia vera. Con rma-
tory tests include JAK-2 mutation analysis, leukocyto-
sis, and thrombocytosis. Elevated EPO levels are seen 
in the normal physiologic response to hypoxia as well 
as in autonomous production o  EPO. Further steps 
in the workup include evaluation  or hypoxia with an 
arterial blood gas, consideration o  smoker’s polycy-
themia (elevated carboxyhemoglobin levels) and dis-
orders o  increased hemoglobin a nity  or oxygen. 
Low serum EPO levels with low oxygen saturation 
suggest inadequate renal production (renal  ailure). 
High RBC mass and high EPO levels with normal 
oxygen saturation may be seen with autonomous EPO 
production, such as in renal cell carcinoma.

6. T e answer is E. 
(Chap. 3) Upon injury, hemostasis is achieved via 
platelet adhesion and aggregation along with  brin 
clot  ormation. T e initial step in the process o  
hemostasis is platelet adhesion. T is is primarily 
mediated by von Willebrand  actor (vWF). vWF is 
a very large multimeric protein that is  ound in both 
the plasma and in the extracellular matrix o  the sub-
endothelial vessel wall. It acts almost like “molecular 
glue” as it binds the platelets with enough strength 
to allow them to withstand shear stress and prevent 
detachment. Platelet adhesion also occurs to a lesser 
degree with subendothelial collagen through spe-
ci c platelet membrane collagen receptors.

7. T e answer is B.

8. T e answer is D.

9. T e answer is C.

10. T e answer is A. 
(Chap. 3) Hemostasis involves a balance o  proco-
agulant and anticoagulant  orces. T e procoagulant 

 orces include platelet adhesion and aggregation and 
 brin clot  ormation whereas the anticoagulant sys-
tem includes the natural inhibitors o  coagulation and 
the process o   brinolysis. T ere are many proteins 
required to balance this system which is  nely tuned to 
be ready to initiate coagulation upon injury and arrest 
bleeding quickly. Upon injury, platelets quickly adhere 
to the site o  injury by binding to vWF primarily and to 
exposed subepithelial collagen to a lesser extent. A er 
the initial platelet adhesion, platelets become activated 
to promote  urther aggregation to promulgate the clot. 
T is process is mediated in part through the action o  
the glycoprotein IIb/IIIa receptor on the platelet sur-
 ace. T e protein is the most abundant receptor on the 
platelet sur ace. Upon platelet activation, the glycopro-
tein IIb/IIIa receptor can bind vWF and  brinogen, 
 urthering platelet aggregation. Fibrin clot  ormation 
is classically thought o  occurring via the intrinsic and 
extrinsic pathways. It is now known that coagulation 
is normally initiated through exposure to tissue  actor 
(the classic extrinsic pathway) with important ampli-
 cation through the element o  the intrinsic pathway. 
T ere are many dynamic interactions that occur with 
tissue  actor activation.  issue  actor binds the co ac-
tor VIIa and can act to directly activate  actor X or 
it can activate  actor IX, which in turn acts with  ac-
tor VIIIa to activate  actor X. Activated  actor X then 
converts prothrombin to thrombin, which in turn has 
a positive  eedback on the coagulant system by acti-
vating  actor XI (the classic intrinsic pathway) (see 
Figure 3-1). T rombin is a multi unctional enzyme 
which also converts  brinogen to  brin to promulgate 
clot  ormation. T e body has several antithrombotic 
mechanisms to counteract the coagulant system. Anti-
thrombin is the major protease inhibitor o  thrombin 
and the other clotting  actors o  the coagulation sys-
tem. Protein C is a plasma glycoprotein that is acti-
vated by thrombin and acts to inactivate  actors V 
and VIII. T is process is accelerated by the co actor 
protein S, which is a glycoprotein that like protein C 
undergoes vitamin-K–dependent post-translational 
modi cation.  issue  actor pathway inhibitor ( FPI) 
is a protease that acts near the binding site  or  F and 
 actor VIIa to down regulate the coagulation pathway. 
In addition to these anticoagulants, there is an active 
process o   brin degradation. Plasmin is the major 
protease o  the  brinolytic system, breaking  brin 
down to  brin degradation products.

11. T e answer is E. 
(Chap. 3) T is individual has experienced signi -
cant bleeding that is primarily mucosal in origin 
(postpartum hemorrhage, prior oral bleeding). T is 
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suggests a disorder o  primary hemostasis, or plate-
let plug  ormation. von Willebrand disease (vWD) is 
the only disease listed that is a disorder o  primary 
hemostasis. Bleeding symptoms that are common 
in vWD include prolonged bleeding a er surgery, 
including dental procedures, menorrhagia, postpar-
tum hemorrhage, and large bruises or hematomas, 
even with minor trauma. Epistaxis is also common, 
but occurs in many other diseases as well. So a cli-
nician should assess  or other symptoms prior to 
ascribing the symptom to a disorder o  platelet  unc-
tion. T e postpartum hemorrhage can be delayed 
beyond the immediate period o  delivery. Hemar-
throses are rare in vWD unless the disease is very 
severe. All o  the other disorders listed a ect antico-
agulant levels.

12. T e answer is C. 
(Chap. 3) T e most important part o  determining 
bleeding risk prior to surgery is a care ul history 
and physical examination. Routine testing  or pre-
operative evaluation should include a prothrombin 
time as this test may detect a previously unknown 
vitamin K de ciency or unsuspected liver disease. 
Although it is commonplace to concomitantly assess 
the activated partial thromboplastin time, the util-
ity o  this practice has not been validated in patients 
undergoing surgery in the absence o  a bleeding his-
tory. T e bleeding time has previously been used to 
assess bleeding risk, but has not been shown to have 
any predictive value in determining individuals at 
increased bleeding risk during surgery. So it should 
not be ordered.

13. T e answer is A. 
(Chap. 3) Deciding which individuals require 
workup  or hypercoagulability and the timing o  
the workup is a di cult diagnostic dilemma. T is 
scenario presents an individual with two clotting 
episodes separated in time by a prolonged period 
and with clear risk  actors. It is not likely that she 
would have a hypercoagulable state and would not 
require  urther workup. However, limited testing 
could be per ormed at this point. Laboratory assays 
 or thrombophilia include both molecular diagnos-
tics  or inherited risk  actors  or thrombophilia as 
well as immunologic and  unctional assays. Molec-
ular diagnostics are not indicated in the absence 
o  a strong  amily history o  thrombosis. Levels o  
coagulation  actors are a ected by acute thrombosis, 
acute illness, inf ammatory conditions, pregnancy, 
and medications. Antithrombin levels are decreased 
by heparin and in the setting o  acute thrombosis. 
Protein C and S levels are decreased by war arin 

and increased in the setting o  acute thrombosis. 
Antiphospholipid antibody levels may even be tran-
siently positive in acute illness. In most instances 
o  acute thrombosis, anticoagulation with war arin 
would be continued  or 3–6 months. I  a decision 
is made to per orm a workup  or a hypercoagulable 
state, it can be done at least 3 weeks a er discontinu-
ation o  war arin.

14. T e answer is E. 
(Chap. 4) Evaluation o  enlarged lymph nodes is 
a common reason  or evaluation in a primary care 
practice. Most o  the time the cause o  an enlarged 
lymph node is benign. In one study, 84% o  patients 
were  ound to have benign causes o  lymphadenopa-
thy, and only 16% had malignancy. Moreover, in more 
than hal  o  cases, the lymphadenopathy is deemed 
to be “reactive,” and no speci c cause is identi ed. 
When evaluating an individual  or lymphadenopa-
thy, a care ul history and physical examination o en 
provides clues to whether the individual is at risk  or 
a malignant cause o  disease. Children and young 
adults usually have benign causes o  lymphadenopa-
thy, including viral or bacterial upper respiratory 
tract in ections, in ectious mononucleosis, toxoplas-
mosis, or tuberculosis. A er the age o  50, however, 
the incidence o  malignant disorders increases. Other 
 actors in medical history that  avor a benign diag-
nosis include sore throat, cough,  ever, night sweats, 
and  atigue. Localized or regional lymphadenopathy 
implies involvement o  a single anatomic area whereas 
generalized lymphadenopathy involves three or more 
noncontiguous lymph node areas. Many etiologies o  
lymphadenopathy can cause either localized/regional 
or generalized lymphadenopathy. So the distinc-
tion is o  limited utility in determining benign  rom 
malignant disorders. Size, texture, and the presence 
o  pain can be help ul in assessing whether a lymph 
node may be malignant, and size is o en the most 
use ul o  these. Lymph nodes that are <1 cm in size 
are almost always due to benign causes whereas size 
greater than 2 to 2.25 cm carries a much greater like-
lihood o  malignancy or granulomatous disease. I  
the size is <1 cm, then watch ul waiting is prudent. 
When describing the texture o  a lymph node, typical 
descriptions include so ,  rm, rubbery, hard, discrete, 
matted, tender, movable, or  xed. It can be di cult to 
use these terms to distinguish benign  rom malignant 
disease by description alone, speci cally in the case 
o  lymphoma. Lymphomatous lymph nodes are most 
o en  rm, rubbery, discrete, and mobile. Depend-
ing upon the rapidity o  enlargement, they may or 
may not be tender. In comparison, lymph nodes in 
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in ection or in ectious mononucleosis appear simi-
larly but are  requently tender. However, metastatic 
lymph nodes o en  eel distinctly di erent. T ey are 
o en hard,  xed, and nontender. In this patient, the 
diagnosis was most likely a benign case o  in ectious 
mononucleosis with the only concerning  actor being 
a single lymph node that is 2 cm in size. A simple 
blood test will provide a diagnostic answer, but you 
would want to  ollow-up the lymph node to ensure 
that the size diminished as the patient healed  rom 
her disease.

15. T e answer is A. 
(Chap. 4) T is patient presents with splenomegaly 
and a constellation o   nding suggestive o  AIHA 
including anemia, indirect hyperbilirubinemia, and 
a peripheral blood smear showing spherocytosis 
and anisocytosis. T e presenting clinical symptoms 
may be nonspeci c and are related to the degree o  
anemia. T ese include  atigue, dyspnea on exertion, 
weakness, tachycardia, and angina. In long-standing 
cases o  AIHA, the patient may be asymptomatic. 
Physical examination o en reveals mild jaundice and 
scleral icterus. Laboratory studies would con rm the 
 ndings as noted above. Additional testing would 
include a positive direct Coombs test, low serum 
haptoglobin, and elevated lactate dehydrogenase 
testing. T e most likely cause o  AIHA in this case 
would be the use o  methyldopa as an antihyperten-
sive agent. T is drug is a known cause o  AIHA, typ-
ically within a  ew months o  starting the medication 
although some cases have been described as long as 
several years later. All o  the other choices are asso-
ciated with splenomegaly that may be massive, but 
are associated with other abnormalities that are not 
described in this patient. Chronic myeloid leukemia 
results in an elevation in the white blood cell count, 
predominantly neutrophils, typically to the range o  
20,000–60,000/µL. A mild increase in basophils and 
eosinophils may also be seen while the lymphocytes 
numbers are normal. Lymphoma o  all types can be 
associated with splenomegaly, but the patient would 
be expected to have other symptoms o  lymphoma, 
including  ever, chills, night sweats, and weight loss. 
Hodgkin’s lymphoma is also not  requently associ-
ated with evidence o  hemolysis that was present in 
this cause. Myelo brosis with myeloid metaplasia 
is a clonal disorder that is associated with massive 
splenomegaly. It may be asymptomatic or associated 
with symptoms related to the splenomegaly, anemia, 
or bleeding related to platelet dys unction. T e ane-
mia related to myelo brosis is due to bone marrow 
 brosis and would not be expected to be associated 

with hemolysis. T e peripheral smear in myelo bro-
sis typically demonstrates tear drop RBCs, nucleated 
RBCs, and immature myeloid cells. Passive conges-
tion o  the spleen due to portal hypertension is also a 
common cause o  splenomegaly, but this patient has 
normal liver  unction testing. T e elevated bilirubin 
is due to indirect hyperbilirubinemia due to hemo-
lysis rather than elevated direct bilirubin that would 
be expected with liver disease.

16. T e answer is A. 
(Chap. 4) T e presence o  Howell-Jolly bodies 
(nuclear remnants), Heinz bodies (denatured hemo-
globin), basophilic stippling, and nucleated RBCs in 
the peripheral blood implies that the spleen is not 
properly clearing senescent or damaged RBCs  rom 
the circulation. T is usually occurs because o  sur-
gical splenectomy but is also possible when there 
is di use in ltration o  the spleen with malignant 
cells. Hemolytic anemia can have various periph-
eral smear  ndings depending on the etiology o  the 
hemolysis. Spherocytes and bite cells are an example 
o  damaged red cells that might appear due to AIHA 
and oxidative damage, respectively. Disseminated 
intravascular coagulation (DIC) is characterized by 
schistocytes and thrombocytopenia on smear, with 
elevated INR and activated partial thromboplastin 
time as well. However, in these conditions, damaged 
red cells are still cleared e ectively by the spleen. 
 rans ormation to acute leukemia does not lead to 
splenic damage.

17. T e answer is A. 
(Chap. 4) Splenectomy leads to an increased risk o  
overwhelming postsplenectomy sepsis, an in ection 
that carries an extremely high mortality rate. T e most 
commonly implicated organisms are encapsulated. 
Streptococcus pneumoniae, Haemophilus inf uen-
zae, and sometime gram-negative enteric organisms 
are most  requently isolated. T ere is no known 
increased risk  or any viral in ections. Vaccination  or 
S. pneumoniae, H. inf uenzae, and Neisseria menin-
gitidis is indicated  or any patient who may undergo 
splenectomy. T e vaccines should be given at least 2 
weeks be ore surgery. T e highest risk o  sepsis occurs 
in patients under 20 because the spleen is responsible 
 or  rst-pass immunity and younger patients are more 
likely to have primary exposure to implicated organ-
isms. T e risk is highest during the  rst 3 years a er 
splenectomy and persists at a lower rate until death.

18. T e answer is E. 
(Chap. 5) T e  gure shows the characteristic bilobed 
nucleus o  a neutrophil in the Pelger-Hüet anomaly. 
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However, they markedly increase the risk o  li e-
threatening in ections and should not be used as 
 rst-line treatment in this disease.

20. T e answer is E. 
(Chap. 5) Many drugs can lead to neutropenia, most 
commonly via retarding neutrophil production in 
the bone marrow. O  the list above, trimethoprim-
sul amethoxazole is the most likely culprit. Other 
common causes o  drug-induced neutropenia 
include alkylating agents such as cyclophosphamide 
or busul an, antimetabolites including methotrex-
ate and 5-f ucytosine, penicillin and sul onamide 
antibiotics, antithyroid drugs, antipsychotics, and 
anti-inf ammatory agents. Prednisone, when used 
systemically, o en causes an increase in the circulat-
ing neutrophil count as it leads to demargination o  
neutrophils and bone marrow stimulation. Raniti-
dine, an H2 blocker, is a well-described cause o  
thrombocytopenia but has not been implicated in 
neutropenia. E avirenz is a nonnucleoside reverse 
transcriptase inhibitor whose main side e ects 
include a morbilli orm rash and central nervous sys-
tem e ects including strange dreams and con usion. 
T e presence o  these symptoms does not require 
drug cessation. Darunavir is a protease inhibitor 
that is well tolerated. Common side e ects include a 
maculopapular rash and lipodystrophy, a class e ect 
 or all protease inhibitors.

21. through 25. T e answers are: 21:C; 22:E; 23:D; 
24:A; 25:B. 
(Chap. 6) Patients with homozygous sickle cell dis-
ease have RBCs that are less pliable and more “sticky” 
than normal RBCs. Vaso-occlusive crisis is o en 
precipitated by in ection,  ever, excessive exercise, 
anxiety, abrupt changes in temperature, hypoxia, or 
hypertonic dyes. Peripheral blood smear will show 
the typical elongated, crescent shaped red cells. 
T ere is also a nucleated red cell at the bottom o  the 
 gure which may occur due to increased bone mar-
row production. Howell-Jolly bodies, small nuclear 
remnants normally removed by the intact spleen, are 
seen in red cells in patients a er splenectomy and 
with maturation/dysplastic disorders characterized 
by excess production. Acanthocytes are contracted 
dense red cells with irregular membrane projec-
tions that vary in width and length. T ey are seen in 
patients with severe liver disease, abetalipoprotein-
emia, and in rare patients with McLeod blood group. 
Iron de ciency, o en due to chronic stool blood loss 
in patients with colonic polyps or adenocarcinoma, 
causes a hypochromic microcytic anemia character-
ized by small pale red cells (a small lymphocyte is 

T is  nding has been described as appearing like 
spectacles or a pince-nez, popular 19th century 
reading glasses that did not have earpieces. T e 
Pelger-Hüet anomaly can be inherited or acquired. 
T e inherited  orm is a benign autosomal domi-
nant trait whereas the acquired  orm is called the 
pseudo Pelger-Hüet anomaly. It occurs  ollowing 
acute in ections or in myelodysplastic syndromes. As 
this patient did not have a di erential or peripheral 
smear per ormed prior to his acute in ection, it is not 
possible to determine  rom the in ormation provided 
whether he has the inherited or acquired anomaly.

19. T e answer is B. 
(Chap. 5) Chronic granulomatous disease (CGD) is 
a rare disorder o  granulocyte and monocyte oxida-
tion with an incidence o  1 in 200,000 individuals. 
In about two-thirds o  individuals, it is inherited in 
an X-linked recessive  ashion, and 30% inherit the 
disorder as an autosomal recessive trait. Leukocytes 
a ected by CGD have impaired  unction o  NADPH 
oxidase and severely diminished ability to produce 
hydrogen peroxide. Clinically, individuals with CGD 
typically present in early childhood with recurrent 
in ections with S. aureus, Burkholderia cepacia, and 
Aspergillus species. T e sites o  in ection in CGD are 
most commonly skin and lungs. Granulomas are  re-
quent, and gastrointestinal inf ammation including 
chronic abdominal pain, nausea, and diarrhea are 
common. Symptoms o  inf ammatory bowel disease 
can occur with obstruction o  the bowel. Diagnosis 
o  CGD is made through either the nitroblue tet-
razolium dye test (NB ) or the dihydrorhodamine 
(DHR) oxidation test. T e  undamental property 
underlying these tests is the ability o  the neutrophil 
to respond with an oxidative burst when stimu-
lated, and these oxidative responses can be detected 
microscopically (NB ) or by f ow cytometry (DHR). 
 reatment o  CGD includes use o  prophylactic tri-
methoprim-sul amethoxazole and itraconazole to 
decrease the  requency o  li e-threatening in ections. 
In addition, inter eron-gamma at a dose o  50 µg/m2 
subcutaneously three times weekly has been dem-
onstrated to decrease the  requency o  in ections 
in CGD by 70% and also decreases the severity o  
in ections. T e mechanism o  action o  inter eron-
gamma is to nonspeci cally improve phagocytic 
cell  unction, and its e ect is additive to the e ect 
o  prophylactic antibiotics. Glucocorticoids, initially 
at doses o  1 mg/kg/d, are used  or treating inf am-
matory bowel disease and bowel obstructions due to 
CGD.  NF-α-blocking agents, such as inf iximab, 
are success ul in relieving these symptoms as well. 
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present on the smear to assess red cell size). Red cells 
are never hyperchromic, i  more than the normal 
amount o  hemoglobin is made, the cells get larger 
not darker. Fragmented red cells, or schistocytes, are 
helmet-shaped cells that ref ect microangiopathic 
hemolytic anemia (e.g.,   P, DIC, HUS, sclero-
derma crisis) or shear damage  rom a prosthetic 
heart valve.

 26. T e answer is B. 
(Chap. 27) Worldwide, there are more than 
12.7 million new cases o  cancer and 7.6 million can-
cer deaths each year, according to estimates provided 
by the International Agency  or Research on Cancer. 
Most new cases o  cancer occur in Asia (45%), 
with 26% occurring in Europe, and 14.5% in North 
America. Worldwide, lung cancer is both the most 
common cause o  cancer and the most common 
cause o  cancer deaths. In the United States, lung can-
cer is the most common cause o  cancer death, but is 
not the most commonly diagnosed cancer. For men, 
the most commonly diagnosed cancer is prostate 
cancer, and  or women, it is breast cancer. However, 
overall, in the United States, the incidence o  cancer 
has been declining by about 2% each year since 1992. 
Despite the declining incidence, cancer is the second 
leading cause o  death in the United States behind 
heart disease and is responsible  or one out every 
 our deaths. In individuals younger than 85 years, 
cancer is the leading cause o  death. However, 5-year 
survival rates  or cancer are generally improving over 
time. In 1960–1963, the 5-year survival  or all can-
cers in white patients was 39%. By 2003–2009, this 
had increased to 69%. A rican-American individuals 
with cancer  are more poorly with cancer. Over the 
same interval  rom 2003 to 2009, the 5-year survival 
was only 61%  or black individuals. Racial di erences 
in survival also, however, are narrowing over time.

 27. T e answer is D. 
(Chap. 27) Assessing response to treatment is an 
essential component o  cancer treatment and com-
pares repeat imaging to the imaging that was used 
to initially stage the disease. A complete response 
(option A) is de ned as the disappearance o  all 
evidence o  disease.  o quali y as a partial response 
(option B), an individual must experience at least a 
50% reduction in tumor burden. T is reduction is 
measured as the sum o  the products o  the perpen-
dicular diameters o  all measurable lesions. Another 
way that partial response can be measured is based 
upon a 30% decrease in the sum o  the longest diam-
eters o  the lesions. Progressive disease (option C) is 
identi ed when there are any new lesions or i  there 

has been >25% increase in the sum o  the products 
o  the perpendicular diameters o  all measurable 
lesions. T e scenario proposed in the clinical history 
meets none o  these criteria, and there ore, would be 
classi ed as stable disease (option D), which re ers 
to tumor growth or shrinkage that  ails to meet any 
o  the de nitions  or response or progression.

 28. T e answer is B. 
(Chap. 27) While tumor burden is certainly a major 
 actor in determining cancer outcomes, it is also 
important to consider the  unctional status o  the 
patient when generating a therapeutic plan. T e phys-
iologic stresses o  undergoing surgical interventions, 
radiation therapy, and chemotherapy can exhaust the 
limited reserves o  a patient with multiple medical 
problems. It is clearly di cult to adequately mea-
sure the physiologic reserves o  a patient, and most 
oncologists utilize per ormance status measures as a 
surrogate.  wo o  the most commonly used measures 
o  per ormance status are the Eastern Cooperative 
Oncology Group (ECOG) and Karno sky per or-
mance status. T e ECOG scale provides a grade 
between 0 ( ully active) and 5 (dead). Most patients 
are considered to have adequate reserve  or undergo-
ing treatment i  the per ormance status is 0–2, with 
a grade 2 indicating someone who is ambulatory and 
capable o  all sel -care, but unable to carry out work 
activities. T ese individuals are up and about more 
than 50% o  waking hours. A grade 3 per ormance 
score would indicate someone who is capable o  only 
limited sel -care and is con ned to bed or chair more 
than 50% o  waking hours. T e Karno sky score 
ranges  rom 0 (dead) to 100 (normal) and is graded 
at 10 point intervals. A Karno sky score o  <70 also 
indicates someone with poor per ormance status and 
would con er a worse prognosis.

 29. T e answer is A. 
(Chap. 27) T e cause o  cancer death di ers across 
the li espan and between genders. In both men and 
women who are under 20, the primary cause o  can-
cer death is leukemia. In women between the ages o  
20 and 59, breast cancer (option A) becomes the lead-
ing cause o  cancer death. In men, leukemia remains 
the leading cause o  cancer death until the age o  40. 
A er age 40, lung cancer becomes the leading cause 
o  cancer death in men, and in women, it becomes 
the leading cause o  cancer death a er age 60.

 30. T e answer is C. 
(Chap. 30) Patients who have undergone alloge-
neic stem cell transplant remain at risk  or in ec-
tious complications  or an extended period despite 
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engra ment and apparent return o  normal hema-
topoietic capacity. Individuals with gra  versus 
host disease (GVHD) o en require immunosup-
pressive treatment that  urther increases in ectious 
risk. Prevention o  in ection is the goal in these 
individuals, and the clinician should ensure appro-
priate vaccinations  or all patients who have under-
gone intensive chemotherapy, have been treated  or 
Hodgkin’s disease, or have undergone hematopoi-
etic stem cell transplant. In hematopoietic stem cell 
transplants, the timeline  or vaccination varies a er 
transplant. Pneumococcal vaccination (PCV13) can 
be given as early as 3–6 months a er transplant, but 
most vaccines are delayed until 6–12 months a er 
transplant. In general, the only vaccines that are 
given contain inactivated organisms. T ere ore, oral 
vaccine  or poliomyelitis and the varicella zoster vac-
cine are contraindicated. T e measles, mumps, and 
rubella vaccine is also a live virus vaccine, but can be 
sa ely given a er 24 months i  the patient does not 
have GVHD. Other recommended vaccines include 
diphtheria-tetanus, inactivated poliomyelitis (by 
injection), Haemophilus inf uenzae type B, hepatitis 
B, and 23-valent pneumococcal polysaccharide vac-
cine. Meningococcal vaccination is recommended 
in the splenectomized patients and in those living in 
endemic areas, including college dormitories.

 31. T e answer is D. 
(Chap. 30) Clinicians are o en  aced with treatment 
decisions regarding catheter-related in ections in 
patients who are immunocompromised  rom cancer 
and chemotherapy. As many patients are requiring 
several weeks o  chemotherapy, tunneled catheters 
are o en placed, and determining the need  or cath-
eter removal is an important consideration. When 
blood cultures are positive or there is evidence o  
in ection along the track o  the tunnel, catheter 
removal is recommended. When the erythema is 
limited to the exit site only, then it is not necessary 
to remove the catheter unless the erythema  ails to 
respond to treatment. T e recommended treatment 
 or an exit site in ection should be directed against 
coagulase-negative staphylococci. In the options 
presented, vancomycin alone is the best option  or 
treatment. T ere is no need to add therapy  or gram-
negative organisms as the patient does not have neu-
tropenia and has negative cultures.

 32. T e answer is D. 
(Chap. 30) General guidelines  or the treatment o  
 ebrile neutropenia depend upon the expected dura-
tion o  neutropenia, previous in ections, and recent 
antibiotic exposures. Each  ebrile neutropenic 

patient should be approached as a unique problem. 
However, several general guidelines can help in 
treating these patients. T e initial regimen should 
include antibiotics with activity against both gram-
negative and gram-positive bacteria. I  the expected 
duration o  neutropenia is expected to be greater 
than 7 days as in this scenario, then the initial antibi-
otic choice could be (1) ce azidime or ce epime, (2) 
piperacillin/tazobactam, or (3) imipenem/cilastatin 
or meropenem as any o  these regimens have shown 
equal e cacy in large clinical trials. T ese antibiot-
ics exhibit broad spectrum e cacy against gram-
positive and gram-negative organisms, including 
Pseudomonas aeruginosa. Double coverage o  Pseu-
domonas aeruginosa is not necessary, and use o  ami-
noglycosides alone is contraindicated as these do not 
provide coverage o  gram-positive organisms. Other 
antibiotics not providing adequate gram-positive 
coverage include aztreonam and f uoroquinolones. 
In addition, routine addition o  vancomycin is also 
not indicated as studies have not shown improved 
outcomes with increased toxic e ects. Vancomycin 
should only be added with there is high suspicion 
o  coagulase-negative Staphylococcal in ection or 
speci c concerns regarding methicillin-resistant 
Staphylococcal aureus in ection. However, the treat-
ing physician needs to be knowledgeable about his 
or her local epidemiology and resistance patterns 
and prescribe in accordance with this knowledge. 
Anti ungal therapy is o en added when there is 
persistent  ever at 4–7 days without a known source 
o  in ection. T e choice o  speci c anti ungal agent 
(echinocandin, azole, lipid  ormulation o  ampho-
tericin B) would depend upon whether the patient 
was receiving anti ungal prophylaxis and whether 
there were reasons to suspect a speci c source o  
in ection, such as a pulmonary source.

 33. T e answer is E. 
(Chap. 34) Melanoma is an aggressive malignancy o  
the melanocytes that is seen predominantly in white-
skinned individuals (approximately 98% o  cases) 
and has had more than 17- old increase in men and 
9- old increase in women in recent years. T e stron-
gest risk  actors  or the development o  melanoma 
are the presence o  multiple benign or atypical nevi 
and a  amily or personal history o  the disease. Atyp-
ical nevi are o en re erred to as precursor lesions to 
melanoma although the speci c risk  or any individ-
ual nevus is quite low. Only about 25% o  melano-
mas arise  rom nevi; most arise de novo. Other risk 
 actor  or melanoma include presence o  dysplastic 
nevi, ultraviolet exposure (including tanning beds), 
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 air complexion, poor tanning ability,  reckling, and 
speci c genetic mutations, including CDKN2A, 
CDK4, and MITF.

 34. T e answer is B. 
(Chap. 34) T e best predictor o  metastatic risk in 
melanoma is Breslow thickness, which de nes the 
absolute extent o  tumor extension into the tissue. 
T e Clark level de nes the extent o  invasion o  the 
melanoma based upon the layer o  the skin involved, 
but does not add signi cant prognostic in ormation 
beyond the Breslow thickness. T e number o  mito-
ses is used in staging o  tumors <1 mm thickness to 
provide additional prognostic in ormation about the 
likelihood o  metastatic disease as those with  ewer 
mitoses have better long-term outcomes. Favorable 
anatomic sites  or prognosis are the  orearm and leg 
with less  avorable sites being the scalp, hands,  eet, 
and mucous membranes. Women generally have 
better outcomes than men and are  requently diag-
nosed at earlier stages than men. T e e ect o  age is 
not straight  orward. Older patients are usually diag-
nosed with thicker primary tumors and have a later 
diagnosis but younger patients have a greater risk o  
lymph node metastases.

 35. and 36. T e answers are A and E, respectively.
(Chap. 34)  reatment o  metastatic melanoma has 
largely shown very little improvements on mortal-
ity in this disease with median survival  ollowing 
diagnosis o  metastatic disease  rom 6 to 15 months 
depending upon organs involved. T e prognosis is 
better  or those with skin or subcutaneous metasta-
ses (M1a) than  or those with lung metastases (M1b) 
and worst  or those with liver, bone, or brain disease 
(M1c). Historically, no traditional chemotherapy reg-
imen has had any e ect on the outcome o  metastatic 
melanoma, and these drugs are typically used only 
 or symptom palliation. T e agent with the most use 
in metastatic melanoma is interleukin-2 (IL-2). T is 
cytokine requires individuals to be in good per or-
mance status, and the drug is o en administered in an 
intensive-care like setting due to the high incidence o  
serious, but expected, side e ects. IL-2 is not chemo-
therapy in the traditional sense, and the mechanism 
by which it kills tumor cells is not  ully explained. It is 
thought to induce the activity o  melanoma-speci c 
  cells and leads to long-term disease- ree survival 
in about 5% o  treated patients. Other agents that 
alter the immune response to the tumor cells are the 
agents that cause immune checkpoint blockade. T e 
only FDA approved agent in this class is ipilimumab. 
T is treatment is a monoclonal antibody that blocks 
C LA-4 and results in improved   cell  unction with 

eradication o  tumor cells. T is medication was the 
 rst treatment o  any kind to show a survival bene t 
in metastatic melanoma. However, the response rate 
is only approximately 10%, and there is a signi cant 
side e ect pro le including induced autoimmunity 
that has limited the enthusiasm  or the clinical use o  
the drug. In the past  ew years, two new classes o  tar-
geted therapies  or melanoma have been introduced 
that have had  ewer side e ects although the durabil-
ity o  response is unknown. It is now recommended 
that all newly diagnosed metastatic lesions undergo 
molecular testing  or BRAF mutation. BRAF muta-
tions are  ound in 40–60% o  melanomas and result 
in constitutive activation o  the MAP kinase pathway. 
T ere are two currently approved BRAF inhibitors, 
vemura enib and dabra enib. T ese oral medica-
tions have shown tumor regression in approximately 
50% o  treated patients although they are associated 
with a class-speci c complication o  the develop-
ment o  numerous skin lesions, which can include 
squamous cell cancer. A MEK inhibitor acts one 
step  arther down the MAP kinase pathway and has 
also been approved by the FDA.  rametinib is less 
e ective than the BRAF inhibitors as single agent 
therapy but may improve survival when added to the 
BRAF inhibitors. T us, the current recommended 
approach to the patient with metastatic melanoma is 
to test every patient  or the presence o  a “druggable” 
(BRAF) mutation. I  the mutation is not present, the 
immunotherapy would be o ered i  the patient had 
an acceptable  unctional status. I  the mutation is 
present, then the patient and physician would have 
to consider the pros and cons o  the targeted therapy 
versus immunotherapy as either could be accept-
able.  argeted therapy has  ewer side e ects but long-
term durability o  response is unknown. In contrast, 
immunotherapy has many more side e ects and a 
lower initial response rate, but among responders, 
long-term durable responses can be achieved.

 37. T e answer is C. 
(Chap. 34) Nonmelanoma skin cancer (NMSC) is 
the most common cancer in the United States with 
an estimated annual incidence o  1.5–2 million cases 
yearly. However, most o  these cases represent very 
limited disease with a low metastatic potential and 
account  or only 2400 deaths yearly. T e vast majority 
o  NMSC are basal cell carcinomas (BCC, 70–80%) 
or squamous cell carcinomas (SCC, approximately 
20%). T e primary risk  actor  or all NMSC is 
UV light exposure. UV exposure can occur either 
through direct exposure to sunlight (UVA and UVB 
exposure) or via tanning beds (97% UVA exposure). 
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Other risk  actors  or NMSC include inherited dis-
orders o  nucleotide excision repair such as xero-
derma pigmentosum,  air complexion, light hair/
eyes, cigarette smoking, HIV in ection, exposure to 
ionizing radiation, thermal burn scars, Albinism, 
chronic ulcerations. In addition, recipients o  solid 
organ transplants on chronic immunosuppression 
have a 65- old increase in SCC and 10- old increase 
in BCC. Moreover, NMSC in those with solid organ 
transplant is more likely to be aggressive with higher 
rates o  local recurrence, metastasis, and mortal-
ity. When comparing BCC to SCC, BCC is the less 
aggressive o  the NMSCs and is typically a slowly 
enlarging, locally invasive neoplasm. T e meta-
static potential o  BCC is <0.1%. SCC has a more 
variable natural history, depending upon the lesion 
and host  actors. Keratoacanthomas are very rapidly 
growing, low-grade SCCs that can regress sponta-
neously without therapy. However, progression to 
metastatic disease has been reported a er regression 
so treatment  or keratoacanthoma should be simi-
lar to other SCCs. Actinic keratoses and cheilitis are 
premalignant  orms o  SCC with trans ormation to 
malignancy occurring in 0.25–20%. In general, the 
metastatic potential o  SCC ranges  rom 0.3–5.2% 
with the greatest risk o  metastases in tumors aris-
ing  rom non-sun-exposed tissues. T e approach to 
treating NMSC depends upon the size, depth, loca-
tion, and host  actors with the primary goal being 
eradication o  tumor with wide local margins.

 38. T e answer is C. 
(Chap. 35) Cancers o  the larynx o en present 
with the subacute onset o  hoarseness that does 
not resolve over time, but symptoms o  head and 
neck cancer can be rather nonspeci c. In more 
advanced cases, pain, stridor, dysphagia, odynopha-
gia, and cranial neuropathies can occur. Diagnosis 
o  head and neck cancer should include a computed 
tomography (C ) o  the head and neck and endo-
scopic examination under anesthesia to per orm 
biopsies. Positron emission tomography scans may 
be used as adjunctive therapy. T e staging o  head 
and neck cancers  ollow a  NM staging guideline 
(see Figure 35-2). T is patient would be staged as 
 2N0M0 based upon a tumor size without evidence 
o  lymph node involvement or distant metastatic 
disease. With this designation, the patient’s overall 
stage would be stage II and classi ed as localized 
disease. T e intent o  therapy at this stage o  dis-
ease is cure o  cancer, and overall 5-year survival is 
60–90%. T e choice o  therapy  or laryngeal can-
cer is radiation therapy to preserve voice. Surgical 

therapy could be chosen by the patient as well, but is 
less desirable. In locally or regionally advanced dis-
ease, patients can still be approached with curative 
intent, but this requires multimodality therapy with 
surgery  ollowed by concomitant chemotherapy and 
radiation treatment.

 39. T e answer is C. 
(Chap. 35) T e number o  new cases o  head and 
neck cancers (oral cavity, pharynx, and larynx) in 
the United States was 53,640 in 2013, accounting  or 
about 3% o  adult malignancies; 11,520 people died 
 rom the disease. T e worldwide incidence exceeds 
hal  a million cases annually. In North America 
and Europe, the tumors usually arise  rom the oral 
cavity, oropharynx, or larynx. T e incidence o  oro-
pharyngeal cancers is increasing in recent years. 
Nasopharyngeal cancer is more commonly seen in 
the Mediterranean countries and in the Far East, 
where it is endemic in some areas. Alcohol and 
tobacco use are the most signi cant risk  actors  or 
head and neck cancer, and when used together, they 
act synergistically. Smokeless tobacco is an etiologic 
agent  or oral cancers. Other potential carcinogens 
include marijuana and occupational exposures such 
as nickel re ning, exposure to textile  bers, and 
woodworking. Some head and neck cancers have 
a viral etiology. Epstein-Barr virus (EBV) in ec-
tion is  requently associated with nasopharyngeal 
cancer, especially in endemic areas o  the Medi-
terranean and Far East. In Western countries, the 
human papilloma virus (HPV) is associated with a 
rising incidence o  tumors arising  rom the orophar-
ynx, i.e., the tonsillar bed and base o  tongue. Over 
50% o  oropharyngeal tumors are caused by HPV 
in the United States. HPV 16 is the dominant viral 
subtype, although HPV 18 and other oncogenic sub-
types are seen as well. Alcohol- and tobacco-related 
cancers, on the other hand, have decreased in inci-
dence. HPV-related oropharyngeal cancer occurs in 
a younger patient population and is associated with 
increased numbers o  sexual partners and oral sex-
ual practices. It is associated with a better prognosis, 
especially  or nonsmokers.

 40. T e answer is A. 
(Chap. 36) A solitary pulmonary nodule is a  requent 
reason  or re erral to a pulmonologist, but most 
solitary pulmonary nodules are benign. In  act, over 
90% o  incidentally identi ed nodules are o  benign 
origin. Features that are more likely to be present 
in a malignant lesion are: size >3 cm, eccentric cal-
ci cation, rapid doubling time, and lobulated and 
irregular contour. Ground glass appearance on C  
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imaging can be either malignant or benign. Among 
malignant lesions, ground glass in ltrate is seen 
more commonly in bronchoalveolar cell carcinoma. 
When multiple pulmonary nodules are identi ed, 
this most commonly represents prior granuloma-
tous disease  rom healed in ections. I  multiple nod-
ules are malignant in origin, this usually indicates 
disease metastatic to the lung, but can be simultane-
ous lung primary lesions or lesions metastatic  rom 
a primary lung cancer. Many incidentally identi ed 
nodules are too small to be diagnosed by biopsy 
and are nonspeci c in nature. In this situation, it is 
prudent to  ollow the lesions  or a period o  2 years, 
especially in a patient who is high risk  or lung can-
cer to allow  or a proper doubling time to occur. I  
the lesion remains stable  or 2 years, it is most likely 
benign although some slow-growing tumors such 
bronchoalveolar cell carcinoma can have a slower 
growth rate.

41. T e answer is E. 
(Chap. 36) T e evaluation and treatment o  solitary 
pulmonary nodules is important to understand. 
T is patient has a long smoking history with a new 
nodule that was not apparent by chest x-ray 3 years 
previously. T is should be assumed to be a malig-
nant nodule, and de nitive diagnosis and treatment 
should be attempted. T e option  or diagnostic and 
staging procedures include PE /C , bronchoscopic 
biopsy, percutaneous needle biopsy, or surgical 
biopsy with concomitant resection i  positive. PE /
C  would be low yield in this patient given the small 
size o  the primary lesion (<1 cm) and the lack o  
enlarged mediastinal lymph nodes. Likewise, bron-
choscopy would not provide a good yield because 
the lesion is very peripheral in origin, and a nega-
tive biopsy  or malignancy would not be de nitive. 
Appropriate approaches would be to either per orm 
a percutaneous needle biopsy with C  guidance 
or per orm a surgical biopsy with de nitive resec-
tion i  positive. As this patient has preserved lung 
 unction, surgical biopsy and resection is a good 
treatment option  or this patient. A repeat C  scan 
assessing  or interval growth would only be appro-
priate i  the patient declined  urther workup at this 
time. Re erral  or treatment with radiation therapy is 
not appropriate in the absence o  tissue diagnosis o  
malignancy, and surgical resection is the pre erred 
primary treatment as the patient has no contraindi-
cations to surgical intervention.

42. T e answer is E. 
(Chap. 36) Pancoast syndrome results  rom apical 
extension o  a lung mass into the brachial plexus 

with  requent involvement o  the 8th cervical and 
1st and 2nd thoracic nerves. As the tumor continues 
to grow, it will also involve the sympathetic ganglia 
o  the thoracic chain. T e clinical mani estations o  
a Pancoast tumor include shoulder and arm pain 
and Horner’s syndrome (ipsilateral ptosis, miosis, 
and anhidrosis). O en times, the shoulder and arm 
present several months prior to diagnosis. T e most 
common cause o  Pancoast syndrome is an api-
cal lung tumor, usually non-small cell lung cancer. 
Other causes include mesothelioma and in ection 
among others. While midbrain lesions can cause 
Horner’s syndrome, other cranial nerve abnormali-
ties would be expected. 
 Enlarged mediastinal lymph nodes and masses in 
the middle mediastinum can occlude the superior 
vena cava, leading to superior vena cava syndrome. 
Individuals with SVC syndrome typically present 
with dyspnea and have evidence o   acial and upper 
extremity swelling. Eaton Lambert myasthenic syn-
drome is caused by antibodies to voltage gated cal-
cium channels and is characterized by generalized 
weakness o  muscles that increases with repetitive 
nerve stimulation. Cervical ribs can cause thoracic 
outlet syndrome by compression o  nerves or vascu-
lature as they exit the chest. T is typically presents 
with ischemic symptoms to the a ected limb, but 
intrinsic wasting o  the muscles o  the hand can be 
seen due to neurologic compromise.

43. T e answer is C. 
(Chap. 36) Mutations o  the epidermal growth  ac-
tor receptor (EGFR) have recently been recognized 
as important mutations that a ect the response o  
non-small cell lung cancers to treatment with EGFR 
tyrosine kinase inhibitors. Initial studies o  erlotinib 
in all patients with advanced non-small cell lung 
cancer  ailed to show a treatment bene t; however, 
when only those patients with EGFR mutations 
were considered, treatment with anti-EGFR therapy 
improved progression- ree and overall survival. 
Patients who are more likely to have EGFR muta-
tions are women, nonsmokers, Asians, and adeno-
carcinoma histopathology.

44. T e answer is B. 
(Chap. 36) T e Veterans Administration staging 
system  or small cell lung cancer (SCLC) is a dis-
tinct two-stage system dividing patients into those 
with limited- or extensive-stage disease. Patients 
with limited-stage disease (LD) have cancer that 
is con ned to the ipsilateral hemithorax and can 
be encompassed within a tolerable radiation port. 
T us, contralateral supraclavicular nodes, recurrent 
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laryngeal nerve involvement, and superior vena 
caval obstruction can all be part o  LD. Patients 
with extensive-stage disease (ED) have overt meta-
static disease by imaging or physical examination. 
Cardiac tamponade, malignant pleural e usion, 
and bilateral pulmonary parenchymal involvement 
generally quali y disease as ED, because the involved 
organs cannot be encompassed sa ely or e ectively 
within a single radiation therapy port. From 60 to 
70% o  patients are diagnosed with ED at presenta-
tion. In general, surgical resection is not routinely 
recommended  or patients because even patients 
with LD-SCLC still have occult micrometasta-
ses. Chemotherapy signi cantly prolongs survival 
in patients with SCLC. Despite response rates to 
 rst-line therapy as high as 80%, the median sur-
vival ranges  rom 12 to 20 months  or patients with 
LD and  rom 7 to 11 months  or patients with ED. 
Regardless o  disease extent, the majority o  patients 
relapse and develop chemotherapy-resistant disease. 
Only 6–12% o  patients with LD-SCLC and 2% o  
patients with ED-SCLC live beyond 5 years. T e role 
o  radiotherapy in ED-SCLC is largely restricted to 
palliation o  tumor related symptoms such as bone 
pain and bronchial obstruction.

45. T e answer is D. 
(Chap. 36 and N Engl J Med 2011;365:395-409) T e 
National Lung Screening  rial (NLS ), a random-
ized study designed to determine i  low-dose C  
scan (LDC ) screening could reduce mortality  rom 
lung cancer in high-risk populations as compared 
with standard posterior anterior CXR was pub-
lished in 2011. High-risk patients were de ned as 
individuals between 55 and 74 years o  age, with a 
≥30 pack-year history o  cigarette smoking;  ormer 
smokers must have quit within the previous 15 years. 
Excluded  rom the trial were individuals with a pre-
vious lung cancer diagnosis, a history o  hemoptysis, 
an unexplained weight loss o  >15 lb in the preced-
ing year, or a chest C  within 18 months o  enroll-
ment. A total o  53,454 persons were enrolled and 
randomized to annual screening yearly  or 3 years 
(LDC  screening, n = 26,722; CXR screening, n = 
26,732). Any noncalci ed nodule measuring ≥4 mm 
in any diameter  ound on LDC  and CXR images 
with any noncalci ed nodule or mass were classi-
 ed as “positive.” Overall, 39.1% o  participants in 
the LDC  group and 16% in the CXR group had 
at least one positive screening result. O  those who 
screened positive, the  alse-positive rate was 96.4% 
in the LDC  group and 94.5% in the CXR group. A 
greater number o  cancers were  ound in the LDC  

group. Nearly twice as many early-stage IA cancers 
were detected in the LDC  group compared with the 
CXR group (40% vs 21%). T e overall rates o  lung 
cancer death were 247 and 309 deaths per 100,000 
participants in the LDC  and CXR groups, respec-
tively, representing a 20% reduction in lung cancer 
mortality in the LDC -screened population (95% 
CI, 6.8–26.7%; p = 0.004). Compared with the CXR 
group, the rate o  death in the LDC  group  rom any 
cause was reduced by 6.7% (95% CI, 1.2–13.6; p = 
0.02). Despite the a orementioned caveats, screening 
o  individuals who meet the NLS  criteria  or lung 
cancer risk seems warranted, provided comprehen-
sive multidisciplinary coordinated care and  ollow-
up similar to those provided to NLS  participants 
are available (see  able 36-2).

46. T e answer is C. 
(Chap. 38) T e patient has a breast cyst. T is has 
a benign  eel on examination and aspiration o  
the mass showed nonbloody f uid with resolution 
o  the mass. I  there were residual mass or bloody 
f uid, mammogram and biopsy would be the next 
step. In patients such as this with nonbloody f uid 
in whom aspiration clears the mass, re-examination 
in 1 month is indicated. I  the mass recurs, then 
aspiration should be repeated. I  f uid recurs, mam-
mography and biopsy would be indicated at that 
point. T ere is no indication at this point to re er 
 or advanced imaging or surgical evaluation. Breast-
 eeding is not a ected by breast cyst presence. 

47. T e answer is C. 
(Chap. 38) Breast cancer risk is related to many 
 actors, but age o  menarche, age o   rst  ull-term 
pregnancy and age and menopause together account 
 or 70–80% o  all breast cancer risk. T e lowest risk 
patients have the shortest duration o  total menses, 
i.e., later menarche and earlier menopause, as well as 
early  rst  ull term pregnancy. Speci cally, the low-
est risks are menarche at age 16 years old or older, 
 rst pregnancy by the age o  18 years and meno-
pause that begins 10 years be ore the median age o  
menopause o  52 years. T us patient C meets these 
criteria. 

48. T e answer is A. 
(Chap. 39) A strong  amily history o  colon cancer 
should prompt consideration  or hereditary nonpol-
yposis colon cancer (HNPCC), or Lynch syndrome, 
particularly i  di use polyposis is not noted on colo-
noscopy. HNPCC is characterized by (1) three or 
more relatives with histologically proven colorectal 
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cancer, one o  whom is a  rst-degree relative and o  
the other two, at least one with the diagnosis be ore 
age 50; and (2) colorectal cancer in at least two gen-
erations. T e disease is an autosomal dominant trait 
and is associated with other tumors, including in 
the endometrium and ovary. T e proximal colon is 
most  requently involved, and cancer occurs with a 
median age o  50 years, 15 years earlier than in spo-
radic colon cancer. Patients with HNPCC are recom-
mended to receive biennial colonoscopy and pelvic 
ultrasound beginning at age 25. Innumerable polyps 
suggest the presence o  one o  the autosomal domi-
nant polyposis syndromes, many o  which carry a 
high malignant potential. T ese include  amilial 
adenomatous polyposis, Gardner’s syndrome (asso-
ciated with osteomas,  bromas, epidermoid cysts), 
or  urcot’s syndrome (associated with brain cancer). 
Peutz-Jeghers syndrome is associated with muco-
cutaneous pigmentation and hamartomas.  umors 
may develop in the ovary, breast, pancreas, and 
endometrium; however, malignant colon cancers are 
not common. Ulcerative colitis is strongly associated 
with development o  colon cancer, but it is unusual 
 or colon cancer to be the presenting  nding in 
ulcerative colitis. Patients are generally symptomatic 
 rom their inf ammatory bowel disease long be ore 
cancer risk develops.

49. T e answer is E. 
(Chap. 39) Colorectal cancer is the second most 
common cause o  cancer death in the United States, 
and the mortality related to the disease has been 
decreasing in recent years. When colorectal cancer 
is identi ed, patients should be re erred  or surgical 
intervention as proper staging and prognosis can-
not be determined without pathologic specimens i  
there is no gross evidence o  metastatic disease. T e 
preoperative workup to assess  or metastatic or syn-
chronous disease includes a complete colonoscopy 
i  possible, chest radiograph, liver  unction testing, 
carcinoembryonic antigen (CEA) testing, and C  
imaging o  the abdomen. Staging o  colorectal can-
cer  ollows a  NM staging system. However, the   
staging is not based upon absolute size o  the tumor 
rather it is based upon the extension o  the tumor 
through the colonic wall.  1 tumors can extend into 
the submucosa, but not beyond,  2 tumors extend 
into the muscularis propria, and  3 tumors involve 
the serosa and beyond. Nodal metastases are graded 
as N1 (1–3 lymph nodes positive) and N2 (≥4 lymph 
nodes positive). T is patient’s stage o  cancer would 
be  2N1M0 and would stage this as a stage III 
cancer. Despite the relatively advanced stage, the 

overall 5-year survival would be 50–70% due to 
improvements in overall care o  the patient with 
colorectal cancer. Since the patient had an occlud-
ing lesion that prevents preoperative colonoscopy, 
the patient needs to have a complete colonoscopy 
per ormed within the  rst several months  ollow-
ing surgery and every 3 years therea er. Serial mea-
surements o  CEA every 3 months have also been 
advocated by some specialists. Annual C  scan-
ning may be per ormed  or the  rst 3 years  ollow-
ing resection although the utility o  the practice is 
debated. Radiation therapy to the pelvis is recom-
mended  or all patients with rectal cancer because it 
reduces local recurrence rate, especially in stage II 
and III tumors. When postoperative radiation ther-
apy is combined with chemotherapeutic regimens 
containing 5-f uorouracil, the local recurrence rate 
is  urther reduced and increases overall survival as 
well. 

50. T e answer is E. 
(Chap. 39) Esophageal cancer has a high mor-
tality rate as most patients do not present until 
advanced disease is present. T e typical present-
ing symptoms o  esophageal cancer are dysphagia 
with signi cant weight loss. Dysphagia is typically 
 airly rapidly progressive over a period o  weeks to 
months. Dysphagia initially in only to solid  oods, 
but progresses to include semisolids and liquids. 
For dysphagia to occur, an estimated 60% o  the 
esophageal lumen must be occluded. Weight loss 
occurs due to decreased oral intake in addition to 
the cachexia that is common with cancer. Associ-
ated symptoms may include pain with swallow-
ing that can radiate to the back, regurgitation or 
vomiting o  undigested  ood, and aspiration pneu-
monia. T e two major cell types o  esophageal can-
cer in the United States are adenocarcinoma and 
squamous cell carcinoma, which have di erent 
risk  actors. Individuals with squamous cell carci-
nomas typically have a history o  both tobacco and 
alcohol abuse whereas those with adenocarcinoma 
more o en have a history o  long-standing gastro-
esophageal ref ux disease and Barrett’s esophagitis. 
Among those with a history o  alcohol and tobacco 
abuse, there is an increased risk with increased 
intake and interestingly is more associated with 
whiskey drinking when compared to wine or beer. 
Other risk  actors  or squamous cell carcinoma o  
the esophagus include ingestion o  nitrites, smoked 
opiates,  ungal toxins in pickled vegetables, and 
physical insults that include long-standing inges-
tion o  very hot tea or lye.
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51. T e answer is C. 
(Chap. 39) A variety o  causative  actors have been 
implicated in the development o  squamous cell 
cancers o  the esophagus. In the United States, the 
etiology o  such cancers is primarily related to excess 
alcohol consumption and/or cigarette smoking. T e 
relative risk increases with the amount o  tobacco 
smoked or alcohol consumed, with these  actors act-
ing synergistically. Squamous cell esophageal carci-
noma has also been associated with the ingestion o  
nitrates, smoked opiates, and  ungal toxins in pickled 
vegetables, as well as mucosal damage caused by such 
physical insults as long-term exposure to extremely 
hot tea, the ingestion o  lye, radiation-induced stric-
tures, and chronic achalasia. T e presence o  an 
esophageal web in association with glossitis and 
iron de ciency (i.e., Plummer-Vinson or Paterson-
Kelly syndrome) and congenital hyperkeratosis and 
pitting o  the palms and soles (i.e., tylosis palmaris 
et plantaris) have each been linked with squamous 
cell esophageal cancer, as have dietary de ciencies 
o  molybdenum, zinc, selenium, and vitamin A. Sev-
eral strong etiologic associations have been observed 
to account  or the development o  adenocarcinoma 
o  the esophagus. Such tumors arise in the distal 
esophagus in association with chronic gastric ref ux, 
o en in the presence o  Barrett’s esophagus (replace-
ment o  the normal squamous epithelium o  the dis-
tal esophagus by columnar mucosa), which occurs 
more commonly in obese individuals. Adenocarci-
nomas arise within dysplastic columnar epithelium 
in the distal esophagus. Cigarette smoking is associ-
ated with the development o  adenocarcinoma o  the 
esophagus as well. 

52. T e answer is C. 
(Chap. 41) Hepatitis B virus (HBV) and Hepatitis C 
virus (HCV) in ection both have a clear relationship 
with the subsequent development o  hepatocellular 
carcinoma (HCC). Both case-control and cohort 
studies have shown a strong association between 
chronic hepatitis B carrier rates and increased inci-
dence o  HCC. In  aiwanese male postal carriers who 
were hepatitis B sur ace antigen (HBsAg)-positive, a 
98- old greater risk  or HCC was  ound compared 
to HbsAg-negative individuals. HBV-based HCC 
may involve rounds o  hepatic destruction with 
subsequent proli eration and not necessarily  rank 
cirrhosis. T e latency o  HCV in ection and devel-
opment o  HCC is approximately 30 years. HCV 
associated HCC patients tend to have more  requent 
and advanced cirrhosis, but in HBV-associated 
HCC, only hal  the patients have cirrhosis, with the 

remainder having chronic active hepatitis. Approxi-
mately 75–80% o  patients with HCC have cirrhosis, 
and other liver conditions without cirrhosis, such as, 
NAFL and NASH, are associated with the develop-
ment o  HCC. Natural chemical carcinogens, such 
as af atoxin B1, are strongly associated with HCC. 
It can be  ound in a variety o  stored grains in hot, 
humid places, where peanuts and rice are stored in 
unre rigerated conditions. Af atoxin contamination 
o   oodstu s correlates well with incidence rates in 
A rica and to some extent in China. In endemic 
areas o  China, even  arm animals such as ducks 
have HCC. Malaria is not associated with HCC (see 
 able 41-2).

53. T e answer is E. 
(Chap. 41) Hepatomegaly is the most common 
physical sign in patients with hepatocellular carci-
noma (HCC), occurring in 50–90% o  the patients. 
Abdominal bruits are noted in 6–25%, and asci-
tes occurs in 30–60% o  patients. Al a- etoprotein 
(AFP) is a serum tumor marker  or hepatocellular 
carcinoma (HCC); however, it is only increased in 
approximately one-hal  o  the U.S. patients. Rising 
AFP in a patient at risk o  HCC may be a marker 
o  development o  disease and, in some cases, serial 
measurement o  AFP may be used as a marker o  
response to therapy. An ultrasound examination o  
the liver is an excellent screening tool. T e two char-
acteristic vascular abnormalities are hypervascularity 
o  the tumor mass (neovascularization or abnormal 
tumor- eeding arterial vessels) and thrombosis by 
tumor invasion o  otherwise normal portal veins.  o 
determine tumor size and extent and the presence o  
portal vein invasion accurately, a helical/triphasic C  
scan o  the abdomen and pelvis, with  ast-contrast 
bolus technique, should be per ormed to detect the 
vascular lesions typical o  HCC. Portal vein invasion 
is normally detected as an obstruction and expansion 
o  the vessel. Magnetic resonance imaging (MRI) 
can also provide detailed in ormation, especially 
with the newer contrast agents. A prospective com-
parison o  triphasic C , gadolinium-enhanced MRI, 
ultrasound, and f uorodeoxyglucose positron emis-
sion tomography (FDG-PE ) showed similar results 
 or C , MRI, and ultrasound; PE  imaging appears 
to be positive in only a subset o  HCC patients. MRI 
is better able to distinguish dysplastic or regenera-
tive nodules  rom HCC. Imaging criteria have been 
developed  or HCC that do not require biopsy proo , 
as they have >90% speci city. T e criteria include 
nodules >1 cm with arterial enhancement and por-
tal venous washout and,  or small tumors, speci ed 
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growth rates on two scans per ormed less than 6 
months apart (Organ Procurement and  ransplant 
Network). Nevertheless, explant pathology a er liver 
transplant  or HCC has shown that �20% o  patients 
diagnosed without biopsy did not actually have a 
tumor. 

54. T e answer is E. 
(Chap. 41) Because this patient has a tumor >3 cm, 
he is not a candidate  or primary radical resection. 
However, with his otherwise good prognosis and 
excellent per ormance status, he may be a candidate 
 or liver transplantation that would cure his cir-
rhosis and his carcinoma. T ere are also evolving 
local ablative modalities that he would be eligible to 
receive (see Figure 41-1).

55. T e answer is C. 
(Chap. 41) Cholangiocarcinoma (CCC) typically 
re ers to mucin-producing adenocarcinomas (di er-
ent  rom hepatocellular carcinoma [HCC]) that arise 
 rom the biliary tract and have  eatures o  cholangio-
cyte di erentiation. T ey are grouped by their ana-
tomic site o  origin, as intrahepatic (IHC), perihilar 
(central, �65% o  CCCs), and peripheral (or distal, 
�30% o  CCCs). IHC is the second most common 
primary liver tumor. T ey arise on the basis o  cir-
rhosis less  requently than HCC, but may complicate 
primary biliary cirrhosis. However, cirrhosis and 
both primary biliary cirrhosis and HCV predispose 
to IHC. Nodular tumors arising at the bi urcation 
o  the common bile duct are called Klatskin tumors 
and are o en associated with a collapsed gallblad-
der, a  nding that mandates visualization o  the 
entire biliary tree. Incidence is increasing. Although 
most CCCs have no obvious cause, a number o  
predisposing  actors have been identi ed, including 
primary sclerosing cholangitis (10–20% o  primary 
sclerosing cholangitis [PSC] patients), an autoim-
mune disease, and liver f uke in Asians, especially 
Opisthorchis viverrini and Clonorchis sinensis. CCC 
seems also to be associated with any cause o  chronic 
biliary inf ammation and injury, with alcoholic liver 
disease, choledocholithiasis, choledochal cysts 
(10%), and Caroli’s disease (a rare inherited  orm 
o  bile duct ectasia). CCC most typically presents as 
painless jaundice, o en with pruritus or weight loss. 
Incidence has been increasing in recent decades; 
 ew patients survive 5 years. T e usual treatment is 
surgical, but combination systemic chemotherapy 
may be e ective. A er complete surgical resection 
 or IHC, 5-year survival is 25–30%. Combination 
radiation therapy with liver transplant has produced 
a 5-year recurrence- ree survival rate o  65%. 

56. T e answer is E. 
(Chap. 42) Pancreatic cancer is the  ourth lead-
ing cause o  cancer death in the United States, 
despite representing only 3% o  all newly diagnosed 
malignancies. In ltrating ductal adenocarcinomas 
account  or the vast majority o  cases and arise most 
 requently in the head o  pancreas. At the time o  
diagnosis 85–90% o  patients have inoperable or 
metastatic disease, which is ref ected in the 5-year 
survival rate o  only 5%  or all stages combined. 
An improved 5-year survival o  up to 20% may be 
achieved when the tumor is detected at an early stage 
and when complete surgical resection is accom-
plished. Over the past 30 years, 5-year survival rates 
have not improved substantially. Cigarette smoking 
may be the cause o  up to 20–25% o  all pancreatic 
cancers and is the most common environmental risk 
 actor  or this disease. Other risk  actors are not well 
established due to inconsistent results  rom epide-
miological studies, but include chronic pancreati-
tis and diabetes. Alcohol does not appear to be a 
risk  actor unless excess consumption gives rise to 
chronic pancreatitis.

57. T e answer is B. 
(Chap. 42) Dual phase, contrast-enhanced spiral C  
is the imaging modality o  choice to visualize sus-
pected pancreatic masses. In addition to imaging 
the pancreas, it also provides accurate visualization 
o  surrounding viscera, vessels, and lymph nodes. In 
most cases, this study can determine surgical resect-
ability. T ere is no advantage o  MRI over C  in pre-
dicting tumor resectability, but selected cases may 
bene t  rom MRI to characterize the nature o  small 
indeterminate liver lesions and to evaluate the cause 
o  biliary dilatation when no obvious mass is seen 
on C . Preoperative con rmation o  malignancy 
is not always necessary in patients with radiologi-
cal appearances consistent with operable pancre-
atic cancer. Endoscopic ultrasound-guided needle 
biopsy is the most e ective technique to evaluate the 
mass  or malignancy. It has an accuracy o  approxi-
mately 90% and has a smaller risk o  intraperitoneal 
dissemination compared with C -guided percutane-
ous biopsy. ERCP is a use ul method  or obtaining 
ductal brushings, but the diagnostic value o  pan-
creatic juice sampling is only 25–30%. CA 19-9 is 
elevated in approximately 70–80% o  patients with 
pancreatic carcinoma, but is not recommended as 
a routine diagnostic or screening test as its sensitiv-
ity and speci city are inadequate  or accurate diag-
nosis. Preoperative CA 19-9 levels correlate with 
tumor stage and prognosis. It is also an indicator 
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o  asymptomatic recurrence in patients with com-
pletely resected tumors. FDG-PE  should be consid-
ered be ore surgery  or detecting distant metastases.

58. T e answer is C. 
(Chap. 42) T is patient has a <2 cm tumor with no 
microscopic residual disease and there ore is stage 1 
with a 20% 5-year survival a er surgery and a gem-
citabine containing adjuvant chemotherapy regi-
men. T is presentation accounts  or <10% o  patients 
with newly diagnosed pancreatic cancer. Most 
patients present with advanced stage 4 disease with 
a <5% 5-year survival. T e  our genes most com-
monly mutated or inactivated in pancreatic cancer 
are KRAS, the tumor-suppressor genes p16 (deleted 
in 95% o  tumors), p53 (inactivated or mutated in 
50–70% o  tumors), and SMAD4 (deleted in 55% 
o  tumors).  ypically, the cancer precursor lesions 
acquire these genetic abnormalities in a progressive 
manner that is associated with increasing dysplasia. 
SMAD4 gene inactivation is associated with a pat-
tern o  widespread metastatic disease in advanced-
stage patients and poorer survival in patients with 
surgically resected pancreatic adenocarcinoma (see 
Figure 42-3).

59. T e answer is D. 
(Chap. 43) Bladder cancer is the  ourth most com-
mon cancer in men and the thirteenth most common 
cancer in women. Cigarette smoking has a strong 
association with bladder cancer, particularly in men. 
T e increased risk persists  or at least 10 years a er 
quitting. Bladder cancer is a small cause o  cancer 
deaths because most detected cases are super cial 
with an excellent prognosis. Most cases o  bladder 
cancer come to medical attention by the presence o  
gross hematuria emanating  rom exophytic lesions. 
Microscopic hematuria is more likely due to prostate 
cancer than bladder cancer. Cystoscopy under anes-
thesia is indicated to evaluate  or bladder cancer. In 
cases o  super cial disease, BCG is an e ective adju-
vant to decrease recurrence or treat unresectable 
super cial disease. In the United States, cystectomy 
is generally recommended  or invasive disease. Even 
invasive cancer with nodal involvement has a >40% 
10-year survival a er surgery and adjuvant therapy.

60. and 61. T e answers are C and E, respectively.
(Chap. 43) T e incidence o  renal cell carcinoma 
continues to rise and is now nearly 58,000 cases 
annually in the United States, resulting in 13,000 
deaths. T e male to  emale ratio is 2:1. Incidence 
peaks between the ages o  50 and 70 years, although 
this malignancy may be diagnosed at any age. Many 

environmental  actors have been investigated as 
possible contributing causes; the strongest associa-
tion is with cigarette smoking. Risk is also increased 
 or patients who have acquired cystic disease o  the 
kidney associated with end-stage renal disease, and 
 or those with tuberous sclerosis. Most renal cell car-
cinomas are clear cell tumors (60%) with papillary 
and chromophobic tumors less common. Clear cell 
tumors account  or >80% o  patients that develop 
metastases. T e classic triad o  hematuria, f ank pain, 
and palpable mass is only present in 10–20% o  cases 
initially. Most cases currently are  ound as incidental 
 ndings on C s or ultrasounds obtained  or di er-
ent reasons. T e increasing number o  incidentally 
discovered low-stage tumors has contributed to an 
improved 5-year survival. T e paraneoplastic phe-
nomenon o  erythrocytosis due to increased pro-
duction o  EPO is only  ound in 3% o  cases; anemia 
due to advanced disease is  ar more common. Stages 
1 and 2 tumors are con ned to the kidney and have 
a >80% survival a er radical nephrectomy. Stage 4 
tumors with distant metastases have a 5-year survival 
o  10%. Renal cell carcinoma is notably resistant to 
traditional chemotherapeutic agents. Until recently, 
cytokine therapy with IL-2 or inter eron gamma was 
utilized to produce regression in 10–20% o  patients 
with metastatic disease. Antiangiogenic medica-
tions have changed the treatment o  advance renal 
cell carcinoma. Sunitinib was demonstrated to be 
superior to inter eron gamma and it is now  rst line 
therapy  or patients with advanced metastatic dis-
ease. Pazopanib and axitinib are newer agents o  the 
same class as sunitinib. Pazopanib was compared to 
sunitinib in a randomized  rst-line phase III trial. 
E cacy was similar, and there was less  atigue and 
skin toxicity, resulting in better quality o  li e scores 
 or pazopanib compared with sunitinib.  emsiro-
limus and everolimus, inhibitors o  the mamma-
lian target o  rapamycin (m OR), show activity in 
patients with untreated poor prognosis tumors and 
in sunitinib/sora enib re ractory tumors. Patients 
may bene t  rom the sequential use o  axitinib and 
everolimus  ollowing progression a er  rst-line 
therapy. T e prognosis o  metastatic renal cell car-
cinoma is variable. 

62. T e answer is A. 
(Chap. 44) T e results  rom several large double-
blind, randomized chemoprevention trials have 
established 5 alpha-reductase inhibitors as the pre-
dominant therapy to reduce the  uture risk o  a 
prostate cancer diagnosis. Randomized placebo con-
trolled trials have shown  nasteride and dutasteride 
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reduce the period prevalence o  prostate cancer. 
 rials o  selenium, vitamin C, and vitamin E have 
shown no bene t versus placebo. 

63. T e answer is E. 
(Chap. 44)  ransrectal ultrasound guided biopsy is 
recommended  or men with either an abnormal digital 
rectal examination. Carcinomas are characteristically 
hard, nodular, and irregular, while induration may 
also be due to benign prostatic hypertrophy (BPH) 
or calculi. Overall, 20–25% o  men with an abnormal 
DRE have cancer. A diagnosis o  cancer is established 
by an image-guided needle biopsy. Direct visualiza-
tion by transrectal ultrasound ( RUS) or MRI assures 
that all areas o  the gland are sampled. Contemporary 
schemas advise an extended pattern 12-core biopsy 
that includes sampling  rom the peripheral zone as 
well as a lesion-directed palpable nodule or suspi-
cious image-guided sampling. Men with an abnor-
mal PSA and negative biopsy are advised to undergo 
a repeat biopsy. When prostate cancer is diagnosed, 
a measure o  histologic aggressiveness is assigned 
using the Gleason grading system, in which the domi-
nant and secondary glandular histologic patterns are 
scored  rom 1 (well-di erentiated) to 5 (undi erenti-
ated) and summed to give a total score o  2–10  or 
each tumor. T e most poorly di erentiated area o  
tumor (i.e., the area with the highest histologic grade) 
o en determines biologic behavior. T e presence 
or absence o  perineural invasion and extracapsular 
spread is also recorded. 

64. T e answer is C. 
(Chap. 44) Prostate-speci c antigen (PSA) is a serine 
protease that causes lique action o  seminal coagu-
lum. It is produced by both nonmalignant and malig-
nant epithelial cells and, as such, is prostate-speci c, 
not prostate cancer–speci c. Serum levels may also 
increase  rom prostatitis and benign prostatic hyper-
trophy. Serum levels are not signi cantly a ected by 
digital rectal examination, but the per ormance o  a 
prostate biopsy can increase PSA levels up to ten-
 old  or 8–10 weeks. PSA testing was approved by 
the U.S. FDA in 1994  or early detection o  prostate 
cancer, and the widespread use o  the test has played 
a signi cant role in the proportion o  men diagnosed 
with early-stage cancers: more than 70–80% o  newly 
diagnosed cancers are clinically organ-con ned. T e 
level o  PSA in blood is strongly associated with the 
risk and outcome o  prostate cancer. Most prostate 
cancer deaths (90%) occur among men with PSA 
levels in the top quartile (>2 ng/mL), although only 
a minority o  men with PSA >2 ng/mL will develop 
lethal prostate cancer. Despite this and mortality rate 

reductions reported  rom large randomized pros-
tate cancer screening trials, routine use o  the test 
remains controversial. T e U.S. Preventive Services 
 ask Force (USPS F) recently made a clear recom-
mendation against screening. By giving a grade o  
“D” in the recommendation statement that was 
based on this review, the USPS F concluded that 
“there is moderate or high certainty that this service 
has no net bene t or that the harms outweigh the 
bene ts.” Whether the harms o  screening, overdiag-
nosis, and overtreatment are justi ed by the bene ts 
in terms o  reduced prostate cancer mortality is open 
to reasonable doubt. In response to the USPS F, the 
American Urological Association (AUA) updated 
their consensus statement regarding prostate cancer 
screening. T ey concluded that the quality o  evi-
dence  or the bene ts o  screening was moderate, and 
evidence  or harm was high  or men age 55–69 years. 
For men outside this age range, evidence was lack-
ing  or bene t, but the harms o  screening, includ-
ing overdiagnosis and overtreatment, remained. T e 
AUA recommends shared decision-making consid-
ering PSA-based screening  or men age 55–69, a 
target age group  or whom bene ts may outweigh 
harms. Outside this age range, PSA-based screen-
ing as a routine test was not recommended based on 
the available evidence. T e PSA criteria used to rec-
ommend a diagnostic prostate biopsy have evolved 
over time. However, based on the commonly used 
cut point  or prostate biopsy (a total PSA ≥4 ng/mL), 
most men with a PSA elevation do not have histo-
logic evidence o  prostate cancer at biopsy. In addi-
tion, many men with PSA levels below this cut point 
harbor cancer cells in their prostate. T ere is no PSA 
below which the risk o  prostate cancer is zero. T e 
routine use o  antibiotics in an asymptomatic man 
with an elevated PSA level is strongly discouraged 
and should not a ect the decision to pursue  urther 
evaluation. 

65. T e answer is B. 
(Chap. 44) Benign prostatic hypertrophy (BPH) is a 
pathologic process that contributes to the develop-
ment o  lower urinary tract symptoms in men. Such 
symptoms, arising  rom lower urinary tract dys unc-
tion, are  urther subdivided into obstructive symp-
toms (urinary hesitancy, straining, weak stream, 
terminal dribbling, prolonged voiding, incomplete 
emptying) and irritative symptoms (urinary  re-
quency, urgency, nocturia, urge incontinence, small 
voided volumes). Lower urinary tract symptoms 
and other sequelae o  BPH are not just due to a mass 
e ect, but are also likely due to a combination o  
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the prostatic enlargement and age-related detrusor 
dys unction. Asymptomatic patients do not require 
treatment regardless o  the size o  the prostate gland. 
Symptomatic relie  is the most common reason men 
seek treatment  or BPH, and there ore, the goal o  
therapy  or BPH is usually relie  o  these symptoms. 
Selective alpha-adrenergic receptor antagonists, 
such as al uzosin, are thought to treat the dynamic 
aspect o  BPH by reducing sympathetic tone o  the 
bladder outlet, thereby decreasing resistance and 
improving urinary f ow. 5-alpha reductase inhibi-
tors (5ARIs), such as dutasteride and  nasteride, are 
thought to treat the static aspect o  BPH by reducing 
prostate volume and having a similar, albeit delayed 
e ect. T ey have also proven to be bene cial in the 
prevention o  BPH progression, as measured by 
prostate volume, the risk o  developing acute uri-
nary retention, and the risk o  having BPH-related 
surgery. T e use o  an alpha-adrenergic receptor 
antagonist and a 5ARI as combination therapy seeks 
to provide symptomatic relie  while preventing pro-
gression o  BPH. 
 Another class o  medications that has shown 
improvement in lower urinary tract symptoms sec-
ondary to BPH is PDE5 inhibitors, used currently 
in the treatment o  erectile dys unction. All three o  
the PDE5 inhibitors available in the United States, 
sildena l, vardena l, and tadala l, appear to be 
e ective in the treatment o  symptoms secondary to 
BPH. T e use o  PDE5 inhibitors is not without con-
troversy, however, given the  act that short-acting 
phosphodiesterase inhibitors such as sildena l need 
to be dosed separately  rom alpha blockers because 
o  potential hypotensive e ects. Bosentan is a non-
selective endothelin receptor antagonist used in the 
treatment o  pulmonary arterial hypertension.

66. T e answer is E. 
(Chap. 45) Pure seminomas have the best survival 
o  all  orms o  testicular cancer and represents 
approximately 50% o  all germ cell tumors (GC s). 
T e median age o  presentation is the 4th decade o  
li e, and approximately 80% o  individuals present 
with stage I disease, indicating any disease limited 
to the testis no matter the size at initial presentation. 
All men presenting with a testicular mass should 
be re erred  or radical inguinal orchiectomy as this 
approach mirrors the embryonic development o  
the testis and does not breach anatomic barriers to 
allow  or other pathways o  spread. In the staging 
workup o  testicular cancers, men should undergo 
C  imaging o  the chest, abdomen, and pelvis as 
well as measurement o  the serum tumor markers 

AFP and β-human chorionic gonadotropin (β-hCG) 
hormone in addition to LDH levels. T ese tumor 
markers assist with both diagnosis and prognosis 
in testicular cancer and help with determining the 
appropriate post-orchiectomy treatment. In pure 
seminomas, AFP levels should not be elevated. I  
the AFP level were to be elevated, this would indi-
cate an occult nonseminomatous component, which 
may require more aggressive initial treatment with 
either retroperitoneal lymph node dissection or 
adjuvant chemotherapy depending upon local surgi-
cal expertise and pre erence o  the patient and treat-
ing physician. Β-hCG levels may be elevated in pure 
seminomas although this too is in requent in men 
without advanced disease. LDH levels are less spe-
ci c, but are increased in up to 80% o  patients with 
advanced seminoma. A er resection, the tumor 
markers should return to normal values within their 
expected hal -lives  ollowing  rst order kinetics. T e 
hal -li e o  β-hCG is 24–36 hours, and AFB is 5–7 
days. In stage I seminoma, survival is near 100% 
with either immediate post-orchiectomy radiation 
or with surveillance alone (option E). Given the con-
cern about secondary malignancy due to radiation 
exposure, many providers chose watch ul waiting 
with surveillance alone in men who are compliant 
with  ollow-ups. However, approximately 15% o  
patients will have relapse, and 5% o  relapses occur 
a er 5 years. So extended  ollow-up is required. A 
single dose o  carboplatin has been investigated as 
an alternative to radiation therapy, but long-term 
outcomes are as yet unknown.

67. T e answer is A. 
(Chap. 45) Ninety percent o  persons with nonsemi-
nomatous germ cell tumors produce either AFP 
or β-hCG; in contrast, persons with pure semino-
mas usually produce neither. T ese tumor mark-
ers are present  or some time a er surgery; i  the 
presurgical levels are high, 30 days or more may 
be required be ore meaning ul postsurgical levels 
can be obtained. T e hal -lives o  AFP and β-hCG 
are 6 days and 1 day, respectively. A er treatment, 
unequal reduction o  β-hCG and AFP may occur, 
suggesting that the two markers are synthesized by 
heterogeneous clones o  cells within the tumor; thus, 
both markers should be  ollowed. β-hCG is similar 
to luteinizing hormone except  or its distinctive beta 
subunit.

68. T e answer is E. 
(Chap. 46) A variety o  genetic syndromes substan-
tially increase a woman’s risk o  developing ovarian 
cancer. Approximately 10% o  women with ovarian 
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cancer have a germline mutation in one o  two DNA 
repair genes: BRCA1 (chromosome 17q12-21) or 
BRCA2 (chromosome 13q12-13). Individuals inher-
iting a single copy o  a mutant allele have a very high 
incidence o  breast and ovarian cancer. Most o  these 
women have a  amily history that is notable  or mul-
tiple cases o  breast and/or ovarian cancer, although 
inheritance through male members o  the  amily 
can camouf age this genotype through several gen-
erations. T e most common malignancy in these 
women is breast carcinoma, although women har-
boring germline BRCA1 mutations have a marked 
increased risk o  developing ovarian malignancies 
in their  orties and   ies with a 30–50% li etime 
risk o  developing ovarian cancer. Women harbor-
ing a mutation in BRCA2 have a lower penetrance 
o  ovarian cancer with perhaps a 20–40% chance o  
developing this malignancy, with onset typically in 
their   ies or sixties. Women with a BRCA2 muta-
tion also are at slightly increased risk o  pancreatic 
cancer. Likewise women with mutations in the DNA 
mismatch repair genes associated with Lynch syn-
drome, type 2 (MSH2, MLH1, MLH6, PMS1, PMS2) 
may have a risk o  ovarian cancer as high as 1% per 
year in their  orties and   ies. Finally, a small group 
o  women with  amilial ovarian cancer may have 
mutations in other BRCA-associated genes such 
as RAD51, CHK2, and others. Screening studies in 
this select population suggest that current screen-
ing techniques, including serial evaluation o  the 
CA-125 tumor marker and ultrasound, are insu -
cient at detecting early-stage and curable disease, so 
women with these germline mutations are advised 
to undergo prophylactic removal o  ovaries and  al-
lopian tubes typically a er completing childbearing 
and ideally be ore age 35–40 years. Early prophylac-
tic oophorectomy also protects these women  rom 
subsequent breast cancer with a reduction o  breast 
cancer risk o  approximately 50%.

69. T e answer is A. 
(Chap. 46) Cervical cancer is the second most com-
mon and most lethal malignancy in women world-
wide likely due to the widespread in ection with 
high-risk strains o  human papillomavirus (HPV) 
and limited utilization o  or access to Pap smear 
screening in many nations throughout the world. 
Nearly 500,000 cases o  cervical cancer are expected 
worldwide, with approximately 240,000 deaths 
annually. Cancer incidence is particularly high in 
women residing in Central and South America, the 
Caribbean, and southern and eastern A rica. Mor-
tality rate is disproportionately high in A rica. In the 

United States, 12,360 women were diagnosed with 
cervical cancer and 4020 women died in 2014. HPV 
is the primary neoplastic-initiating event in the vast 
majority o  women with invasive cervical cancer. 
T is double-strand DNA virus in ects epithelium 
near the trans ormation zone o  the cervix. More 
than 60 types o  HPV are known, with approxi-
mately 20 types having the ability to generate high-
grade dysplasia and malignancy. HPV-16 and -18 are 
the types most  requently associated with high-grade 
dysplasia and targeted by both U.S. Food and Drug 
Administration-approved vaccines. T e large major-
ity o  sexually active adults are exposed to HPV, and 
most women clear the in ection without speci c 
intervention. Risk  actors  or HPV in ection and, in 
particular, dysplasia include a high number o  sexual 
partners, early age o   rst intercourse, and history o  
venereal disease. Smoking is a co actor; heavy smok-
ers have a higher risk o  dysplasia with HPV in ec-
tion. HIV in ection, especially when associated with 
low CD4+   cell counts, is associated with a higher 
rate o  high-grade dysplasia and likely a shorter 
latency period between in ection and invasive dis-
ease. T e administration o  highly active antiretrovi-
ral therapy reduces the risk o  high-grade dysplasia 
associated with HPV in ection. Currently approved 
vaccines include the recombinant proteins to the late 
proteins, L1 and L2, o  HPV-16 and -18. Vaccination 
o  women be ore the initiation o  sexual activity dra-
matically reduces the rate o  HPV-16 and -18 in ec-
tion and subsequent dysplasia. Stage 1 disease, which 
accounts  or almost hal  o  staging at presentation, is 
de ned by carcinoma con ned to the cervix and has 
a >80% 5-year survival (see Figure 46-1).

70. T e answer is A.
(Chap. 48) Primary brain tumors are diagnosed in 
approximately 52,000 people each year in the United 
States. At least one-hal  o  these tumors are malig-
nant and associated with a high mortality. Glial 
tumors account  or about 30% o  all primary brain 
tumors, and 80% o  those are malignant. Meningio-
mas account  or 35%, vestibular schwannomas 10%, 
and central nervous system (CNS) lymphomas about 
2%. Brain metastases are three times more common 
than all primary brain tumors combined and are 
diagnosed in approximately 150,000 people each year. 
Brain tumors o  any type can present with a variety 
o  symptoms and signs that  all into two categories: 
general and  ocal; patients o en have a combination 
o  the two (see  able 48-1). Seizures are a common 
presentation o  brain tumors, occurring in about 
25% o  patients with brain metastases or malignant 
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gliomas but can be the presenting symptom in up to 
90% o  patients with a low-grade glioma. All seizures 
that arise  rom a brain tumor will have a  ocal onset 
whether or not it is apparent clinically. Cranial MRI is 
the pre erred diagnostic test  or any patient suspected 
o  having a brain tumor and should be per ormed with 
gadolinium contrast administration. C  scan should 
be reserved  or those patients unable to undergo MRI 
(e.g., pacemaker). Malignant brain tumors—whether 
primary or metastatic—typically enhance with gado-
linium and may have central areas o  necrosis; they 
are characteristically surrounded by edema o  the 
neighboring white matter. Low-grade gliomas usually 
do not enhance with gadolinium and are best appreci-
ated on f uid-attenuated inversion recovery (FLAIR) 
MRIs. Meningiomas have a characteristic appearance 
on MRI because they are dural-based with a dural tail 
and compress but do not invade the brain.

71. T e answer is D. 
(Chap. 48) T is patient presents with at least two 
presumed metastatic lesions in the right  rontal and 
right cerebellar lobes. T e multiple lesions make a 
primary brain tumor unlikely. T e distribution o  
metastases in the brain approximates the proportion 
o  blood f ow such that about 85% o  all metastases 
are supratentorial and 15% occur in the posterior 
 ossa. T e most common sources o  brain metasta-
ses are lung and breast carcinomas; melanoma has 
the greatest propensity to metastasize to the brain, 
being  ound in 80% o  patients at autopsy. T e stan-
dard treatment  or brain metastases has been whole-
brain radiotherapy (WBR ) usually administered to 
a total dose o  3000 cGy in 10  ractions. T is a ords 
rapid palliation, and approximately 80% o  patients 
improve with glucocorticoids and R . However, it 
is not curative. Median survival is only 4–6 months. 
More recently, stereotactic radiosurgery (SRS) deliv-
ered through a variety o  techniques including the 
gamma kni e, linear accelerator, proton beam, and 
CyberKni e all can deliver highly  ocused doses o  
radiation therapy, usually in a single  raction. SRS 
can e ectively sterilize the visible lesions and a ord 
local disease control in 80–90% o  patients. In addi-
tion, there are some patients who have clearly been 
cured o  their brain metastases using SRS, whereas 
this is distinctly rare with WBR . However, SRS can 
be used only  or lesions 3 cm or less in diameter and 
should be con ned to patients with only one to three 
metastases. T e addition o  WBR  to SRS improves 
disease control in the nervous system but does not 
prolong survival. Randomized controlled trials have 
demonstrated that surgical extirpation o  a single 

brain metastasis  ollowed by WBR  is superior to 
WBR  alone. Removal o  two lesions or a single 
symptomatic mass, particularly i  compressing the 
ventricular system, can also be use ul. Chemotherapy 
is rarely use ul  or brain metastases (see  able 48-3).

72. T e answer is C. 
(Chap. 49) Carcinoma o  unknown primary (CUP) 
is a biopsy-proven malignancy  or which the ana-
tomic site o  origin remains unidenti ed a er an 
intensive search. CUP is one o  the 10 most  re-
quently diagnosed cancers worldwide, accounting 
 or 3–5% o  all cancers. CUP is limited to epithelial 
cancers and does not include lymphomas, metastatic 
melanomas, and metastatic sarcomas because these 
cancers have speci c histology- and stage-based 
treatments that guide management. T e emer-
gence o  sophisticated imaging, robust immuno-
histochemistry (IHC), and genomic and proteomic 
tools has challenged the “unknown” designation. 
Additionally, e ective targeted therapies in several 
cancers have moved the paradigm  rom empiricism 
to considering an individualized approach to CUP 
management. T e reasons cancers present as CUP 
remain unclear. One hypothesis is that the primary 
tumor either regresses a er seeding the metastasis 
or remains so small that it is not detected. It is pos-
sible that CUP  alls on the continuum o  cancer pre-
sentation where the primary has been contained or 
eliminated by the natural immune de enses. Alter-
natively, CUP may represent a speci c malignant 
event that results in an increase in metastatic spread 
or survival relative to the primary. Most tumor 
markers, including CEA, CA-125, CA 19-9, and 
CA 15-3, when elevated, are nonspeci c and not 
help ul in determining the primary tumor site. Men 
who present with adenocarcinoma and osteoblastic 
metastasis should undergo a prostate-speci c anti-
gen (PSA) test. In patients with undi erentiated or 
poorly di erentiated carcinoma (especially with a 
midline tumor), elevated β-hCG and AFP levels 
suggest the possibility o  an extragonadal germ cell 
(testicular) tumor. Monoclonal antibodies to spe-
ci c cytokeratin (CK) subtypes have been used to 
help classi y tumors according to their site o  ori-
gin; commonly used CK stains in adenocarcinoma 
CUP are CK7 and CK20. CK7 is  ound in tumors 
o  the lung, ovary, endometrium, breast, and upper 
gastrointestinal tract including pancreaticobiliary 
cancers, whereas CK20 is normally expressed in the 
gastrointestinal epithelium, urothelium, and Merkel 
cells. Gene expression pro ling o ers the promise 
o  substantially increasing the yield o  CUP. 
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 T e median survival duration o  most patients 
with disseminated CUP is approximately 6–10 
months. Systemic chemotherapy is the primary 
treatment modality in most patients with dissemi-
nated disease, but the care ul integration o  surgery, 
radiation therapy, and even periods o  observation is 
important in the overall management o  this condi-
tion. Prognostic  actors include per ormance status, 
site and number o  metastases, response to chemo-
therapy, and serum lactate dehydrogenase (LDH) 
levels (see Figure 49-2).

73. T e answer is B. 
(Chap. 54) Humoral hypercalcemia o  malignancy 
(HHM) occurs in up to 20% o  patients with can-
cer. HHM is most common in cancers o  the lung, 
head and neck, skin, esophagus, breast, and geni-
tourinary tract and in multiple myeloma and lym-
phomas. T ere are several distinct humoral causes 
o  HHM, but it is caused most commonly by over-
production o  parathyroid hormone related-protein 
(P HrP). In addition to acting as a circulating 
humoral  actor, bone metastases (e.g., breast, mul-
tiple myeloma) may produce P HrP, leading to 
local osteolysis and hypercalcemia. P HrP is struc-
turally related to parathyroid hormone (P H) and 
binds to the P H receptor, explaining the similar 
biochemical  eatures o  HHM and hyperparathy-
roidism. Metastatic lesions to bone are more likely 
to produce P HrP than are metastases in other tis-
sues. Another relatively common cause o  HHM is 
excess production o  1,25-dihydroxyvitamin D. Like 
granulomatous disorders associated with hyper-
calcemia, lymphomas can produce an enzyme that 
converts 25-hydroxyvitamin D to the more active 
1,25-dihydroxyvitamin D, leading to enhanced gas-
trointestinal calcium absorption. Other causes o  
HHM include tumor-mediated production o  osteo-
lytic cytokines and inf ammatory mediators. In this 
case the multiple metastatic nodules and elevated 
P HrP make lymphoma the least likely malignancy.

74. T e answer is E. 
(Chap. 54) T e management o  severe symptom-
atic humoral hypercalcemia o  malignancy (HHM) 
begins saline rehydration (typically 200–500 mL/h) 
to dilute serum calcium and promote calciure-
sis. Forced diuresis with  urosemide or other loop 
diuretics can enhance calcium excretion but pro-
vides relatively little value except in li e-threatening 
hypercalcemia. When used, loop diuretics should be 
administered only a er complete rehydration and 
with care ul monitoring o  f uid balance. Oral phos-
phorus should be given until serum phosphorus 

is >1 mmol/L (>3 mg/dL). Bisphosphonates such 
as pamidronate, zoledronate, and etidronate can 
reduce serum calcium within 1–2 days and suppress 
calcium release  or several weeks. Bisphosphonate 
in usions can be repeated, or oral bisphosphonates 
can be used  or chronic treatment. Dialysis should 
be considered in severe hypercalcemia when saline 
hydration and bisphosphonate treatments are not 
possible or are too slow in onset. Previously used 
agents such as calcitonin and mithramycin have little 
utility now that bisphosphonates are available. Cal-
citonin should be considered when rapid correction 
o  severe hypercalcemia is needed. Hypercalcemia 
associated with lymphomas, multiple myeloma, or 
leukemia may respond to glucocorticoid treatment. 
T is patient most likely does not have lymphoma so 
initial treatment should not include corticosteroids. 

75. T e answers are: 1-C; 2-B; 3-A. 
(Chap. 57) Dose-dependent myocardial toxicity o  
anthracyclines with characteristic myo brillar drop-
out is pathologically pathognomonic on endomyo-
cardial biopsy. Anthracycline cardiotoxicity occurs 
through a root mechanism o  chemical- ree radical 
damage. Fe3+-doxorubicin complexes damage DNA, 
nuclear and cytoplasmic membranes, and mitochon-
dria. About 5% o  patients receiving >450–550 mg/m2 
o  doxorubicin will develop CHF. Cardiotoxicity in 
relation to the dose o  anthracycline is clearly not a 
step  unction, but rather a continuous  unction, and 
occasional patients are seen with CHF at substan-
tially lower doses. Advanced age, other concomitant 
cardiac disease, hypertension, diabetes, and thoracic 
radiation therapy are all important co actors in pro-
moting anthracycline-associated CHF. T e risk o  
cardiac  ailure appears to be substantially lower when 
doxorubicin is administered by continuous in usion. 
Anthracycline-related CHF is di cult to reverse and 
has a mortality rate as high as 50%, making preven-
tion crucial. Monitoring patients  or cardiac toxic-
ity typically involves periodic gated nuclear cardiac 
blood pool ejection  raction testing (multigated 
acquisition scan [MUGA]) or cardiac ultrasonogra-
phy. More recently, cardiac MRI has been used, but 
MRI is not standard or widespread. A er anthracy-
clines, trastuzumab is the next most  requent cardio-
toxic drug currently in use.  rastuzumab is  requently 
used as adjuvant breast cancer therapy, sometimes in 
conjunction with anthracyclines, which is believed 
to result in additive or possibly synergistic toxicity. 
In contrast to anthracyclines, cardiotoxicity is not 
dose-related, is usually reversible, is not associated 
with pathologic changes o  anthracyclines on cardiac 
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myo brils, and has a di erent biochemical mecha-
nism inhibiting intrinsic cardiac repair mechanisms. 
 oxicity is typically routinely monitored every three 
to  our doses using  unctional cardiac testing as 
mentioned earlier  or anthracyclines. Cisplatin is 

associated with sensorimotor neuropathy and hear-
ing loss, especially at doses >400 mg/m2, requiring 
audiometry in patients with preexisting hearing 
compromise. Carboplatin is o en substituted in such 
cases given its lesser e ect on hearing. 
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Bold page number indicates the start o  the main discussion o  the topic; page numbers with “ ” and “t” re er to  gures and tables, respectively.

A
AA amyloidosis, 250

characteristics o , 245
clinical  eatures o , 246t, 251
diagnosis o , 247 
etiology o , 250–251
incidence o , 250–251
treatment o , 251

Aß amyloidosis, 245
ABCDEs, in nevi evaluation, 482
Abciximab

action o , 296 , 299–300
adverse e ects o , 257, 257t, 300
dosage o , 300
genetic variations in response to, 281t
indications  or, 300
pharmacology o , 300t

Abetalipoproteinemia (acanthocytosis), 61 
Abiraterone, 406, 599
ABL gene mutations, 183, 324, 324t
ABO blood group system, 146
Abscopal e ect, 39
Acanthocytes, 58, 775
Acanthocytosis. See Abetalipoproteinemia
Acanthosis nigricans, 546
Accidents, deaths  rom, 454t
ACE. See Angiotensin-converting enzyme (ACE)
ACE inhibitors. See Angiotensin-converting 

enzyme (ACE) inhibitors
Acetaminophen

drug interactions o , 399t
 or pain, 461
thrombocytopenia caused by, 257t

Achalasia, 542
Acinetobacter spp. in ections, 426t, 427
Acromegaly

in GRFoma, 679
paraneoplastic, 714t

AC H. See Adrenocorticotropic hormone 
(AC H)

AC Homa, 659t
Actinic keratosis

clinical  eatures o , 492 
malignant conversion o , 491
questions regarding, 763, 779
sun avoidance and, 375

Activase. See Alteplase
Activated partial thromboplastin time (aP  )

causes o  abnormal values, 30t
in coagulation disorders, 265, 266t, 268
coagulation  actors tested in, 29 , 29–30, 266 
LA-P  , 30
 or monitoring heparin therapy, 303
in preoperative testing, 29
prolonged, 30t
reagent composition o , 30

Acute brain  ailure. See Delirium
Acute chest syndrome, 87, 88–89
Acute  ebrile neutrophilic dermatosis. See Sweet 

syndrome
Acute lung injury, trans usion-related, 153

Acute lymphoid leukemia (ALL)
approach to the patient, 200–202
classi cation o , 192, 193t
epidemiology o , 193–194, 195 
etiology o , 195–197
genetic considerations in, 199t, 324t
hyperleukocytosis in, 740
immunology o , 198 
in ections in, 423, 423t, 425 , 425t, 428, 429
late consequences o , 753, 756t
lymphadenopathy in, 33
peripheral blood smear in, 66 
precursor B cell, 202, 202 
precursor   cell, 203t, 210
prevention o , 101
prognosis o , 200
treatment o , 415, 443t, 444

Acute megakaryoblastic leukemia, 225
Acute myeloid leukemia (AML), 168. See also 

Acute promyelocytic leukemia (APL)
cancer stem cells in, 348
classi cation o , 168–170, 169t
clinical  eatures o , 173
diseases associated with, 168
eosinophilia associated with, 226
etiology o , 168
genetic considerations in, 169t, 169–170, 322t
hyperleukocytosis in, 740
incidence o , 168
in ections in, 178–179, 423t, 425t, 428
monocytopenia in, 53
with mutated CEBPA, 170
with mutated nucleophosmin, 170
myelodysplasia and, 140
peripheral blood smear in, 66 , 174 
pretreatment evaluation o , 173–174, 175t
prognosis o , 170–173, 171t
treatment o 

agents under study  or, 177t
algorithm  or, 176 
HSC , 177–178, 443t, 443–444
late consequences o , 756t
postremission therapy, 177–178
relapse, 179
supportive care, 178–179

Acute myocardial in arction (AMI). See 
Myocardial in arction (MI)

Acute necrotizing myopathy, 722t, 729
Acute promyelocytic leukemia (APL)

chemotherapy-associated, 403
chromosome abnormalities in, 169, 343
peripheral blood smear in, 66 
treatment o , 179–180, 339t, 343, 410

Acyclovir
 or herpes simplex prophylaxis in transplant 

recipient, 441
 or HSV in ection prophylaxis in transplant 

recipient, 442t
Adalimumab, 53
ADAM S13, 260
Addison’s disease, 81

Adenocarcinoma
bladder, 575
cervix, 612
colon. See Colorectal cancer
endometrial. See Endometrial cancer
esophagus, 542–543, 543t, 766, 783. See also 

Esophageal cancer
gastric. See Gastric adenocarcinoma
lung, 502, 502 . See also Lung cancer
small intestinal, 549
o  unknown primary, 641, 642 

Adenocarcinoma in situ, 515, 517
Adenoma

hepatic, 575
polypoid, 548
small intestinal, 548

5’ Adenosine monophosphate-activated protein 
kinase (AMPK), 351

Adenosine receptors, 280
Adenylate kinase (AK) de ciency, 118t
Adnexal mass/tumor, 608, 611
Adolescence

iron requirements in, 74
smoking in, 373

Ado-trastuzumab emtansine, 338, 340t, 415
ADP receptor antagonists, 296–298
Adrenalectomy

 or breast cancer, 390, 539t
 or ectopic AC H syndrome, 717
 or pheochromocytoma, 703

Adrenal hyperplasia, macronodular, 714t
Adrenal insu ciency, 743
Adrenal masses

classi cation o , 702t
incidentally discovered, 709 
in MEN 1, 691

α-adrenergic antagonists
drug interactions o , 600
 or lower urinary tract symptoms, 599

ß-adrenergic antagonists
adverse e ects o , 469
 or pheochromocytoma, 703
 or radiation-induced cardiovascular disease, 

752
Adrenocortical carcinoma

classi cation o , 710
genetic considerations in, 707
incidence o , 707
in MEN 1, 691
staging o , 708, 710
treatment o , 407, 710

Adrenocorticotropic hormone (AC H)
ectopic production o , 716

clinical  eatures o , 716
diagnosis o , 716–717
etiology o , 714t, 716
in GI-NE s, 668
in lung cancer, 508
treatment o , 717

eutopic production o , 712
excess o . See Cushing’s syndrome
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Adult  -cell leukemia/lymphoma, 211
clinical  eatures o , 211
diagnosis o , 67 , 211, 211 
genetic considerations in, 324t
H LV-1 and, 196, 211
paraneoplastic syndromes in, 713
skin mani estations o , 211
smoldering, 211
treatment o , 211
tumor markers in, 369t

Advance care directives, 372, 458, 471
Advance care planning, 372, 458–460, 459t
Aerobic glycolysis, 350, 350 
AF amyloidosis, 245, 251–252. See also 

Amyloidosis
A atinib

action and targets o , 339t, 407 , 408t
adverse e ects o , 408t, 421
 or lung cancer, 408t, 521, 522t

A ordable Care Act, 460
A atoxin, 335
A atoxin B1, 561–562, 562t
Aggrenox, 298–299
Aggressive NK cell leukemia, 220
Agitation, in terminally ill patient, 476t
Agrobacterium spp., 427
AH amyloidosis. See Amyloidosis
aHUS (atypical hemolytic uremic syndrome),  

122
AIP gene mutations, 692
Air travel, venous thrombosis risk in, 283
Airway obstruction, in cancer, 741–742, 742 
AK (adenylate kinase) de ciency, 118t
AKT gene mutations

cancers associated with, 322t
in Cowden’s syndrome, 698
in lung cancer, 503t, 504 
in melanoma, 485

AK  pathway, in melanoma, 485, 485 
AL amyloidosis, 246. See also Amyloidosis

clinical  eatures o , 247–248, 248 
diagnosis o , 247 , 248–250, 249 
etiology and incidence o , 247
treatment o , 250

Albinism, skin cancer in, 490
Alcohol. See Alcohol use
Alcoholism

cancer risk and, 375t
 olate de ciency in, 107

Alcohol use
breast cancer and, 530
esophageal cancer and, 542
head and neck cancer and, 494, 763, 779
hepatocellular carcinoma and, 562, 562t
pancreatic cancer and, 766, 784

Aldolase de ciency, 118t
Alemtuzumab

action and targets o , 339t, 414t
adverse e ects o , 429, 749
 or CLL, 205, 339t
 or myelodysplasia, 144

Al meprase, 317
ALK gene mutations, 503, 503t, 504 , 522
Alkylating agents, 397, 398t. See also speci c drugs

action o , 397
adverse e ects o , 397, 398t

anemia, 19, 133t
in essential thrombocytosis, 166
in ertility, 754
late, 142, 166, 751t, 752
pulmonary, 752

 or breast cancer, 539
carcinogenicity o , 166, 375t

ALL. See Acute lymphoid leukemia (ALL)
Allelic loss, 551
Allergic vasculitis, 54
Allergy, 54
Alloantibodies, 147t, 147–148
Alloantibody screen, 148
Allogeneic stem cell transplantation

chronic neutrophilic leukemia treated with, 222
questions regarding, 762, 776–777
vaccinations a er, 762, 776–777

Alloimmunization, 146, 153
Allopurinol

drug interactions o 
azathioprine, 399t
6-mercaptopurine, 399t

 or hyperuricemia in myeloproli erative 
diseases, 161, 164

All-trans-retinoic acid (A RA). See also Retinoic 
acid

action and targets o , 339t, 343–344, 408t, 410
 or acute promyelocytic leukemia, 339t, 

343–344, 408t
adverse e ects o , 408t, 410

Alopecia, drug-induced, 420
Alosetron, 671
α  etoprotein (AFP)

in carcinoma o  unknown primary, 639, 640t
ectopic production o , 712
in hepatocellular carcinoma, 564, 766, 783
in testicular cancer, 588, 768, 787
as tumor marker, 369t

Alpha-granules, 279
Alpharadin (radium-233 chloride), 599
Alprazolam

adverse e ects o , 467
 or depression, 467

Alteplase (rtPA)
action o , 316
catheter-directed therapy with, 293
domain structure o , 316, 316 
indications  or, 316
 or pulmonary embolism, 293

Altretamine, 398t, 401
Aluminum toxicity, 81
Alzheimer’s disease (AD)

deaths  rom, 454t
pathophysiology o , 245

Aß2M amyloidosis, 245, 246t, 252
Amegakaryocytic thrombocytopenia, 259
Amenorrhea, chemotherapy-related, 421
ε-Aminocaproic acid

 or DIC, 274
 or hemophilia, 268
 or thrombocytosis, 166
 or von Willebrand disease, 263

Aminoglutethimide, 407
Aminoglycosides, 432
Amiodarone, 257t
Amitriptyline, 369
AML. See Acute myeloid leukemia (AML)
Amlodipine, 257t
AMN gene mutations, 105
Amnionless, 97
Amniotic  uid embolism, 287
Amoxicillin-clavulanate, 417
Amphotericin B, 433
Ampicillin, 257t
AMPK (5’adenosine monophosphate-activated 

protein kinase), 351

Ampulla o  Vater, carcinoma o , 574
Amyloidosis, 245

Aß, 245
AA. See AA amyloidosis
AF, 245, 251–252
AH, 246t
AL. See AL amyloidosis
Aß2M, 245, 246t, 252
amyloid  bril proteins in, 246, 246t
A  R, 246t, 251–252
classi cation o , 245, 246t
clinical  eatures o , 245–246

bleeding, 26
splenomegaly, 37

diagnosis o , 245–246, 247 
 amilial, 246t, 251–252
in  amilial Mediterranean  ever, 250
localized, 246t
in monoclonal gammopathy o  uncertain 

signi cance, 249
in multiple myeloma, 247
pathogenesis o , 247–248
systemic, 246t
treatment o , 250, 252

Anagrelide, 161
Anal cancer, 560
Anaphylactic reactions, 152. See also 

Hypersensitivity reactions
Anaplastic large  /null cell lymphoma, 199t, 203t, 

211–212, 339t
Anaplastic thyroid cancer, 648, 653–654
Anastrozole, 406
Androgen-depletion syndrome, 597
Androgen deprivation therapy (AD )

adverse e ects o , 597
intermittent use o , 598
 or prostate cancer, 406, 597–598

Androgen receptors, 341
Androgen therapy

 or aplastic anemia, 138
 or breast cancer, 539t
carcinogenicity secondary to, 375t

Anemia, 11. See also speci c anemia
approach to the patient, 12
blood loss as cause o , 19–20, 129–130
chemotherapy-related, 419
classi cation o , 17–18, 18 
clinical  eatures o , 11–12
in colorectal cancer, 556
diagnosis o , 12

bone marrow examination, 17
initial workup, 12–13, 13t
iron supply and storage tests, 16–17
peripheral blood smear, 13, 14 –15 
reticulocyte count in, 13, 15–16, 16t

in endocrine de ciency states, 80–81
erythropoietin in, 11 
hemolytic. See Hemolytic anemia
history in, 12
in hypometabolic states, 80t, 80–81
hypoproli erative, 17, 72, 79–81. See also 

Aplastic anemia
in ammation and, 77
in in ammatory states, 77t, 79 , 79–80
in liver disease, 81
macrocytic, 65 
maturation disorders as cause o , 18–19
in multiple myeloma, 236
myelophthisic, 145
physical examination in, 12
in protein starvation, 81
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re ractory, 141t. See also Myelodysplasia
sideroblastic, 19, 77t
in thalassemia, 91
treatment o , 20

Anesthetics, 467, 468t
Angioendotheliomatosis, malignant, 218
Angio bromas, 327t, 686t, 692
Angiogenesis

inhibition o , 353
mechanisms o , 354 
therapeutic strategies, 356 

tumor-related, 334t, 351
inhibition o , 353, 354 , 355
signaling pathways in, 353, 353 , 354 
vessel  ormation mechanisms in, 351–355

Angiogenic switch, 351
Angiography, pulmonary, 289–290
Angioimmunoblastic  -cell lymphoma, 212, 221
Angioma, small intestinal, 548
Angiomyolipoma, renal, 327t
Angiopoietins, 352–353, 353 , 356 
Angiotensin-converting enzyme (ACE) 

inhibitors, 154, 752
Angiotropic large cell lymphoma, 218
Aniline dyes, 575
Anisocytosis, 13, 39, 57, 757, 771
Anistreplase, 314–315
ANK gene mutations, 116t
Annexin-2, 24
Anoikis, 346
Anorexia

in gastric cancer, 545
in terminally ill patient, 476t

ANP (atrial natriuretic peptide), 508
Anthracyclines

adverse e ects o , 419, 750–751, 751t, 770, 
790–791

 or breast cancer, 539
congestive heart  ailure caused by, 770, 790–791
 or thymoma, 528

Anti-AChR antibodies, 723t
Anti-AMPA receptor antibodies, 723t, 726
Anti-amphiphysin, 722t
Antibacterial drugs

adverse e ects o , 120t
 or  ebrile neutropenia, 417
 or in ections in cancer patient, 432–433
prophylactic use o 

 or cancer patient, 435
 or chronic neutropenia, 55

Antibodies
blood group, 147t, 147–148
drug-dependent, 257
in neurologic paraneoplastic syndromes, 721, 

722t–723t
Anti-Caspr2 antibodies, 723t, 726
Anticoagulants, 301

 or brain tumors, 624
 or DV , 290–292, 291t
oral, 308, 312t
 or pulmonary embolism, 290–292, 291t
reversal o , 274

Anti-CRMP5 antibody, 722t, 724
Antidepressants

adverse e ects o , 469
 or insomnia, 469

Anti-DPPX antibodies, 723t, 726
Antiepileptic drugs (AEDs)

 or brain tumors, 624
cobalamin malabsorption caused by, 103t

Antiestrogens, 539t

Anti- actor Xa assay, 31, 301, 306
Anti brinolytic drugs, 268
Anti-GABA antibodies, 723t, 726
Anti-GAD antibodies, 722t, 726
Antigen(s)

leukocyte common, 640t
red blood cell, 147, 147t

Antigen-presenting cells, 415, 415 
Anti-Hu antibody, 722t, 724
Anti-LGI1 antibodies, 723t, 726
Antimalarial drugs, 120t, 121
Anti-Ma proteins, 722t, 724, 725 
Antimetabolites, 399t–400t, 403–405
Antimitotic agents, 400t–401t
Antineuronal antibodies, 721, 723t
Antineutrophil antibodies, 47
Anti-NMDA receptor antibodies, 723t, 724 , 

725–726
Anti-PD-1 agents, 489
Antiphospholipid antibodies, 30, 773
Antiphospholipid syndrome (APS), 286, 720
α2-Antiplasmin, 25, 25 , 314, 314 
Antiplatelet agents, 295

action o , 295
in development, 300–301

Anti-Ri antibody, 722t, 727
Antithrombin

action o , 24, 24 , 29
activation o , 301, 302 , 305
de ciency o , 283

Antithrombotic drugs, 294 , 295
Antithrombotic mechanisms, 24 –25 , 24–25
Antithymocyte globulin (A G)

 or aplastic anemia, 137–138
in HSC  preparation, 438
 or myelodysplasia, 144
 or paroxysmal nocturnal hemoglobinuria, 129

Anti- r antibody, 722t, 727
α1-Antitrypsin de ciency, 562, 562t
Antitumor antibiotics, 398t–399t, 402–403
Anti-VGCC antibodies, 723t
Anti-Yo antibody, 722t, 727
APAF-1 gene, 346
APAF-1 protein, 345 
APC gene mutations

in colorectal cancer, 321 , 551, 552
in  amilial adenomatous polyposis, 326, 327t
in Gardner’s syndrome, 625t
germline and somatic, 328 
in thyroid cancer, 650t

Apheresis, 148
Aphthous ulcers

etiology o , 46
prevention o , 55

Apixaban
adverse e ects o , 313
 or DV /PE, 291
indications  or, 312–313
pharmacology o , 312t
 or stroke prevention in atrial  brillation/atrial 

 utter, 313
 or V E prophylaxis, 293t

Aplastic anemia, 131
acquired, 132t
classi cation o , 132t
de nition o , 131–132
diagnosis o , 64 , 135 , 136–137
epidemiology o , 132
etiology o 

chemical-induced, 132–133, 133t
drug-induced, 133, 133t

immunologic, 133
in ectious, 133
inherited, 132t, 134
paroxysmal nocturnal hemoglobinuria, 129, 

134
pregnancy, 134
radiation-induced, 132

history in, 136
monocytopenia in, 53
pathophysiology o , 134–135
physical examination in, 136
prognosis o , 137
treatment o , 137–138, 438, 442–443,  

443t
Aplastic crisis, 95, 113
Apnea, 476t
Apo erritin, 73
Apoptosis

o  cancer cells, 334t, 344–346, 345 , 394, 395 
pathways o , 344, 345 
o  red blood cells, 10

Apoptotic bodies, 394
Apotrans errin, 73
Appendiceal neuroendocrine tumors (carcinoids), 

662t, 665–666, 672
Aprepitant, 370, 420
APUDomas, 657
Aquaporin-4 antibodies, 727
Argatroban

action o , 308
 or heparin-induced thrombocytopenia, 258
monitoring treatment with, 308
pharmacology o , 308t

Aristolochic acid nephropathy, 586
Aromatase inhibitors

action o , 342
adverse e ects o , 406
 or breast cancer, 342, 377, 406, 536, 537t,  

539t, 540
Aromatic amines, 375t
Arsenic exposure/poisoning, 375t, 501
Arsenic trioxide, 180, 410t
Arterial diseases o  extremities

erythromelalgia (erythermalgia), 160, 165
livedo reticularis, 474

Arterial thrombosis, 278
genetic considerations in, 281t, 281–282
lupus anticoagulant in, 277
platelets in, 279 , 279–281, 295
risk  actors  or, 28t, 284
vascular disease and, 278–279
venous thrombosis versus, 284

Arteriovenous mal ormation (AVM), 264
Asbestos, 375t
Asbestos-related disease, 501
Ascites

in hepatocellular carcinoma, 563
malignant, 371
in ovarian cancer, 608

Ashkenazi Jewish population
BRCA gene testing in, 329
 actor XI de ciency in, 270

Asparaginase, 400t, 405, 637t, 748
Aspergillus in ections

a atoxin B1 and, 562
in cancer patient, 426t, 429, 429t, 433
clinical  eatures o , 429–430
diagnosis o , 429–430
prevention o , in hospitals, 433, 434
respiratory tract, in cancer patient, 429–430

Aspergillus terreus, 433
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Aspirin, 295
action o , 295, 296 
adverse e ects o 

bleeding, 27, 296
eosinophilia, 54
gastric irritation/bleeding, 296

allergy to, 296
 or breast cancer prevention, 530
with clopidogrel, 297
 or colorectal cancer prevention, 376, 554
dosage o , 296
genetic variation in response to, 281t, 281–282
indications  or, 295–296

Asplenia, 40
Astrocytomas

glioblastoma, 626–627, 627 
high-grade, 626–627
low-grade, 626

ASXL1 gene mutations, 171, 171t, 224
Ataxia, chemotherapy-induced, 637t
Ataxia telangiectasia (A )

genetic considerations in, 327t
pancreatic cancer risk in, 577

Ataxia-telangiectasia mutated (A M), 334
ATF1 gene mutations, 324t
ATM gene mutations

actions o , 334, 335 
in ataxia-telangiectasia, 327t
breast cancer risk and, 327t
pancreatic cancer risk and, 577
in  -cell prolymphocytic leukemia, 219

Atomic bomb survivors, 168
Atrial natriuretic peptide (ANP), 508
A RX pathway, 84, 92
A  R amyloidosis, 246t, 251–252
Atypical adenomatous hyperplasia, 515, 517
Atypical hemolytic uremic syndrome (aHUS), 

122, 261
AUA Symptom Index, 587t
Auer rod, 66 , 173, 174 
Autocrine regulation/signaling, 337
Autoimmune diseases, 441
Autoimmune hemolytic anemia, 124–125, 759, 

771, 774
Autoin ammatory diseases, hereditary, 53
Autonomic dys unction syndromes, 722t, 729
Autophagy, 346, 394
Axitinib

action and targets o , 339t, 355, 409t
adverse e ects o , 409t
 or renal cell carcinoma, 355, 588, 785

5-Azacytidine
action o , 412
adverse e ects o , 144, 400t
 or AML, 177
 or myelodysplasia, 144

5-Aza-2’-deoxycytidine, 343 , 344
Azathioprine

adverse e ects o , 399t
carcinogenicity, 375t
neutropenia, 46
pure red cell aplasia, 139t

 or cold agglutinin disease, 126
drug interactions o , 399t
metabolism o , 399t

Aztreonam, 432
Azurophil granules, 41

B
BAALC overexpression, 171t, 172
Babesia spp. in ections

in cancer patient, 423, 423t
in splenectomized patient, 40
transmission o , 155

Bacillus Calmette-Guerin (BCG),  or bladder 
cancer, 584

Back pain
in cancer patient, 538, 588, 736–737, 738 
in hemolysis, 12

Baclo en
 or pain, 463
 or sti -person syndrome, 728

Bacterial endocarditis. See In ective endocarditis
Bacteriuria. See Urinary tract in ections (U Is)
“Bad news” situation, communication in, 456, 457t
Baker’s cyst, 287
Balkan nephropathy, 586
Bands, in peripheral blood smear, 58
Barbiturates

drug interactions o , 398t
 olate de ciency caused by, 106t

Bariatric surgery, hypoglycemia a er, 675
Barium radiography,  or colorectal cancer, 553, 557 
Barrett’s esophagus/metaplasia, 543
Basal cell carcinoma (BCC)

clinical  eatures o 
distribution, 490–491
morphology, 490–491, 492 

epidemiology o , 490
etiology o , 490
genetic considerations in, 327t, 490
metastatic, 491
micronodular, 491
morphea orm ( brosing), 491
natural history o , 491
nodular, 491
pathophysiology o , 490, 491 
pigmented, 491
prevention o , 493
questions regarding, 763, 778
risk  actors  or, 490
sun exposure and, 490
super cial, 490
treatment o , 339t, 491 , 492–493

Basic  broblast growth  actor (bFGF), 353, 353 
Basket cells, 203
Basophil(s)

hematopoietic di erentiation o , 5 
morphology o , 44 
in peripheral blood smear, 58, 63 

Basophilic stippling, 58, 122, 126, 759, 774
Bax, 395, 416
Bazex-Dupre-Christol syndrome, 490
B-cell chronic lymphoid leukemia (CLL)/small 

lymphocytic lymphoma, 202–205
approach to the patient, 200
B-cell prolymphocytic leukemia versus, 216
clinical  eatures o , 203t
diagnosis o , 193t, 203–204
epidemiology o , 195 , 195–197
genetic considerations in, 199, 199t
hypogammaglobulinemia in, 434
immunology o , 198 , 199, 217t
in ections in, 423, 423t, 425t, 428
lymphadenopathy in, 33
lymphoid disorders that can present as, 193t
mu heavy chain disease in, 244
paraneoplastic syndromes in, 728
peripheral blood smear in, 67 , 203 
prognosis o , 200
pure white cell aplasia in, 139
splenomegaly in, 37

staging o , 200t
treatment o , 204–205

biologic therapy, 413
HSC , 443t, 444
rituximab, 205, 339t, 340, 413

B cell di erentiation, 5 , 197, 198 
B-cell neoplasms, mature

B-cell prolymphocytic leukemia, 216, 216t–217t
classi cation o , 217t
hairy cell leukemia. See Hairy cell leukemia
intravascular large B-cell lymphoma, 218–219
lymphomatoid granulomatosis, 219
mediastinal large B-cell lymphoma, 218
nodal marginal zone B-cell lymphoma, 218
primary e usion lymphoma, 219
splenic marginal zone lymphoma, 216–217, 

217t
B-cell prolymphocytic leukemia, 216, 216t–217t
B-cell prolymphocytic lymphoma, 210
BCL1 gene mutations, 324t
BCL2 gene mutations, 324t
BCL6 gene mutations, 205
BCL2 proteins, 345 , 345–346, 395
BCR-ABL1 oncogene, 182 , 182–183, 185, 221, 223
Bellini (collecting) duct tumors, 586, 586t
Bence Jones proteins, 234, 238
Bendamustine, 205, 206, 242, 397
Benign prostatic hypertrophy (BPH)

clinical  eatures o , 599
diagnosis o , 587t, 599
PSA levels in, 591–592
treatment o , 599, 767–768, 786–787

Benzene exposure, 132, 168, 375t
Benzodiazepines,  or dyspnea, 465
Benztropine, 469
BEP regimen, 602, 611
Bereavement, 468, 475
Bernard-Soulier syndrome, 259, 261
Bethesda assay, 269, 276
Bevacizumab

action and targets o , 340t, 354 , 355, 414, 414t
adverse e ects o , 355, 414, 421, 521

hemoptysis, 741
hypersensitivity reaction, 748
neurologic, 637, 637t

 or brain metastases, 634
 or breast cancer, 355, 539
 or cholangiocarcinoma, 574
 or colorectal cancer, 340t, 355
 or esophageal cancer, 544
 or gastric cancer, 547
 or glioblastoma, 340t, 627, 627 
 or hepatocellular carcinoma, 571
 or lung cancer, 355, 521, 522t
 or ovarian cancer, 610
 or renal cell carcinoma, 340t

Bexarotene, 409t, 412
bFGF (basic  broblast growth  actor), 353, 353 
Bias, in screening tests, 379–380
Bicalutamide, 406, 597
Bilberry, 27t
Bile duct(s)

malignant obstruction o , 736
resection o ,  or cholangiocarcinoma, 574

Bile duct disease
choledocholithiasis. See Choledocholithiasis
primary sclerosing cholangitis. See Primary 

sclerosing cholangitis (PSC)
Biliary cirrhosis

coagulation disorders in, 274
diseases associated with, 562, 562t
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Biliary  ukes, 573
Binet staging system,  or lymphoid malignancies, 

200t
Biopsy

in cancer diagnosis, 363, 387, 387t
core-needle, 387
excisional, 387
 ne-needle aspiration, 34–35, 387, 647, 654–655
incisional, 387

Bipolar cell antibodies, 722t
Bipolaris spp., 433
Birbeck granules, 229
Bisacodyl, 464t
Bischloromethyl ether, 501
2,3-Bisphosphoglycerate, 83
Bisphosphonates

action o , 348
bone pain treated with, 463
hypercalcemia treated with, 715, 790
metastatic breast cancer treated with, 538
multiple myeloma treated with, 241
osteonecrosis o  jaw caused by, 241, 755
prophylactic uses o 

in breast cancer, 537
in prostate cancer, 599

Bite cells, 121
Bivalirudin

action o , 308
 or heparin-induced thrombocytopenia, 258
heparin versus, 308
pharmacology o , 308t

BK virus in ection, 431
Black an-Diamond anemia, 443
Bladder cancer, 575, 582

adenocarcinoma, 575, 582
carcinoma o  unknown primary and, 640t
chemotherapy-related, 575, 582, 754
clinical  eatures o , 583–584
cystectomy  or, 584–585, 585t, 767, 785
deaths  rom, 361t, 575, 582
diagnosis o , 583–584
epidemiology o , 575, 582
incidence o , 361t, 362 , 575, 582
pathogenesis o , 575–576, 582–583
pathology o , 575, 582
prognosis o , 585t
questions regarding, 767, 785
risk  actors  or, 575, 582
staging o , 575, 582, 583 , 583–584
super cial, 585t
transitional cell, 575, 582
treatment o , 584–585, 585t

Blastic NK cell lymphoma, 221
Blastic phase, in CML, 191
Bleeding

approach to the patient, 25–28
in DIC, 272
drug-induced, 27, 27t

 ondaparinux, 307
heparin, 304
low-molecular-weight heparin, 306
war arin, 311

gastrointestinal. See Gastrointestinal bleeding
in hemophilia, 267–268
history in, 26–27
laboratory evaluation o , 28–31
in liver disease, 275t
risks  or, 759, 773
systemic diseases that cause/exacerbate, 27–28

Bleeding time, 29
Bleomycin

action o , 402
adverse e ects o , 398t, 403, 604–605

gonadal dys unction, 420
hemolytic-uremic syndrome, 745
nausea and vomiting, 419
neurologic, 740
pulmonary, 430, 605, 746, 752
pulmonary  brosis, 403
Raynaud’s phenomenon, 605, 755

 or gestational trophoblastic disease, 615
 or mediastinal large B-cell lymphoma, 218
 or ovarian germ cell tumors, 611
 or pericardial e usion, 371
 or pleural e usion, 371
 or testicular cancer, 604–605

Blinatumomab, 415
Blindness. See Visual loss
Blister cells, 121
BLM gene mutations, 327t
Blood donation, directed/designated, 155
Blood group antigens and antibodies, 146, 147t
Blood products

bacterial contamination o , 155
hepatitis virus contamination o , 150t, 154, 269
HIV contamination o , 150t, 154, 269
in ectious contamination o , 150t, 154–155

Blood substitutes, 130
Blood vessels, in tumor angiogenesis, 351–355, 

352 , 354 
Bloom’s syndrome, 327t
Blumer’s shel , 545
Bmi-1 gene, 4, 6–7
BNP. See B-type natriuretic peptide (BNP)
Body cavity-based lymphoma, 219
Bohr e ect, 11, 83, 83 , 90
Bombay phenotype, 147
Bone marrow/bone marrow examination

in anemia, 17
in aplastic anemia, 17, 64 , 135 , 136
cellularity in, 64 , 131t
in chronic myelomonocytic leukemia, 224
in CML, 184t, 184–185
collection  or transplantation, 437
erythroid hyperplasia in, 17 , 65 
hypocellular, 131t
iron stores, 65 , 76
in megaloblastic anemia, 102, 102 
in myelodysplastic syndromes, 140 , 143
in myelo brosis, 162, 162 . See also Primary 

myelo brosis
myeloid hyperplasia in, 17 , 65 
normal, 17 , 64 
stem cell niche sites in, 3

Bone marrow  ailure, 129
in aplastic anemia. See Aplastic anemia
bleeding tendencies in, 27
di erential diagnosis o , 131t
in eosinophilic  asciitis, 133
pathognomic cells in, 140 

Bone marrow myeloid stem cells, 229
Bone marrow transplantation, 89, 539
Bone pain, 88, 463
Bone sarcoma

chondrosarcoma, 327t
Ewing’s sarcoma. See Ewing’s sarcoma
osteosarcoma, 322t

Bone scan, 593
Bortezomib

action and targets o , 339t, 341, 409t, 411
adverse e ects o , 240, 409t, 411, 419, 637, 637t
 or amyloidosis, 250

 or mantle cell lymphoma, 206
 or multiple myeloma, 240–241, 339t, 341, 411
 or Waldenstrom’s macroglobulinemia, 242

Bosentan, 768, 787
Bosutinib

action and targets o , 337, 339t, 408t
adverse e ects o , 189, 408t
 or CML, 187–188, 188t
resistance to, 410

Bourneville’s disease. See  uberous sclerosis 
(Bourneville’s disease)

Bowel obstruction. See Intestinal obstruction
Bowen’s disease, 491
Brachytherapy

 or cholangiocarcinoma, 574
 or prostate cancer, 595

BRAF gene mutations
in colorectal cancer, 321 
as drug target, 332, 340, 411
in hairy cell leukemia, 210
in lung cancer, 503t, 504 , 505, 523
in melanoma, 485, 489, 763, 778
in thyroid cancer, 650t, 651
tumors associated with, 322t

BRAF inhibitors
action o , 337, 411
adverse e ects o , 408t
 or melanoma, 489–490

Brain abscess, 429, 429t
Brain metastases, 739
Brain natriuretic peptide. See B-type natriuretic 

peptide (BNP)
Brain tumors, 623

approach to the patient, 623–624
clinical  eatures o , 623, 624t
headache in, 623
imaging in, 623–624
metastatic, 632

diagnosis o , 632–633, 633 
epidural. See Spinal cord compression, 

neoplastic
increased intracranial pressure and, 738–739
leptomeningeal, 634 , 634–635
questions regarding, 768–769, 788–789
sources o , 632, 632t
treatment o , 633–634

in neuro bromatosis type 1, 631–632
in neuro bromatosis type 2, 632
primary, 623

extrinsic “benign”
colloid cysts, 630
dermoid cysts, 631
dysembryoplastic neuroepithelial tumors, 

631
epidermoid cysts, 631
schwannomas, 630

genetic syndromes associated with, 625t
intrinsic malignant

astrocytomas. See Astrocytomas
brainstem gliomas, 628
ependymoma, 628
gangliomas, 628
gliosarcomas, 628
medulloblastomas, 629
oligodendroglioma, 627–628
pineal region tumors, 629
pleomorphic xanthoastrocytomas, 628

pathogenesis o , 623
questions regarding, 768–769, 788–789
treatment o , 624
in tuberous sclerosis, 632
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BRCA gene mutations
BRCA1, 450, 768, 788
BRCA2, 450, 768, 788
in breast cancer, 450, 538
cancers associated with, 327t
epigenetic silencing o , 342
genetic testing  or, 329, 383, 529
in ovarian cancer, 608, 768, 788
in pancreatic cancer, 577
synthetic lethality and, 342

Breast cancer, 529
biology o , 535
carcinoma o  unknown primary and, 639, 640, 

640t
in contralateral breast, 540
deaths  rom

in 2014, 361t, 529
by racial and ethnic group, 365t
trends in, 362 –363 , 364t

diagnosis o , 531 –532 , 531–533, 532 
epidemiology o , 530–531
epigenetic silencing in, 342
estrogen and progesterone receptor status o , 

535, 536
 ollow-up, 541, 541t
gene expression pro les in, 535
genetic considerations in, 322t, 323, 327t, 

529–530
global considerations in, 530
histologic classi cation o , 536
incidence o , 361, 361t, 362 , 365t, 529
in ections in, 423t
during lactation, 447t, 449–451, 450t, 533
li etime risk o , 530
male, 529, 541
metastatic

bone marrow examination in, 64 
to CNS, 632, 632t, 634 
diagnosis o , 538
to liver, 574
lymphadenopathy in, 33
prognosis o , 538
timing o , 538
treatment o , 538–539

noninvasive, 540–541
ovarian cancer and, 608
paraneoplastic syndromes in

endocrinologic, 713, 714t, 722t
hematologic, 718t, 719
neurologic, 728

pleural e usion in, 371
in pregnancy, 447t, 449–451, 450t, 533
prevention o 

li estyle modi cations  or, 374
pharmacologic, 377, 540
prophylactic surgery  or, 378–379, 390
tamoxi en  or, 377

prognosis o , 535–536, 536t, 762, 776
questions regarding, 762, 776
radiation-induced, 531, 755
recurrent, 407, 535–536
risk  actors  or

alcohol use, 530
diet, 374, 530
hormone use, 530
obesity, 530
questions regarding, 765, 781

screening  or
bene ts o , 382, 533
in high-risk women, 383, 533
in normal-risk women, 381t, 382, 533

second malignancies in survivors o , 755
staging o , 533, 534t, 535
subtypes o , 535
treatment o , 535–541

ado-trastuzumab emtansine, 338, 340t, 415
biologic therapy, 414, 414t
chemotherapy, 536–539, 537t
hormone receptor-directed, 341–342, 406, 

539, 539t
HSC , 444
late consequences o , 753, 756t
in metastatic disease, 538
in postmenopausal women, 536–537, 537t
in premenopausal women, 536, 537t
radiation therapy, 535
sentinel lymph node biopsy, 535
in stage III disease, 540
surgical, 535–536
tamoxi en, 341–342
targeted chemotherapy, 339t–340t, 340, 411
trastuzumab, 338, 339t, 340, 348, 414, 414t

tumor growth rate measures in, 536
tumor markers in, 369t, 535

Breast mass
benign, 533
cyst, 532 , 533, 764–765, 781
evaluation o , 531 , 531–533, 532 
palpable, 531 , 531–532
in pregnant or lactating woman, 450, 533

Breast sel -examination, 381t, 382–383, 533
Brenner tumor, 607
Brentuximab vedotin, 338, 340t, 415
Breslow thickness, 485, 763, 778
Bromocriptine,  or prolactin-secreting tumors, 

407
Bronchial neuroendocrine tumors (carcinoids), 

661t, 667
Bronchoscopy,  or lung cancer, 509
Brunner’s gland adenoma, 548
Bryostatin, 338 
B-type natriuretic peptide (BNP), 246
Budd-Chiari syndrome

in hepatocellular carcinoma, 563
in paroxysmal nocturnal hemoglobinuria, 127
in polycythemia, 20, 159
splenomegaly in, 37

Bupropion
adverse e ects o , 467, 502
 or depression, 467
 or smoking cessation therapy, 502

Burkholderia cepacia in ections, 427
Burkitt’s lymphoma, 209

clinical  eatures o , 203t, 209
diagnosis o , 66 , 68 , 209, 209 
EBV in ection and, 330, 375t
endemic, 209
genetic considerations in, 197, 199t, 209, 323, 

324t
in HIV in ection, 209
immunology o , 197, 198 
during pregnancy, 451
sporadic, 209
treatment o , 209
tumor lysis syndrome in, 743

Burnout syndrome, 372
Burr cells, 757, 771
Busul an

adverse e ects o , 191
nausea and vomiting, 419
neurologic, 637t
pulmonary, 746

 or CML, 191
in HSC  preparation, 438

Butyrate,  or  etal hemoglobin stimulation, 94

C
CA-125

in cholangiocarcinoma, 573
in ovarian cancer, 382t, 384, 608, 610, 768, 788
as tumor marker, 369t

CA 19-9, 369t, 573, 578, 766, 784
Cabazitaxel, 405, 599
Cabergoline, 669
Cabozantinib

action and targets o , 339t, 409t
adverse e ects o , 409t
 or lung cancer, 523
 or medullary thyroid carcinoma, 694

Cadherins, 347 
Ca eine, 469
Calci cation, o  solitary pulmonary nodule, 515
Calcitonin

 or bone pain, 463
ectopic production o , 714t
 or hypercalcemia, 715
in medullary thyroid carcinoma, 694
pNE  secreting, 660t
as tumor marker, 369t

Calcium docusate, 464t
Calcium supplements, 377, 554
Calor, 42 
Calretinin, 504, 640t, 642
CALR gene mutations, 163
Camptothecin, 403
Campylobacter spp. in ections, 243
Cancer. See also Metastatic disease; speci c cancer

anemia in, 79
approach to the patient, 360
chromosome abnormalities in, 367
clonal origin o , 320, 321 
deaths  rom, 372

by age, 364t
questions regarding, 762, 776
by race and ethnicity, 364 , 365t
by sex, 361t, 362 –363 , 364t
by site, 361t, 362 –363 
trends in, 360–361, 362 –363 
in United States and Britain, 454t
worldwide, 366 

de nition o , 386
diagnosis o , 363, 387, 387t
e usions in, 371
emergencies in

adrenal insu ciency, 743
airway obstruction, 741–742, 742 
biliary obstruction, 736
hemolytic-uremic syndrome, 745–746
hemoptysis, 741
hemorrhagic cystitis, 748
human antibody in usion reactions, 745
hypersensitivity reactions to antineoplastic 

drugs, 748–749
hypoglycemia, 742–743
increased intracranial pressure, 738–739
intestinal obstruction, 735
lactic acidosis, 742
neoplastic meningitis, 739–740
neutropenic colitis, 428
neutropenic enterocolitis, 747–748, 748 
pericardial e usion/tamponade, 371, 

733–734
pneumonia, 429t, 429–430, 747
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pneumonitis, 429t, 430, 746–747, 752–753
pulmonary and intracerebral leukostasis, 

740–741
pulmonary in ltrates, 746–747
seizures, 740
urinary obstruction, 735–736

epidemiology o , 761, 776
extent o  disease, 364–367
genetic testing in, 328–329, 329 
global considerations in, 361
immunization in, 424t, 435
incidence o , 360–361, 361t, 362 , 365t
in ections in, 422

antibacterial therapy  or, 432–433
antibiotic prophylaxis  or, 435
anti ungal therapy  or, 433
antiviral therapy  or, 433–434
cardiovascular, 430
catheter-related, 426–427, 427t
central nervous system, 428–429, 429t
cytokine therapy, 434
endocrine, 430–431
 ebrile neutropenia and, 417–418,  

432, 432 
gastrointestinal tract, 427–428, 747–748
granulocyte trans usions  or, 434
musculoskeletal, 431
predisposing  actors in, 422–423, 423t, 

431–432
prevention o , 434–435
pulmonary, 429t, 429–430, 746
renal-ureteral, 431
skin, 425 , 425–426

late complications o , 369–370, 750, 751t, 756t
lymphatic vessels o , 355
metastasis o , 334t. See also Metastatic disease
new symptoms in, 368
nutritional status o  patient, 371
as organ that ignores its niche, 335–336
pain in, 370
patient management in, 363
physiologic reserve o  patient, 366–367, 367t
during pregnancy, 446
prevention o , 373

chemoprevention, 375–378
diet modi cation, 374
education and health ul habits, 373–375
energy balance, 374
physical activity, 374
smoking cessation, 373–374
sun avoidance, 374–375
surgical methods, 378–379, 389–390
vaccines and, 378

prognosis o , 364–367
progressive disease, 368
recurrent, 370
risk  actors  or, 360
screening  or. See Cancer screening
second malignancy, 392, 755

by cancer type, 755
chemotherapy-related, 214, 755
hormonal therapy-related, 755
immunosuppressive therapy-related, 755
radiation therapy-related, 213, 755

sel -renewing capacity o  organs and, 7
stable disease, 368
staging o , 365–366, 387–388
survivorship issues, 372, 750, 753, 756, 756t
treatment o 

assessing response to, 368, 369t
biologic therapy. See Cancer biologic therapy

cancer stem cells as target o , 348
chemotherapy. See Chemotherapy
complete response to, 368
genetic considerations in, 331–332
goal o , 388
late consequences o , 756t
long-term  ollow-up, 369–370, 756
palliative, 368, 390
partial response to, 368
planning, 367–368
principles o , 386
psychosocial support, 371–372
radiation therapy. See Radiation therapy
spectrum o , 386t, 388
supportive care, 370–372
surgical. See Cancer surgery

tumor growth rates in, 335–336, 388, 389 
tumor microenvironment in, 351
viruses and, 330

Cancer biologic therapy, 412
action and targets o , 391, 395 
adverse e ects o , 414
antibody-mediated, 413–414

antiangiogenic, 354 , 355–356, 356 
conjugates, 337, 340t, 415
immunoregulatory, 339t–340t, 356–357, 

357 , 414t, 414–415, 415 
tumor-regulatory, 339t–340t, 413, 414t

cytokines, 415–416
immune cell-mediated, 356–357, 412
ligand receptor-directed constructs, 416
principles o , 356–357, 412
  cell-mediated, 412–413

Cancer cells
apoptosis in, 334t, 344–346, 345 , 394, 395 
autophagy in, 346
biology o , 333
cell cycle in, 333–335, 397
chromatin structure alterations in, 342, 343 
evasion o  immune system, 334t
 ailure to di erentiate, 334t
gene expression in, 334t, 342, 343 , 344
Gompertzian growth curve/kinetics in, 335, 

388, 389 
induction o  di erentiation in, 394
loss o  replicative senescence in, 334t, 336
metabolism in, 349–350, 350 
mutations in, 331, 333
necrosis in, 346
oncogene addiction in, 340
phenotypic characteristics o , 334t
plasticity o , 348–349
resistance o , 348–349
signal transduction pathways in, 337– 

342, 338 
synthetic lethality in, 341 
telomerase activation in, 336
tissue invasion by, 334t, 346

Cancer genetics, 320
cancer gene classes, 321
chromosomal instability in solid tumors, 

324–325
clonal origin and multistep nature o  cancer, 

320, 321 
epigenetic control mechanisms, 325
epigenetic in uences on gene transcription, 

342–344, 343 
 amilial cancer syndromes, 327t,  

328–329, 329 
 uture o , 332
gene expression and, 330 , 330–331

genomewide mutational pro ling, 331, 331 
historical perspective, 320
microRNAs in, 329–330
treatment strategy and, 331–332
viruses in, 330

Cancer Genome Atlas, 331
CancerNet, 368
Cancer screening, 379

accuracy o , 379, 379t
assessment o  tests  or, 380
biases o  tests  or, 379–380
recommendations  or asymptomatic  

normal-risk subjects, 381t–382t
risks  rom, 380

Cancer stem cells, 348, 349 , 388, 504
Cancer surgery, 389–390

curative, 389
diagnostic, 390
late complications o , 750, 751t
palliative, 390
preventive, 378–379, 390

Cancer syndromes,  amilial, 327t, 328–329,  
329 

Cancrum oris (noma), 427
Candida spp. in ections

in cancer patient, 426t, 427–428, 430
disseminated/deeply invasive, 428
mucocutaneous, 55

Candidemia, 425
Cangrelor, 300–301
Capecitabine

action o , 400t
adverse e ects o , 400t, 681
 or breast cancer, 539
 or colorectal cancer, 559
 or gastric cancer, 547
 or pancreatic cancer, 580, 581t
 or pNE S, 681

Capillaries. See Blood vessels
Capnocytophaga spp. in ections, 423, 423t
Carbamazepine

 or neuromyotonia, 729
 or pain, 462
thrombocytopenia caused by, 257t

Carbon monoxide poisoning
pathophysiology o , 94
polycythemia in, 20–21

Carboplatin
adverse e ects o , 398t, 402, 419, 747, 749
 or carcinoma o  unknown primary, 643
 or head and neck cancer, 498
 or lung cancer, 518t, 521, 522t, 523
 or melanoma, 489
 or ovarian cancer, 609, 761, 776
as substitute  or cisplatin, 753
 or testicular cancer, 604, 606
 or thymoma, 528

Carboxyhemoglobin, 21, 94
Carcinoembryonic antigen (CEA), 369t

in cholangiocarcinoma, 573
in colorectal cancer, 558t
questions regarding, 765, 782

Carcinogenesis, 447
 eld, 376
initiation step in, 375
Knudson two-hit hypothesis o , 321
multistep nature o , 320, 321 , 373
promotion, 375
radiation in, 392

Carcinogens, 375
Carcinoid crisis, 670
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Carcinoid syndrome, 668
atypical, 670
clinical  eatures o , 659t, 666t, 668–669
complications o , 670
diagnosis o , 661 , 670–671
heart disease in, 669–670, 672
neuroendocrine tumors associated with, 657–

658, 658, 659t, 661 
pathobiology o , 659t, 661 , 669–670
treatment o , 671 , 671–673
tumor locations in, 659t

Carcinoma, 333, 386
Carcinoma in situ, bladder, 575, 582, 583
Carcinoma o  unknown primary, 495, 638

biology o , 638
cytogenetics in, 638–639
cytokeratins in, 640, 640 , 640t, 769, 789
genetic considerations in, 638–639, 769, 789
imaging in, 639
immunohistochemical analysis in, 639–641, 

640t
incidence o , 638
molecular pro ling in, 641
pathology o , 639–641
prognosis o , 641
questions regarding, 769, 789–790
treatment o , 641–643, 642 
tumor markers in, 638–639, 640 

Cardiac biomarkers, in venous 
thromboembolism, 288

Cardiac tamponade, malignant, 733–734
Cardiolipin, 30
Cardiopulmonary bypass, 261
Cardiopulmonary resuscitation, 472
Cardiovascular disease

in amyloidosis, 248, 250
in carcinoid syndrome, 668–670
coronary artery. See Coronary artery disease 

(CAD)
deaths  rom, 360, 454t
in ections in cancer patient, 430
as late consequence o  cancer/cancer therapy, 

750–752
in megaloblastic anemia, 100–101
myocardial in arction. See Myocardial 

in arction (MI)
valvular. See Valvular heart disease

Caregivers, 470
Caretaker genes, 321, 326
Car lzomib, 241, 339t, 409t, 411
Carmustine (BCNU)

adverse e ects o , 398t, 637t
drug interactions o , 399t
 or melanoma, 489

Carney’s syndrome/complex (LAMB/NAME 
syndrome)

adrenal nodules in, 698
clinical  eatures o , 698
genetic considerations in, 687t, 698

Caroli’s disease/syndrome, 573, 784
ß-Carotene, 376
Carpal tunnel syndrome, 252
Cartilage hair hypoplasia, 47
Caspase, 344, 345 
Caspase-8, 344, 346
Caspo ungin, 179, 433
CaSR gene mutations, 692
Castell’s method, splenic percussion, 37
Castleman’s disease

AA amyloidosis versus, 250

 ollicular dendritic cell neoplasm associated 
with, 229

HHV-8 and, 197
lymphoma versus, 215
treatment o , 215

Catalogue o  Somatic Mutations in Cancer 
(COSMIC), 331

Cataract
in HSC  recipient, 440
radiation-induced, 392, 754
tamoxi en use and, 540

Catecholamines
in pheochromocytoma, 700–701, 702t
as tumor marker, 369t

Catheter-related bloodstream in ections
in cancer patient, 426, 427t, 430
exit-site, 426, 427t
questions regarding, 762, 776
tunnel-site, 426, 427t

Cation transport disorders, 117
Cat-scratch disease, 33–34
Cauda equina syndrome, 737
CBC (complete blood count), 12, 13t
CCI (corrected count increment),  

149–150
CCNU (lomustine), 398t, 628
CD5, 216
CD19, 216
CD20, 216
CD22, 216
CD23, 216
CD25, 369t
CD30, 369t
CD40 de ciency, 47
CD40 ligand, 280
CD34 antibodies, 437
CDC73 gene mutations, 692
CD18 gene mutations, 48
CDH1 gene mutations, 327t, 545
CDK4 gene mutations, 322t, 481–482
CDKN2A gene mutations, 481, 577
CDNKIB gene mutations, 686t, 696
CDX-2, in carcinoma o  unknown primary, 640t, 

641
CEBPA gene mutations, 170, 171, 171t
Ce epime, 432, 762, 776
Ce azidime, 417, 432
Ce riaxone, 257t
Celecoxib, 553
Celiac disease (gluten-induced enteropathy), 105
Cell cycle

in cancer cells, 333–335, 334t
checkpoints, 325, 333–335

Cell-mediated immunity, 412
Cellular senescence, 344
Cellulitis, 425–426
Central nervous system (CNS) cancer

brain tumors. See Brain tumors
deaths  rom, 361t, 364t
incidence o , 361t
lymphoma. See Primary central nervous system 

lymphoma (PCNSL)
metastatic, 739–740

Central nervous system (CNS) in ections, 428–
429, 429t

Central venous catheter, 733
Cephalosporins

adverse e ects o , 54
 or in ections in cancer patient, 432

Cephamandole, 257t

Cerebellar degeneration/atrophy, paraneoplastic, 
722t–723t, 727

Certolizumab, 53
Cervical adenopathy, 495, 496 , 643
Cervical cancer, 611

clinical  eatures o , 612
deaths  rom, 364t, 365t
epidemiology o , 611–612
etiology o , 611–612
global considerations in, 611–612
incidence o , 361, 365t, 611–612
paraneoplastic syndromes in, 714t
during pregnancy, 447t, 448–449
prevention o , 378, 612
prognosis o , 609t
questions regarding, 768, 788
risk  actors  or, 612
screening  or, 381t, 383, 613
staging o , 609t, 613, 613 
treatment o , 613

Cervical intraepithelial neoplasia, 449
Cestode in ections, 105
Cetuximab

action and targets o , 339t, 413, 414t
adverse e ects o , 421, 498, 560, 749
 or colorectal cancer, 339t, 413, 414t, 559–560
 or head and neck cancer, 498
 or squamous cell carcinoma, 339t

Chagas’ disease, 155
Chamomile, 27t
Chancroid, 33
Charcot-Leyden crystals, 54
Chediak-Higashi syndrome

cellular/molecular de ects in, 49t, 51
clinical  eatures o , 49t, 51
diagnosis o , 49t, 51 , 58, 64 

Cheilitis, 491, 763, 779
Cheilosis, 76
Chemo brain, 753
Chemo cap, 420
Chemokines, 46
Chemoreceptor trigger zone (C Z), 419, 463
Chemotherapy, 391

action o , 395 , 395–396
adjuvant, 396
complete response to, 394
complications o , 368, 430, 637, 637t
curability o  cancers with, 395, 396t
cytotoxic

antimetabolites, 399t–400t, 403–405
antimitotic agents, 400t–401t
antitumor antibiotics, 398t–399t, 402–403
DNA-interactive agents, 397, 398t, 401–402
mitotic spindle inhibitors, 405–406

development o , 393, 393 
dose-limiting toxicity, 393
high-dose regimens, 396, 396t
intraperitoneal, 609
late complications o , 751t

cardiovascular, 750–752
hematologic, 168
hepatic, 754
neurologic, 753
ocular, 754
pulmonary, 752–753
Raynaud’s phenomenon, 755
renal/urinary, 754
reproductive/endocrine, 754

maximum-tolerated dose, 393
metabolism modulators  or, 351
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neoadjuvant, 396
neurologic complications o , 637, 637t
palliative, 396, 396t
partial response to, 394
during pregnancy, 421, 448
principles  or use, 393–397
resistance to, 349, 416–417
response to, 393–394
supportive care during, 417–421

alopecia, 420
diarrhea, 420
gonadal dys unction, 420–421
mucositis, 420
myelosuppression, 417–419, 418t

targeted, 339t–340t, 406, 408t–410t
action o , 394, 395 , 407 
adverse e ects o , 421
arsenic trioxide, 410t
combination, 340, 341
development o , 394
diagnostically guided, 332, 407, 408t, 

410–411
DNA methyltrans erase inhibitors, 343 , 

344, 412
histone deacetylase inhibitors, 343 , 344, 

409t, 411–412
hormonal therapies, 392
hormone receptor-directed, 341–342, 

406–407
m OR inhibitors, 337, 410t
multikinase inhibitors, 337, 338 , 409t, 411
nondiagnostically guided, 409t
principles o , 393–397
proteasome inhibitors, 341, 345 , 409t, 411
vismodegib, 339t, 410t

thyroid cancer treated with, 653–654
topoisomerase inhibitors, 398t–399t, 402–403

Chest discom ort/pain
in lung cancer, 507, 507t
in sickle cell anemia, 87

Chest radiography
in lung cancer screening, 505–506, 507t
in lymphadenopathy, 34

Chest tube drainage,  or pleural e usion, 371
Chewing tobacco, 374
Cheyne-Stokes respiration, 474, 476t
Chickenpox. See Varicella
Chinese herbal nephropathy, 586
Chlamydia trachomatis in ections, 429t, 429–430
Chlorambucil

B-cell chronic lymphoid leukemia/small 
lymphocytic lymphoma treated with, 
204–205

description o , 397, 398t
Chloramphenicol

aplastic anemia caused by, 133t
bone marrow  ailure caused by, 168
neutropenia caused by, 46
pure red cell aplasia caused by, 139t

Chlornaphazine, 575, 582
2-Chlorodeoxyadenosine, 399t, 404
Chloroquine, 133t
Chlorpromazine

 or delirium, 468t, 469
 or dyspnea, 465

Cholangiocarcinoma, 573
clinical  eatures o , 573
diagnosis o , 573
etiology o , 573
questions regarding, 766, 784

sites o  origin o , 573
treatment o , 573–574

Cholecystectomy with splenectomy, 116
Cholecystitis, 574
Choledochal cysts, 573
Choledocholithiasis, 573
Cholelithiasis. See Gallstone(s)
Chondrosarcoma, 327t
CHOP regimen, 207, 216
Chorea, paraneoplastic, 722t
Choriocarcinoma. See also Gestational 

trophoblastic disease
incidence o , 453
ovarian, 611
paraneoplastic syndromes in, 714t
testicular, 588

Chromatin, 342, 343 , 394
Chromium

carcinogenicity o , 501
toxicity o , 375t

Chromogranin
in carcinoma o  unknown primary, 640t, 643
in GI-NE s, 671
in lung cancer, 502, 503
in non unctional pNE s, 678

Chromophobe tumors, renal, 586, 586t
Chromosomal abnormalities, 324t
Chromosomal instability, 324–325, 326
Chronic eosinophilia not otherwise speci ed, 

227, 227t
Chronic eosinophilic leukemia, 54, 158
Chronic granulomatous diseases (CGDs)

cellular/molecular de ects in, 49t, 51–52
clinical  eatures o , 49t, 51–52
complications o , 51–52
diagnosis o , 49t, 775
treatment o , 55, 760, 775

Chronic kidney disease (CKD)
deaths  rom, 454t
erythropoietin  or, 81
hypoproli erative anemia, 80, 80t
treatment o , 81

Chronic myeloid leukemia (CML), 181
accelerated blastic phase o , 185
atypical, 223–224
blastic phase o , 185
cancer stem cells in, 348
chromosome abnormalities in, 181–183, 182 

ampli cations, 322t
translocations, 158, 181–183, 323,  

324 , 324t
clinical  eatures o , 183–185, 184t
diagnosis o , 185
epidemiology o , 181
etiology o , 181
global considerations in, 192 
incidence o , 181
pathophysiology o , 181–183
peripheral blood smear in, 67 
prognosis o , 186 , 186–187
questions regarding, 774
splenectomy, 39, 191
splenomegaly in, 37
treatment o , 187–191, 190t

in accelerated or blastic phases, 191
chemotherapy, 191
goals  or, 188
HSC , 189–190, 190t, 443t, 444
inter eron, 187, 191
leukapheresis, 191

monitoring, 190–191
in pregnancy, 191

tyrosine kinase inhibitors, 187–189, 188t, 190t, 
324, 337, 339t, 407

Chronic myelomonocytic leukemia (CMML), 
141, 224–225, 337

Chronic neutrophilic leukemia, 158, 221–223, 
223t

Chronic nonspherocytic hemolytic anemia, 119, 
121

Cigarette smoking. See Smoking
Cigar smoking, 374
Cimetidine

altretamine interactions with, 398t
 or carcinoid syndrome, 671
 or gastrinoma, 688
as premedication  or taxanes, 405

Cipro oxacin
 or  ebrile neutropenia, 417
 or in ections in cancer patient, 432

Circulating endothelial precursors, 352 
Cirrhosis

biliary. See Biliary cirrhosis
coagulation disorders in, 274
hepatocellular carcinoma and, 562, 562t
splenomegaly associated with, 37
tumor markers in, 369t

Cisplatin
action o , 402
adverse e ects o , 398t, 402, 604–605

electrolyte disturbances, 402
gonadal dys unction, 420
hearing loss, 753
hemolytic-uremic syndrome, 745
nausea and vomiting, 370, 402, 419
neurologic, 637, 637t, 740, 753
neutropenic enterocolitis, 747
Raynaud’s phenomenon, 402

 or bladder cancer, 585
 or carcinoma o  unknown primary, 643
 or cervical cancer, 613
 or cholangiocarcinoma, 574
 or gastric cancer, 547
 or gestational trophoblastic disease, 615
 or head and neck cancer, 498
 or hepatocellular carcinoma, 570
 or lung cancer, 517, 518t, 520t, 522t, 523
 or melanoma, 489
 or ovarian germ cell tumors, 611
 or salivary gland tumor, 499
 or squamous cell carcinoma, 493
 or testicular cancer, 604, 606
 or thymoma, 528

Citalopram, 467
Citrate, 153
Citrobacter spp. in ections, 426t
Citrullinemia, 562, 562t
c-kit mutations

imatinib response and, 548
in melanoma, 489
in ovarian germ cell tumors, 611
in thymoma, 528

Cladribine, 175, 210, 242
Clear cell carcinoma, renal, 586, 586t, 785. See 

also Renal cell carcinoma (RCC)
Clinical breast examination, 381t, 382
Clinical laboratory tests

predictive value o , 379, 379t
sensitivity o , 379, 379t
speci city o , 379, 379t
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Clinical staging, 365
CLIP staging, o  hepatocellular carcinoma, 564, 

564t
CLL. See B-cell chronic lymphoid leukemia 

(CLL)/small lymphocytic lymphoma
Clo arabine, 177, 400t
Clonal eosinophilia, 226–227
Clonazepam, 465t
Clonidine

 or hot  ashes, 754
 or pain, 463
 or smoking cessation therapy, 501

Clonidine suppression test, 702
Clopidogrel

action o , 296 , 296–297
adverse e ects o , 27, 260, 297
with aspirin, 297
dosage o , 297
genetic variations in response to, 281t, 282
indications  or, 297
resistance to, 297–298

Clostridium di cile-associated disease, 428, 747
Clostridium per ringens in ections, 431
Clotting  actors. See also speci c  actors

laboratory evaluation o , 266 
in normal hemostasis, 22–23, 23 
speci c  actor assays, 30

Clubbing, o  digits, 508
CMML (chronic myelomonocytic leukemia), 

141, 337
c-MYC gene, 209, 322t, 650t
CNS. See Central nervous system (CNS)
Coagulation

 brin clot  ormation in, 22–24, 23 
platelet plug  ormation in, 22, 254

Coagulation cascade
extrinsic pathway, 22, 266 
intrinsic pathway, 22, 23 , 266 
overview o , 282–283, 283 
red blood cells  ate in, 128 

Coagulation disorders, 265
acquired  actor inhibitors and, 275–277
disseminated intravascular coagulation. See 

Disseminated intravascular coagulation 
(DIC)

 amilial multiple coagulation de ciencies, 271
genetic characteristics o , 266t
hemophilia. See Hemophilia
laboratory evaluation o , 266 , 266t
in liver  ailure, 274, 275t
in vitamin K de ciency. See Vitamin K 

de ciency
Coagulation  actor(s)

inhibitors o , 265, 268–269, 275–277
multiple de ciencies o , 271
vitamin K-dependent, 271, 271 

Coagulation tests, 29–30, 30t
Cobalamin, 96–97

absorption o , 96, 104
dietary sources o , 96, 102–103
 olate and, 99–100
 unctions o , 96
malabsorption o , 103–104
metabolism o , disorders o , 105–106
requirement/recommended intake o , 96
serum, 107–108
transport in blood, 97

Cobalamin de ciency
clinical  eatures o , 100–101

cardiovascular, 100–101
peripheral neuropathy, 101

etiology o , 103t, 103–106
hematologic  ndings in, 60 , 101–102, 102 
in in ants, 103, 107
postgastrectomy, 104
PPIs and, 674

Codeine, 461, 465t
Colchicine

cobalamin malabsorption and, 103t
 or  amilial Mediterranean  ever, 251

Cold abscess, 55
Cold agglutinin disease, 126
Cold-induced autoin ammatory syndrome, 

 amilial, 53
Colectomy, 378, 553
Collagenoma, 686t, 692
Collecting duct tumors, 586, 586t
Colloid cysts, 631
Colonoscopy

 or colorectal cancer screening
in average-risk patients, 381t
versus  exible sigmoidoscopy, 556

a er polyp removal, 551–552
virtual, 555–556

Colon polyps, 381t
Colony-stimulating  actor 3, 221
Colorectal cancer, 551

adenomatous polyps and, 551
carcinoma o  unknown primary and, 643
clinical  eatures o , 556–558, 557 
deaths  rom, 361t, 362 –363 , 365t, 551
epigenetic silencing in, 343
etiology o , 552, 553t
genetic considerations in

chromosome abnormalities, 321 , 322t, 324t, 
326, 551

 amilial syndromes, 321 , 326–328, 327t, 
552–554, 553t

genomewide pro ling, 331 
incidence o , 361, 361t, 362 , 365t, 551
in ections in, 425t
insulin resistance and, 552
metastatic, 558, 574, 632t
pathogenesis o , 321 , 551–552
prevention o , 374, 376–377, 378, 554
prognosis o , 557–558, 558 , 558t
questions regarding, 765, 782
recurrence o , 558
risk  actors  or, 552t, 552–554
screening  or

bene ts o , 554–555
recommendations  or normal-risk adults, 

381t, 383–384, 556
techniques o , 554–556, 555t

spread o , 558
staging o , 557–558, 558 , 782
treatment o , 559–560

biologic therapy, 339t–340t, 413, 414t, 
559–560

chemotherapy, 559–560
late consequences o , 756t
radiation therapy, 559
surgery, 559, 765, 782
targeted chemotherapy, 411, 559–560

tumor markers in, 369t
COMMI  (Community Intervention  rial  or 

Smoking Cessation), 373–374
Communication o  bad news, 456, 457t
Community Intervention  rial  or Smoking 

Cessation (COMMI ), 373–374
Complete blood count (CBC), 12, 13t
Complete response, to chemotherapy, 394

Compression stockings,  or deep venous 
thrombosis prophylaxis, 290

Compression ultrasonography, o  leg veins, 720
Computed tomography (C )

in lung cancer
screening, 505–506, 507t, 764, 781
staging, 510–511

in NE s, 679, 680 
in pancreatic cancer diagnosis, 578, 578 , 766, 

784
in pulmonary embolism, 289, 289 

Computed tomography (C ) colonography, 381t, 
383–384

Condyloma acuminata (anogenital warts), 560
Congenital heart disease (CHD), 20
Congestive heart  ailure, 770, 790–791
Conivaptan, 716
Constipation

assessment o , 463
etiology o , 463
opioid-induced, 463
in terminally ill patient, 463
treatment o , 463, 464t

Consumption. See  uberculosis ( B)
Contrast enema. See Barium radiography
Coombs test, 151, 151 
Cord blood stem cells, 6, 438
Cord blood transplantation, 438
Core-needle biopsy, 387
Coronary artery disease (CAD), 752
Cor pulmonale, 20
Corrected count increment (CCI), 149–150
Corticotropin-releasing hormone, ectopic 

production o , 714t, 716
COSMIC (Catalogue o  Somatic Mutations in 

Cancer), 331
Cough, in lung cancer, 507, 507t
Coumarin, 27t
Courvoisier’s sign, 577
Cowden’s syndrome (multiple hamartoma 

syndrome)
clinical  eatures o , 327t, 698
genetic considerations in, 327t, 625t, 687t, 698
tumors associated with, 625t

COX. See Cyclooxygenase (COX)
COX inhibitors. See Cyclooxygenase (COX) 

inhibitors
CpG islands, 342, 344
Craniopharyngiomas, 631
“Crescent sign,” 430
CRISPR, 89
Crizotinib

action and targets o , 332, 337, 339t, 408t, 410
adverse e ects o , 408t
 or lung cancer, 410, 523

Cross-matching, 148
Crow-Fukase syndrome. See POEMS syndrome
Cryoglobulinemia, 264
Cryohydrocytosis, 117
Cryoprecipitate, 148, 149t, 150

 or coagulation disorders in liver disease, 275
 or DIC, 273
 or hemophilia, 268

Cryosurgery, 392, 492
Cryptococcus spp. in ections, 429, 429t, 433
Cryptorchidism, 588
C LA-4 antibodies, 357, 488, 488 
CTLA-4 gene mutations, 415, 415 
CTNNB1 gene mutations, 322t, 650t, 651
C Z (chemoreceptor trigger zone), 463
Cubilin, 97
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Cushing’s syndrome
in Carney’s complex, 698
clinical  eatures o 

bleeding, 26
vessel wall disorders, 264

GI-NE s and, 668
glucocorticoid withdrawal and, 406
in lung cancer, 508
periodic, 698
pNE s and, 679
in Sertoli-Leydig tumors, 610

Cutaneous  -cell lymphoma. See Mycosis 
 ungoides

Cutaneous vasculitis. See Vasculitis
CXCL12, 3, 4, 436
CXCR4 receptor, 3, 436
Cyanocobalamin,  or cobalamin de ciency, 109
Cyclic neutropenia, 47
Cyclin-dependent kinase inhibitors, 334
Cyclin-dependent kinase(s), 334
Cyclooxygenase (COX) inhibitors, 296 . See also 

Aspirin
Cyclooxygenase 2 (COX-2) inhibitors

 or colorectal cancer prevention, 376–377
 or polyposis syndromes, 553

Cyclophosphamide
action o , 397
adverse e ects o , 397, 398t

bladder cancer, 575, 582, 754
cardiovascular, 752
cystitis, 748, 754
in ertility, 754
nausea and vomiting, 387, 419
neurologic, 740
pulmonary, 752

 or B-cell prolymphocytic leukemia, 216
 or breast cancer, 539
 or Burkitt’s lymphoma, 209
 or cerebellar degeneration, 727
 or CLL, 205
 or cold agglutinin disease, 126
 or gastric lymphoma, 547
 or gestational trophoblastic disease, 453, 615
in HSC  preparation, 438
 or lung cancer, 523
 or malignant pheochromocytoma, 703
 or mediastinal large B-cell lymphoma, 218
 or paraneoplastic encephalitis, 725
in pregnancy, 451
 or thrombotic thrombocytopenic purpura, 260

Cyclosporine
adverse e ects o , 138

carcinogenicity, 375t
neurologic, 740
thrombocytopenia, 260

 or aplastic anemia, 138
 or paroxysmal nocturnal hemoglobinuria, 129

CYP1A1, 501
CYP3A4, 282
CYP2C9, 309, 310t, 311
CYP2C19, 282, 297
Cyproheptadine, 671
Cystathionine synthase, 99 , 100
Cystectomy,  or bladder cancer, 584–585, 585t, 

767, 785
Cystitis. See also Urinary tract in ections (U Is)

chemotherapy-induced, 397
hemorrhagic, 439, 748

Cystoscopy, 587
Cytarabine

action o , 174–175

adverse e ects o , 176, 637t
 or AML, 174–176, 177
 or neoplastic meningitis, 740
 or primary central nervous system lymphoma, 

629
Cytidine deaminase, 416
Cytochrome b5 reductase de ciency, 118t
Cytochrome c, 344
Cytokeratins

in carcinoma o  unknown primary, 640, 640 , 
640t, 769, 789

in lung cancer, 504
Cytokine release syndrome, 745
Cytokines, 79, 79 , 415–416, 426, 434
Cytomegalovirus (CMV) in ections

in cancer patient, 429t, 430, 434
lymphadenopathy in, 33
trans usion-transmitted, 154
in transplant recipient, prophylaxis  or, 440, 

442t
Cytosine arabinoside, 110, 400t, 404, 419, 751t

D
Dabigatran

adverse e ects o , 313
dosage o , 313
 or DV /PE, 291
indications  or, 312–313
monitoring treatment with, 31, 313
pharmacology o , 312t
in pregnancy, 314
 or V E prophylaxis, 293t

Dabra enib
action and targets o , 339t, 407 , 408t, 411
adverse e ects o , 408t
 or melanoma, 408t, 411, 488, 489

Dacarbazine (D IC)
action o , 401
adverse e ects o , 398t, 401, 419, 637t
 or malignant pheochromocytoma, 703
 or melanoma, 489
 or nausea and vomiting, 370

Dacryocytes, 58
Dactinomycin

adverse e ects o , 398t
 or gestational trophoblastic disease, 453, 615

Dalteparin, 291t, 293t
Damocles syndrome, 372
Danaparoid, 258
Dapsone, 120t, 122
Darbepoetin al a, 81
Darunavir, 760, 775
Dasatinib

action and targets o , 337, 339t, 408t, 410
adverse e ects o , 189, 408t, 421
 or CML, 187–188, 188t, 337, 339t
genetic variations in response to, 410

Daunorubicin
action o , 402
adverse e ects o , 399t, 402
 or AML, 174–175, 176
drug interactions o , 399t

DCA (dichloroacetate), 351
DCC gene, 551
DCP (des-γ-carboxy prothrombin), 564
d-Dimer test, 25, 31

in DIC, 272
in V E/PE, 288

DDR2 gene mutations, 503t, 505
Death

 rom cancer, 360–361, 361t, 362 –363 , 364t

cardinal signs o , 475
leading causes o , 454t
site o , 455, 455 
o  spouse, 475

Death rattle, 474, 476t
Death receptors, 344, 345 , 346
Decitabine

action o , 412
adverse e ects o , 144
 or AML, 177
 or myelodysplasia, 144
 or sickle cell anemia, 89

Deep vein thrombosis (DV ), 285
classi cation o , 286–287
diagnosis o 

blood tests, 288
clinical decision rules, 287t
clinical evaluation, 287
clinical pearls, 287
imaging algorithms, 287 , 290 
MRI, 289
venous ultrasonography, 288 , 288–289

di erential diagnosis o , 287, 288t
epidemiology o , 282
history in, 28
paraneoplastic, 718t, 719
prevention o , 290, 293, 293t
questions regarding, 759, 773
risk  actors  or, 28, 28 
treatment o , 290

anticoagulation, 290–292, 291t
duration o  anticoagulation, 292
in erior vena cava  lter, 292

De ensins, 41
De erasirox, 94
De eroxamine, 94
De brotide, 440
Degarelix, 597
Dehydration, in terminally ill patient, 476t
Delirium

assessment o , 468
etiology o , 468
in terminally ill patient, 467–469, 468t
treatment o , 468t, 468–469

Demeclocycline, 508, 716
Dendritic cells

illustration o , 5 
neoplasms involving, 217t, 229–230

Denosumab
action o , 340t, 348
prophylactic, in prostate cancer, 599

Dense-granules, 279
Dental disease, lymphadenopathy in, 33
Deoxyco ormycin, 399t, 404
Deoxyhemoglobin, 83, 83 
Depression/depressive disorders

assessment o , 466–467
in cancer, 368–369, 530
etiology o , 466
in terminally ill patient, 466–467
treatment o , 466–467

Dermato bromasacroma protuberans, 493
Dermoid cysts, 611, 631
DES (diethylstilbestrol), 375t, 406, 597
Des-γ-carboxy prothrombin (DCP), 564
Desipramine, 369
Desmopressin (DDAVP)

adverse e ects o , 263
 or hemophilia, 268
 or platelet  unction disorders, 261
 or von Willebrand disease, 263
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Desmoteplase, 316 , 317
Dexamethasone

 or brain metastases, 739
 or cerebral edema, 624
 or  atigue, 466
 or multiple myeloma, 240–241
 or nausea and vomiting, 370, 420,  

464
 or pain, 463
as premedication  or taxanes, 405

Dexrazoxane, 402, 751
Dextroamphetamine, 462, 466
DGM (diphosphoglycerate mutase) de ciency, 

118t
DHF (dihydro olate) reductase, 98, 99 
Diabetes mellitus (DM)

anemia in, 18
deaths  rom, 454t
erythropoietin de ciency in, 18
pancreatic cancer and, 577

Diagnostic tests. See Clinical laboratory tests
Dialysis. See Hemodialysis
Diamond-Black an anemia, 139, 139t
Diapedesis, 45, 45 
Diarrhea

in carcinoid syndrome, 668
chemotherapy-related, 420, 421
paraneoplastic, 714t
in VIPoma, 677
in ZES, 673

Diazepam, 257t
 or insomnia, 469
 or sti -person syndrome, 728

Diazoxide, 675
DICER gene mutations, 610
Dichloroacetate (DCA), 351
Diet

breast cancer and, 530
 or cancer prevention, 375
colorectal cancer and, 552
low-bacteria, 434
lung cancer and, 501

Dietary assessment. See Nutritional assessment
Dietary  ber

cancer and, 374
colorectal cancer and, 552

Diethylstilbestrol (DES), 375t, 406, 597
Di erentiation, in cancer cells, 394
Di use large B-cell lymphoma, 208

clinical  eatures o , 203t, 208
diagnosis o , 208, 208 
genetic considerations in, 198, 199t, 208
lymph node examination in, 67 , 208 
in pregnancy, 451
primary mediastinal, 208
treatment o , 207–208

Di use large-cell lymphoma, 654
Di unisal, 252
Digitalis, 752
Digital rectal examination, 382t, 384, 555, 589, 

591
Dihydro olate (DHF) reductase, 98, 99 
Dihydrorhodamine oxidation test, 55
1,25-Dihydroxyvitamin D, 713, 714t
Dilute Russell’s viper venom test, 30, 277
Diphenhydramine

 or carcinoid syndrome, 671
as premedication  or taxanes, 405
 or prevention o  dystonic reactions, 420

Diphenylhydantoin, 31, 675

Diphosphoglycerate mutase (DGM) de ciency, 
118t

Diphyllobothrium latum ( sh tapeworm), 105
Dipyridamole, 298–299, 299 
Direct antiglobulin (direct Coombs) test, 151, 

151 
Direct thrombin inhibitors, parenteral, 307–308, 

308t
Disseminated intravascular coagulation (DIC), 

271
chronic, 272–273
clinical  eatures o , 272, 774
diagnosis o , 272
etiology o , 271–272, 272t
pathophysiology o , 271–272, 273 
treatment o , 273–274

Divalent metal transporter, 74
DKC1 gene mutations, 134
DL  (dose-limiting toxicity), 393
DNA

demethylation o , 344
methylation o , 325

DNA-interactive agents, 397, 398t, 401–402
DNA methyltrans erase inhibitors, 412
DNMT3A gene mutations, 171, 171t
Docetaxel

action o , 405
adverse e ects o , 401t, 405, 746
 or breast cancer, 537
 or gastric cancer, 547
 or head and neck cancer, 498
 or lung cancer, 520t, 521, 522t, 523
 or melanoma, 489
premedication  or, 401t, 405
 or prostate cancer, 598

DOCK8 de ciency, 50t, 54–55
Docusate, 463, 464t
Döhle bodies, 43, 43 , 58, 64 
Dolasetron, 420, 464
Dolor, 42 
Donath-Landsteiner antibodies, 125, 148
Dong quai, 27t
Do-not-resuscitate (DNR) orders, 472
Dopamine receptor antagonists, 670
Dormancy, in cancer cells, 394
Dorsal midbrain syndrome (Parinaud’s 

syndrome). See Parinaud’s syndrome/
complex

Dorsal root ganglionopathy, 728
Dose-limiting toxicity (DL ), 393
Double minute, 323
Down’s syndrome (trisomy 21)

AML in, 168
myelodysplasia in, 143

Doxorubicin
action o , 402
adverse e ects o , 399t, 402

cardiotoxicity, 402, 770, 790–791
late, 751t, 752
myelosuppression, 402
neurologic, 740

 or B-cell prolymphocytic leukemia, 216
 or bladder cancer, 585
 or breast cancer, 537
drug interactions o , 399t
 or gastric lymphoma, 547
 or hepatocellular carcinoma, 570
 or insulinoma, 689
 or lung cancer, 523
 or mediastinal large B-cell lymphoma, 218

 or ovarian cancer, 610
 or pNE S, 681
in pregnancy, 451
 or salivary gland tumors, 499

Doxycycline
 or pericardial e usion, 371
 or pleural e usion, 371

Drowsiness, 462
Drug-dependent antibodies, 257
Drug development

 or cancer, 393, 393 
targeted agents, 394

Drug-induced illness, 421
Dry mouth. See Xerostomia
Dry tap, 218t
D IC. See Dacarbazine (D IC)
Ductal carcinoma in situ, 540
Du y blood group system, 147t, 148
Duodenal neuroendocrine tumors, 666
Durable power o  attorney  or health care, 460
Dutasteride, 377–378, 590, 785, 787
Dyschondroplasia (Ollier’s disease), 610
Dysembryoplastic neuroepithelial tumors, 631
Dys brinogenemia, 270, 274
Dysgerminoma, 611
Dyshematopoietic syndrome, 259
Dyskeratosis congenita (Hoyeraal-Hreidarsson 

syndrome)
clinical  eatures o , 134
genetic considerations in, 134

Dyskerin, 134
Dysphagia

in esophageal cancer, 543, 765, 782
in gastric cancer, 545
radiation therapy-related, 498
in terminally ill patient, 476t

Dysplastic nevus, 480–481, 481 
Dyspnea

assessment o , 464
in terminally ill patient, 464–465, 465t
treatment o , 464–465, 465t

Dystonia, drug-induced, 469

E
Eastern Cooperative Oncology Group (ECOG)

 atigue assessment, 466
per ormance scale, 367, 367t, 396
questions regarding, 762, 776

Eaton-Lambert syndrome. See Lambert-Eaton 
myasthenic syndrome (LEMS)

E-cadherin, in gastric cancer, 545
Ecchymoses, 26, 248, 248 
ECF-A (eosinophil chemotactic  actor o  

anaphylaxis), 54
Echinocytes, 58, 61 
Echocardiography,  or pulmonary embolism, 289
ECOG. See Eastern Cooperative Oncology Group
Ecthyma gangrenosum, 425
Eculizumab

 or  amilial hemolytic-uremic syndrome, 122
 or paroxysmal nocturnal hemoglobinuria, 

128 , 129
Edoxaban, 291, 312t, 312–314
E avirenz, 760, 775
EGFR (epidermal growth  actor receptor), 410, 

502
EGFR (epidermal growth  actor receptor) 

antibodies, 413, 414t
EGFR (epidermal growth  actor receptor) 

inhibitors
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action o , 408t, 410
adverse e ects o , 421
 or head and neck cancer, 498
 or lung cancer, 408t, 410, 502, 521, 522t
resistance to, 417

EGFR gene mutations
in head and neck cancer, 495
in lung cancer, 503, 503t, 504, 504 , 521–522

Ehlers-Danlos syndrome, 26, 264
Eisenmenger’s syndrome, 20
Electrolytes, 153
Electrophoresis, o  serum proteins, 231–234,  

233 
Eleuthero, 27t
Elliptocytes, 58
Elliptocytosis, 61 , 115 , 116t, 116–117
Elongin (pVHL), 697
Eltrombopag, 259, 419
Embden-Meyerho  pathway de ects, 19
Embolectomy, 293
Embolic stroke. See Ischemic stroke
Embolism, pulmonary. See Pulmonary embolism 

(PE)
Embolization, 286
Embospheres, 570
Embryonal carcinoma

ovarian, 611
paraneoplastic syndromes in, 714t
testicular, 588

Emesis, 419. See also Nausea and vomiting
Encephalitis

with antibodies to cell-sur ace or synaptic 
proteins, 723t, 725–726, 726 

brainstem, 722t, 723
in cancer patient, 428–429, 429t
cortical, 723
 ocal, 722t, 724–725, 725 
limbic, 723, 725 

Encephalomyelitis
paraneoplastic, 722t–723t, 724–725
with rigidity, 726

Encephalopathy, chemotherapy-induced, 636, 
637t

Enchondromatosis (Ollier’s disease), 610
Endocrine disorders, 508
Endodermal sinus tumor, testicular, 588
End-o -li e care, 454. See also  erminally ill 

patient
advance care planning in, 458–460, 459t
assessment o  patient in, 455–456
 or cancer patient, 372
care during last hours, 474–475, 475 , 476t
communicating bad news to patient in, 456, 

457t
epidemiology o , 454–455, 455 
euthanasia in, 473t, 473–474
 utile care in, 472–473
 uture directions, 477
hospice care, 455, 475, 477
outcome measures  or, 477
physician-assisted suicide, 473t, 473–474
withdrawing/withholding li e-sustaining 

treatment during, 471–472
Endometrial cancer, 613

clinical  eatures o , 614
deaths  rom, 361t, 362 –363 , 613–614
epidemiology o , 614
genetic considerations in, 614
granulosa cell tumor and, 611
incidence o , 361t, 362 

prognosis o , 609t, 615
risk  actors  or, 613
as second malignancy in breast cancer survivor, 

755
staging o , 609t, 614
tamoxi en use and, 540, 755
treatment o , 615

Endoscopic retrograde cholangiopancreatography 
(ERCP)

in cholangiocarcinoma, 573
in pancreatic cancer, 578, 578 , 766, 784

Endoscopic ultrasound (EUS)
in pancreatic cancer, 577, 578
in pNE s, 680

Endostatin, 356 
Endothelium

antithrombotic e ects o , 24
in tumor angiogenesis, 351, 352 , 353 , 354 

Endotoxin challenge test, 55
Enema

barium. See Barium radiography
 or constipation, 463, 464t

Enoxaparin,  or V E, 291t, 293t
Enteritis, radiation, 392
Enterobacter spp. in ections, 426t
Enterococcal in ections, 426t
Enterocolitis, neutropenic, 428, 747–748, 748 
Enteroglucagon, 660t, 679
Enteropathy-type intestinal  -cell lymphoma, 212
Enteropathy-type  -cell lymphoma, 220
Enzalutamide, 406, 599
Eosinopenia, 54
Eosinophil(s), 53–54

disorders o , 54
 unctions o , 53
hematopoietic di erentiation o , 5 
morphology o , 44 
in parasitic in ections, 53
in peripheral blood smear, 63 

Eosinophil chemotactic  actor o  anaphylaxis 
(ECF-A), 54

Eosinophil granules, 53
Eosinophilia

chronic eosinophilia not otherwise speci ed, 
227, 227t

classi cation o , 227t
clonal, 226–227
de nition o , 226
diseases associated with, 54
drug-induced, 54
FGFR1-mutated, 226–228, 227t
paraneoplastic, 718t, 719
PDGFRA-mutated, 226–227, 227t
PDGFRB-mutated, 226–227, 227t
primary, 226
tropical pulmonary, 54

Eosinophilia-myalgia syndrome (EMS)
clinical  eatures o , 54
l-tryptophan ingestion and, 54
pathophysiology o , 54

Eosinophilic  asciitis, 133
Eosinophilic leukemia, chronic, 53, 158
EPB41 gene mutations, 116t
EPB42 gene mutations, 116t
Ependymomas, 628
Ephrins, 352–353, 353 , 355
Epidermal growth  actor receptor (EGFR), 410, 

502, 764, 780
Epidermal growth  actor receptor (EGFR) 

antibodies, 413, 414t

Epidermal growth  actor receptor (EGFR) 
inhibitors

action o , 408t, 410
adverse e ects o , 421
 or head and neck cancer, 498
 or lung cancer, 408t, 410, 502, 521, 522t
resistance to, 417

Epidermoid cysts, 631
Epidural metastases, 635 , 635–636, 736
Epigenetic events

in cancer cells, 342–344, 343 
gene expression and, 325

Epigenetics, 342
Epilepsia partialis continua, 723
Epinephrine challenge test, 55
Epirubicin, 399t, 450, 547
Epistaxis

approach to the patient, 26
in nasopharyngeal cancer, 495
in Osler-Weber-Rendu disease, 264
in von Willebrand disease, 262, 773

Epithelial-mesenchymal transition, 347, 347 
Epithelioid hemangioendothelioma, 573
Epothilones, 405, 539
Eprodisate, 251
Epstein-Barr virus (EBV) in ections

B-cell lymphoproli erative disease and, 755
Burkitt’s lymphoma and, 195–196, 330, 375t
cancer and, 375t
hemophagocytic syndromes and, 230
Hodgkin’s lymphoma and, 196
in ectious mononucleosis. See In ectious 

mononucleosis
lymphadenopathy in, 32–33
lymphoid malignancies and, 196t, 196–197, 

219, 429, 628
nasopharyngeal cancer and, 494–495
thymoma and, 528

Epstein’s syndrome, 259
Epti batide

action o , 296 , 299–300
adverse e ects o , 257t, 300
dosage o , 300
genetic variations in response to, 281t
indications  or, 300
pharmacology o , 300t

erbB2 gene mutations
in breast cancer, 323, 529, 536, 539
tumors associated with, 322t

Erectile dys unction (ED)
a er cystectomy, 584
a er prostatectomy, 594–595
a er radiation therapy, 754

ERG overexpression, 171t
Erlotinib

action and targets o , 337, 339t, 407 , 408t, 410
adverse e ects o , 408t, 421, 746
 or cholangiocarcinoma, 574
 or head and neck cancer, 498
 or hepatocellular carcinoma, 571
 or lung cancer, 337, 339t, 410, 522t, 523
 or pancreatic cancer, 339t, 580, 581t
resistance to, 417

Erythema multi orme, 426
Erythrocytosis, 20. See also Polycythemia

etiology o , 160, 160t
in hemoglobinopathy, 90
paraneoplastic, 718t, 718–719
stress (spurious), 160

Erythroid hyperplasia, 17 , 74, 91
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Erythroleukemia, 66 , 94
Erythromelalgia (erythermalgia), 160, 165
Erythron, 10
Erythrophagocytosis, in aggressive lymphoma, 

68 
Erythroplakia, 495
Erythropoiesis

ine ective, 17
iron-de cient, 75, 75 
megaloblastic, 65 
physiology o , 11 
questions regarding, 757, 771

Erythropoiesis-stimulating agents, 224
Erythropoietin

action o , 10–11
in anemia, 10–11, 11 , 79–80
de ciency o , 18
ectopic production o , 20, 718
elevated, 20
in hematopoietic di erentiation, 5 
iron demand and, 81
plasma, 10
pNE  secreting, 660t, 679
regulation o  production o , 10–11, 11 
therapeutic uses o 

adverse e ects o , 139t, 419
 or anemia, 20
 or chemotherapy-induced anemia, 419
depot  ormulations, 419
 or hypoproli erative anemia, 81

Escherichia coli in ections, 425 , 426, 426t
Escitalopram, 467
Esophageal cancer, 542

adenocarcinoma, 542–543, 543t, 766, 783
Barrett’s esophagus and. See Barrett’s 

esophagus/metaplasia
clinical  eatures o , 543
deaths  rom, 361t, 542
diagnosis o , 543
dysphagia in, 543, 765, 782
etiology o , 542t, 542–543, 543t
global considerations in, 542
incidence o , 361, 361t, 542–543
prevention o , 374
prognosis  or, 543
questions regarding, 765, 782
signs and symptoms o , 765, 782
smokeless tobacco and, 374
squamous cell, 542t, 542–543, 765–766, 

782–783
treatment o , 543–544

Esophageal varices, 732
Esophageal web, 542
Esophagectomy,  or esophageal cancer, 543
Esophagitis, 428
Esophagoscopy, 543
Essential thrombocytosis (E ), 158, 164
Estramustine, 401t, 405–406
Estrogen

breast cancer and, 530
carcinogenicity o , 375t
colorectal cancer and, 377, 554
endometrial cancer and, 613

Estrogen receptors
in breast cancer, 341, 535, 536
in carcinoma o  unknown primary, 640t

E . See Essential thrombocytosis (E )
Etanercept, 53
Ethanol injection,  or hepatocellular carcinoma, 

569
Etidronate, 715

Etoposide
action o , 403
adverse e ects o , 399t, 403, 604–605, 637t

acute leukemia, 403
gonadal dys unction, 420
nausea and vomiting, 419
neurologic, 740

 or breast cancer, 539
drug interactions o , 740
 or gestational trophoblastic disease, 453, 615
 or lung cancer, 524
 or mediastinal large B-cell lymphoma, 218
 or ovarian germ cell tumors, 611
 or testicular cancer, 604, 605

Euthanasia, 473t, 473–474
Everolimus

action and targets o , 339t, 407 , 410t, 411
adverse e ects o , 339t, 410t, 411, 421, 683
 or breast cancer, 339t, 411, 539
 or insulinoma, 676
 or NE s, 665, 683
 or renal cell carcinoma, 339t, 588

EV1 overexpression, 171t, 172
Ewing’s sarcoma

genetic considerations in, 324t
tumor markers in, 369t

Exchange trans usion, 89
Exemestane, 377, 406
Exercise,  or cancer prevention, 374
Exostoses, multiple, 327t
External beam radiation therapy, 595
EXT1/2 gene mutations, 327t
Extramammary Paget disease, 493
Extranodal NK/ -cell lymphoma, nasal type

description o , 196, 212, 220
lymphomatoid granulomatosis versus, 219
treatment o , 220

Extrinsic pathway, coagulation, 22
Extubation, o  terminally ill patient, 472

F
Factor IX

de ciency o , 26, 27. See also Hemophilia
description o , 772
inhibitors, 268–269, 276
in pregnancy, 270
replacement,  or hemophilia, 267–268

Factor V
de ciency o , 27, 266t, 270–271
inhibitors, 265, 276–277
screening assays, 29, 29 

Factor VII
in coagulation cascade, 282
de ciency o , 27, 266t, 270
screening assays, 29, 29 

Factor VIII
de ciency o , 26, 27, 266t, 270–271. See also 

Hemophilia
inhibitors, 268–269, 276
in pregnancy, 270
replacement,  or hemophilia, 267–268
screening assays, 29, 29 
in von Willebrand disease, 262

Factor V Leiden ( actor Va)
in  brin clot  ormation, 23
protein C resistance and, 24
thrombosis risk in, 28 , 283

Factor X
de ciency o , 26, 27, 266t, 270
inhibitors, 276
screening assays, 29, 29 

Factor Xa, 23, 282, 305
Factor XI

de ciency o , 266t, 270
in  brin clot  ormation, 23, 23 
inhibitors, 270, 276

Factor XII de ciency, 266t
Factor XIII de ciency, 266t, 271
FADD (Fas-associated death domain), 344, 345 
Fallopian tube cancer, 611
Familial adenomatous polyposis (polyposis coli)

clinical  eatures o , 552–553
genetic considerations in, 326–327, 327t, 328 , 

552–553
polyp characteristics in, 553t
screening  or, 553
treatment o , 553

Familial hypocalciuric hypercalcemia (FHH), 692
Familial isolated hyperparathyroidism (FIHP), 

692
Familial Mediterranean  ever

amyloidosis associated with, 250
interleukin 1 in, 53
treatment o , 251

Fanconi’s anemia, 134, 442
Fanconi’s syndrome, 236
Farnesyl trans erase inhibitors, 338 
Fas-associated death domain (FADD), 344, 345 
Fasciitis, eosinophilic, 133
FAS gene mutations, 327t
FASL gene mutations, 327t
Fas ligand, 344
Fat, dietary, 374, 552, 590
Fat embolism, 287
Fatigue

assessment o , 465–466
etiology o , 465
radiation-induced, 391
in terminally ill patient, 465–466, 476t
treatment o , 466

Favism, 121–122, 123t
F cells, 84
Febrile neutropenia, 417, 432, 432 , 762, 777
Febrile nonhemolytic trans usion reaction, 152
Fecal DNA testing, 381t
Fecal immunochemical testing, 381t, 383
Fecal incontinence, 476t
Fecal occult blood, 381t, 383–384, 555
Feces. See Stool
Fechtner’s syndrome, 259
Felty’s syndrome, 37, 47
Fenugreek, 27t
FERMT3 gene mutations, 48
Ferritin

 ormation o , 73
serum, 12

 actors a ecting, 16
in hypoproli erative anemia, 18, 80t
in iron-de ciency states, 75 , 80t
iron stores and, 76t
in microcytic anemia, 77t
normal, 16, 75 , 76, 76t

Ferroportin, 74
Ferrous salts,  or iron-de ciency anemia, 78, 78t
Fetal hemoglobin

developmental biology o , 83–84, 85
hereditary persistence o , 84t, 85, 93
manipulation o ,  or hemoglobinopathy, 94

Fever, trans usion-related, 152
Fever ew, 27t
FGF23 ( broblast growth  actor 23), 718
FGFR1 gene mutations, 503t, 505
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FGFR1-mutated eosinophilia, 226–228, 227t
Fiber, dietary. See Dietary  ber
Fiberoptic bronchoscopy, 509
Fibrin, 25, 254, 295, 295 
Fibrin clot, 22–24, 23 
Fibrin degradation products, 24 , 25, 31, 272
Fibrinogen

de ciency o , 27, 266t
 unctions o , 25, 295 
questions regarding, 758, 772

Fibrinolysis
in DIC, 272, 273 
regulation o , 24 , 25
thrombosis and, 284

Fibrinolytic drugs, 314
action o , 314 , 314–315
alteplase. See Alteplase (rtPA)
anistreplase, 314–315
contraindications to, 292
in development, 317
indications  or, 314
 or pulmonary embolism, 292
reteplase. See Reteplase
streptokinase. See Streptokinase
tenecteplase. See  enecteplase
urokinase, 315–316

Fibrocystic disease, o  breast, 533
Fibroids, uterine (leiomyoma), 613
Fibrolamellar hepatocellular carcinoma, 573
Fibroma

ovarian, 610
paraneoplastic syndromes in, 714t

Fibrosis, pulmonary. See Pulmonary  brosis
FIHP ( amilial isolated hyperparathyroidism), 692
Finasteride, 377–378, 590, 767, 785, 787
Fine-needle aspiration biopsy, 34–35, 387, 647, 

654–655
Fish oils. See Omega-3  atty acids ( sh oils)
Fish tapeworm (Diphyllobothrium latum), 105
Flavopiridol, 338 
Flexible sigmoidoscopy. See Sigmoidoscopy
FLI1 gene mutations, 324t
FLT3-ITD gene mutations, 170, 171, 171t, 178
FL 3-K D mutation, 171t
Fluconazole

 or  ebrile neutropenia, 433
prophylactic use o , in transplant recipients, 

441, 442t
 or thrush, 427

Flucytosine, 46
Fludarabine

action o , 404
adverse e ects o , 400t, 404, 419, 428, 637, 637t
 or CLL, 204–205
in HSC  preparation, 438
 or Waldenstrom’s macroglobulinemia, 242

Fluid-attenuated inversion recovery (FLAIR) 
MRI, 623, 626 

Fluid retention, 153
Fluid therapy,  or constipation, 463
5-Fluorouracil (5-FU)

action o , 404
adverse e ects o , 400t, 404

diarrhea, 420
gastrointestinal, 747
nausea and vomiting, 419
neurologic, 637t, 740

 or basal cell carcinoma, 492
 or breast cancer, 539
 or colorectal cancer, 559–560
drug interactions o , 400t

 or gastric cancer, 547
 or gastrinoma, 688
 or head and neck cancer, 498
 or insulinoma, 689
 or pancreatic cancer, 580, 580t
in pregnancy, 450

Fluoxetine, 369, 467
Fluoxymesterone, 406
Flushing

in carcinoid syndrome, 668, 669
di erential diagnosis o , 670–671

Flutamide, 406, 597
Focal nodular hyperplasia, o  liver, 575
Folate, 97

absorption o , 97–98
cobalamin and, 99–100
de ciency o . See Folate de ciency
dietary sources o , 97
 unctions o , 98, 98t, 99 
red cell, 108
requirement/recommended intake o , 97
serum, 108
supplements. See Folate supplements
transport in blood, 98

Folate de ciency. See also Megaloblastic anemia
anemia in, 19
causes o , 106t, 106–107
clinical  eatures o , 100–101
diagnosis o , 108
hematologic  ndings in, 101–102
neural tube de ects and, 101
neutrophil segmentation in, 43
peripheral blood smear in, 60 
in pregnancy, 101, 106–107
in premature in ants, 107
prophylaxis  or, 109–110
psychiatric disturbance in, 101
treatment o , 107

Folate supplements
 or colorectal cancer prevention, 554
in in ants and children, 110
 or paroxysmal nocturnal hemoglobinuria, 129
in pregnancy, 100, 110
prophylactic, 110
 or pyruvate kinase de ciency, 117
 or thalassemia, 92

FOLFIRINOX regimen, 581, 581t
FOLFIRI regimen, 559
FOLFOX regimen, 559–560
Folic acid, 97. See also Folate
Folinic acid

 or  olate de ciency, 110
 or pancreatic cancer, 580, 580t

Follicular dendritic cell neoplasm, 229
Follicular lymphoma, 206

clinical  eatures o , 203t, 205–206
epidemiology o , 206
genetic considerations in, 199t, 205–206, 324t
immunology o , 197, 198 , 217t
lymph node examination in, 67 , 207 
trans ormation to di use B-cell lymphoma, 207
treatment o , 207–208

Follicular thyroid cancer, 648, 651–652
Fondaparinux, 305

action o , 302 , 307
adverse e ects o , 307
 or DV /PE treatment, 291, 291t
 or heparin-induced thrombocytopenia, 258
low-molecular-weight heparin versus, 307t
pharmacology o , 307
 or V E prophylaxis, 293t

10-Formyl (CHO)tetrahydro olate, 98t
“Forward type,” 148
FOS gene mutations, 322t
FOXL2 gene mutations, 610
Franklin’s disease (gamma heavy chain disease), 

243
Fresh- rozen plasma, 148, 149t, 271, 273, 275
Fulvestrant, 539
Fungal in ections. See also speci c in ections

in cancer patient, 433
in solid organ transplant recipient, 441–442, 

442t
Furosemide

adverse e ects o , 257t
 or hypercalcemia o  malignancy, 715
 or pulmonary edema, 465
 or SIADH, 715

Fusarium spp. in ections, 433
Fusobacterium spp. in ections, 427
Futile care, 472–473

G
Gabapentin

adverse e ects o , 462
 or neuropathy, 462

Gaisbock’s syndrome, 20, 160
Gait, cerebellar, 723
Gallbladder disease, 574
Gallium nitrate, 637t
Gallstones, 19
Gamma heavy chain disease (Franklin’s disease), 

243
Gamma kni e surgery, 739
γ-carboxylase, 271
γ-Glutamylcarboxylase, 271, 271 
G20210A mutation, 284
Ganciclovir, 442t
Gangliogliomas, 628
Ganglionopathy, dorsal root, 728
GAPD (glyceraldehyde-3-phosphate 

dehydrogenase) de ciency, 118t
Gardner’s syndrome

clinical  eatures o , 553, 553t, 625t
genetic considerations in, 625t
polyp distribution and characteristics in, 553t
small bowel adenomas in, 548

Garlic, 27t
Gastrectomy

cobalamin de ciency a er, 104
 or gastric adenocarcinoma, 546
 or gastric lymphoma, 547

Gastric adenocarcinoma, 544
clinical  eatures o , 545–546
deaths  rom, 544
diagnosis o , 546
di use type, 544
epidemiology o , 544
etiology o , 544–545, 545t
genetic considerations in, 322t, 327t
global considerations in, 544
incidence o , 544
intestinal type, 544
iron-de ciency anemia and, 545
metastatic, 545
pathology o , 544
spread by direct extension, 545
staging o , 546t
treatment o , 546–547
ulcers and, 545

Gastric inhibitory peptide, ectopic production o , 
714t, 716
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Gastric lymphoma, 547. See also Mucosa-
associated lymphoid tissue (MAL ) 
lymphoma

Gastric neuroendocrine tumors (carcinoids), 
661t, 667

Gastric ulcers. See Peptic ulcer disease
Gastrinoma. See also Zollinger-Ellison syndrome 

(ZES)
clinical  eatures o , 673
in MEN 1, 686t, 688
screening tests  or, 687t
treatment o , 688

Gastrointestinal bleeding
aspirin-induced, 296
in bleeding disorders, 27
 rom esophageal varices. See Esophageal varices

Gastrointestinal cancer
anal, 560
colorectal. See Colorectal cancer
esophageal. See Esophageal cancer
gastric. See Gastric adenocarcinoma
gastric lymphoma, 547. See also Mucosa-

associated lymphoid tissue (MAL ) 
lymphoma

gastric sarcoma, 547–548
small bowel, 548–550

Gastrointestinal disease, 427–428. See also speci c 
diseases

Gastrointestinal hemorrhage. See Gastrointestinal 
bleeding

Gastrointestinal neuroendocrine tumors
appendiceal, 662t, 665–666, 672
classi cation o , 657–658, 658, 660–662
clinical  eatures o , 659t–660t
diagnosis o , 670–671, 690
gastric, 667
general characteristics o , 657, 658t
genetic syndromes associated with, 664t, 

664–665
incidence o , 659t–660t, 662
malignant behavior o , 659t–660t, 661t, 662, 

664
in MEN 1, 686t, 690
paraneoplastic syndromes in, 714t
prognosis o , 663t, 682 
rectal, 661t, 666–667, 672
sites o , 661t, 661–662
small intestinal, 661t, 666–667, 672
syndromes o , 659t–660t
with systemic symptoms due to secreted 

products, 668
treatment o , 672–673, 681–684
tumor localization in, 679–681, 680 
without carcinoid syndrome, 667–668

Gastrointestinal neuroendocrine tumors (GI-
NE s), 657

Gastrointestinal obstruction. See Intestinal 
obstruction

Gastrointestinal stromal tumor (GIS )
genetic considerations in, 337
treatment o 

angiogenesis inhibitors, 355
imatinib, 548
targeted chemotherapy, 339t, 411

GA A2 de ciency, 50t
GATA1 gene mutations, 225–226, 259
GATA2 gene mutations, 143
Gatekeeper genes, 327
Gaucher’s disease

myelo brosis in, 145
splenomegaly in, 37

GC regimen,  or bladder cancer, 585
Ge tinib

action and targets o , 408t
adverse e ects o , 408t, 746
drug interactions o , 740
 or head and neck cancer, 498
 or lung cancer, 337, 520t, 521
resistance to, 417

Gemcitabine
action o , 404
adverse e ects o , 400t, 404, 585, 745, 746, 752
 or bladder cancer, 584, 585
 or breast cancer, 539
 or carcinoma o  unknown primary, 643
 or cholangiocarcinoma, 574
 or  brolamellar hepatocellular carcinoma, 573
 or lung cancer, 520t, 521
 or ovarian cancer, 610
 or pancreatic cancer, 580, 580t, 581t

Gemtuzumab, 176–177, 743, 745, 748
Gene expression

alterations o , 342, 343 , 344
in cancer cells, 330–331

Gene Expression Omnibus, 331
Gene silencing, 325
Gene therapy

 or immunode ciency disorders, 56
 or sickle cell anemia, 89, 94
 or thalassemia, 94

Genetic counseling, in  amilial cancer syndromes, 
328–329, 329 

Genetic In ormation Nondiscrimination Act 
(GINA), 329

Genetic testing,  or  amilial cancer syndromes, 
328–329, 329 

Genistein, 590
Genital ulcer(s)

chancroid. See Chancroid
HSV. See Herpes simplex virus (HSV) 

in ections, genital
lymphogranuloma venereum. See 

Lymphogranuloma venereum
Genomic imprinting. See Imprinting
Germ cell tumor

carcinoma o  unknown primary and, 640t, 642
extragonadal, 606, 642
ovarian, 611
testicular. See  esticular cancer
tumor markers in, 369t

Germinoma, 714t
Gestational trophoblastic disease, 614

clinical  eatures o , 452–453, 615
diagnosis o , 453
global considerations in, 614
incidence o , 452
paraneoplastic syndromes in, 714t
risk  actors  or, 614–615
treatment o , 453, 615
tumor markers in, 369t

G -1, 6
Ghrelin, 660t
GHRH (growth hormone-releasing hormone), 

714t
Giant cell tumor, 714t
Giant melanocytic nevus, 481
Gigantism. See Acromegaly
Gilbert’s syndrome, 403
GINA (Genetic In ormation Nondiscrimination 

Act), 329
Ginger, 27t
Gingivitis, 55

Ginkgo biloba, 27t
Ginseng, 27t, 466
Glanzmann’s thrombasthenia, 261
Gleason grading system,  or prostate cancer, 592, 

786
Glioblastoma(s), 625, 626–627, 627 
Gliomas

brainstem, 628
genetic considerations in, 322t

Gliomatosis cerebri, 627
Gliosarcomas, 628
Global health

aplastic anemia, 132
cancer, 361, 366 
cervical cancer, 611–612
chronic myeloid leukemia, 192, 192 
esophageal cancer, 542
gastric adenocarcinoma, 544
glucose-6-phosphate dehydrogenase de ciency, 

119, 120 
head and cancer, 494
hemoglobinopathies, 85
hepatocellular carcinoma, 561t, 561–563
iron-de ciency anemia, 74
multiple myeloma, 234
testicular cancer, 588

Globin genes, 81, 82 , 84
Glucagon cell adenomatosis, 676
Glucagon-like peptide-1 (GLP-1), 660t, 680
Glucagonoma, 676

clinical  eatures o , 659t, 676, 689
diagnosis o , 676
incidence o , 662
in MEN 1, 689
treatment o , 676, 689

Glucocorticoids
adverse e ects o , 624

carcinogenicity, 375t
cutaneous, 264
depression, 466
eosinopenia, 54
late, 751t
protection  rom, 752

 or cancer, 406
 or cerebellar degeneration, 727
 or chronic granulomatous disease, 760, 775
 or dyspnea, 465
 or ectopic AC H syndrome, 717
 or eosinophilia, 719
 or  atigue, 466
 or hypercalcemia, 715
 or hypereosinophilic syndromes, 54, 228
 or immune thrombocytopenic purpura, 259
 or nausea and vomiting, 464
 or pain, 463
 or Sweet syndrome, 426
systemic,  or cerebral edema, 624
 or thrombotic thrombocytopenic purpura, 260
withdrawal  rom, 406

Glucose metabolism, in cancer cells, 350
Glucose-6-phosphate dehydrogenase (G6PD) 

de ciency, 119
clinical  eatures o , 12, 120–121
diagnosis o , 121, 121 
drug contraindications in, 120t, 121
epidemiology o , 12, 119, 120 
genetic considerations in, 118t, 119
global considerations in, 119, 120 
malaria resistance and, 121
pathophysiology o , 113 , 119, 119 
rasburicase and, 745
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red cell enzyme abnormalities in, 118t
treatment o , 121–122

Glucose-6-phosphate isomerase (GPI) de ciency, 
113 , 118t

Glutathione peroxidase de ciency, 122
Glutathione synthase de ciency, 118t
Glyceraldehyde-3-phosphate dehydrogenase 

(GAPD) de ciency, 118t
Glycine receptor antibodies, 723t, 726
Glycogen storage diseases with muscle-energy 

impairment
pyruvate kinase de ciency, 113 , 117, 118t
type VII ( arui’s disease), 118t

Glycolysis abnormalities, 113 , 117–118
Glycoprotein Ib-IX-V complex, 280
Glycoprotein IIb/IIIa, 22, 295, 296 , 299–300, 

758, 772
Glycoprotein IIb/IIIa antagonists

adverse e ects o , 300
dosage o , 300
indications  or, 300
pharmacology o , 300t

Glycoprotein IIb/IIIa receptors, 254, 280
GM-CSF (granulocyte-macrophage colony-

stimulating  actor), 42 , 46
GNAS1 gene mutations, 699
Goiter, toxic multinodular, 646
Gold, 257t
Gompertzian growth curve/kinetics, 335, 389 
Good’s syndrome, 526
Gorlin’s syndrome

clinical  eatures o , 625t
genetic considerations in, 327t, 625t, 629
nonmelanoma skin cancer in, 490
ovarian  broma in, 610

Goserelin, 406, 596
GPC regimen,  or bladder cancer, 585
GPI (glucose-6-phosphate isomerase) de ciency, 

113 , 118t
Gra -versus-host disease (GVHD)

chronic, 441
clinical  eatures o , 440–441
cobalamin malabsorption in, 105
grading and staging o , 440–441, 441t
incidence o , 437
prevention o , 152, 441
questions regarding, 777
skin mani estations o , 440
trans usion-associated, 133, 152–153
treatment o , 441

Gra -versus-tumor e ect, 437
Granisetron, 370, 420, 464
Granular lymphocytes, 59
Granulocyte(s), 5 , 49t, 63 
Granulocyte colony-stimulating  actor (G-CSF), 

42 
Granulocyte colony-stimulating  actor (G-CSF) 

therapy
 or AML, 179
 or aplastic anemia, 138
in HSC , 3, 437
indications  or, 417–418, 418t
 or myelodysplasia, 145
 or neutropenia, 55

Granulocyte-macrophage colony-stimulating 
 actor (GM-CSF), 42 , 46

Granulocyte-macrophage colony-stimulating 
 actor (GM-CSF) therapy

 or AML, 179
in HSC , 437
indications  or, 417–418, 418t

Granulocytopenia, in cancer patient, 425t, 426, 
429

Granulocytosis, 86, 718t, 719
Granulosa cell tumor, 610
Graves’ disease

nuclear imaging o , 646
radiation therapy-related, 754

Gray (Gy), 390
GRFoma (growth hormone-releasing  actor 

tumor), 659t, 678–679
Gross cystic disease  brous protein, 640t, 641
Ground-glass opacity

bleomycin-related, 752
pulmonary, 515, 516 , 517

Group A Streptococcus (GAS) in ections, 426
Growth hormone (GH), 714t
Growth hormone-releasing  actor tumors 

(GRFomas), 659t, 678–679
Growth hormone-releasing hormone (GHRH), 

714t
GSTP1 gene promoter, 590
Guillain-Barre syndrome (GBS), 722t, 728
GVHD. See Gra -versus-host disease (GVHD)
Gy (Gray), 390
Gynecomastia

breast cancer risk and, 541
in testicular cancer, 588

H
Haemophilus inf uenzae

in cancer patient, 423, 423t, 425t–426t, 428
in postsplenectomy sepsis, 39
vaccine

in cancer patient, 424t, 435
in splenectomized patient, 40, 88

Hair disorders, drug-induced, 420
Hair loss. See Alopecia
Hairy cell leukemia

clinical  eatures o , 210
description o , 217–218
immunophenotype o , 217t
in ections in, 210, 423t, 425t
monocytopenia in, 53
questions regarding, 759, 774
splenomegaly in, 37
treatment o , 39, 210
tumor markers in, 369t

Haloperidol, 257t
 or delirium, 468, 468t
 or nausea and vomiting, 420, 464

Hamartin, 632, 665
Hamartoma

colonic, 553t
iris, 697
small intestinal, 548

Hampton’s hump, 289
Hand- oot syndrome, 86, 421
Haptocorrins, 97
Headache, 623
Head and neck cancer, 494

carcinoma o  unknown primary and, 643
clinical  eatures o , 495–496
diagnosis o , 495–496, 496 
epidemiology o , 494, 779
etiology o , 494
genetic considerations in, 494
global considerations in, 494
histopathology o , 494–495
incidence o , 494
in ections in, 423t
lymphadenopathy in, 33

paraneoplastic syndromes in, 714t
premalignant lesions, 495
risk  actors  or, 763, 779
second malignancies in, 495, 755
staging o , 496, 497 
treatment o 

complications o , 498
late consequences o , 755, 756t
localized disease, 496
locally or regionally advanced disease, 496, 

498
recurrent/metastatic disease, 498

Health care-associated in ections
in cancer patient, 434
central venous catheter-related.  

See Catheter-related bloodstream 
in ections

prevention o , 434–435
Health care proxy, 460
Healthy volunteer e ect, 380
Heart  ailure, 37, 107
Heat stability test, hemoglobin, 90
Heavy chain diseases, 243–244
α heavy chain disease (Seligman’s disease), 

243–244, 549
Hedgehog pathway, 490, 491 
Heinz bodies

in G6PD de ciency, 121
in hairy cell leukemia, 759, 774
laboratory identi cation o , 58, 62 
in sickle cell syndromes, 89
a er splenectomy, 39
in splenomegaly, 36
unstable hemoglobin variants and, 90

Helicobacter pylori in ections
gastric cancer and, 545
in gastric lymphoma, 547
MAL  lymphoma and, 196–197, 205, 547
in polycythemia vera, 160
thrombocytopenic purpura and, 258

Hemangioblastoma, 586, 718t
Hemangioendothelioma, 573
Hemangioma

o  liver, 575
retinal, renal cell carcinoma and, 586
o  small intestine, 548

Hemangiopericytoma, 714t
Hemarthrosis, 26
Hematocrit

age-related changes in, 13t
elevated, 12, 20, 29
normal values, 11, 13t
in pregnancy, 13t

Hematoma
in hemophilia, 267, 268
muscle, spontaneous, 27

Hematopoiesis, 10, 11 , 36, 62 
Hematopoietic di erentiation, 5 
Hematopoietic stem cells, 2, 10

cell division in, 2
in circulation, 2–3
developmental biology o , 2–3
di erentiation o , 4–5, 5 
excess capacity o , 4
 eatures o , in HSC , 436
 unctions o , 2
microenvironment o , 3–4
mobility o , 3
quiescence o , 6
sel -renewal o , 5–7, 6 
in tumor angiogenesis, 352 , 353 
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Hematopoietic stem cell transplantation (HSC ), 
436

 or ALL, 443t, 444
allogenic, 396, 436–437
 or AML, 177–178, 443t, 443–444
 or amyloidosis, 250
 or aplastic anemia, 137, 437, 442–443, 443t
autologous, 396, 437
bone marrow collection  or, 437
 or breast cancer, 444
categories o , 436–438
 or CLL, 205, 443t, 444
 or CML, 189–190, 190t, 443t, 444
complications o 

early direct chemoradiotoxicities, 439–440
gra   ailure, 440
gra -versus-host disease. See Gra -versus-

host disease (GVHD)
hemorrhagic cystitis, 748
in ections

prophylaxis  or, 441–442, 442t
sources and timing o , 441–442

late, 755, 756t
late direct complications, 440

cord blood, 438
 or di use large B-cell lymphoma, 209
engra ment, 439
 or hemoglobinopathies, 94, 443
 or Hodgkin’s lymphoma, 443t, 444
 or immunode ciency disorders, 442
 or multiple myeloma, 240, 443t, 444
 or myelodysplasia, 144, 443t, 444
 or non-Hodgkin’s lymphoma, 443t, 444
 or nonmalignant diseases, 442–443
 or paroxysmal nocturnal hemoglobinuria, 129
peripheral blood stem cells  or, 437
posttransplant relapse, 444
preparative regimens, 438
 or primary myelo brosis, 164
procedure  or, 439
 or pyruvate kinase de ciency, 118
 or SCID, 438, 442, 443t
 or sickle cell anemia, 438, 443
survival rates  ollowing, 443t
 or testicular cancer, 444
 or thalassemia, 94, 438, 443, 443t

Hematoporphyrins, 392
Hematuria

in bladder cancer, 583
in bleeding disorders, 27
in hemophilia, 267
in renal cell carcinoma, 587

Heme
biosynthesis o , 73
characteristics o , 82

Hemoccult test. See Fecal occult blood
Hemochromatosis, 562
Hemodialysis

 olate de ciency in, 107
 or hypercalcemia, 715

Hemoglobin, 82
age-related changes in, 13t
biosynthesis o , 84
developmental biology o , 83–84
disorders o . See Hemoglobinopathies
electrophoresis o , 85, 87t
elevated, 20
 unctions o , 83
genetics o , 84
heme-heme interaction, 83

high-a nity, 90
iron content o , 72t
in iron metabolism, 72
low-a nity, 90
in microcytic anemia, 77t
normal, 12, 13t
in pregnancy, 13t
structure o , 82, 82 

Hemoglobin A, 82, 85
Hemoglobin A2, 82
Hemoglobin-based oxygen carriers (HBOC), 130
Hemoglobin C, 86, 89t
Hemoglobin C disease, 61 
Hemoglobin E, 89t, 93
Hemoglobinemia, 69 
Hemoglobin H disease, 92, 92t
Hemoglobin Kansas, 89t, 90
Hemoglobin Koln, 89t
Hemoglobin Lepore, 93
Hemoglobin M Iwata, 89t
Hemoglobinopathies, 84–85

acquired, 84t, 85, 94
aplastic crisis in, 95
beta-globin, 85
classi cation o , 84t, 84–85
detection and characterization o , 85–86, 90–91
epidemiology o , 85
genetic considerations in, 85
global considerations in, 85
α-globin, 85
with hemoglobins with altered oxygen a nity, 

89t, 90
HSC   or, 443
red cell indices in, 19
structural, 84t, 86, 87t. See also Sickle cell 

anemia
thalassemias, 84t, 84–85. See also T alassemia 

syndromes
with unstable hemoglobins, 89t, 90–91

Hemoglobin-oxygen dissociation curve, 12, 83, 
83 

Hemoglobin S, 89t. See also Sickle cell anemia
Hemoglobin SC disease, 87, 87t
Hemoglobinuria

march, 123, 123t
paroxysmal cold, 123t, 125
paroxysmal nocturnal. See Paroxysmal 

nocturnal hemoglobinuria
Hemoglobin Yakima, 89t, 90
Hemolysis

acute immune-mediated, 150–151
compensated, 113
delayed immune-mediated, 152
extravascular, 124, 125 
intravascular, 123t, 124

Hemolytic anemia, 111
acquired, 111t, 123, 123t

immune, 123, 124t
autoimmune hemolytic anemia, 124–125, 

125 
cold agglutinin disease, 126
drug-induced, 124t
microangiopathic, 61 , 122, 123t, 255 
paroxysmal cold hemoglobinuria, 123t, 

125
aplastic crisis in, 95
autoimmune, 124–125, 759, 771, 774
bone marrow examination in, 65 
chronic nonspherocytic, 119, 121
clinical  eatures o , 12, 19, 111–112, 112t

compensated hemolysis versus, 113
diagnosis o , 19–20, 111–112, 112t
 olate de ciency in, 107
inherited, 111t

with cation transport disorders, 116t, 117
with enzyme abnormalities

description o , 118t, 118–119
pyruvate kinase de ciency, 113 , 117, 118t

 amilial hemolytic-uremic syndrome, 122
with red cell membrane-cytoskeleton 

abnormalities
description o , 113–114, 116t
hereditary elliptocytosis, 114 –115 , 116t, 

116–117
hereditary spherocytosis. See Hereditary 

spherocytosis
with redox metabolism disorders, 119 , 122

pathophysiology o , 112–113, 113 
peripheral blood smear in, 61 
in sickle cell anemia, 86

Hemolytic-uremic syndrome (HUS)
atypical, 122, 261
in cancer, 745–746
clinical  eatures o , 746
 amilial (atypical), 122
not associated with diarrhea, 261
pathogenesis o , 261, 746
thrombotic thrombocytopenic purpura versus, 

259
treatment o , 261, 746

Hemophagocytic syndromes, 230
Hemophilia, 265

autosomal, 263
bleeding in, 26
carriers o , 270
clinical  eatures o , 265–266
complications o , 268–269
diagnosis o , 266t
genetic considerations in, 265–266, 266t
pathogenesis o , 265–266
treatment o , 266t, 267–269

Hemophilia A, 26, 266–267
Hemophilia B, 266–267
Hemoptysis

in cancer, 741
in lung cancer, 507, 507t

Hemorrhage, 129
Hemorrhagic cystitis, 748
Hemosiderin, 17
Hemostasis, 22

antithrombotic mechanisms, 24 –25 , 24–25
disorders o , 26t, 26–27, 30t
 brin clot  ormation in, 22–24, 23 
 brinolytic system in, 23 , 25
platelet plug  ormation in, 22
tests o , 265, 266 

Hemostatic sealants, 276
Henoch-Schonlein purpura. See IgA vasculitis 

(Henoch-Schonlein)
Heparan proteoglycans, 24
Heparin, 257t, 301

action o , 301, 302 
adverse e ects o 

bleeding, 304
osteoporosis/osteopenia, 305
thrombocytopenia. See Heparin-induced 

thrombocytopenia
transaminase elevation, 305

coagulation test abnormalities and, 31
deep vein thrombosis treated with, 291, 291t
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disseminated intravascular coagulation treated 
with, 274

dosage o , 303
drug interactions o , 399t
limitations o , 303–304, 304t
low-molecular-weight heparin versus, 305t
pharmacology o , 301–303, 304t
pulmonary embolism treated with, 291, 291t
thrombophlebitis treated with, 720
treatment monitoring, 303
venous thromboembolism prophylaxis using, 

293t
Heparin-binding proteins, 303
Heparin-induced thrombocytopenia, 257

clinical  eatures o , 304, 304t
delayed onset, 257
diagnosis o , 258, 304–305
time course o , 257
treatment o , 258, 305, 305t

Hepatic artery embolization, 672, 689
Hepatic candidiasis, 428
Hepatic vein thrombosis. See Budd-Chiari 

syndrome
Hepatitis

aplastic anemia and, 133
coagulation disorders in, 275
radiation, 571
tumor markers in, 369t

Hepatitis A virus (HAV) vaccine, 424t
Hepatitis B virus (HBV)

hepatocellular carcinoma and, 561, 562t
trans usion-transmitted, 150t, 154
vaccine

in cancer patients, 424t
liver cancer risk and, 378

Hepatitis C virus (HCV) in ection
in hemophiliacs, 267, 269
hepatocellular carcinoma and, 561–562, 562t, 

569, 766, 783
lymphoid malignancies and, 197
trans usion-transmitted, 150t, 154

Hepatocellular carcinoma (HCC), 561
approach to the patient, 564–566
biopsy in, 566
clinical  eatures o , 563, 563t
deaths  rom, 365t, 561
diagnosis o , 566
epidemiology o , 562–563
etiology o , 335, 562, 562t–563t
 brolamellar, 573
global considerations in, 561t, 561–563
in hemophilia, 269–270
hepatitis and, 330, 375t, 561–562, 562t, 766, 

783
hepatomegaly in, 766, 783–784
history in, 564
imaging in, 565–566
immunopathology o , 564–565
incidence o , 365t, 561t, 562
paraneoplastic syndromes in, 563, 714t
physical examination in, 564
prevention o , 567
questions regarding, 766, 783–784
risk  actors  or, 562, 562t, 766, 783
screening  or, 566
staging o , 563–564, 564t
treatment o , 339t, 355, 567–571

adjuvant therapy, 569
algorithm  or, 565 
chemotherapy, 570

liver transplantation, 569, 766, 784
new directions in, 571, 571t
options  or, 568t, 572
questions regarding, 766, 784
response to, 572
in stages I and II, 568t, 568–569
in stages III and IV, 569–571, 570t–571t
targeted chemotherapy, 570, 570t–571t
transhepatic artery chemoembolization, 

568t, 569
tumor markers in, 369t

Hepatocyte growth  actor/c-Met pathway, 347 
Hepatomegaly, 563, 766, 783–784
Hepatosplenic candidiasis, 428
Hepatosplenic γΔ  -cell lymphoma, 212
Hepatosplenic  -cell lymphoma, 220
Hepatosplenomegaly, 220
Hepcidin, 79
Hephaestin, 74
Herbal medicines/supplements

causing increased bleeding, 27, 27t
nephrotoxicity o , 586

Hereditary elliptocytosis, 61 , 114 –115 , 116t, 
116–117

Hereditary hemorrhagic telangiectasia. See Osler-
Weber-Rendu syndrome

Hereditary nonpolyposis colon cancer (HNPCC)
clinical  eatures o , 553t
endometrial cancer in, 614
epigenetic silencing in, 343
genetic considerations in, 327, 327t, 553–554
ovarian cancer in, 608
pancreatic cancer risk in, 577
polyp distribution and characteristics in, 553t
questions regarding, 765, 781–782
screening  or, 554, 764, 781–782
type 2, 608

Hereditary persistence o   etal hemoglobin,  
85, 93

Hereditary recurrent  ever syndromes, 53
Hereditary spherocytosis, 115

anemia in, 19
clinical  eatures o , 115–116
diagnosis o , 115–116
genetic considerations in, 114 , 115, 116t
peripheral blood smear in, 115 
splenomegaly in, 37
treatment o , 116

Hereditary stomatocytosis, 61 , 116t
HER2 gene mutations

in breast cancer, 323, 535, 536
in gastric adenocarcinoma, 545
in lung cancer, 503t, 504, 504 

Hermansky-Pudlak syndrome, 261
HER2/neu

in breast cancer, 348, 411, 413, 536
in GI-NE s, 665

Herpes simplex virus (HSV) in ections
in cancer patient, 426, 427
genital, 33
prophylaxis  or, in transplant recipient, 442t

Herpes zoster, 424t
Hexagonal-phase phospholipids test, 277
Hexokinase (HK) de ciency, 118t
Heyde’s syndrome, 263
2-HG (2-hydroxyglutarate), 350
HIF (hypoxia-inducible  actor) 1α, 10
High-altitude illness, 20
High-molecular-weight kininogen de ciency, 

266t

Histamine H2 receptor antagonists
 or premedication in chemotherapy, 749
 or ZES, 674

Histiocytic neoplasms, 217t, 229–230
Histiocytic sarcoma, 229
Histone acetylase, 342
Histone deacetylase (HDAC), 342, 343 
Histone deacetylase (HDAC) inhibitors, 343 , 

344, 409t, 411–412
Histone(s), 342
HIV in ection

blood and blood product transmission o , 150t, 
154, 269

cobalamin de ciency in, 105
hematopoietic system disease in

monocyte dys unction, 53
thrombocytopenia, 256, 258

in hemophiliacs, 267, 269
neoplastic disease in

anal cancer, 560
primary central nervous system lymphoma, 

628
skin cancer and, 490

HK (hexokinase) de ciency, 118t
hMLH1 gene mutations, 554, 577
hMSH2 gene mutations, 554, 577
Hoarseness

in laryngeal cancer, 495, 763, 779
in lung cancer, 507

Hodgkin’s lymphoma, 213
approach to the patient, 200–201
classical, 213–214
classi cation o , 194t
clinical  eatures o , 213
diagnosis o , 213
EBV in ection and, 196
epidemiology o , 196
in ections in, 423t, 425t, 430
lymphocyte-depleted, 213
mixed cellularity, 196, 213, 213 
nodular lymphocyte-predominant, 214
nodular sclerosing, 68 , 196, 213, 218
paraneoplastic syndromes in, 718t, 719, 727
peripheral blood smear in, 68 
during pregnancy, 447t, 451
questions regarding, 759, 774
radiation therapy  or, breast cancer  ollowing, 

392, 531, 755
second malignancies in survivors o , 755
splenomegaly in, 36
staging o , 39, 200, 201t, 213
treatment o , 213–214

brentuximab vedotin, 338, 340t, 415
HSC , 443t, 444
late consequences o , 214, 755, 756t

tumor markers in, 369t
Homer-Wright rosettes, 629
Homocysteine, 107
Homocystinuria

cardiovascular disease in, 100–101
 olate de ciency in, 100–101, 107

Homogeneous staining region, 323
Hormonal therapies, 392
Hormone(s)

ectopic production o , 712–718, 714t
eutopic production o , 712

Hormone receptor-directed therapy, 341–342, 
406–407

Horner’s syndrome, 508, 519
Horse chestnut, 27t
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Hospice care, 397, 455, 475, 477. See also  
End-o -li e care

Howell-Jolly bodies
in hairy cell leukemia, 759, 774
laboratory identi cation o , 14 , 58, 62 
postsplenectomy, 39
questions regarding, 757, 759, 771, 774
in splenomegaly, 36

HoxB4, 7
Hox genes, 7
HPC1 gene mutations, 327t
HRAS gene mutations, 322t
H2 receptor antagonists. See Histamine H2 

receptor antagonists
H substance, 146
5-H . See Serotonin
h ER , 336
Human chorionic gonadotropin (hCG)

in carcinoma o  unknown primary, 639, 640t
ectopic production o , 712, 714t, 717–718
in germ cell tumors, 611
in gestational trophoblastic disease, 453, 615
in non unctional pNE s, 678
in testicular cancer, 588, 768, 787
as tumor marker, 369t

Human growth hormone. See Growth hormone 
(GH)

Human herpesvirus-6 (HHV-6), 434
Human herpesvirus-7 (HHV-7), 434
Human herpesvirus-8 (HHV-8), 196t, 197, 434
Human leukocyte antigen (HLA) complex, 437
Human papillomavirus (HPV)

anal cancer and, 560
cervical cancer and

mechanisms o , 330
questions regarding, 768, 788
risk  actors  or, 612
types associated with, 612

global considerations in, 611
oropharyngeal cancer and, 376, 494, 498
in pregnancy, 449
types o , 612
vaccine

 or cervical cancer prevention, 612
e ectiveness o , 376

Human stem cell leukemic/lymphoma syndrome, 
227–228

Human  -cell lymphotropic virus-1 (H LV-1)
carcinogenicity o , 375t
in ections

lymphoid malignancies, 196
trans usion-transmitted, 150t, 154

Humoral hypercalcemia o  malignancy (HHM), 
790

Hydatidi orm mole, 452. See also Gestational 
trophoblastic disease

Hydrocodone,  or dyspnea, 465t
Hydromorphone, 465t
Hydrops  etalis

clinical  eatures o , 92
hemoglobin levels in, 92, 92t
IgG antibodies in, 146

Hydroxocobalamin, 109
2-Hydroxyglutarate (2-HG), 350
Hydroxyl radicals, 390
11ß-Hydroxysteroid dehydrogenase, 716
Hydroxyurea

action o , 83, 399t, 404
adverse e ects o , 110, 399t
in chronic myelomonocytic leukemia, 224
 or CML, 191

 or hypereosinophilic syndromes, 54
 or sickle cell anemia, 90

Hypercalcemia
humoral hypercalcemia o  malignancy, 790
malignancy-associated, 713

clinical  eatures o , 715
diagnosis o , 714
etiology o , 713, 714t
pathogenesis o , 714t
treatment o , 715

in multiple myeloma, 236, 241
pNE  and, 659t, 679
questions regarding, 770, 790
treatment o , 715, 770, 790

Hypercoagulability, 773
HyperC-VAD regimen, 206
Hypereosinophilia, 226, 226t
Hypereosinophilic syndromes (HES), 54, 226t, 

228
Hypergastrinemia, 673
Hyperhomocysteinemia, 284
Hyper-IgE syndrome, 55

cellular/molecular de ects in, 50t, 55
clinical  eatures o , 50t, 55
diagnosis o , 50t
monocytosis in, 53

Hyperkalemia
trans usion-related, 153
in tumor lysis syndrome, 743

Hyperparathyroidism
anemia in, 81
 amilial isolated, 692

Hyperparathyroidism-jaw tumor (HP -J ) 
syndrome

clinical  eatures o , 696
genetic considerations in, 687t, 696
screening tests in, 696t
treatment o , 696

Hyperphosphatemia, 743
Hyperplastic polyp, 551
Hyperprolactinemia, 690
Hypersensitivity reactions

to human antibodies, 745
to trans usions, 153

Hypersplenism, 39
Hypertension

paraneoplastic, 714t
portal. See Portal hypertension
secondary, in pheochromocytoma, 700

Hyperthyroidism
in gestational trophoblastic disease, 615
in Graves’ disease. See Graves’ disease
paraneoplastic, 714t

Hyperuricemia
in AML, 174
in tumor lysis syndrome, 743–744

Hyperviscosity, 20
Hypoaminoacidemia, 676
Hypocalcemia, trans usion-related, 153
Hypochondria, 35
Hypochromia, 13, 757, 771
Hypochromic, 58
Hypochromic microcytic anemia, 775
Hypogammaglobulinemia

in CLL, 423, 425t
immunoglobulin replacement  or, 434–435
in multiple myeloma, 236, 425t, 434
in thymoma, 526

Hypoglycemia
in cancer, 742–743
in insulinoma, 675

tumor-induced, 714t, 717
Hypoglycorrhachia, 634
Hypometabolic states, anemia in, 80t, 80–81
Hyponatremia

in lung cancer, 508
paraneoplastic, 715

Hypophosphatemia, 719
Hypophysectomy,  or breast cancer, 539t
Hypoproli erative anemia, 17, 72, 131
Hyposplenism, 40
Hypotension, 154
Hypothyroidism

clinical  eatures o , 27, 80
radiation therapy-related, 498, 754

Hypovolemia, 12
Hypovolemic shock, 12
Hypoxemia, 10, 352, 354 
Hypoxia-inducible  actor (HIF) 1α, 10
Hypoxic-ischemic encephalopathy, 10
Hysterectomy, 609, 614

I
I blood group system, 147t
IAP (inhibitor o  apoptosis proteins), 344, 345 
Ibritumomab tiuxetan, 411, 415
Ibrutinib, 205
Ibupro en

adverse e ects o , 257t
 or pain, 461

ICU psychosis. See Delirium
Idarubicin, 174–175, 399t, 402
Idelalisib, 205
IDH1/IDH2 gene mutations, 171, 171t, 350, 625
Idiopathic eosinophilia, 226
I os amide

action o , 397
adverse e ects o , 398t

cardiotoxicity, 752
cystitis, 748, 754
nausea and vomiting, 419
neurologic, 397, 637, 637t, 740
pulmonary, 746, 752

 or testicular cancer, 606
IgA vasculitis (Henoch-Schonlein)

clinical  eatures o , 264
pathogenesis o , 264

IKK (IκB kinase), 341
Ileal resection, 104
Ileocecal syndrome. See Enterocolitis, 

neutropenic
Imatinib

action and targets o , 339t, 407 , 408t
adverse e ects o , 408t

cardiac, 421, 752
common, 189
hepatic, 421
pulmonary, 746
serious, 189

 or CML, 183, 187–188, 188t, 190–191, 323–
324, 339t, 407

cost o , 192
drug interactions o , 740
 or gastrointestinal stromal tumors, 339t, 411, 

548
resistance to, 183, 337, 417
 or small intestinal leiomyosarcoma, 550

Imerslund-Grasbeck syndrome, 104–105
Imerslund’s syndrome, 104–105
Imipenem, 417, 432
Imiquimod

 or basal cell carcinoma, 492
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 or extramammary Paget’s disease, 493
 or melanoma, 487

Immune response/immune system
antitumor e ects, 412
suppression by cancer cells, 356–357, 357 

Immune thrombocytopenic purpura, 258–259
Immune tolerance, 269
Immunization. See also Vaccine(s)

 or cancer patient, 424t, 435
in HSC  recipients, 442

Immunocompromised patient
primary CNS lymphoma in, 628–629
sexual practices o , 435

Immunoglobulin(s)
electrophoresis o , 231–234, 233 
gene rearrangements in, 232 
replacement o , 434–435
structure o , 232 

Immunoglobulin G (IgG), 146
Immunoglobulin M (IgM), 146
Immunomodulators, trans usion-related, 154
Immunoproli erative small intestinal disease, 

243, 549
Immunosuppression, by cancer cells, 356–357, 

357 
Immunotherapy, 356–357
Imprinting syndromes, 325
Incidentalomas, adrenal, 709 
Incompetent patient

advance directives  or, 460
end-o -li e care  or, 471

Incontinence
 ecal. See Fecal incontinence
urinary. See Urinary incontinence

Indirect Coombs (indirect antiglobulin) test, 151 
In antile poikilocytosis, 122
In ants, cobalamin de ciency in, 103
In ection susceptibility syndromes, 52, 53 
In ectious mononucleosis

complications o , 133
lymphadenopathy in, 34
splenomegaly in, 37

In ective endocarditis
in cancer patient, 430
splenomegaly in, 37

In erior vena cava  lter, 292, 720
In ertility

chemotherapy-related, 420–421, 754
a er Hodgkin’s lymphoma, 214
a er testicular cancer, 606

In ammation
anemia and, 18, 77t
cardinal signs o , 42 
in vivo assessment o , 55

In ammatory bowel disease (IBD). See also 
Ulcerative colitis

colorectal cancer in, 554
tumor markers in, 369t

In iximab, 53, 760, 775
In uenza

in cancer patient, 430
deaths  rom, 454t
monocyte dys unction in, 53
vaccine  or, 424t, 435

INH. See Isoniazid (INH)
Inhibitor o  apoptosis proteins (IAP), 344, 345 
Inpatient deaths, 455 
INR (International Normalized Ratio), 29, 

310–311
Insomnia

assessment o , 469

etiology o , 469
in terminally ill patient, 469
treatment o , 469

Insulin, 714t
Insulin-like growth  actor I (IGF-I), 660t, 679
Insulin-like growth  actor II (IGF-II), 714t, 717
Insulin-like growth  actor II (IGF-II) gene, 717
Insulinoma, 675

clinical  eatures o , 659t, 675, 688–689
diagnosis o , 675, 688–689
incidence o , 659t
in MEN 1, 688–689
screening tests  or, 687t
treatment o , 675–676, 689

Insulin resistance, 552
Integrins

in neutrophil adhesion, 44
stem cell, 3, 436
in tumor angiogenesis, 351, 352 , 354 

Intensity-modulated radiation therapy, 595
Interdigitating dendritic cell sarcoma, 229
Inter eron-α2a (IFN-α2a)

adverse e ects o , 488
 or melanoma, 488

Inter eron-α (IFN-α)
action and targets o , 415–416
adverse e ects o , 416, 672, 683

depression, 466
 or carcinoid syndrome, 672
 or CML, 191
 or  ollicular lymphoma, 207
 or hypereosinophilic syndromes, 54
 or NE s, 683
 or polycythemia vera, 161
 or renal cell carcinoma, 588

Inter eron-γ (IFN-γ)
 or chronic granulomatous disease, 55
in HIV in ection, 53
indications  or, 55
suppression o  erythropoietin production by, 

79, 79 
in  -cell lymphoma, 53Interleukin-1 (IL-1)

in anemia o  in ammation, 79
in  amilial Mediterranean  ever, 53

Interleukin-2 (IL-2)
action and targets o , 416
adverse e ects o , 416, 466, 752
 or melanoma, 416, 488
 or renal cell carcinoma, 416, 588

Interleukin-5 (IL-5), 54
Interleukin-6 (IL-6), 719
Interleukin-8 (IL-8), 46
Interleukin-11 (IL-11), 417
Intermittent pneumatic compression, 293t
International Cancer Genome Consortium, 331
International Normalized Ratio (INR), 29, 

310–311
International Prognostic Index,  or non-

Hodgkin’s lymphoma, 201 , 201t, 201–202
International Prognostic Scoring System (IPSS), 

144t
International Sensitivity Index (ISI), 29, 310
Interstitial pneumonia, 440
Intestinal obstruction, 735
Intestinal stagnant loop syndrome, 104
Intracranial pressure (ICP), increased, 738–739
Intravascular large B-cell lymphoma, 218–219
Intravenous immunoglobulin (IVIg)

 or immune thrombocytopenic purpura, 259
 or parvovirus B19 in ection, 140
replacement therapy  or cancer patient, 435

 or sti -person syndrome, 728
Intravesical therapy,  or bladder cancer, 584
Intrinsic  actor (IF), 96–97, 104
Intrinsic pathway, coagulation, 22, 23 
Involuntary active euthanasia, 473t
Involuntary weight loss

in cancer, 371
in esophageal cancer, 543
in lung cancer, 508

Iodides, 54
131Iodine-ethiodol, 569
131Iodine-MIGB, 703
Ionization, 390
Ionizing radiation

AML and, 168
aplastic anemia and, 132
breast cancer and, 531
lung cancer and, 501

Ipilimumab
action o , 340t
adverse e ects o , 488–489, 637
indications  or, 414t
 or lung cancer, 523
 or melanoma, 415, 488–489, 763, 777

IPSS (International Prognostic Scoring System), 
144t

IRAK-4 (interleukin-1 receptor-associated 
kinase) de ciency, 50t

Iraqi Jewish population,  actor XI de ciency in, 
270

Iridocyclitis. See Uveitis
Irinotecan

adverse e ects o , 399t, 420, 559–560, 747
 or carcinoma o  unknown primary, 643
 or colorectal cancer, 559–560
drug interactions o , 740
 or gastric cancer, 547
 or lung cancer, 520t, 524
 or pancreatic cancer, 581

Iron
absorption o , 72–74, 73 
average intake o , 74
in bone marrow, 65 
distribution in body, 72, 72t
excess o . See Iron overload
metabolism o , 72–73, 73 
nutritional balance o , 74
recommended intake o , 74
serum, 12, 16. See also Ferritin, serum

in hypoproli erative anemia, 18, 79, 80t
in iron-de ciency states, 75 
levels by sex and age, 76, 76 

stores o , 72t, 73 , 74, 76t
supplements. See Iron supplements
toxicity o . See Iron overload

Iron cycle, 72–73, 73 
Iron de ciency, 775
Iron-de ciency anemia, 74

causes o , 75, 75t
clinical  eatures o , 75–76
diagnosis o , 76–77, 77t
di erential diagnosis o , 77, 77t
gastrointestinal cancer and, 545, 556
global considerations in, 74
pathophysiology o , 19
peripheral blood smear in, 14 , 59 
stages o , 74–75, 75 –76 
treatment o , 77–79, 78t

Iron-de cient erythropoiesis, 75, 76 
Iron dextran, 78
Iron gluconate, 78
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Iron overload
acute, 74
chronic, 113
in hemochromatosis. See Hemochromatosis
trans usion-related, 81, 94, 138, 153–154
treatment o , 94
in Wilson’s disease. See Wilson’s disease

Iron sucrose, 78
Iron supplements

adverse e ects o , 78
 or iron-de ciency anemia, 78t, 78–79
oral, 78, 78t
parenteral, 78–79

Iron supply studies, 16–17
Iron tolerance test, 78
Isaacs’ syndrome, 728
Ischemic stroke, 297
ISI (International Sensitivity Index), 29, 310
Islet cell adenoma, 548
Isoagglutinins, 146
Isoniazid (INH), 139t
Isotretinoin, 376
Ixabepilone, 401t, 405

J
JAK2 gene mutations, 21, 159, 160, 163
JAK3 gene mutations, 219
JAK2 inhibitors, 161, 337
Jaundice

in hemolytic anemia, 112
neonatal, 117, 118
in pancreatic cancer, 577

Jaw, osteonecrosis o , 755
JC virus in ection, 429t, 431
JK bacillus in ection, 425t
Job’s syndrome. See Hyper-IgE syndrome
JUN gene mutations, 322t
Juvenile granulosa tumors, 610
Juvenile myelomonocytic leukemia, 225
Juvenile polyposis, 327t, 553t
Juvenile polyps, 551

K
Kaposi’s sarcoma, 219, 493
Karno sky Per ormance Scale, 367, 367t
Karyorrhexis, 344
KCl. See Potassium chloride (KCl)
Kell blood group system, 147t, 148
Keratinocyte growth  actor therapy,  or mucositis, 

420
Keratoacanthoma, 491, 492 , 763, 779
Ketanserin, 671
Ketoconazole

 or adrenal blockade in breast and prostate 
cancer, 407

 or ectopic AC H syndrome, 717
Ketorolac, 88
Ki-67, 662, 710
Kidd blood group system, 147t, 148
Kidney

erythropoietin production in, 10, 11 
transplantation o , in sickle cell anemia, 89

Kidney cancer. See also Renal cell carcinoma 
(RCC)

deaths  rom, 361t, 365t, 586
genetic considerations in, 322t
hereditary papillary, 327t, 328
incidence o , 361t, 365t, 586
in ections in, 423t
paraneoplastic syndromes in, 714t, 718t

Kinase inhibitors, 337, 338 , 409t, 411, 653
Kinases, 337
KIT gene mutations, 171, 171t
Kit ligand, 4
Klatskin tumor, 573, 784
Klebsiella spp. in ections, 426t
Kline elter’s syndrome, 601
KLLN gene mutations, 698
Knudson two-hit hypothesis/model, 321
Koilonychia, 76
Kostmann’s syndrome, 47, 168, 443
KRAS gene mutations

in AML, 172
cancers associated with, 322t
in chronic myelomonocytic leukemia, 224
in colorectal cancer, 321 , 331, 331 , 551
in lung cancer, 503, 503t, 504 , 505, 523
in pancreatic cancer, 576–577

Krukenberg’s tumors, 545, 607, 609

L
Laboratory tests. See Clinical laboratory tests
Labyrinthitis, 464
Lactate dehydrogenase (LDH)

in melanoma, 487
in testicular cancer, 602
as tumor marker, 369t

Lactic acidosis, 742
Lacto errin, 45
Lactulose, 464t
Lacunar cells, 68 
Lambert-Eaton myasthenic syndrome (LEMS), 

509, 722
Lambrolizumab, 415
LAMB syndrome. See Carney’s syndrome/

complex (LAMB/NAME syndrome)
Laminar- ow rooms,  or neutropenic patients, 

434
Langerhans cell histiocytosis, 229
Langerhans cell sarcoma, 229
Lanreotide

adverse e ects o , 672, 682
 or carcinoid syndrome, 672
 or gastrinoma, 688
 or glucagonoma, 676
 or insulinoma, 675
 or NE s, 682
structure o , 671 
 or VIPoma, 678

Lansoprazole, 688
Laparoscopy, 389
Lapatinib

action o , 339t, 410
adverse e ects o , 421, 752
 or breast cancer, 339t, 538
in pregnancy, 451

LA-P  , 30
Large B-cell lymphoma

intravascular, 218–219
mediastinal, 218

Large granular lymphocytes, 59
Laryngeal cancer, 495, 763, 779. See also Head 

and neck cancer
Laser therapy,  or basal cell carcinoma, 492
Laso oxi ene, 540
Laxatives, 463, 464t
l-Carnitine therapy, 466
LCK gene mutations, 324t
Lead poisoning

hemolytic anemia in, 126

peripheral blood smear in, 62 
Lead-time bias, 380, 505
Lectins, 3
Legal issues

advance care planning, 460
euthanasia and physician-assisted suicide, 

473–474
Legionella spp. in ections, 429t, 430
Legionnaire’s disease. See Legionella spp. 

in ections
Leiomyoma

small intestinal, 548
uterine, 613

Leiomyosarcoma. See also So  tissue sarcoma
gastric, 547
small intestinal, 550

Lenalidomide
action and targets o , 411
adverse e ects o , 144, 241
 or amyloidosis, 250
 or multiple myeloma, 240–241
 or myelodysplasia, 144

Length-biased sampling, 380
Length-time bias, 508
Lepirudin, 258, 307–308, 308t
Leptomeningeal metastases, 634 , 634–635
Leser- relat sign, 546
Letrozole, 406, 743
Leucovorin, 400t, 403–404

 or colorectal cancer, 559
 or gastric cancer, 547
 or gestational trophoblastic disease, 453
 or mediastinal large B-cell lymphoma, 218
 or pancreatic cancer, 580t

Leukapheresis,  or CML, 191
Leukemia

acute lymphoid. See Acute lymphoid leukemia 
(ALL)

acute myeloid. See Acute myeloid leukemia 
(AML)

acute promyelocytic. See Acute promyelocytic 
leukemia (APL)

adult   cell. See Adult  -cell leukemia/
lymphoma

chemotherapy-associated, 397
chromosome abnormalities in, 343
chronic eosinophilic, 54, 158
chronic lymphoid. See B-cell chronic lymphoid 

leukemia (CLL)/small
chronic myelomonocytic, 224–225
chronic neutrophilic, 158
deaths  rom, 361t, 362 –363 , 364t
de nition o , 333
incidence o , 361t
juvenile myelomonocytic, 225
late consequences o  treatment, 754, 756t
paraneoplastic syndromes in, 718t
precursor B-cell lymphoblastic, 202
precursor  -cell lymphoblastic, 203t
splenomegaly in, 37
viruses and, 330

Leukemic cell lysis pneumopathy, 741
Leukemoid reaction, 48
Leukocyte, 58
Leukocyte adhesion de ciency (LAD)

cellular/molecular de ects in, 48, 50t
clinical  eatures o , 48, 50t
diagnosis o , 50t
subtypes o , 48, 50t

Leukocyte common antigen, 640t
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Leukoencephalopathy
radiation therapy-related, 636
reversible posterior, 740

Leukopenia. See Neutropenia
Leukoplakia, oral, 376, 495
Leukostasis, 741
Leuprolide, 406, 596
Levo oxacin

 or in ections allogeneic transplant recipients, 
442t

 or in ections in cancer patient, 432
Levothyroxine

dosing o , 653
thyroid-stimulating hormone suppression 

caused by, 648, 652
Lewis blood group system, 147, 147t
Lhermitte’s sign/symptom

radiation therapy-related, 214, 753
in spinal cord compression, 736

Lichen myxedematous, 233
Li-Fraumeni syndrome

clinical  eatures o , 529, 625t
genetic considerations in, 327t, 335, 529, 625t
lung cancer risk in, 502

Limbic encephalitis, 723, 725 
Linitis plastica, 544
Liothyronine, 653
Lipomas

in MEN 1, 686t, 692
small intestinal, 548

Lisch nodules, 697
Listeria monocytogenes in ections, 423t, 425t–426t
Livedo reticularis, 474
Liver

cancer o , 361t
metastatic tumors to, 574

colorectal cancer, 558
NE s, 680 , 681
treatment o , 681

Liver cancer. See Hepatocellular carcinoma 
(HCC)

Liver disease/ ailure. See also Cirrhosis
in cancer patient, 428, 754
clinical  eatures o 

anemia, 81
bleeding, 27
coagulation disorders, 274–275, 275t, 276 
thromboembolism, 275, 276 

diagnosis o , 273
disseminated intravascular coagulation versus, 

273
 olate de ciency in, 107
in hepatitis. See Hepatitis
in HSC  recipients, 439
peripheral blood smear in, 61 
tumors. See Liver tumors

Liver transplantation
 or A  R amyloidosis, 252
 or cholangiocarcinoma, 574
 or hepatocellular carcinoma, 569, 766, 784
 or metastatic NE s, 575
 or metastatic tumors, 684

Liver tumors, 561
benign, 575
cholangiocarcinoma. See Cholangiocarcinoma
epithelioid hemangioendothelioma, 573
hepatocellular carcinoma. See Hepatocellular 

carcinoma (HCC)
metastatic  rom other sites, 574–575

Living will, 458–459

LMWH. See Low-molecular-weight heparin 
(LMWH)

LMYC gene mutations, 322t, 323
Lobectomy

 or lung cancer, 514, 517
 or thyroid nodules, 655–656

Lobular neoplasia, 541
Localized lymphadenopathy, 33, 773
Loef er’s syndrome, 54
LOH. See Loss o  heterozygosity (LOH)
Lomustine (CCNU), 398t, 628
Loop diuretics, 715, 790
Loperamide, 420
Lorazepam, 257t

 or delirium, 468t, 469
 or dyspnea, 465t
 or insomnia, 469
 or nausea and vomiting, 420, 464
during terminal weaning, 472

Loss o  heterozygosity (LOH), 325, 326 
Lower urinary tract symptoms (LU S), 587, 587t
Low- at diet, 374
Low-molecular-weight heparin (LMWH), 305

action o , 302 , 305
adverse e ects o , 306
assessment o , 31
deep vein thrombosis treated with, 291, 291t
dosage o , 306
 ondaparinux versus, 307t
heparin versus, 305t
monitoring treatment with, 306
pharmacology o , 305–306
pulmonary embolism treated with, 291, 291t
thrombocytopenia induced by. See Heparin-

induced thrombocytopenia
thrombophlebitis treated with, 720
venous thromboembolism prophylaxis using, 

293t
Luminal A breast cancer, 535
Luminal B breast cancer, 535
Lumpectomy, 450, 535, 540
Lung cancer, 500

adenocarcinoma, 502, 502 
carcinoma o  unknown primary and,  

640t, 641
classi cation o , 502 , 502–503
clinical  eatures o , 507t, 507–509
deaths  rom, 361t, 364t, 365t, 500
diagnosis o , 509–510
epidemiology o , 500
genetic considerations in, 322t, 502–505, 503t, 

504 
immunohistochemistry o , 503–504
incidence o , 361, 361t, 362 , 365t, 500
large cell, 502, 502 
lymphadenopathy in, 34
metastatic

clinical  eatures o , 507t
to CNS, 632t, 633 
incidence o , 508
treatment o , 519–521, 520t, 525 

non-small cell
metastatic, 519–521, 520t, 525 , 633 
pathology o , 502 , 502–503
prognosis o , 515t
staging o , 510–511, 512 , 514t–515t
treatment o , 339t, 510, 510 , 515–519, 525 

paraneoplastic syndromes in, 508, 714t, 718t
pathogenesis o , 504–505
pathology o , 502 , 502–503

prevention o , 376
prognosis o , 515t
risk  actors  or, 500–501
screening  or, 384, 505–506, 506t–507t, 764, 

781
second malignancies in survivors o , 755
small cell

immunohistochemistry o , 504
Lambert-Eaton myasthenic syndrome in, 

509, 722
paraneoplastic syndromes in, 713, 714t, 722, 

726
pathology o , 502 , 502–503
questions regarding, 764, 780–781
staging o , 513
treatment o , 513 , 523–524, 524 

smoking and, 373–374, 500–501
squamous cell, 502, 502 
staging o , 510–515, 512 , 514t–515t
stem cells in, 504
superior vena cava syndrome in, 506t–507t, 

508, 733, 734 
treatment o 

in absent or nonbulky mediastinal lymph 
node disease, 518–519

biologic therapy, 521–523
chemotherapy, 517–519, 518t,  

523–524
EGFR inhibitors, 521, 522t
maintenance chemotherapy, 521, 522t
in mediastinal lymph node disease, 519
in metastatic disease, 519–521, 520t
neoadjuvant chemotherapy, 517–518
in Pancoast tumors, 519
prophylactic cranial irradiation, 524
radiation therapy, 517, 524
supportive care, 523
surgical resection, 514, 517, 524
targeted chemotherapy, 337, 339t–340t, 408t, 

521–523
tumor markers in, 369t

Lung disease
deaths  rom, 454t
in ections in cancer patient, 429t, 429–430
as late consequences o  cancer/cancer therapy, 

752–753
Lung  brosis, radiation-induced, 392
Lung injury, acute. See Acute lung injury
Lupus anticoagulants

laboratory evaluation o , 30
in thrombotic disease, 277
war arin therapy and, 312

Lupus erythematosus, systemic. See Systemic 
lupus erythematosus (SLE)

Luteinizing hormone (LH)
ectopic production o , 714t
pNE  secreting, 659t, 679

Luteinizing hormone-releasing hormone (LHRH) 
agonists, 406

177Lutetium, 575
Lymphadenopathy, 32

approach to the patient, 32–35
benign, 32
diseases associated with, 33t
evaluations  or, 773
in ections associated with, 33, 33t
laboratory evaluation o , 34–35
localized/regional, 33, 773
thoracic/abdominal, 34

Lymphedema praecox (Meige’s disease), 610
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Lymph nodes
biopsy o , 34
enlargement o , 759, 773
mediastinal, 764, 780
questions regarding, 759, 773

Lymphocytes
large granular, 59
in peripheral blood smear, 58–59
reactive, 59

Lymphogranuloma venereum (LGV), 33
Lymphoid malignancies, 193. See also Leukemia

anemia in, 12
approach to the patient, 200–202
B-cell

B-cell prolymphocytic lymphoma, 210, 216, 
216t

Burkitt’s lymphoma. See Burkitt’s lymphoma
chronic lymphoid leukemia

di use large B-cell lymphoma. See Di use 
large B-cell lymphoma

 ollicular lymphoma. See Follicular 
lymphoma

hairy cell leukemia. See Hairy cell 
leukemia

MAL  lymphoma. See Mucosa-associated 
lymphoid tissue (MAL ) lymphoma

mantle cell lymphoma. See Mantle cell 
lymphoma

nodal marginal zone B-cell lymphoma, 
210

precursor B-cell lymphoblastic, 202
splenic marginal zone lymphoma, 210

carcinoma o  unknown primary and, 640t
classi cation o , 193t, 193–194, 194t
CNS, primary. See Primary central nervous 

system lymphoma (PCNSL)
deaths  rom, 361t, 364t
de nition o , 333
diseases or exposures associated with, 197t
EBV in ection and, 196t, 196–197, 219
epidemiology o , 195 , 195–197
erythrophagocytosis in, 68 
etiology o , 195–197, 196t–197t
extranodal NK/  cell, nasal type, 196, 212, 220
gene pro ling in, 199
genetic considerations in, 197–198, 199t, 322t, 

324t
Hodgkin’s lymphoma. See Hodgkin’s lymphoma
immunology o , 197–199, 198 
incidence o , 361t
in ections in, 428–429
lymphadenopathy in, 33
nodular  ollicular, 64 
paraneoplastic syndromes in, 712–713, 714t, 

718t, 728–729
pleural e usion in, 371
small intestinal, 550
splenomegaly in, 37
  cell

adult. See Adult  -cell leukemia/lymphoma
anaplastic large  /null cell lymphoma, 199t, 

203t, 211–212, 340t
angioimmunoblastic  -cell lymphoma, 212
enteropathy-type intestinal lymphoma, 212
extranodal  /NK cell lymphoma, nasal type, 

196, 212, 220
hepatosplenic γΔ  -cell lymphoma, 212
mycosis  ungoides. See Mycosis  ungoides; 

Mycosis  ungoides (cutaneous  -cell 
lymphoma)

precursor  -cell lymphoblastic lymphoma/
leukemia, 203t, 210

subcutaneous panniculitis-like  -cell 
lymphoma, 212

in thymus, 526. See also T ymoma
treatment o , 337, 339t–340t
tumor markers in, 369t

Lymphoma
di use large-cell, 654
 ollicular. See Follicular lymphoma
non-Hodgkin’s. See Non-Hodgkin’s lymphoma
thyroid, 654

Lymphoma-like disorders, 214–215
Lymphomatoid granulomatosis, 219
Lymphomatoid papulosis, 215
Lymphoplasmacytic lymphoma, 210
Lynch’s syndrome. See Hereditary nonpolyposis 

colon cancer
Lyonization, 270

M
Macrocytosis, 13, 14 , 60 , 772
Macroglossia, 248, 248 
Macroovalocytes, 60 
Macrophage, 52
Macrophage in ammatory protein, 46
Macrothrombocytopenia, 255 
Ma ucci’s syndrome, 610
MAG (myelin-associated glycoprotein), 237, 242
Magnesium citrate, 464t
Magnesium hydroxide, 464t
Magnetic resonance cholangiopancreatography 

(MRCP), 578
Magnetic resonance imaging (MRI)

 or breast cancer screening, 381t, 382–383
FLAIR. See Fluid-attenuated inversion recovery 

(FLAIR) MRI
in NE s, 679
in neurologic disease

brain metastases, 633 
brain tumors, 623–624, 626 –627 , 627 
epidural metastases, 635 
leptomeningeal metastases, 634 
meningioma, 630 
primary central nervous system lymphoma, 

628, 629 
in spinal cord compression, 737
in vestibular schwannoma, 630

Mahvash disease, 665, 676
Major histocompatibility complex (MHC). See 

Human leukocyte antigen (HLA) complex
Male  eminization, paraneoplastic, 714t
Malignant angioendotheliomatosis, 218
Malignant histiocytosis, 229
Malignant pheochromocytoma, 703
Malignant trans ormation, 606
MAL . See Mucosa-associated lymphoid tissue 

(MAL )
Mammalian target o  rapamycin. See m OR
Mammography

abnormalities detected on, 532 , 533
diagnostic, 532
screening, 381t, 382–383, 532. See also Breast 

cancer, screening
Mantle cell lymphoma, 206

clinical  eatures o , 203t, 206
diagnosis o , 206
genetic considerations in, 198, 199t, 206, 324t
immunophenotype o , 217t
staging o , 206

treatment o , 206, 411
MAP kinase pathway, in melanoma, 484, 485 
Marasmus, 81
March hemoglobinuria, 123, 123t
Mar an’s syndrome, 264
Marijuana, 494
Masaoka staging, o  thymoma, 527, 527t
Mast cell disease, 228
Mast cells, 5 , 217t
Mastectomy

 or breast cancer, 390, 535
complications o , 422
male, 541
prophylactic, 378

Mastocytosis, 228–229
Matrix metalloproteinases (MMPs)

in cancer cell signaling, 347 
in metastasis, 348
in tumor angiogenesis, 355, 356 

Maximum-tolerated dose (M D), 393
May-Hegglin anomaly, 259
McConnell’s sign, 289
McCune-Albright syndrome, 699
MCH/MCV (mean cell hemoglobin 

concentration), 12, 13t
MCH (mean cell hemoglobin), 12, 13t
MCIR gene mutations, 482
McLeod blood group, 61 
McLeod phenotype, 148
M component

in heavy chain diseases, 243
o  immunoglobulin, 232–234
in multiple myeloma, 238
in plasma cell disorders, 234
in Waldenstrom’s macroglobulinemia, 242

MCV (mean cell volume), 12, 13t
MDM2 gene mutations, 665
MDM4 gene mutations, 665
mdr (multidrug resistance) gene/phenotype, 346, 

416
MDS/MPN-U, 225
Meadowsweet, 27t
Mean cell hemoglobin concentration (MCH/

MCV), 12, 13t
Mean cell hemoglobin (MCH), 12, 13t
Mean cell volume (MCV), 12, 13t
Measles-mumps-rubella vaccine (MMR), 424t
Mechlorethamine (nitrogen mustard)

action o , 397
adverse e ects o , 370, 397, 398t, 419, 637t
carcinogenicity o , 375t

Meclizine, 464
Mediastinal large B-cell lymphoma, 218
Mediastinal lymph nodes, 764, 780
Mediastinal mass, 526
Medicare, 477
Mediterranean lymphoma, 243, 550
Medroxyprogesterone, 406
Medullary thyroid carcinoma (M C), 693–694

diagnosis o , 693, 695 
 amilial, 654, 693, 695
genetic considerations in, 693, 695–696
in MEN 2, 693–694, 704, 705 
paraneoplastic syndromes in, 714t
sporadic, 654
treatment o , 339t, 694
tumor markers in, 369t

Medulloblastomas, 625, 629
Megakaryocytes, 165
Megaloblastic anemia, 98
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autosomal recessive, 104–105
biochemical basis o , 99 
chromosome  ndings in, 102
clinical  eatures o , 100–101
drug-induced, 107
etiology o , 96t, 103t
hematologic  ndings in, 101–102, 102 
in orotic aciduria, 110
peripheral blood smear in, 102 
thiamine-responsive, 110
treatment o , 109

Megaloblastoid, 102
Megestrol, 743
Meigs’ disease/syndrome (lymphedema praecox), 

610
MEK1 gene mutations, 503t, 504 
MEK inhibitors, 337, 338 
Melanoma, 480

acral lentiginous, 481 , 483t, 483–484
amelanotic, 484
BRAF gene mutations in, 485, 489, 763, 778
carcinoma o  unknown primary and, 640t
clinical classi cation o , 483t, 483–484
clinical  eatures o , 481 , 482–483
deaths  rom, 361t
desmoplastic, 484
diagnosis o , 482–483
dysplastic nevi and, 481 
epidemiology o , 480
 amilial, 327t, 577
genetic considerations in, 322t, 324t, 481–482, 

484–485, 485 
incidence o , 361t, 362 
lentigo maligna, 481 , 483, 483t
lymphadenopathy in, 33
metastatic, 487–489, 574, 632t, 763, 778
molecular classi cation o , 484–485, 485 
nevi and, 480–481
nodular, 483, 483t
pathogenesis o , 484–485, 485 
during pregnancy, 447t, 451
prevention o , 482
prognosis o , 485, 486t
retinopathy in, 722t
risk  actors  or, 480–482, 481t, 762,  

777–778
sentinel node biopsy in, 487
staging o , 486t
sun/UV exposure and, 374, 375t, 480, 482
super cial spreading, 483t, 484
treatment o 

biologic therapy, 357, 415, 488–489
chemotherapy, 488–489
clinically localized disease, 486–487
 ollow-up, 490
metastatic disease, 487–489, 488t
targeted chemotherapy, 339t–340t, 408t, 

411, 489
Melasma, 451
Melphalan

action o , 401
adverse e ects o , 398t, 401, 752
limb per usion  or melanoma, 487
 or multiple myeloma, 240–241

Menarche, 530
Menetrier’s disease, 545
Meningiomas

clinical  eatures o , 630
imaging in, 630, 630 
in MEN 1, 692

pathophysiology o , 630
treatment o , 630

Meningitis
in cancer patient, 428, 739–740
neoplastic, 739–740

Meningococcal in ections, 423t, 425t
Meningococcal vaccine, 424t, 435
MEN1/MENIN gene mutations

genetic testing  or, 692–693
in GI-NE s, 664t, 665
in MEN syndromes, 625t, 686t, 692–693
tumors associated with, 327t

Menopause
age at, breast cancer risk and, 530
premature, a er cancer treatment, 421, 754

Menorrhagia, 26, 262
Mepolizumab, 54
6-Mercaptopurine (6-MP)

action o , 404
adverse e ects o , 46, 110, 399t, 404
drug interactions o , 399t

Merkel cell carcinoma, 490, 493
Meropenem, 432
Mesenchymal chondrosarcoma, 621
Mesenchymal tumor, 714t
MESNA, 397, 439, 748, 754
Mesothelin, 640t
Mesothelioma

carcinoma o  unknown primary and, 640t, 642
immunohistochemistry o , 504

Metabolic syndrome, 284
Metamyelocytes, 41, 42 
Metanephrines, 702t
Metastatic disease, 346–348

in bladder cancer, 585
to bone, 348
bone marrow examination in, 64 
to brain. See Brain tumors, metastatic
characteristics o , 334t, 347 , 347–348
in colorectal cancer, 558
to liver, 558, 574–575
in lung cancer, 507t, 508
lymphadenopathy in, 33
melanoma, 487–489, 574, 632t, 763, 778
to pericardium, 733
in renal cell carcinoma, 588
to skin, 492 
to spine, 634 –635 , 634–635, 635–636
splenomegaly in, 37
surgery  or, 390

Metastatic potential, 347 , 348
Met ormin

action o , 351
adverse e ects o , 103t
tumor-related e ects o , 351

MET gene mutations
cancers associated with, 322t
in hereditary papillary renal carcinoma, 327t, 

328
in lung cancer, 503t
in thyroid cancer, 650t

Methadone, 463
Methemoglobin, 90
Methemoglobinemia, 91
Methionine synthase, 99 , 100
Methylmalonyl CoA mutase de ect, 105
Methotrexate

action o , 403–404
adverse e ects o , 400t, 404

anemia, 19

 etal, 450
 olate de ciency, 107
hepatic, 754
late, 751t, 753
myelopathy, 637t
neurologic, 753
pulmonary, 746
renal, 400t, 404
seizures, 637t, 740

 or bladder cancer, 585
 or breast cancer, 539
drug interactions o 

asparaginase, 400t
NSAIDs, 400t, 404
probenecid, 404
salicylates, 404

 or gestational trophoblastic disease, 453, 615
 or head and neck cancer, 498
 or mediastinal large B-cell lymphoma, 218
 or primary central nervous system lymphoma, 

629
2-Methoxy estradiol, 356 
8-Methoxypsoralen, 168
Methylation, o  DNA, 325
Methylation cycle, 99 
Methyldopa, 672, 759, 774
Methylene blue, 91, 120t
5,10-Methylenetetrahydro olate (5-M HF), 97, 

98t
Methylenetetrahydro olate reductase (M HFR), 

98t, 99 , 100–101, 284
Methyl olate trap, 100
Methylmalonate, 108
Methylmalonic acidemia/aciduria, congenital, 

105–106
Methylnaltrexone, 462
Methylphenidate

 or depression, 467
 or  atigue, 466
 or opioid-induced drowsiness, 462

Methylprednisolone, 138
5-Methyltetrahydro olate, 97–98, 98t
Methyl violet, 121
Methysergide, 671
Metoclopramide

 or constipation, 464
 or nausea and vomiting, 371, 420, 464

Metronidazole, 417
Metyrapone, 717
MGM , 626
Microangiopathic hemolytic anemia, 61 , 123, 

123t, 255 
Microarray technology

in carcinoma o  unknown primary, 641
 or gene expression in cancer, 330, 330 

Microcytosis, 13, 18, 772
ß2-Microglobulin

in amyloidosis, 245, 246t, 252
laboratory evaluation o , 30
in multiple myeloma, 239, 239t

MicroRNAs (miRNAs)
in AML, 172
in cancer, 329–330
gene expression silencing by, 344

Microsatellite instability, 321 , 328
Microtubules, 405
Midazolam

 or delirium, 468t, 469
 or dyspnea, 465t
during terminal weaning, 472
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Middleton maneuver, 36
Milk o  magnesia, 464t
Minimally invasive adenocarcinoma, 515, 517
Mini-Mental Status Examination (MMSE),  

468
Minitransplant, 89, 205, 412
Mirtazapine, 257t

 or depression, 467
 or insomnia, 469

MI F, 482
Mitomycin C

adverse e ects o , 260, 745, 746, 752
 or bladder cancer, 584
 or hepatocellular carcinoma, 570

Mitotane
 or adrenocortical carcinoma, 710
adverse e ects o , 710
in cancer chemotherapy, 407
 or ectopic AC H syndrome, 717

Mitotic spindle inhibitors, 405–406
Mitoxantrone

action o , 403
adverse e ects o , 399t, 403
 or AML, 176
drug interactions o , 399t

Mitral regurgitation, 752
Mixed connective tissue disease (MC D), 33
Mixed lineage leukemia (MLL) translocations, 

101
Mixing studies, in coagulation evaluation, 30
MLH1 gene mutations, 327t, 343, 608, 614
MLH6 gene mutations, 608
MLL gene mutations, 199
MLL (mixed lineage leukemia) translocations, 

101
MN1 overexpression, 171t, 172
MNSsU blood group system, 147t, 148
Moda nil

 or depression, 467
 or  atigue, 466
 or opioid-induced drowsiness, 462

Mohs micrographic surgery, 492–493
Mole, atypical, 480
Molecular nosology, 332
Molybdenum de ciency, 542
Monoblasts, 52
Monoclonal antibodies, 357, 789
Monoclonal gammopathy, 234, 728
Monoclonal gammopathy o  undetermined 

signi cance (MGUS)
amyloidosis in, 249
diagnosis o , 237, 238t
tumor markers in, 369t
von Willebrand disease in, 263

Monoclonal immunoglobulin, 369t
Monocyte(s), 52

disorders o , 49t, 52–53
hematopoietic di erentiation o , 5 
in peripheral blood smear, 59, 63 

Monocytoid B-cell lymphoma, 210
Monocytopenia, 217
Monocytosis, 52, 224
Morphine

 or dyspnea, 465t
 or pain, 461
 or sickle cell pain ul crisis, 88
during terminal weaning, 472

Morvan’s syndrome, 726, 729
Motherworth, 27t
Motion sickness, 464

Motor neuropathy, 727
Mouth, dry. See Xerostomia
Moxi oxacin, 417
MSH2 gene mutations, 327t, 608, 614
MSH6 gene mutations, 327t
M D (maximum-tolerated dose), 393
5-M HF (5,10-methylenetetrahydro olate), 97, 

98t
M HFR (methylenetetrahydro olate reductase), 

98t, 99 , 100–101, 284
m OR, 407 , 665
m OR inhibitors, 337, 411, 665
Mucormycosis, 429, 429t
Mucosa-associated lymphoid tissue (MAL ) 

lymphoma, 205
clinical  eatures o , 203t, 205, 547
cytogenetic abnormalities associated with,  

218
diagnosis o , 205
genetic considerations in, 199t, 205
H. pylori and, 196–197, 205, 547
in thymus, 526
treatment o , 206, 547

Mucosal bleeding, 27
Mucositis

acute necrotizing ulcerative (noma), 427
chemotherapy-related, 420
radiation therapy-related, 498
in transplant recipient, 439

Mu heavy chain disease, 244
Multidrug resistance (MDR) phenotype,  

346
Multikinase inhibitors, 337, 338 , 409t, 411
Multiple endocrine and other organ neoplasias 

(MEONs), 685
Multiple endocrine neoplasia type 1 (MEN 1), 

685
clinical  eatures o , 685–686, 686t

adrenocortical tumors, 691–692
angio bromas, 692
collagenomas, 692
glucagonoma, 689
insulinomas, 688–689
lipomas, 692
meningiomas, 692
NE s, 664, 664t, 690
parathyroid tumors, 686–687
pituitary tumors, 690–691
pNE s, 678, 688, 689–690, 690 
thyroid tumors, 692
VIPomas, 689
ZES, 664, 673, 688

epidemiology o , 685
genetic considerations in, 692–693

chromosomes involved, 327t, 664t, 692
MEN1/Menin gene mutations, 625t

genetic testing in, 692–693
screening tests in, 687t, 692–693

Multiple endocrine neoplasia type 2 (MEN 2)
clinical  eatures o , 693
genetic considerations in, 328, 694t, 695–696, 

704
genetic testing  or, 695–696
medullary thyroid carcinoma in, 686t, 693–694, 

704, 705 
medullary thyroid carcinoma only, 686t, 

693–694
parathyroid tumors in, 695
pheochromocytoma in, 695, 704, 705 
screening tests in, 694t, 695–696

type 2A
clinical  eatures o , 686t, 693, 704
genetic considerations in, 327t, 686t
medullary thyroid carcinoma, 654

type 2B (MEN 3)
clinical  eatures o , 686t, 693, 704
genetic considerations in, 686t
medullary thyroid carcinoma, 654

Multiple endocrine neoplasia type 4 (MEN 4), 
686t, 696

Multiple myeloma, 234
clinical  eatures o , 235–237

amyloidosis, 247
bone lesions/pain, 235, 236 , 241, 348
erythropoietin de ciency, 18
hypercalcemia, 236, 715
hypogammaglobulinemia, 236, 425t, 434
in ections, 235–236, 423t, 425t
paraneoplastic syndromes, 715, 728
renal tubular damage, 236

diagnosis o , 68 , 234 , 237–239, 238t
epidemiology o , 234
epigenetic changes in, 343
etiology o , 234
genetic considerations in, 234, 239, 322t
global considerations in, 234
immunology o , 198 
M component in, 238
nonsecretory, 238t
pathogenesis o , 235 , 235–237, 348
prognosis o , 239, 239t
as second malignancy in breast cancer, 538
smoldering, 238t
staging o , 239, 239t
treatment o 

bortezomib, 240–241, 339t, 341
car lzomib, 339t
chemotherapy, 240–241
denosumab, 348
HSC , 240, 443t, 444
lenalidomide, 240–241
relapsed disease, 241
supportive care, 241
thalidomide, 240–241

tumor markers  or, 369t
von Willebrand disease in, 263

Musculoskeletal in ections, 431
Mustard gas, 501
Mutagenesis, 447
Mutations, 333
Mutator phenotype, 321
MUT4 gene mutations, 553
MVAC regimen, 585
Myasthenia gravis

thymectomy  or, 528
thymoma and, 528

MYB gene mutations, 322t
MYC gene mutations, 324t, 504
Mycobacterium spp. in ections, 50t, 52, 53 
Mycosis  ungoides (cutaneous  -cell lymphoma)

clinical  eatures o , 211, 492 
peripheral blood smear in, 67 
skin mani estations o , 211
treatment o , 211, 339t, 412

Mycotoxins, hepatocellular carcinoma and, 561, 
562t

MyD88 de ciency, 50t
Myelin-associated glycoprotein (MAG), 237, 242
Myeloblasts, 41, 42 
Myelocytes, 41, 42 
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Myelodysplasia, 140
classi cation o , 140–141, 141t
clinical  eatures o , 143
diagnosis o , 140 , 143
di erential diagnosis o , 77
epidemiology o , 142
etiology o , 142
genetic considerations in, 142
hemoglobinopathy in, 94
pathophysiology o , 142
prognosis o , 143, 144t
as second malignancy in cancer survivors,  

755
treatment o , 143–145, 344, 444

Myelo brosis
with myeloid metaplasia, 759, 774
secondary, 145

Myeloid/erythroid ratio, 17
Myeloid malignancies

atypical chronic myeloid leukemia, 223–224
chronic myelomonocytic leukemia, 141, 337
chronic neutrophilic leukemia, 158, 221–223, 

223t
classi cation o , 217t, 222t

Myeloma
sclerotic, 721, 728
tumor markers  or, 369t

Myelopathy
chemotherapy-induced, 637t
in ammatory and immune (myelitis), 723
radiation-associated, 753

Myeloperoxidase
de ciency o , 50t, 51
description o , 46

Myelophthisic anemias, 145
Myeloproli erative disorders, 158

classi cation o , 158, 158t
evolution into AML, 168
janus kinase inhibitors  or, 337
splenomegaly in, 37

Myeloproli erative neoplasm, unclassi able,  
225

Myelosuppression, chemotherapy-induced,  
417–419, 418t. See also Neutropenia

MYH-associated polyposis, 552t–553t, 553
Myocardial  brosis, radiation-associated, 752
Myocardial in arction (MI)

prevention o , 297
radiation-associated, 391, 752

Myoglobin, 72, 72t
Myopathies

acute necrotizing, 729
in lung cancer, 509

N
Nab-paclitaxel, 401t, 405, 580, 581t
Nails, in amyloidosis, 248, 248 
Naphthalene, 120, 120t
Naproxen, 257t
Napsin-A (Nap-A), 503
Nasopharyngeal cancer

EBV in ection and, 494
histopathology o , 494–495
questions regarding, 779

National Family Caregivers Association, 470
National Lung Cancer Screening  rial (NLS ), 

505–506, 506t, 764, 781
Natural killer (NK)   cells

hematopoietic di erentiation o , 5 
neoplasms o , 196, 212

Nausea and vomiting
chemotherapy-induced, 370–371, 419–420

acute emesis, 370–371
anticipatory, 370, 419, 464
delayed emesis, 370
treatment o , 370–371, 419–420

in gastric cancer, 545
radiation-induced, 391
in terminally ill patient, 463–464

Necrobiotic xanthogranuloma, 233
Necrosis, in cancer cells, 346, 394
Necrotizing encephalopathy, 753
Necrotizing myelopathy, paraneoplastic,  

722t
Negative predictive value, 379, 379t
Nelarabine, 400t
Nematodes/nematode in ections, 54
NEMO (NF-κB essential modulator) de ciency, 

50t, 52
Neoadjuvant therapy, 390
Neobladder, orthotopic, 584
Neocarzinostatin, 570
Neomycin, 103t
Neonatal jaundice, 117, 118
Nephrectomy, 588
Nephropathy

aristolochic acid, 586
uric acid. See Uric acid nephropathy

Nephroureterectomy, 584
Nesidioblastosis, 677, 681
Neural tube de ects, 101
Neuroblastoma

genetic considerations in, 322t, 323
paraneoplastic syndromes in, 727
tumor markers in, 369t

Neuroendocrine tumors (NE s)
appendiceal, 662t, 665–666, 672
bronchial, 661t, 667, 691
carcinoma o  unknown primary and, 640t
classi cation o , 660–662, 662t
general characteristics o , 657, 658t
genetic syndromes associated with,  

664, 664t
in MEN 1, 686t, 690
ovarian, 668
pathology o , 657–658, 658t
prognostic  actors in, 663t
testicular, 668
thymic, 668, 691
well-di erentiated, 662

Neuro bromatosis type 1 (NF1)
clinical  eatures o , 697

pheochromocytoma, 704 , 704–705
primary CNS tumors, 625t, 631–632

genetic considerations in, 630, 697–698
chromosomal location, 327t, 664t, 687t
NF1 gene mutations, 327t, 625t, 703

imaging in, 704 
NE s in, 664t, 665
pheochromocytoma in, 703–704, 704 
skin mani estations o , 704

axillary  reckling, 704 
Lisch nodules o  the iris, 704 
neuro bromas, 632, 704 

Neuro bromatosis type 2 (NF2)
clinical  eatures o , 625t, 632, 697
CNS tumors in, 625t, 632
genetic considerations in, 327t, 625t, 632

Neuro bromin, 617, 631, 698
Neurokinin (NK1) receptor antagonists, 420

Neuroleptics
adverse e ects o , 469
 or delirium, 468t, 468–469

Neurologic-myopathic syndromes, in lung cancer, 
509

Neuroma, 693
Neuromyelitis optica, 727
Neuromyotonia, 728
Neuron-speci c enolase (NSE)

in carcinoma o  unknown primary, 640t
in non unctional pNE s, 678
as tumor marker, 369t

Neuropathic pain, 461
Neurotensin, 660t
Neutropenia, 41, 46–47

acute, 46–47
in cancer patient, 417–418. See also Cancer, 

in ections in
chronic, 55
cyclic, 47
diagnosis o , 55
drug-induced, 46–47, 47t, 760, 775
enterocolitis associated with, 428, 747–748, 

748 
etiology o , 47t
 ebrile, 417, 432, 432 , 762, 777
hereditary, 47–48
re ractory, 141t
treatment o , 55

Neutrophil(s), 41
abnormalities o 

granule disorders, 49t, 51
inherited disorders, 49t–50t
leukocyte adhesion disorders, 48, 50t
phagocyte activation disorders, 50t, 52–53

apoptosis o , 45
circulating pools o , 44 , 44–46
hypersegmented, 60 
marginated, 44, 44 
marrow release o , 44–46
maturation o , 41–43, 42 
morphology o , 42 
in peripheral blood smear, 58
pulmonary capillary transport o , 45 
senescent, 45
shi  to the le , 41

Neutrophil bands, 43 
Neutrophil count, 46
Neutrophil granules

disorders o , 49t, 51
primary (azurophil), 41
secondary (speci c), 41
toxic granulations, 43

Neutrophilia, 41, 48, 48t, 222
Nevoid basal cell carcinoma syndrome. See 

Gorlin’s syndrome
Nevus

atypical, melanoma and, 480
dysplastic, 480–481, 481 
melanocytic, 481

NF1 gene mutations
action o , 631–632, 698
in CNS tumors, 625t, 631–632
in melanoma, 485, 485 
in neuro bromatosis 1, 703
in pheochromocytoma/paraganglioma, 706, 

708 
in pNE S, 664t, 665
tumors associated with, 327t

NF2 gene mutations, 327t, 625t, 632
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Niche site, stem cells, 3
Nickel exposure, 375t, 494, 501
Nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase, 45
Nicotine replacement therapy, 501
Nilotinib

action and targets o , 337, 339t, 408t, 410
adverse e ects o , 189, 408t
 or CML, 187–188, 188t

Nilutamide, 597
Nitrates, dietary

esophageal cancer and, 542
gastrointestinal cancer and, 544, 545t

Nitrites, 90
Nitroblue tetrazolium dye test, 55
Nitro urantoin

eosinophilia caused by, 54
 olate de ciency caused by, 106t
G6PD de ciency and, 120t

Nitrosoureas, 401, 637t, 746, 752
Nitrous oxide

adverse e ects o , 88
inhalation o , cobalamin de ciency in, 106
 or sickle cell pain ul crisis, 88

Nivolumab, 415, 523
Nixon’s method, splenic percussion, 37
NMDA receptor antibodies, 723t, 724 , 725
NMYC gene mutations, 322t, 323
Nocardia spp. in ections, 429, 429t
Nociceptive pain, 461
Nodal marginal zone B-cell lymphoma, 210, 218
Noma (cancrum oris), 427
Nonalcoholic  atty liver (NAFL), 766, 783
Nonalcoholic steatohepatitis (NASH), 562t, 766, 783
Non-Hodgkin’s lymphoma

approach to the patient, 201–202
classi cation o , 194, 194t
clinical  eatures o , 203t
epidemiology o , 196
etiology o , 196, 196t–197t
genetic considerations in, 324t
HSC   or, 443t, 444
H LV-1 and, 196
in ections in, 423, 423t, 425t
International Prognostic Index  or, 201 , 201t, 

201–202
late consequences o  treatment o , 755, 756t
during pregnancy, 451–452
skin mani estations o , 492 
splenomegaly in, 37
staging o , 201t, 203t

Nonmelanoma skin cancer, 490, 493
basal cell carcinoma. See Basal cell carcinoma
Kaposi’s sarcoma. See Kaposi’s sarcoma
Merkel cell carcinoma, 493
questions regarding, 763, 778–779
risk  actors  or, 778–779
squamous cell carcinoma. See Squamous cell 

carcinoma, skin
Nonseminoma, mediastinal, 606
Non-small cell lung cancer

metastatic, 519–521, 520t, 525 , 633 
pathology o , 502 , 502–503
prognosis o , 515t
staging o , 510–511, 512 , 514t–515t
treatment o , 339t, 510, 510 , 515–519, 525 

Nonsteroidal anti-in ammatory drugs
bleeding caused by, 27
 or colorectal cancer prevention, 554
drug interactions o , 400t, 404
 or pain, 461–462

 or polyposis syndromes, 553
 or sickle cell arthropathy, 88

Non-S -segment elevation acute coronary 
syndrome (NS E-ACS), 297

Normochromic, 58
Nortriptyline,  or smoking cessation, 501
NOTCH2 mutations, 217
NPM1 gene mutations, 170–171, 171t
NRAS gene mutations

cancers associated with, 322t
in chronic myelomonocytic leukemia, 224
in lung cancer, 503t, 504 
in melanoma, 484

Nuclear  actor-κB (NF-κB)
activation de ects o , 50t
increased levels o , 346
inhibition o , 341, 345 

Nutritional assessment, 371

O
Obesity

breast cancer risk and, 530
cancer and, 374

Obinutuzumab, 205, 413
Octreotide

adverse e ects o , 672, 683
 or carcinoid syndrome, 669, 672
 or chemotherapy-related diarrhea, 407, 420
in end-o -li e care, 463
 or gastrinoma, 688
 or glucagonoma, 676
 or insulinoma, 675
 or NE s, 683
 or oncogenic osteomalacia, 718
radiolabeled, 575
 or somatostatinoma, 677
structure o , 671 
 or thymoma, 528
 or VIPoma, 678

Odynophagia, 543
O atumumab, 205, 413, 414t
Okuda staging, o  hepatocellular carcinoma, 564, 

564t
Olanzapine, 462, 468, 468t, 469
Oligoastrocytomas, 628
Oligodendroglioma, 627–628
Ollier’s disease (enchondromatosis), 610
Omacetaxine, 187, 188t
Omega-3  atty acids ( sh oils), 27
Omentectomy, 609
Omeprazole, 688
Oncocytic tumors, renal, 586t, 587
Oncogene(s)

activation o , 322–324, 328 
de nition o , 320–321, 333
in human cancers, 320–321, 322t
in lymphoid malignancies, 199t
signaling pathways, 347 
in thyroid cancer, 649–651

Oncogene addiction, 340, 342
Oncogene checkpoint, 335 
Oncologic emergencies. See Cancer, emergencies in
Oncology, 388
Ondansetron

 or carcinoid syndrome, 671
 or nausea and vomiting, 370, 420, 464

Oophorectomy, 378–379, 390, 608, 611
Opioids

adverse e ects o , 462–463
cross-tolerance among, 462
dosage o , 462

 or dyspnea, 465
 or pain, 461–462
in terminally ill patient, 462

Opisthorchis/opisthorchiasis, 573
Oprelvekin (IL-11), 419
Opsoclonus-myoclonus syndrome, 

paraneoplastic, 722t, 727
Optic neuritis, 722t, 729
Oral cancer

clinical  eatures o , 495
incidence o  and deaths  rom, 361t
prevention o , 374
smoking and, 374

Oral cavity
cancer treatment e ects in, 755
in ections o , 427

Oral contraceptives
breast cancer risk and, 530
venous thrombosis caused by, 283

Orchiectomy
 or prostate cancer, 390, 406, 596, 598
 or testicular cancer, 604

Orchiopexy, 601
Oropharyngeal cancer, 376, 494, 495, 498
Orotic aciduria

hepatocellular carcinoma and, 562
megaloblastic anemia and, 110

Osler-Weber-Rendu syndrome (hereditary 
hemorrhagic telangiectasia)

small intestine angioma in, 548
vascular mal ormations in, 264

Osmotic  ragility, 115
Osteoblastoma, 714t
Osteocarcinoma, 322t
Osteoclast activating  actor, 235
Osteomalacia, oncogenic (tumor-induced), 714t, 

718
Osteonecrosis, o  jaw, 755
Osteopontin, 4
Osteoporosis, heparin-induced, 305
Osteoprotegerin (OPG)

in bone metastasis, 348
in primary myelo brosis, 162

Osteosarcoma, 322t
Osteosclerosis, 162
Otitis media, 495
Ovarian cancer, 607

BRCA gene mutations in, 608, 768, 788
breast cancer and, 607–608
carcinoma o  unknown primary and, 640
clinical  eatures o , 608
deaths  rom, 361t, 362 –363 , 364t
epidemiology o , 607–608
epithelial, 608
genetic considerations in, 322t, 327t, 529, 608
germ cell tumors, 611
incidence o , 361t, 607, 608
in ections in, 423t
metastatic, 33
paraneoplastic syndromes in

endocrinologic, 714t
hematologic, 718t, 719
neurologic, 722t, 724 

pathogenesis o , 607–608
pathology o , 607
during pregnancy, 447t
prognosis o , 609t, 610
protective  actors  or, 607
questions regarding, 768, 787–788
recurrent, 609–610
risk  actors  or, 608, 768, 787–788
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screening  or, 384, 608–609
sex cord tumors, 611
staging o , 608, 609t
surgical prevention o , 378–379
treatment o , 609–610, 761, 776
tumor markers in, 369t, 608

Ovarian disorders
metastatic disease, 609
sex cord tumors, 611

Ovarian neuroendocrine tumors (carcinoids), 668
Overdiagnosis, 380, 508
Oxaliplatin, 257t

action o , 402
adverse e ects o , 398t, 402, 559, 740
 or colorectal cancer, 559
 or pancreatic cancer, 581

Oxcarbazepine, 463
Oxycodone, 465t
Oxygen-carrying capacity o  hemoglobin, 83
Oxygen-hemoglobin dissociation curve, 12, 83, 83 
Oxygen therapy,  or dyspnea, 465
Oxygen transport, in blood, 82
Oxyhemoglobin, 83, 83 

P
P blood group system, 147–148
p14ARF, 334, 481
p16 protein, 481
p16INK4a, 6, 327t, 334, 343
p21 protein, 334
p27 protein, 334
p53 protein

activation o , 334, 335 
in cancer cells, 334, 351
in colon cancer, 321 
VEGF inhibition and, 354 

p63, 503
p70S6K, 338 
p16/CDKN2A gene mutations, 576–577
p16 gene mutations, 576, 650t
p21 gene mutations, 583, 650t
p53 gene mutations

in bladder cancer, 583
in breast cancer, 529, 536
in cancer, 331, 334, 335 
in colorectal cancer, 331 
in esophageal cancer, 543
in head and neck cancer, 495
in Li-Fraumeni syndrome, 625t
in lung cancer, 502
in pancreatic cancer, 576
in thyroid cancer, 650t, 651

Packed red blood cells, 148, 149t
Paclitaxel

action o , 405
adverse e ects o , 401t, 405

hypersensitivity reaction, 749
neurologic, 740

 or bladder cancer, 585
 or breast cancer, 537, 539
 or carcinoma o  unknown primary, 643
 or head and neck cancer, 498
 or lung cancer, 518t, 520t, 522t
 or melanoma, 489
 or ovarian cancer, 609, 761, 776
premedication  or, 401t, 405
 or testicular cancer, 606

Paget disease, extramammary, 493
Pain

assessment o , 461
cancer, 370

etiology o , 461
 requency o , 461
neuropathic, 461
nociceptive, 461
in terminally ill patient, 461–463
visceral, 461

PALB2 gene mutations, 577
Pali ermin,  or mucositis, 420, 439
Palla’s sign, 289
Palliative care, 455. See also End-o -li e care

 or cancer, 368, 370, 390, 396
insurance coverage o , 477
 or non-hospice patient, 477

Palmar crease, 12
Palmar-plantar dysesthesia, 421
Palonosetron, 420, 464
Palpation

o  spleen, 36–37
o  thyroid gland, 646

Pamidronate
 or bone pain, 463
 or hypercalcemia, 715
 or multiple myeloma, 241

Pancoast tumor
in lung cancer, 508
questions regarding, 780
treatment o , 519

Pancreatic cancer, 576
chemoprevention o , 767, 785–786
clinical  eatures o , 577
deaths  rom, 361t, 364t
diagnosis o , 577–578, 578 , 766, 784–785
endoscopic retrograde 

cholangiopancreatography in, 578, 578 , 
766, 784

epidemiology o , 576
genetic considerations in, 322t, 343, 576–577, 

767, 785
global considerations in, 576
incidence o , 361t
paraneoplastic syndromes in, 714t, 718t, 729
precursor lesions in, 577
prognosis o , 579 
questions regarding, 766–767, 784–785
risk  actors  or, 576, 766, 784
screening  or, 577
staging o , 578, 579 
survival rates  or, 766–767, 784–785
treatment o , 339t, 580t, 580–581, 581t
tumor markers in, 369t, 578

Pancreatic intraepithelial neoplasia (PanIN), 576–577
Pancreatic neuroendocrine tumors (pNE s), 673

classi cation o , 658, 659t–660t, 660–662
clinical  eatures o , 659t–660t, 673
Cushing’s syndrome and, 659t, 679
general characteristics o , 658t
genetic syndromes associated with, 664t, 664–665
incidence o , 659t–660t, 662, 663t
malignant behavior o , 659t–660t, 662, 664
non unctional, 678, 689, 690 
paraneoplastic syndromes in, 714t
prognosis o , 663t, 682 
rare syndromes, 659t–660t, 679
screening tests  or, 687t
syndromes o , 659t–660t

GRFoma, 659t, 678–679
in MEN 1, 686t, 688
somatostatinoma, 659t, 662, 676–677

treatment o , 337, 673, 681
tumor localization in, 679–681, 680 

Pancreaticoduodenectomy, 574, 580

Pancreatic polypeptide (PP), 678
Pancreatic polypeptide-secreting tumors 

(PPomas), 660t, 689–690
Pancreatitis

cobalamin malabsorption in, 105
hereditary, 577
tumor markers in, 369t

Pancytopenia, 131, 131t
PanIN (pancreatic intraepithelial neoplasia), 576–577
Panitumumab

action and targets o , 339t
adverse e ects o , 421, 559–560
 or colorectal cancer, 339t, 559–560
indications  or, 414t

PAPA (pyogenic arthritis, pyoderma 
gangrenosum, and acne) syndrome, 53

Papillary renal carcinoma, 327t, 328, 586, 586t
Papillary thyroid cancer, 648, 651, 652 
Pap smear, 381t, 383, 611
Papular mucinosis, 233
Papulosis, lymphomatoid, 215
Para-aminosalicylic acid, 103t
Paracentesis, abdominal, 371
Parachlorophenylanine, 672
Para bromin, 687t, 696
Paraganglioma

de nition o , 700
diagnosis o , 701t–702t, 701–703
genetic considerations in, 700, 705–707, 708 
pathogenesis o , 700, 701 
treatment o , 703

Paraganglioma syndromes, 705, 705 
Parain uenza virus in ections, 430
Paraneoplastic syndromes

de nition o , 712
endocrinologic, 712

ectopic hCG production, 712, 717–718
etiology o , 712–713, 714t
oncogenic osteomalacia, 718
tumor-associated SIADH, 715–716. See also 

Syndrome o  inappropriate antidiuretic 
hormone (SIADH)

tumor-induced hypoglycemia, 717
eye movements in

hematologic, 718t
in lung cancer, 508

in hepatocellular carcinoma, 563
neurologic, 721, 722t–723t

acute necrotizing myopathy, 729
approach to the patient, 722–724
cerebellar degeneration/atrophy, 722t–723t, 

727
diagnosis o , 722–724, 724 
dorsal root ganglionopathy, 728
encephalitides with antibodies to cell-sur ace 

or synaptic proteins, 723t, 725–726, 726 
encephalomyelitis and  ocal encephalitis, 

724–725
opsoclonus-myoclonus syndrome, 722t, 727
pathogenesis o , 721, 722t–723t
peripheral neuropathies, 728–729
sensory neuroneuropathy/ganglionopathy, 728
spinal cord, 727
sti -person syndrome, 727–728
visual syndromes, 729

in renal cell carcinoma, 587
Paraproteinemia, 27
Parasitic in ections, 155
Parathyroid hormone (P H), 508, 712, 714t
Parathyroid hormone-related protein (P HrP), 

713, 714t, 790
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Parental disomy, 615
Parental imprinting, 325
Parietal cell antibodies, 104
Parinaud’s syndrome/complex, 629
Parotid gland tumors, 495
Paroxetine

 or depression, 369, 467
 or hot  ashes, 754

Paroxysmal cold hemoglobinuria, 123t, 125
Paroxysmal nocturnal hemoglobinuria, 126

clinical  eatures o , 126–127, 127 , 134
diagnosis o , 126, 127 
natural history o , 127
pathophysiology o , 127, 128 
treatment o , 128 , 129

PARP inhibition, 341 , 342, 538
PAR1 (protease activation receptor 1), 280
Partial response, to chemotherapy, 394
Parvovirus B19 in ections

aplastic anemia and, 133
pure red cell aplasia, 139–140, 140 
trans usion-transmitted, 154–155
treatment o , 140

Pasireotide, 672
Passive euthanasia, 473t
Paterson-Kelly syndrome, 542
Pathologic staging, 365
PAX3 gene mutations, 324t
PAX7 gene mutations, 324t
PAX8-PPARτ1, 650t
Pazopanib, 409t

action and targets o , 355, 411
adverse e ects o , 421
 or renal cell carcinoma, 588, 785

PD-1 antibodies, 488, 488 , 489, 523
PDGFRA-mutated eosinophilia, 226–227,  

227t
PDGFRB-mutated eosinophilia, 226–227, 227t
PDK (pyruvate dehydrogenase kinase), 351
PD-L1, 414, 415 
Peg lgrastim, 418, 418t
Pegylated inter eron-α2b (PEG IFN-α2b)

adverse e ects o , 487
 or melanoma, 487

Pel-Ebstein  ever, 213
Pelger-Hüet anomaly, 43, 43 , 63 , 774–775
Pelvic pain, 612
Pemberton’s sign, 646
Pembrolizumab, 340t, 414t, 415
Pemetrexed

action o , 404
adverse e ects o , 400t, 404
 or lung cancer, 520t, 521, 522t, 523
 or ovarian cancer, 610

Penicillin
neutropenia caused by, 47
platelet dys unction caused by, 261
thrombocytopenia caused by, 257t

Peptic ulcer disease
Menetrier’s disease and, 545
in polycythemia vera, 159
ZES and, 673

Peptide radioreceptor therapy (PRR ), 575
Percent trans errin saturation, 75 , 77, 80t
Percussion, o  spleen, 37
Pergolide, 669
Pericardial e usion, malignant, 371, 733–734
Pericardial metastases, 733
Pericardial tamponade, 733–734
Pericarditis, radiation-induced, 392, 733, 752
Periodontal disease, 55

Periodontitis, 55
Periostitis, 508
Peripheral blood smear, 57

normal, 14 , 59 , 63 , 255 
red cell de ects on, 13
red cell  ragmentation in, 15 
reticulocytes in, 15 , 59 
spur cells in, 15 
target cells in, 14 , 61 

Peripheral neuropathy
drug-induced, 637, 637t, 753
malignancy-related, 722t, 728–729
in nutritional de ciencies, 101
paraneoplastic, 722t, 728–729

Peripheral  -cell lymphomas, 212
Peritoneal papillary serous carcinoma, 642
Peritoneovenous shunt, 371
Peritonitis, 369t
Pernicious anemia

cobalamin absorption in, 103
diagnosis o , 104
juvenile, 104

Personalized medicine, 332
Pertuzumab

action and targets o , 339t, 340, 413, 414t
 or breast cancer, 537–538

PE . See Positron emission tomography (PE )
Petechiae, in anemia, 12
Peutz-Jeghers syndrome

lesions associated with, 553t
ovarian sex cord tumors in, 610
pancreatic cancer risk in, 577
polyp distribution in, 548, 553t

PFA-100, 29, 31
PF-4 (platelet  actor 4), 258, 303
P-glycoprotein (PGP), 346
Phagocyte(s), 55
Phagocyte activation de ects, 49t, 52–53
Pharmacogenetics, o  platelet inhibitors, 281t, 

281–282
Phenacetin, 375t, 575, 582, 586
Phen ormin, 103t
Phenothiazines, 465
Phenoxybenzamine, 703
Phenylbutazones, 168
Phenytoin

adverse e ects o 
 olate de ciency, 106t, 107
thrombocytopenia, 257t

 or neuromyotonia, 729
Pheochromocytoma, 700

clinical  eatures o , 700–701
by  requency o  occurrence, 701t
paraneoplastic syndromes, 716
sympathetic overactivity, 695

de nition o , 700
diagnosis o , 695, 695 , 701t–702t, 701–703
di erential diagnosis o , 703
epidemiology o , 700
etiology o , 700
 amilial, 705
genetic considerations in, 700

mutation distribution, 705–707, 708 
malignant, 703
in MEN syndromes, 695, 704, 705 
in neuro bromatosis, 697, 704 , 704–705
in paraganglioma syndrome, 705, 705 
pathogenesis o , 700, 701 
during pregnancy, 703
renal cell carcinoma and, 586
treatment o , 703

tumor markers in, 369t
in von Hippel-Lindau syndrome, 704, 705 

Philadelphia chromosome, 181, 182 , 183, 185, 
323, 324 

Phlebotomy
 or erythrocytosis, 719
 or hemoglobinopathies, 90
 or polycythemia, 20, 161

Phosphate/phosphorus, 715
Phosphatidylinositol-3-kinase (PI3K), 340
Phosphatonin, ectopic production o , 714t, 718
Phosphodiesterase type 5 inhibitors, 587, 787
Phospho ructokinase de ciency, 118t
Phosphoglycerate kinase de ciency, 118t
Photodynamic therapy

 or basal cell carcinoma, 492
 or cholangiocarcinoma, 574

Photon, 390
Phototherapy,  or cancer, 392
Phthalocyanines, 392
Physical restraints, in delirium, 469
Physician-assisted suicide, 473t, 473–474
Physician Orders  or Li e-Sustaining  reatment 

(POLS ), 459
PIEZO1 gene mutations, 116t, 117
PIG-A gene mutations, 134
PIK3A gene mutations, 322t
PI3K/AK  pathway

in cancer, 346
in endometrial cancer, 614
in head and neck cancer, 495
in melanoma, 485, 485 

PIK3CA gene mutations
in Cowden’s syndrome, 699
in lung cancer, 503t, 505

PI3K (phosphatidylinositol-3-kinase), 340
Pineal region tumors, 629
Piperacillin, 257t
Piperacillin-tazobactam, 432
Piroxicam, 376
Pitting, 36
Pituitary tumors (adenomas)

classi cation o , 630–631
clinical  eatures o , 690–691
 amilial syndromes o , 693
in MEN 1, 686t, 690
non unctioning, 630–631
treatment o , 631, 691

Plasma
derivatives, 148, 150
 resh- rozen. See Fresh- rozen plasma
platelet-rich, 148

Plasma cell, 68 
Plasma cell disorders

amyloidosis. See Amyloidosis
genetic considerations in, 232 
heavy chain disease, 243–244
multiple myeloma. See Multiple myeloma
paraproteinemia in, 27
pathophysiology o , 232–234, 233 
Waldenstrom’s macroglobulinemia. See 

Waldenstrom’s macroglobulinemia
Plasma cell leukemia, 237
Plasmacytoma, 237, 238t
Plasma exchange/plasmapheresis

 or cerebellar degeneration, 727
 or monoclonal gammopathy o  undetermined 

signi cance, 239
 or neuromyotonia, 729
 or thrombotic thrombocytopenic purpura, 260
 or Waldenstrom’s macroglobulinemia, 242

59_Hematology_Index_p793-832.indd   822  04/08/16   4:29 PM



Index 823

Plasmin, 25, 25 , 314, 314 , 758, 772
Plasminogen, 25, 25 , 314, 314 
Plasminogen activator, 314 , 315
Plasminogen activator inhibitor I (PAI-1)

arterial thrombotic disease and, 284
in  brinolysis, 314, 314 
in metabolic syndrome, 284

Plasminogen activator inhibitors, 25, 25 
Plasmodium vivax, 148
Plasticity, o  cancer cells, 348–349
Platelet(s), 254

activation o , 22, 254, 279 , 280, 295 
adhesion o , 22, 254, 279–280, 295, 295 , 758, 

771
aggregation o , 254, 280, 295 
in AML, 173, 178
in arterial thrombosis, 279–281
characteristics o , 254, 279
disorders o , 26t, 255

acquired, 261
hemolytic-uremic syndrome. See  

Hemolytic-uremic syndrome (HUS)
inherited, 261
thrombocytopenia. See T rombocytopenia
thrombocytosis. See T rombocytosis
von Willebrand disease. See von Willebrand 

disease
elevated levels o , 166
giant, 63 
hematopoietic di erentiation o , 5 
in hemostasis, 22, 254
in in ammation, 280–281
questions regarding, 758, 772
trans usion o . See Platelet trans usion

Platelet aggregometry, 31
Platelet count

in DIC, 272
normal, 27, 254
in preoperative evaluation, 27

Platelet-derived growth  actor (PDGF), 353, 353 
Platelet-derived growth  actor (PDGF) receptors, 

353 , 625
Platelet  actor 4 (PF-4), 258, 303
Platelet  unction tests, 31
Platelet plug, 22, 254
Platelet-rich plasma, 148
Platelet trans usion

 or aplastic anemia, 138
characteristics o , 149, 149t
 or coagulation disorders in liver disease, 275
corrected count increment, 149–150
 or DIC, 273
re ractoriness to, 149
response to, 149, 149t
single-donor apheresis  or, 148
 or thrombocytopenia, 419

Pleomorphic xanthoastrocytomas, 628
Plerixa or, 3, 437
Pleural e usion, malignant, 371, 508, 509
Plummer-Vinson syndrome, 542
PML gene, 170
PML-RARA, 170, 180
PML-RAR gene mutations, 343
PMS1 gene mutations, 614
PMS2 gene mutations, 327t, 608, 614
Pneumatosis intestinalis, 747
Pneumococcal in ections

in cancer patient, 423, 423t
postsplenectomy, 40

Pneumococcal vaccine
in cancer patients, 424t, 435

a er splenectomy, 40, 88
Pneumocystis pneumonia (PCP)

in cancer patient, 423, 429t, 430
diagnosis o , 430
prevention o , 435
prophylaxis  or

pentamidine, 138
trimethoprim-sul amethoxazole, 55, 442t

prophylaxis  or, in transplant recipient, 442, 
442t

Pneumonectomy,  or lung cancer, 514, 517
Pneumonia

in cancer patient, 429t, 429–430, 747
deaths  rom, 454t

Pneumonitis
in cancer patient, 429t, 430, 746–747, 752
radiation-induced, 746–747

POEMS syndrome, 242
clinical  eatures o , 238t, 242–243
diagnosis o , 238t
paraneoplastic, 728
pathogenesis o , 242–243
treatment o , 243

Poikilocytes, 58, 75
Poikilocytosis, 13, 39, 57, 90, 122
Point mutation, 322–324, 325
Poliovirus vaccine, 424t
POLS  (Physician Orders  or Li e-Sustaining 

 reatment), 459
Polychromasia, 13, 260
Polychromatophilia, 58, 60 
Polychronotropism, 575, 582
Polycomb  amily, 6
Polycyclic hydrocarbons, 375t
Polycythemia, 20

approach to, 21 
clinical  eatures o , 20
smoker’s, 20
spurious, 20

Polycythemia vera, 158
classi cation o , 158, 158t
clinical  eatures o , 20, 159
complications o , 160–161
diagnosis o , 20, 159–160, 160t
epidemiology o , 158
etiology o , 158–159
genetic considerations in, 158–159
laboratory testing  or, 758, 772
questions regarding, 758, 772
splenomegaly in, 37, 160
treatment o , 161

Polyposis, juvenile, 327t, 553t
Polyps

colorectal, 551–552
juvenile, 551

Polysaccharide iron,  or iron-de ciency anemia, 
78t

Pomalidomide, 241, 250, 411
POMC gene, 716
Ponatinib

action and targets o , 337, 339t, 408t, 410
adverse e ects o , 189, 408t, 410, 752
 or CML, 187–188, 188t

Popliteal cyst, 287
Porphyria cutanea tarda (PC ), 562, 562t
Porphyrins, 392
Portal hypertension, 563, 759
Posaconazole, 433
Positive predictive value (PPV), 379, 379t
Positron emission tomography (PE )

in adrenocortical carcinoma, 710

in lung cancer, 510–511
in medullary thyroid carcinoma, 695 
in MEN 2A, 695 
in pancreatic cancer, 578
in tumor detection, 350

Posterior reversible encephalopathy syndrome 
(PRES), 740

Postmenopausal hormone therapy
adverse e ects o , 283
breast cancer risk and, 530
colorectal cancer risk and, 377, 554
endometrial cancer and, 613

Postpartum hemorrhage, 26
Postthrombotic syndrome, 285, 285 , 290
Potassium chloride (KCl), 103t
Power o  attorney  or health care, 460
PPKAR1A gene mutations, 699
PPNAD (primary pigmented nodular adrenal 

disease), 698
PPomas (pancreatic polypeptide-secreting 

tumors), 660t, 689–690
PPV (positive predictive value), 379, 379t
Pralatrexate, 400t
Prasugrel

action o , 296–297
adverse e ects o , 27, 297
clopidogrel versus, 297
dosage o , 297
genetic variation in response to, 281t
resistance to, 297–298

Precision medicine, 332
Precocious puberty,  emale, 611
Precursor B-cell lymphoblastic leukemia/

lymphoma, 202
Precursor  -cell lymphoblastic leukemia/

lymphoma, 203t, 210
Prednisone

 or autoimmune hemolytic anemia, 125
 or B-cell prolymphocytic leukemia, 216
 or cancer treatment-induced pneumonitis, 752
 or gastric lymphoma, 547
 or hypercalcemia o  malignancy, 715
 or immune thrombocytopenic purpura, 259
 or mediastinal large B-cell lymphoma, 218
 or multiple myeloma, 240
side e ects o , 775
 or thymoma, 528
 or VIPoma, 678

Preeclampsia, 615
Pregabalin

 or hot  ashes, 754
 or pain, 462

Pregnancy
age o   rst  ull-term, breast cancer risk and, 530
aplastic anemia in, 134
breast cancer in, 447t, 449–451, 450t
breast mass in, 450, 533
cancer chemotherapy during, 421, 446, 448
cervical cancer during, 447t, 448–449
CML treatment during, 191
cobalamin de ciency in, 100
DIC in, 271
 olate de ciency in, 101, 106–107
 olate requirement in, 100, 106–107, 110
hemoglobin/hematocrit in, 13t
in hemophilia carriers, 270
Hodgkin’s lymphoma in, 451
iron requirement in, 74
melanoma during, 451
molar. See Gestational trophoblastic disease
non-Hodgkin’s lymphoma in, 451–452
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Pregnancy (Cont.):
pheochromocytoma in, 703
radiation therapy during, 447, 447t
teratogenic e ects in, 447
thyroid cancer in, 452
thyroid  unction during, 452, 452t
tumor markers in, 369t
V E risk in, 283
war arin in, 312

Prekallikrein de ciency, 266t
Priapism, 87
Primaquine, 121
Primary central nervous system lymphoma 

(PCNSL)
diagnosis o , 628, 629 
incidence o , 628
pathogenesis o , 628
treatment o , 628–629

Primary cutaneous CD30+  -cell lymphoma, 221
Primary e usion lymphoma, 219
Primary eosinophilia, 226
Primary immune de ciency diseases

asplenia, 40
HSC   or, 442

Primary myelo brosis, 161
clinical  eatures o , 162
complications o , 163–164
diagnosis o , 163

bone marrow examination in, 17 , 62 , 162 
peripheral blood smear in, 14 , 62 , 162 

diseases associated with, 162t
genetic considerations in, 162
prognosis o , 163t, 164
splenomegaly in, 37
treatment o , 164, 339t

Primary peritoneal serous carcinoma, 642
Primary pigmented nodular adrenal disease 

(PPNAD), 698
Primary sclerosing cholangitis (PSC), 573
Primidone, 106t
Priming,   cells, 413
Probenecid, 404
Procainamide, 139t
Procarbazine

action o , 397, 398t
adverse e ects o , 398t

gonadal dys unction, 420
myelosuppression, 417
neurologic, 637t

drug interactions o , 398t
 or oligodendroglioma, 628

Procaspase-9, 345 
Prochlorperazine, 370, 420, 464
Progenitor cells, 6 
Progesterone receptors, 536, 640t
Progestogens, 539t
Programmed cell death. See Apoptosis
Progressive multi ocal leukoencephalopathy 

(PML), 429, 429t, 431
Prolactinoma, 686t, 690
Proli erative in ammatory atrophy, o  prostate, 590
Prolymphocytic leukemia, 39

B-cell, 210, 216t–217t
 -cell, 219

Promonocytes, 52
Promoter (carcinogenesis), 375
Promyelocytes, 41, 42 
Promyelocytic leukemia. See Acute promyelocytic 

leukemia
Pronormoblast, 10
Pronormoblasts, giant, 139, 140 

Proplatelets, 279
Propo ol, 468t, 469
Propranolol, 703
Prostacyclin, 295
Prostaglandin E2, 714t
Prostate cancer, 589

autopsy-detected, 589
bone lesions in, 593, 599
carcinoma o  unknown primary and, 643
clinical states model o , 590–591, 591 
deaths  rom, 361t, 362 –363 , 364t, 365t, 589
diagnosis o , 591–593, 767, 786
epidemiology o , 589–590
genetic considerations in, 322t, 327t, 590
incidence o , 361, 361t, 365t, 589
metastatic, 632, 632t
paraneoplastic syndromes in, 714t, 718t, 729
pathology o , 592
prevention o , 377–378, 590
prostate-speci c antigen in, 591–592, 595
questions regarding, 767, 786
recurrent, 407
screening  or, 382t, 384–385, 591–592, 767, 786
staging o , 592–593, 593 , 593t
treatment o 

active surveillance versus, 595–596
adverse e ects o , 594
hormone receptor-directed agents, 406–407, 

597 , 597–598
late consequences o , 754, 756t
in localized disease, 593–596
in metastatic disease, 598–599
nomograms  or, 594
pain management, 587
prostatectomy, 594–595
radiation therapy, 595
rising PSA a er, 596
tumor vaccines, 412–413
watch ul waiting versus, 385

tumor markers in, 369t
Prostatectomy, 587, 594–595
Prostate gland, 589
Prostate-speci c antigen (PSA)

in carcinoma o  unknown primary, 638, 640t, 643
 ree, 591
production o , 589
in prostate cancer, 382t, 384–385, 591–592, 

595, 767, 786
questions regarding, 767, 786
as tumor marker, 369t

Prostatic acid phosphatase (PAP), 589
Prostatitis, 369t
Protamine sul ate, 292, 305
Protease activation receptor 1 (PAR1), 280
Proteasome inhibitors, 341, 345 , 409t, 411
Protein C

as anticoagulant, 24, 24 
de ciency o 

DIC in, 271
thrombosis risk in, 24, 283
war arin-induced skin necrosis in, 311

description o , 772
elevated, 31

Protein C concentrate, 274
Protein S

as anticoagulant, 24, 24 
de ciency, 283, 311
elevated, 31

Protein tyrosine phosphatase, 337
Prothrombin, 24 
Prothrombin complex concentrate, 269, 271, 275

Prothrombin de ciency, 27, 266t
Prothrombin gene mutations, 28, 284
Prothrombin inhibitors, 276
Prothrombin time (P ), 265

causes o  abnormal values, 30t
in coagulation disorders, 266t
coagulation  actors measured in, 29, 29 , 266 
 or monitoring war arin therapy, 310
prolonged, 30t
sensitivity o , 29

Proton pump inhibitors (PPIs)
adverse e ects o , 103t, 673
hypergastrinemia and, 673
 or ZES, 674

Protooncogenes, 322
Protoporphyrins, 75 , 76–77
PRR  (peptide radioreceptor therapy), 575
PRSS1 gene mutations, 577
Prune juice, 464t
Prussian blue, 65 
P-selectin, 280
Pseudallescheria boydii, 433
Pseudoanemia, 90
Pseudohyperkalemia, 117, 744
Pseudomonas aeruginosa in ections

in cancer patient, 426t, 427, 434
prevention o , 434

Pseudothrombocytopenia, 255, 255 
Pseudoxanthoma elasticum, 264
P-SPIKES,  or communicating bad news, 456, 457t
Psychiatric/psychological disorders

in cobalamin de ciency, 101
in  olate de ciency, 101

Psychostimulants, 466, 469
PTCH gene mutations, 327t, 490, 491 , 629
P EN, 7
PTEN gene mutations

in brain tumors, 625, 625t
in breast cancer, 529
cancers associated with, 327t
in Cowden’s syndrome, 699
in endometrial cancer, 614
in lung cancer, 503t
in melanoma, 485
in thyroid cancer, 650t

Pulmonary angiography, 289–290
Pulmonary embolism (PE), 285

classi cation o , 286–287
diagnosis o 

blood tests, 288
cardiac biomarkers, 288
chest C , 289, 289 
chest radiograph, 289
clinical decision rules, 287t
clinical evaluation, 287
clinical pearls, 287
ECG, 288
echocardiography, 289
imaging algorithms, 287 , 290 
lung scan, 289
MRI, 289
pulmonary angiography, 289–290

dyspnea in, 287
epidemiology o , 282
low-risk, 286–287
massive, 286
nonthrombotic, 287
paraneoplastic, 719
pathophysiology o , 285–286
prevention o , 293, 293t
right ventricular dys unction in, 292
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risk strati cation in, 290
submassive, 286
treatment o 

algorithm  or, 290 
anticoagulants, 290–292, 291t
catheter-directed therapy, 292–293
duration o  anticoagulation, 292
emotional support, 293
 brinolysis, 292
in erior vena cava  lter, 292
in massive PE, 292
pulmonary embolectomy, 293
pulmonary thromboendarterectomy, 293

Pulmonary  brosis
bleomycin-related, 752
chemotherapy-associated, 397t, 403
as late consequence o  cancer/cancer therapy, 752

Pulmonary hypertension, 286
Pulmonary in arction, 287
Pulmonary mass/nodule, solitary, 515, 516 , 516t, 

517, 763, 779–780
Pulmonic stenosis, 668
Pure red cell aplasia, 138–140

classi cation o , 139t
clinical associations o , 139
congenital (Diamond-Black an anemia), 139, 139t
de nition o , 139
di erential diagnosis o , 139
drug-induced, 139t
etiology o , 139
parvovirus B19 in ection and, 139–140, 140 , 154
thymoma and, 140, 528
treatment o , 140

Pure white cell aplasia, 139
Purpura

posttrans usion, 153
senile, 26
wet, 256, 258

Purpura  ulminans
etiology o , 271
genetic considerations in, 284
treatment o , 274

Pus, 46
pVHL (elongin), 697
Pyogenic arthritis, pyoderma gangrenosum, and 

acne (PAPA) syndrome, 53
Pyrimethamine, 107
Pyrimidine-5’-nucleotidase (P5N) de ciency, 

118t, 122
PYRIN domains, 53
Pyruvate dehydrogenase kinase (PDK), 351
Pyruvate kinase de ciency, 113 , 117, 118t

Q
Quetiapine, 468, 468t
Quinidine, 257t
Quinine, 257, 257t, 260

R
Raccoon sign, 248, 248 
Rad, 390
Radiation dose, 390
Radiation sensitizers, 391
Radiation therapy, 390

adverse e ects o , 391–392
bowel complications, 595
breast cancer, 392, 530
cardiovascular, 752
cobalamin malabsorption, 105
head and neck, 498
hepatic, 754

late, 751t, 752–753
myelo brosis, 145
neurologic, 636–637, 753
ocular, 754
oral, 755
pericarditis, 733, 752
pneumonitis, 430
pulmonary, 746–747, 752

 or anal cancer, 560
biologic e ects o , 390–391
 or bladder cancer, 584
 or bone pain, 462
brachytherapy. See Brachytherapy
 or brain metastases, 633
 or breast cancer, 535
 or cholangiocarcinoma, 574
 or colorectal cancer, 559
cranial, prophylactic in lung cancer, 524
curative, 391
dosage o , 391
 or ductal carcinoma in situ, 540
 or epidural metastases, 635
 or esophageal cancer, 544
 or extranodal NK/ -cell lymphoma, nasal 

type, 220
 or gastric cancer, 546–547
 or head and neck cancer, 498
 or hepatocellular carcinoma, 571
 or Hodgkin’s lymphoma, 213–214
 or lung cancer, 517, 518–519, 524
 or mediastinal large B-cell lymphoma, 218
modalities o , 391
physical properties o , 391
in pregnancy, 447, 447t
 or primary central nervous system lymphoma, 

629
 or primary cutaneous CD30+  -cell 

lymphoma, 221
 or prostate cancer, 595
quantitation o , 391
second malignancy and, 213, 392, 755
selective internal, 683
 or skin cancer, 492
systemic, 416
 or testicular cancer, 604

Radio requency ablation
characteristics o , 392
 or hepatocellular carcinoma, 568–569
 or metastatic lesions, 392
 or NE s, 681

Radioiodine therapy,  or thyroid cancer, 416, 652–653
Radionuclide scans/scintigraphy

in NE s, 679, 680 
thyroid gland evaluations, 646–647

Radium-233 chloride (αradin), 587, 599
Radon exposure, 501
Ra  kinase inhibitors, 338 , 355
Rai staging system,  or lymphoid malignancies, 200t
Raloxi ene, 377, 540
Ramucirumab, 547
Ranitidine, 257t

 or carcinoid syndrome, 671
 or gastrinoma, 688

RANKL (RANK ligand), 348
RANK (receptor activator o  NF-κB), 348
Rapamycin

action o , 338 
 or insulinoma, 676

RARA gene, 170
Rasburicase, 121

adverse e ects o , 745

 or tumor lysis syndrome treatment/
prophylaxis, 745

 or uric acid nephropathy, 174
RAS gene mutations

cancers associated with, 322
in hypercalcemia o  malignancy, 713
in melanoma, 484
in thyroid cancer, 650t, 651

Rash
drug-induced, 421
in glucagonoma, 676

Ras protooncogene, 338 
Raynaud’s phenomenon, 605, 755
Rb gene mutations

in bladder cancer, 583
cancers associated with, 327t
in lung cancer, 502, 505

RDW (red blood cell distribution width), 13, 57–58
Reactive lymphocytes, 59
Rebuck skin window test, 55
Receptor tyrosine kinase, 337, 338 
Receptor tyrosine kinase receptors, 345 
RECIS  (Response Evaluation Criteria in Solid 

 umors), 368, 394, 572
Recoverin, 722t
Rectal cancer, 560. See also Colorectal cancer
Rectal neuroendocrine tumors (carcinoids), 661t, 

666–667, 672
Red blood cell(s)

agglutination o , 58, 60 
in anemia, 10–11
antigens and antibodies, 147t, 147–148
complement activation and, 128 
 olate in, 108
 ragmented, 61 , 757–758, 771
glycolysis in, 112, 113 
hematopoietic di erentiation o , 5 
immune destruction o , 123, 125 
iron content in, 73
li e cycle o , 73, 112
mechanical destruction o , 122–123, 123t
membrane-cytoskeleton complex o , 113–114, 

114 
nucleated, 62 , 759, 774
osmotic  ragility o , 115
in peripheral blood smear, 58, 59 –62 
production o , 10, 11 
protoporphyrin levels in, 75 , 76–77
redox metabolism in, 119 

Red blood cell distribution width (RDW), 13, 57–58
Red blood cell indices, 12, 13t
Red blood cell survival study, 112
Red clover, 27t
Red hair color (RHC) phenotype, 482
Red pulp, o  spleen, 35 , 36
5α-Reductase inhibitors, 377, 600
Reed-Sternberg cells, 68 , 213 
Re ractory anemias, 141, 141t, 221
Re ractory anemia with ring sideroblasts associated 

with marked thrombocytosis, 221, 225
Re ractory cytopenia with multilineage dysplasia, 

141t
Re ractory neutropenia, 141t
Re ractory thrombocytopenia, 141t
Re usal o  care, 471
Regional lymphadenopathy, 33, 773
Regora enib

action and targets o , 339t, 409t
adverse e ects o , 409t
 or colorectal cancer, 411
 or gastrointestinal stromal tumor, 548
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REL gene mutations, 322t, 324t
Renal cell carcinoma (RCC), 586

clinical  eatures o , 587
epidemiology o , 586, 767, 785
genetic considerations in, 586t, 586–587
metastatic, 632t
paraneoplastic syndromes in, 587, 718t, 719
pathology o , 586t, 586–587
prognosis o , 587 , 587–588
questions regarding, 767, 785
staging o , 587 , 587–588
treatment o , 339t, 355, 416, 588, 767, 785
tuberous sclerosis and, 586
von Hippel-Lindau syndrome and, 586, 697

Renin
ectopic production o , 714t
pNE  secreting, 659t, 679

Reptilase time, 30
Respiratory syncytial virus, 430
Respiratory tract in ections, 33
Respite care, 470
Response, to drug, 394
Response Evaluation Criteria in Solid  umors 

(RECIS ), 368, 394, 572
Reteplase

action o , 317
domain structure o , 316 , 317
indications  or, 317

RET gene mutations
action o , 700
cancers associated with, 324t
as drug target, 332
genetic testing  or, 695–696
in lung cancer, 503, 504 , 523
in MEN 2, 327t, 686t, 695–696, 704
in pheochromocytoma/paraganglioma, 696, 

708 
prophylactic thyroidectomy in, 694, 694t
screening tests in, 694t, 695–696
in thyroid cancer, 649, 650t, 693

Reticulin stain, 62 
Reticulocyte count, 59 

in anemia, 13, 15–16
correction o , 16 
in hemolytic anemia, 112, 112t

Reticulocyte production index, 15–16, 16 , 16t
Reticulocyte(s), 15 
Reticuloendothelial system, 73
Retina, radiation-induced damage to, 392
Retinoblastoma, hereditary, 322t, 326 , 327t, 329
Retinoblastoma protein (Rb), 334, 481
Retinoic acid,  or squamous cell carcinoma, 493
Retinoic acid receptors, 376
Retinol, 376
Retinopathy, cancer-associated, 722t, 729
Retroperitoneal hemorrhage, 267
Retroviruses, 322, 330
Reverse isolation, 434
“Reverse type,” 148
Reversible posterior leukoencephalopathy, 740
Rhabdomyosarcoma, 324t
RHAG gene mutations, 116t, 117
Rh blood group system, 147, 147t
RHC (red hair color) phenotype, 482
Rh0(D) immune globulin,  or immune 

thrombocytopenic purpura, 259
Rheumatoid arthritis (RA), 12, 79, 79 
Rhinosinusitis. See Sinusitis
Right ventricular dys unction, 286
Right ventricular microin arction, 286
Risperidone, 468, 468t

Rituximab
action and targets o , 339t, 413, 414t
adverse e ects o 

cytokine release syndrome, 745
hypersensitivity reaction, 748
in ections, 429, 431
tumor lysis syndrome, 743

 or autoimmune hemolytic anemia, 125
 or Castleman’s disease, 215
 or cerebellar degeneration, 727
 or CLL, 205, 339t, 340, 413
 or coagulation  actor inhibitors, 269
 or cold agglutinin disease, 126
 or di use large B-cell lymphoma, 208–209
 or  ollicular lymphoma, 207
 or gastric lymphoma, 547
 or hemolytic-uremic syndrome, 746
 or immune thrombocytopenic purpura, 259
 or leukemia, 339t
 or mantle cell lymphoma, 206
 or mediastinal large B-cell lymphoma, 218
 or paraneoplastic encephalitis, 725
during pregnancy, 451–452
 or primary central nervous system lymphoma, 

629
 or thrombotic thrombocytopenic purpura, 260
 or Waldenstrom’s macroglobulinemia, 242

Rivaroxaban
adverse e ects o , 313
dosage o , 313
 or DV /PE, 291
indications  or, 312–313
monitoring treatment with, 313
pharmacology o , 312t
in pregnancy, 314
 or V E prophylaxis, 293t

Rombo syndrome, 490
Romidepsin, 339t, 409t, 412
Romiplostim, 259, 419
Rosai-Dor man disease (sinus histiocytosis with 

massive lymphadenopathy), 215
ROS1 gene mutations, 503, 504 
Rosiglitazone, 257t
Rouleaux  ormation, 58, 60 
Rous sarcoma virus, 322
Roxi ban, 257t
Rubor, 42 
RUNX1 gene mutations, 170–171, 171t, 224
Ruxolitinib

action o , 339t, 411
adverse e ects o , 161, 164
 or polycythemia vera, 161
 or primary myelo brosis, 164

S
S-100 protein, in carcinoma o  unknown primary, 

640t
Salicylates, 404
Saline, normal, 716
Salivary gland tumors

benign, 495, 499
malignant, 495, 499

Salmonella spp. in ections, 425t–426t
Salpingo-oophorectomy, 609, 611, 614
153Samarium therapy, 370, 462
Sarcoidosis, 34
Sarcoma

bone. See Bone sarcoma
deaths  rom, 364t
de nition o , 333, 386
gastric, 547–548

genetic considerations in, 323
metastatic, 632t
paraneoplastic syndromes in, 714t
so  tissue. See So  tissue sarcoma
uterine, 613–614

Schistocytes, 58, 255 , 260, 272, 757, 771
Schistosomiasis, 375t, 575, 582
Schwannomas, 630
Schwannomatosis,  amilial, 625t
Scintigraphy, thyroid, 646
Scopolamine

 or excess secretions, 465, 474, 476t
 or nausea and vomiting, 464
in terminal weaning, 472

Screening trials, 380
Scurvy, 264
SDHB gene mutations, 699, 705, 708 
SDHC gene mutations, 708 
SDHD gene mutations, 705–706, 708 
SDH (succinate dehydrogenase) enzyme, 700, 705
Sebastian’s syndrome, 259
Secondary eosinophilia, 226
Second-hand smoke. See Smoking, passive 

exposure to
Secretion de ects, 261
Seizure(s)

in brain tumor, 623, 788
in cancer patient, 740
chemotherapy-induced, 637t

Selectins, 44, 45 , 436
Selection bias, 380
Selective estrogen response modulators (SERMs), 

338 , 342
Selective serotonin reuptake inhibitors (SSRIs), 

467
Selenium

de ciency o , 542
 or prostate cancer prevention, 378

Seligman’s disease (α heavy chain disease), 
243–244, 549

Seminoma, 603 , 604, 768, 787
Senescence

carcinogenesis and, 334t, 336
de nition o , 344

Senile purpura, 264
Senna, 463, 464t
Sensitivity, o  tests, 379, 379t
Sentinel lymph node biopsy, 389, 487, 536
Sepsis/septic shock, 423
Septicemia, 123t
Serotonin (5-H )

in carcinoid syndrome, 669
in coordination o  emesis, 420
laboratory evaluation o , 670
structure o , 671 
synthesis, secretion, and metabolism o , 658, 

661 
Serotonin (5-H 3) receptor antagonists

 or carcinoid syndrome, 669, 671
 or nausea and vomiting, 420, 464
structure o , 671 

Serotonin norepinephrine reuptake inhibitors 
(SNRIs), 467

Serotonin release assay, 304
Serratia spp. in ections, 426t
Sertoli-Leydig tumor, 610
Sertraline, 369, 467
Serum proteins, electrophoresis o , 232–234, 233 
Serum sickness

with A G treatment, 137
treatment o , 137
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SETBP1 mutations, 223
Severe combined immunode ciency (SCID), 438, 

442, 443t
Sex cord tumors, ovarian, 610–611
Sexually transmitted in ections (S Is), 612
Sezary’s syndrome, 67 , 211
Shi  cells, 15, 16 
Shingles, 424t
Shwachman-Diamond syndrome, 47, 134
Sickle cell anemia, 87

clinical  eatures o , 86–87, 87t
acute chest syndrome, 86, 88–89
autosplenectomy, 40
hand- oot syndrome, 86
pain ul crises, 86, 88
splenic sequestration crisis, 86
stroke, 87

diagnosis o , 87t, 88, 88 
pathophysiology o , 86, 86 
peripheral blood smear in, 61 , 88 
reticulocyte index in, 19
treatment o , 88–89, 94, 438, 443

Sickle cell crisis
pathophysiology o , 86 
splenic in arction in, 36

Sickle cell trait, 87t, 87–88
Sickle thalassemia syndrome, 87t, 88
Sideroblast(s), 17

marrow, 75 
ringed, 19, 66 , 76, 140 

Sideroblastic anemia
diagnosis o , 77t
in myelodysplasia, 19

Sigmoidoscopy,  or colorectal cancer screening, 
381t, 383, 556

Signal transduction pathways, 337–342, 338 , 345 
Sildena l, 587, 768, 787
Sinus histiocytosis with massive 

lymphadenopathy, 215
Sinusitis, Aspergillus, 430
Sinusoidal obstructive syndrome, 439–440
Sipuleucel- , 413, 587, 598
Sister Mary Joseph’s node, 545, 577
Skin blister assay, in vivo, 55
Skin cancer, 480

extramammary Paget disease, 493
genetic considerations in, 322t
melanoma. See Melanoma
nonmelanoma, 490, 493

basal cell carcinoma. See Basal cell 
carcinoma

Kaposi’s sarcoma. See Kaposi’s sarcoma
Merkel cell carcinoma, 493
questions regarding, 763, 778–779
risk  actors  or, 778–779
squamous cell carcinoma. See Squamous cell 

carcinoma, skin
paraneoplastic syndromes in, 714t
prevention o , 493
screening  or, 382t, 385
sel -examination  or, 375
sun/UV exposure and, 375, 375t, 490

Skin examination, 382t
Skin in ections, 422
SLC2A1 gene mutations, 117
SLC4A1 gene mutations, 116t, 117
SLC35C1 gene mutations, 48
SLE. See Systemic lupus erythematosus (SLE)
Sleep hygiene, 469
SMAC, 344
SMAD4 gene mutations, 321 , 327t

Small cell lung cancer
immunohistochemistry o , 504
Lambert-Eaton myasthenic syndrome in, 509, 

722
paraneoplastic syndromes in, 713, 714t, 722, 

726
pathology o , 502 , 502–503
questions regarding, 764, 780–781
staging o , 513
treatment o , 513 , 523–524, 524 

Small intestine
absorption and secretion in, 74
benign tumors o , 548
malignant tumors o , 549–550
neuroendocrine tumors o , 661t, 666–667, 672

Small-molecule inhibitors, 345 , 355
Small round cell tumor, desmoplastic, 324t
SMM (smoldering multiple myeloma), 237
SMO gene mutations, 490, 491 
Smokeless tobacco, 374, 494
Smoking

bladder cancer and, 575, 582, 767, 785
cervical cancer and, 612
cessation o 

a er lung cancer diagnosis, 501
pharmacologic therapy  or, 501
stages o , 373–374
success rates o , 373

colorectal cancer and, 554
esophageal cancer and, 373, 542–543
head and neck cancer and, 494, 763, 779
hemoglobin elevation and, 12
lung cancer and, 373, 500–501
neutrophil counts in, 48
pancreatic cancer and, 576, 766, 784
passive exposure to, 373, 500–501
polycythemia in, 20
renal cell carcinoma and, 586
second malignancy and, 376
skin cancer and, 490

Smoldering multiple myeloma (SMM), 237
Smudge cells, 59, 203, 203 
Sodium docusate, 464t
Sodium  erric gluconate, 78
Sodium phosphate enema, 464t
So  tissue sarcoma, 364t, 411
Solitary pulmonary mass/nodule, 515, 516 , 516t, 

517, 763, 779–780
Somatic mutations, 320, 321 
Somatostatin

actions o , 677
structure o , 671 

Somatostatin analogues
adverse e ects o , 681
 or carcinoid syndrome, 672
 or VIPoma, 678

Somatostatinoma, 659t, 662, 676–677
Somatostatin receptor scintigraphy (SRS),  

679–680, 680 
Sora enib

action and targets o , 332, 337, 339t, 355, 407 , 
409t, 411

adverse e ects o , 409t, 411, 421
 or cholangiocarcinoma, 574
 or hepatocellular carcinoma, 337, 355,  

569–572, 570t–571t
 or renal cell carcinoma, 337, 339t, 355, 588

Southeast Asia ovalocytosis, 116t, 117
SPARC, 577
Speci c granule de ciency, 49t, 51
Speci city, o  tests, 379, 379t

Spermatogenesis, radiation-induced e ects on, 
754

Sperm banking, 421, 606, 754
S-phase analysis, in breast cancer, 536
Spherocytes, 58, 757, 771
Spherocytosis, 60 
Spinal cord compression, neoplastic

clinical  eatures o , 736–737
diagnosis o , 737, 738 
in lung cancer, 511
metastatic, 736
treatment o , 737–738, 738 

Spinal cord disease/injury
paraneoplastic syndromes, 727
radiation-induced, 392, 753

Spleen
accessory, 35
congenital absence o . See Asplenia
in arction o , 36
palpable, 36–37
percussion o , 37
rupture o , 36, 39
structure and  unction o , 35 , 35–36

Splenectomy, 39–40
 or atypical chronic myeloid leukemia, 224
 or autoimmune hemolytic anemia, 125
 or B-cell prolymphocytic leukemia, 216
 or CML, 191
 or hemoglobinopathies, 90
 or hereditary spherocytosis, 116
 or Hodgkin’s lymphoma staging, 39
 or immune thrombocytopenic purpura, 259
immunizations a er, 88, 116
in ections a er, 423, 759, 774
 or leukemia, 39
long-term e ects o , 39
 or lymphoma, 39
 or myelo brosis, 164
 or polycythemia vera, 161
 or sickle cell anemia, 88
 or thalassemia, 92
 or thrombotic thrombocytopenic purpura, 260

Splenic marginal zone lymphoma, 210, 216–217, 
217t

Splenic sequestration crisis, in sickle cell  
anemia, 86

Splenomegaly, 35
approach to the patient, 36–37, 39
clinical  eatures o , 36–37, 39
in CML, 184
congestive, 39
di erential diagnosis o , 39
diseases associated with, 38t
in hemolytic anemia, 19, 759, 774
in hepatocellular carcinoma, 563
massive, 37, 38t
in myelodysplasia, 143
in myelo brosis, 164
in polycythemia vera, 20, 160
questions regarding, 758–759, 771, 774

Splenosis, 39
Sprouting, 351
SPTA1 gene mutations, 116t
SPTB gene mutations, 116t
Spur cell(s), 15 
Sputum analysis, in lung cancer, 509–510
Squamous cell carcinoma

bladder, 575, 582
esophagus, 542t, 542–543, 765–766, 782–783
head and neck region, 495
lung, 502, 502 
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Squamous cell carcinoma (Cont.):
skin

clinical  eatures o , 491, 492 
epidemiology o , 490
genetic considerations in, 490
in ections in, 423t
natural history o , 491–492
pathophysiology o , 490
prevention o , 493
questions regarding, 763, 778
risk  actors  or, 490
sun exposure and, 490
in transplant recipient, 490
treatment o , 339t, 493

o  unknown primary, 642 , 643
SQUID (super-conducting quantum-inter erence 

device), 94
Stan ord V regimen,  or Hodgkin’s lymphoma, 213
Staphylococcal in ections, 423t, 426, 426t, 427t
Staphylococcus aureus in ections

in cancer patient, 426, 426t, 427t
in leukocyte adhesion de ciency, 48

S A 5, 7
S A   actors, 338 
Statins

 or colorectal cancer prevention, 377
 or prostate cancer prevention, 590

Stau er’s syndrome, 587
Steatohepatitis, nonalcoholic. See Nonalcoholic 

steatohepatitis (NASH)
Stem cells

cell division in, 2
 unctions o , 2, 3 
hematopoietic. See Hematopoietic stem cells
niche site, 3
pluripotent, 41
quiescence o , 6
relationship to cancer, 7
sel -renewal o , 5–7, 6 

Stenotrophomonas maltophilia in ections, 427
Stent, drug-eluting coronary artery, 297
Stereotactic radiation therapy, 517
Stereotactic radiosurgery, 739, 769, 789
Stevens-Johnson syndrome (SJS), 426
Sti -person syndrome, 722t, 727–728
STK11 gene mutations, 577
S K11 genes, 343
Stomach

biopsy o , in cobalamin de ciency, 103–104
cancer o , 362 –363 

Stomach tumors
lymphoma, 547
sarcoma, 547–548

Stomatocytes, 58
Stomatocytosis, 61 , 116t
Stool so eners, 463, 464t
Storage pool disorder, platelet, 261
Streptococcal in ections, 423, 423t, 425t–426t
Streptococcus bovis bacteremia, 554
Streptokinase, 314–315, 315 
Streptozotocin, 370, 419, 681, 688
Stroke

carotid radiation and, 752
deaths  rom, 454t
treatment o , 314

Stromal tumors, ovarian, 610
89Strontium therapy

 or bone pain, 370, 463
 or metastatic breast cancer, 538

Subacute necrotizing myelopathy, paraneoplastic, 
722t

Subcutaneous panniculitis-like  -cell lymphoma, 
212, 221

Succinate dehydrogenase (SDH) enzyme, 700, 705
Suicide

deaths  rom, 454t
physician-assisted, 473t, 473–474

Sul amethoxazole, 120t
Sul asalazine, 106t
Sul soxazole, 257t
Sul onamides

eosinophilia caused by, 54
in G6PD de ciency, 120t
thrombocytopenia caused by, 257

Sul oraphane, 590
Sulindac, 376, 553
Sunburn, 375
Sun exposure

melanoma and, 374, 375t, 480, 482
nonmelanoma skin cancer and, 374, 375t, 490
skin e ects o , 375t

Sunitinib
action and targets o , 332, 337, 339t, 355, 409t, 411
adverse e ects o , 409t, 411, 421, 575, 588, 752
 or gastrointestinal stromal tumor, 337, 339t, 

355, 548
 or hepatocellular carcinoma, 337
 or malignant pheochromocytoma, 703
 or pNE s, 337, 575
 or renal cell carcinoma, 337, 339t, 355, 411, 

588, 767, 785
 or small intestinal leiomyosarcoma, 550

Sunscreen
 or melanoma prevention, 482
 or skin cancer prevention, 375

Super-conducting quantum-inter erence device 
(SQUID), 94

Superior vena cava syndrome, 732
clinical  eatures o , 732–733
diagnosis o , 733, 734 
etiology o , 732
in lung cancer, 507t, 508
treatment o , 733, 734 

Suramin, 257t, 637t
Surgical patient

blood loss in, 130
V E prophylaxis in, 293, 293t

Swallowing di culty. See Dysphagia
Sweat/sweating, in pheochromocytoma, 700
Sweet syndrome

in cancer patient, 426
clinical  eatures o , 426
myelodysplasia and, 143

Synaptophysin, 640t
Syndrome o  inappropriate antidiuretic hormone 

(SIADH)
in lung cancer, 508
tumor-associated, 715–716

Syndrome X. See Metabolic syndrome
Synthetic lethality, 341 , 342, 416
Syphilis, 33
Systemic lupus erythematosus (SLE)

hematologic  eatures o , 133
lymphadenopathy associated with, 33–34
splenomegaly associated with, 37

Systemic lytic state, 314

T
 4. See T yroxine
 achykinins, 669
 adala l, 587
 a amidis, 252

 AFI (thrombin-activatable  brinolysis 
inhibitor), 284

 alc, intrapleural, 371
TAL1 gene mutations, 324t
 amoxi en

 or breast cancer
prevention, 377, 540
treatment, 341–342, 406, 536–537, 537t, 539t

 or ductal carcinoma in situ, 540
 or gynecomastia, 597
neurologic signs associated with, 637t

 anning, 490
 anning beds, 490
 arget cells, 14 , 58, 61 
 arget volume, in radiation therapy, 391
 arui’s disease. See Phospho ructokinase de ciency
 axanes

adverse e ects o , 637t, 748–749, 751t
 or breast cancer, 537, 539
characteristics o , 401t, 405
drug interactions o , 740
 or melanoma, 489
 or ovarian cancer, 609
resistance to, 405

  cell(s)
allogenic, trans er o , 412
autologous, manipulation o , 412
in cord blood, 6
di erentiation o , 5 , 197, 199 
inactivation by tumor cells, 356, 357 
natural killer

hematopoietic di erentiation o , 5 
neoplasms o , 196, 212

priming against tumor-associated peptides, 413
 -cell and NK cell neoplasms, mature

aggressive NK cell leukemia, 220
angioimmunoblastic  -cell lymphoma, 221
blastic NK cell lymphoma, 221
chronic myelomonocytic leukemia, 224–225
enteropathy-type  -cell lymphoma, 220
hepatosplenic  -cell lymphoma, 220
juvenile myelomonocytic leukemia, 225
MDS/MPN-U, 225
myeloproli erative neoplasm, unclassi able, 225
primary cutaneous CD30+  -cell lymphoma, 221
subcutaneous panniculitis-like  -cell 

lymphoma, 221
 -cell large granular lymphocytic leukemia, 

219–220
 -cell prolymphocytic leukemia, 219
transient myeloproli erative disorder, 225–226

 -cell large granular lymphocytic leukemia, 219–220
 -cell prolymphocytic leukemia, 219
 eardrop cells, 62 
 elangiectasia

hereditary hemorrhagic. See Osler-Weber-
Rendu syndrome

intestinal, 548
 eletherapy, 391
 elomerase, in cancer cells, 336
 elomere, 336
 elotristat etiprate, 671
 emozolomide

action o , 401–402
adverse e ects o , 398t, 681
 or astrocytoma, 626
 or glioblastoma, 627
 or malignant pheochromocytoma, 703
 or melanoma, 489
 or oligodendroglioma, 628
 or pNE S, 681
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 emsirolimus
action and targets o , 339t, 407 , 410t, 411
adverse e ects o , 339t, 410t, 411, 421, 746
 or mantle cell lymphoma, 206
 or NE s, 683
 or renal cell carcinoma, 339t, 588

 enecteplase
action o , 316–317
domain structure o , 316 , 317
indications  or, 317
 or pulmonary embolism, 292

 eniposide, 637t
 eratogenesis, 447
 eratoma

ovarian
anti-NDMA encephalitis and, 724 , 725, 726 
benign, 611
clinical  eatures o , 611
paraneoplastic opsoclonus-myoclonus 

syndrome and, 727
pineal, 629
testicular, 602, 605

TERC gene mutations, 134
 erminal extubation, 472
 erminally ill patient, 454

advance care planning  or, 458–460, 459t
assessment o , 455–456
with cancer, 372
care during last hours, 474–475, 476t
clinical courses o , 475 
communicating bad news to, 456, 457t
depression in, 466–467
euthanasia and physician-assisted suicide  or, 

473t, 473–474
existential needs o , 470–471
 nancial burdens o , 469–470
 utile care o , 472–473
managing last stages  or, 472
physical symptoms o , 460, 460t

anorexia, 476t
apnea, 476t
constipation, 463, 464t
dehydration, 476t
delirium, 476t
dysphagia, 476t
dyspnea, 464–465, 465t
 atigue, 465–466, 476t
incontinence, 476t
nausea and vomiting, 463–464
pain, 461–463

psychological symptoms o , 460t, 466–469
delirium, 467–469, 468t
depression, 466–467
insomnia, 469

social needs o , 469–470
withholding/withdrawal o  care o , 471–472

 erminal weaning, 472
TERT gene mutations, 134
 esticular cancer, 601

clinical  eatures o , 601–602
epidemiology o , 601
etiology o , 601
genetic considerations in, 601
global considerations in, 601
incidence o , 601
metastatic, 33
paraneoplastic syndromes in, 714t, 722t, 729
pathology o , 602
questions regarding, 768, 787
risk classi cation in, 605, 605t
seminoma, 603 , 604, 768, 787

staging o , 602, 603 
treatment o 

chemotherapy  or advanced disease, 604–605
HSC , 444
in ertility a er, 606
late consequences o , 754, 756t
nonseminoma, 602, 603 , 604
postchemotherapy surgery, 605–606
risk-directed chemotherapy, 605, 605t
salvage chemotherapy, 606
seminoma, 603 , 604, 768, 787

tumor markers in, 602, 768, 787
 esticular disorders

in Carney’s complex, 698
cryptorchidism, 601
mass, 601
neuroendocrine tumors, 668

 etanus-diphtheria ( d) vaccine, 424t
TET2 gene mutations, 142, 171, 171t
 etracyclines, 106t
 etrahydrocannabinol ( HC), 420
 etrahydro olate, 97–98, 98t
 etralogy o  Fallot, 20
 F (tissue  actor), 22–23, 23 
T alassemia syndromes, 84, 84t, 91
α thalassemia, 85, 92, 92t, 771
α thalassemia-1 trait, 92, 92t
α thalassemia-2 trait, 92, 92t
ß thalassemia

clinical  eatures o , 91–92
genetic considerations in, 85

ß thalassemia intermedia, 91, 91 
ß thalassemia major, 91
ß thalassemia minor, 92
ß thalassemia trait, 92
diagnosis and management o , 92–93
di erential diagnosis o , 77, 77t
epidemiology o , 85
genetic considerations in, 85
HSC   or, 438, 443, 443t
malaria resistance and, 85
peripheral blood smear in, 57, 61 
prevention o , 93
reticulocyte index in, 19
silent, 92t
splenomegaly in, 37
treatment o , 92–93

T alassemic structural variants, 93–94
T alidomide

action and targets o , 411
adverse e ects o , 241, 411, 637
 or AL amyloidosis, 250
 or malignant pheochromocytoma, 703
 or multiple myeloma, 240–241, 411
neuropathy caused by, 637
 or primary myelo brosis, 164

 HC (tetrahydrocannabinol), 420
T ecoma, o  ovary, 610
T erapeutic index, 393
 HF starvation, 100
T ienopyridines, 296–298
T iethylperazine, 420
6-T ioguanine, 399t, 404
T ioridazine, 468t
T iotepa, 401, 637t
T oracentesis, 371
T rombin

in  brin clot  ormation, 23, 23 , 295 
inhibitors to, 265
plasma-derived bovine and human, as 

hemostatic sealants, 276
production o , 284

T rombin-activatable  brinolysis inhibitor 
( AFI), 284

T rombin generation test, 31
T rombin time, 30, 30t, 266 , 266t
T rombocytopenia, 255

approach to the patient, 255 –256 , 256
bleeding in, 27
chemotherapy-related, 418–419
drug-induced, 256–257, 257t
heparin-induced. See Heparin-induced 

thrombocytopenia
history in, 256
in HIV in ection, 256, 258
in ection-induced, 256
inherited, 255, 260
peripheral blood smear in, 255, 255 
physical examination in, 256
re ractory, 141t
treatment o , 419

T rombocytopenia with absent radii, 259
T rombocytopenic purpura, immune, 258–259
T rombocytosis

etiology o , 164t, 261
paraneoplastic, 718t, 719

T romboendarterectomy, 293
T rombogenesis, 295 
T rombomodulin, 24
T rombophilia, 31
T romboplastin, 29
T rombopoietin

description o , 5 , 254, 279
therapeutic use o , 419

T rombopoietin receptor agonists, 259
T rombosis, 26

approach to the patient, 28
in heparin-induced thrombocytopenia, 257
history in, 28
in in ammation, 280–281
laboratory evaluation o , 28–31
in liver disease, 275, 275t, 276 
pathophysiology o , 278, 279 
in polycythemia, 20
risk  actors  or, 28, 28 , 28t

T rombotic thrombocytopenic purpura (  P), 259
diagnosis o , 260
hemolytic-uremic syndrome versus, 259
idiopathic, 260
inherited, 260
pathology and pathogenesis o , 259–260, 260 
peripheral blood smear in, 260
treatment o , 260

T romboxane A2, 295, 295 
T rush, 427
T ymectomy

 or myasthenia gravis, 528
 or pure red cell aplasia, 528
 or thymoma, 528

T ymic cancer, 714t
T ymic neuroendocrine tumors (carcinoids), 668
T ymidylate synthase, in lung cancer, 521
T ymoma, 526

clinical  eatures o , 133, 526–527
diagnosis o , 526–527
EBV in ection and, 528
etiology o , 527–528
in myasthenia gravis, 528
paraneoplastic syndromes in, 722t, 729
pathology o , 527–528, 528t
pure red cell aplasia and, 140, 528
staging o , 527, 527t
treatment o , 528
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T yroglobulin, 639, 653
T yroid cancer

anaplastic, 648, 653–654
carcinoma o  unknown primary and, 640t
chemotherapy  or, 653–654
classi cation o , 649, 649t
deaths  rom, 361t
di erentiated  orms o , 648
 ollicular, 648, 651–652
genetic alterations in, 650t
genetic considerations in, 324t
growth  actors and, 649
incidence o , 361t, 362 , 648
131I thyroid ablation  or, 652–653
kinase inhibitors  or, 653
levothyroxine-induced thyroid-stimulating 

hormone suppression as treatment  or, 652
medullary, 651
molecular diagnostics  or, 651
mortality rates  or, 651
oncogenes in, 649–651
papillary, 648, 651, 652 
pathogenesis o , 649–651
physical examination  or, 646–648
during pregnancy, 447t, 452
radiation exposure as cause o , 649
radiation therapy-related, 755
radioiodine treatment  or, 416, 652–653
risk  actors  or, 648, 648t
staging o , 649, 649t, 651
surgery  or, 652
survival rates  or, 652 
thyroglobulin as marker  or, 653
thyroidectomy  or, 647
thyroid nodules as risk  actor  or, 648t
thyroid-stimulating  actor receptor expression 

by, 649
 NM staging o , 649, 649t
tumor-suppressor genes in, 649–651
ultrasound o , 647, 647t
well-di erentiated, 651–652

T yroidectomy
prophylactic, in RE  mutations, 694, 694t
 or thyroid cancer, 694
thyroid cancer treated with, 647

T yroid gland
disorders o 

Candida in ection, 430
during pregnancy, 452, 452t
radiation-induced, 754

lymphoma o , 654
palpation o , 646
physical examination o , 646–648
radioiodine uptake scan o , 646–647
scintigraphy o , 646
size o , 646

T yroiditis
postpartum, 646
radiation therapy-related, 754
subacute, 646
viral, 646

T yroid neoplasms
benign, 647–648, 648t
malignant, 648t

T yroid nodules
benign, 647
Bethesda classi cation, 655t
description o , 646
 ne-needle aspiration biopsy o , 648, 654–655
lobectomy  or, 655–656
palpable, 654

prevalence o , 654
solitary, 654, 655 
thyroid cancer risk  actors in, 648t
thyroid-stimulating hormone  or, 655
treatment o , 654–656, 655 
ultrasound o , 647 , 654

T yroid-stimulating hormone ( SH)
ectopic production o , 714t
levothyroxine-induced suppression o , 648, 652
in pregnancy, 452, 452t

T yroid-stimulating hormone ( SH) receptors, 649
T yroid transcription  actor-1 (  F-1)

in carcinoma o  unknown primary, 641
in lung cancer, 503–504, 641

T yrotoxicosis  actitia, 646
T yroxine, 452, 452t
T yroxine-binding prealbumin. See  ransthyretin
 iagabine, 728
 icagrelor

action o , 298
adverse e ects o , 298
dosage o , 298
indications  or, 298

 iclopidine
action o , 296 
adverse e ects o , 260

 ie2, 352 , 353
 inzaparin, 291t
 iro ban

action o , 296 , 299–300
adverse e ects o , 257t, 300
dosage o , 300
genetic variation in response to, 281t
indications  or, 300
pharmacology o , 300t

 issue  actor pathway inhibitor, 24 , 24–25, 301, 772
 issue  actor ( F), 22–23, 23 , 295, 758, 772
 issue plasminogen activator (tPA)

arterial thrombotic disease and, 284
in  brinolysis, 25, 25 

 issue thromboplastin inhibition test, 30
 ivantinib, 571
 NM staging, 366, 388

o  appendiceal NE s, 662, 662t
o  bladder cancer, 575, 582, 583 
o  breast cancer, 533, 534t
o  colorectal cancer, 557, 558 
o  head and neck cancer, 496, 497 
o  hepatocellular carcinoma, 564
o  lung cancer, 511–513, 514t–515t
o  pancreatic cancer, 578, 579 
o  pNE s, 661t, 662
o  prostate cancer, 592–593, 593 , 593t
o  thyroid cancer, 649, 649t

α- ocopherol
 or lung cancer prevention, 376
 or prostate cancer prevention, 378

 olerance, 462
 oll-like receptors ( LRs), 281
 olvaptan

adverse e ects o , 508
 or SIADH, 508, 716

 onsillectomy, 26–27
 opiramate, 462
 opoisomerase I, 403
 opoisomerase II, 403
 opoisomerase inhibitors, 142, 168, 398t–399t, 

402–403, 755. See also speci c drugs
 opotecan

action o , 403
adverse e ects o , 399t, 403

 or lung cancer, 524
 or ovarian cancer, 610

 otal iron-binding capacity
in anemia evaluation, 12
in hypoproli erative anemia, 18, 80t
in iron-de ciency anemia, 75 
in microcytic anemia, 77t
normal, 16, 75

 oxic granulations, neutrophils, 43
 oxic multinodular goiter, 646
Toxoplasma gondii in ection (toxoplasmosis)

in cancer patient, 429, 429t
lymphadenopathy associated with, 34

TP53 gene mutations
in bladder cancer, 583
in lung cancer, 505
tumors associated with, 327t

 racheoesophageal  stula, 543
 RAIL, 344, 345 , 346
 RALI (trans usion-related acute lung injury),  

153
 rametinib

action and targets o , 339t, 407 , 408t, 411
adverse e ects o , 408t
 or melanoma, 411, 488, 489, 778

 ranexamic acid, 263, 268, 274
 ranilast, 257t
 ransaminases, 305
 ranscobalamin I, 97
 ranscobalamin II, 97
 ranscription  actors, 7, 337, 338 
 rans errin

di erric, 72
iron content o , 72t
in iron metabolism, 72, 73 
laboratory measurement o . See  otal iron-

binding capacity
mono erric, 72

 rans errin receptor protein, 77
 rans errin receptors, 73
 rans errin saturation, 16, 18, 73 
 rans orming growth  actor-α ( GF-α), 355
 rans orming growth  actor-ß ( GF-ß)

in hypercalcemia o  malignancy, 713
in oncogene signaling pathway, 347 
in radiation-induced  brosis, 752–753

 rans usion(s), 148
adverse reactions to, 150

allergic, 152
alloimmunization, 153
anaphylactic, 152
delayed hemolytic and serological, 152
electrolyte toxicity, 153
 ebrile nonhemolytic, 152
 uid overload, 153
gra -versus-host disease, 152–153
hemosiderosis, 94
hypotension, 154
hypothermia, 153
immunomodulation, 154
incidence o , 150t
in ectious, 150t, 154–155
iron overload, 81, 138, 153–154
lung injury, 153
purpura, 153

alternatives to, 155
 or AML, 178
 or anemia, 20
 or aplastic anemia, 138
autologous, 155
blood components  or, 148–150, 149t
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 or chemotherapy-associated anemia/
thrombocytopenia, 419

 or DIC, 273
 or hemophilia, 267–268
 or iron-de ciency anemia, 77–78
packed red blood cell, 148–149, 149t

 or AML, 178
 or aplastic anemia, 138
 or hypoproli erative anemia, 81
 or iron-de ciency anemia, 77–78

platelet. See Platelet trans usion
pretrans usion testing, 148
reducing need  or, 155
risks o , 81
 or sickle cell anemia, 88
 or thalassemia, 92
whole blood, 148

 rans usion-related acute lung injury ( RALI), 153
 ranshepatic artery chemoembolization ( ACE), 

569, 570
 ransient myeloproli erative disorder, 225–226
 ransit volume, in radiation therapy, 391
 ranslocation, chromosome, 323, 324t
 ransrectal ultrasonography, 592–593
 ransthyretin (  R), 245, 246t
 ransvaginal ultrasound, 384, 609
 RAPS (tumor necrosis  actor-α receptor-

associated periodic syndrome), 53
 rastuzumab

action and targets o , 339t, 340, 348, 413–414, 
414t

adverse e ects o 
cardiotoxicity, 402, 414, 421, 751, 751t, 770, 790
hypersensitivity reaction, 745, 748

 or breast cancer, 339t, 340, 348, 536, 537, 537t, 
539

drug interactions o , 402
 or esophageal cancer, 544
 or ovarian cancer, 610

 raube’s sign, 37
 razodone

adverse e ects o , 467
 or depression, 467
 or insomnia, 469

 retinoin, 408t
 ricuspid stenosis, 668
 rimethoprim-sul amethoxazole ( MP-SMZ)

adverse e ects o 
in G6PD de ciency, 120t
neutropenia, 46, 760, 775
thrombocytopenia, 257t

 or chronic granulomatous disease, 55
prophylactic

in chronic neutropenia, 55
in transplant recipient, 442t

 riose phosphate isomerase de ciency, 118t
 risomy 21. See Down’s syndrome (trisomy 21)
TRK gene mutations, 324t, 650t
 ropical pulmonary eosinophilia, 54
 ropical spastic paraparesis, 211
 ropical sprue, 105
 ropisetron, 671
 rousseau’s syndrome, 509
TSC1/2 gene mutations, 327t
 uberculosis ( B)

anemia in, 79
in cancer patient, 423t, 425t
extrapulmonary, 429

 uberin, 665
 uberous sclerosis (Bourneville’s disease)

brain tumors in, 626

clinical  eatures o , 625t
genetic considerations in, 327t
pathogenesis o , 632
pNE s in, 664t, 665
renal cell carcinoma and, 586
treatment o , 632

 ubulointerstitial diseases, chronic, 586
 umeric, 27t
 umor, 386
 umor burden, 366
 umor lysis syndrome, 743–744
 umor markers, 368, 369t

in carcinoma o  unknown primary, 638–639, 639t
in ovarian cancer, 608
in pancreatic cancer, 577–578
in testicular cancer, 602

 umor necrosis  actor receptors, 344
 umor necrosis  actor ( NF), 79, 79 
 umor necrosis  actor-α ( NF-α)

 unctions o , 53
in tumor angiogenesis, 355

 umor (sign o  in ammation), 42 
 umor-suppressor genes

caretaker genes, 321, 326
de nition o , 320–321, 325
epigenetic silencing o , 342–343
inactivation o , 321, 325
in lung cancer, 504
in thyroid cancer, 649–651

 umor vaccines, 412–413
 umstatin, 356 
 urcot’s syndrome, 553, 553t, 625t
 ylosis palmaris et plantaris, 542
“ ype and screen,” 148
 yrosine kinase inhibitors

action and targets o , 337
adverse e ects o , 498
 or AML, 177t
 or CML, 187–189, 188t
cost o , 192
global considerations in, 192, 192 
 or head and neck cancer, 498
in pregnancy, 191
resistance to, 183

U
UG 1A1 gene mutations, 120
Ulcerative colitis, 369t. See also In ammatory 

bowel disease (IBD)
Ultrasonography

o  deep leg veins, 288 , 288–289
endobronchial, 509

Ultraviolet light therapy. See Phototherapy
Umbilical cord stem cells, 6
Un ractionated heparin. See Heparin
Upshaw-Schulman syndrome, 260
Uremia, 61 
Ureter(s)

cancer o , 586
in ections o , in cancer patients, 431

Uric acid nephropathy, 174
Urinary diversion, 584
Urinary incontinence

a er prostatectomy, 594
in terminally ill patient, 476t

Urinary tract in ections (U Is), 431
Urinary tract obstruction, 735
Urokinase, 315–316
Urokinase-type plasminogen activator (u-PA), 

25, 25 
Uterine sarcoma, 613–614

U Is. See Urinary tract in ections (U Is)
Uveitis, paraneoplastic, 722t, 724

V
Vaccines. See also speci c vaccine

in allogeneic stem cell transplantation patients, 
762, 776–777

cancer prevention and, 376
tumor, 412–413

Valproate/valproic acid, 728
Valrubicin, 584
Valvular heart disease

in carcinoid syndrome, 668–669
drug-induced, 669–670
radiation-induced, 752

Vancomycin, 257t
adverse e ects o , 433
 or catheter-related bloodstream in ections, 

426t, 427t, 762, 776
 or  ebrile neutropenia, 417

Vandetanib, 339t
Vardena l, 587
Varenicline, 501
Varicella-zoster virus (VZV) in ections

in cancer patient, 429
encephalitis, 429

Varicella-zoster virus (VZV) vaccine, 424t
Vascular addressins, 356 
Vascular cell adhesion molecule-1 (VCAM-1), 3
Vascular endothelial growth  actor (VEGF), 

351–353, 352 –353 
Vascular endothelial growth  actor (VEGF) 

antibodies, 414
Vascular mimicry, 351
Vasculitis

anemia and, 79 
o  nerve and muscle, 728
paraneoplastic, 722t

Vasculogenesis, 352
Vasoactive intestinal peptide (VIP)

actions o , 677
ectopic production o , 714t

Vasoactive intestinal peptidoma. See VIPoma
Vasoconstriction, 255
Vasodilation, 255
Vaso-occlusive crisis, 760, 775
VCAM-1 (vascular cell adhesion molecule-1), 3
VeIP regimen,  or testicular cancer, 606
Vemura enib

adverse e ects o , 408t
 or lung cancer, 523
 or melanoma, 339t
resistance to, 417

Venla axine, 467
Venous thromboembolism (V E)

age and, 28 
arterial thrombosis versus, 284
with brain tumor, 624
coagulation cascade in, 282–283
epidemiology o , 282
history in, 28
history o  thrombosis and, 28
in liver disease, 275, 275t, 276 
lupus anticoagulant in, 277
paraneoplastic, 718t
pathophysiology o , 285–286, 286 
postthrombotic syndrome, 285, 285 
prevention o 

 ondaparinux  or, 307
in hospitalized patients, 293

prothrombotic states and, 285–286
risk  actors  or, 28, 28 , 28t
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Verapamil, 676
Vertical transmission, 448
Vessel wall, 254–255
Vestibular schwannoma (acoustic neuroma), 630, 

631 
VHL gene mutations

action o , 700
epigenetic silencing o , 343
in pheochromocytoma/paraganglioma, 706, 

708 
in renal cell carcinoma, 586

VHL protein, 700
Vimentin, 347 
Vinblastine

action o , 405
adverse e ects o , 401t

gonadal dys unction, 420
myelotoxicity, 405
neurologic, 740

 or bladder cancer, 585
drug interactions o , 401t
 or testicular cancer, 606

Vinca alkaloids. See also speci c drugs
 or breast cancer, 539
characteristics o , 400t–401t

Vincristine
action o , 405
adverse e ects o , 400t

depression, 466
late, 751t
neurologic, 637, 637t
neuropathy, 405

 or B-cell prolymphocytic leukemia, 216
 or gastric lymphoma, 547
 or gestational trophoblastic disease, 453
 or lung cancer, 523
 or malignant pheochromocytoma, 703
 or mediastinal large B-cell lymphoma, 218
 or oligodendroglioma, 628
 or thrombotic thrombocytopenic purpura, 260

Vinorelbine
action o , 405
adverse e ects o , 401t
 or lung cancer, 518t, 520t
resistance to, 405

VIPoma, 677
diagnosis o , 677–678
incidence o , 662
locations o , 659t
in MEN 1, 689
treatment o , 678

Viral hepatitis. See Hepatitis
Virtual colonoscopy, 555–556
Visceral pain, 461
Vismodegib, 339t, 490, 491 
Visual loss, chemotherapy-induced, 637t
Vitamin A

de ciency o , esophageal cancer risk and, 542
supplements,  or bladder cancer prevention, 

575, 582
Vitamin K

high-dose,  or hepatocellular carcinoma, 571
metabolism o , 271, 271 
questions regarding, 758, 772
supplements. See Vitamin K supplements

Vitamin K antagonists, 308. See also War arin
Vitamin K cycle, 271 
Vitamin K de ciency, 274

bleeding in, 27
etiology o , 274
treatment o , 274

Vitamin K epoxide reductase complex 1 
(VKOR1), 271

Vitamin K supplements
 or coagulation disorders in liver disease,  

275
 or neonates, 274
 or war arin-induced bleeding, 311

VLA-4, 3
Voluntary active euthanasia, 473t
von Hippel-Lindau disease/syndrome

clinical  eatures o , 696–697
neuroendocrine tumors, 665
pheochromocytoma, 704, 705 
pNE s, 664t, 665
renal, 586

genetic considerations in
locus and phenotype, 327t, 625t
VHL gene mutations, 586

tumors associated with, 625t
von Recklinghausen’s disease. See 

Neuro bromatosis type 1 (NF1)
von Willebrand disease, 262

acquired, 166
bleeding in, 26, 773
clinical  eatures o , 262–263
diagnosis o , 262 , 262t
inheritance patterns in, 262 , 262–263
pathophysiology o , 26
questions regarding, 758, 773
subtypes o , 262, 262t
treatment o , 263

von Willebrand  actor
in platelet adhesion, 758, 772
questions regarding, 758, 772
in thrombotic thrombocytopenia purpura, 

260, 260 
in von Willebrand disease, 262

von Willebrand  actor concentrate, 263
Vorapaxar, 301
Voriconazole

 or Candida in ections, 427
 or  ungal in ections in cancer patient, 433

Vorinostat
action and targets o , 339t, 411–412
adverse e ects o , 409t
 or mycosis  ungoides, 339t

v-src gene mutations, 322

W
Waldenstrom’s macroglobulinemia, 241

clinical  eatures o , 241–242
genetic considerations in, 241–242
immunology o , 198 
treatment o , 242
vascular purpura in, 264
von Willebrand disease in, 263

Warburg e ect, 350, 350 
War arin, 308–309

action o , 308
adverse e ects o 

bleeding, 311
in pregnancy, 312
skin necrosis

genetic considerations in, 311
treatment o , 311

deep vein thrombosis treated with, 291, 291t
management o 

preoperative, 312
treatment monitoring, 310–311

in patient with heparin-induced 
thrombocytopenia, 258

pharmacology o , 309–310
in pregnancy, 312
pulmonary embolism treated with, 291, 291t
thrombophlebitis treated with, 720
venous thromboembolism prophylaxis using, 

293t
Warts, hypogammaglobulinemia, in ections, and 

myelokathexis (WHIM) syndrome, 43
Weaning,  rom mechanical ventilation, 472
Weiss score, adrenocortical carcinoma, 710
Well-di erentiated thyroid cancer, 651–652
Wermer’s syndrome. See Multiple endocrine 

neoplasia type 1 (MEN 1)
Westermark’s sign, 289
West Nile virus in ections, 154
WHIM (warts, hypogammaglobulinemia, 

in ections, and myelokathexis) syndrome, 
43

Whipple procedure, 580
White pulp, o  spleen, 35 , 36
Whole blood, 148
Whole body radiotherapy, 789
Willow, 27t
Wilms’ tumor, 327t
Wilson’s disease, 562, 562t
“Winking owl” sign, 737
WIPI gene mutations, 665
Wiskott-Aldrich syndrome

neutropenia in, 47
thrombocytopenia in, 259

Withdrawal/withholding o  care, in terminally ill 
patient, 471–472

WNT1 gene mutations, 322t
Wnt ligands, 7
WT1 gene mutations

in AML, 171, 171t
cancers associated with, 324t, 327t
in mesothelioma, 504

X
Xanthoastrocytomas, pleomorphic, 628
X chromosome inactivation, 325
Xerocytosis, 117
Xerostomia, 498
X-rays, 391

Y
Yolk sac tumor, o  ovary, 611
90Yttrium

 or hepatocellular carcinoma, 571
 or NE s, 575

Z
Zidovudine (AZ ), 46
Zinc de ciency, 542
Ziv-a ibercept, 340t, 414
Zoledronate (zoledronic acid)

 or bone loss prevention in prostate cancer,  
599

 or multiple myeloma, 241
Zollinger-Ellison syndrome (ZES), 673

clinical  eatures o , 659t
cobalamin malabsorption in, 105
diagnosis o , 673–674
incidence o , 659t
MEN 1 and, 664
pathophysiology o , 659t
treatment o , 674–675
tumor distribution in, 659t

Zolpidem, 469
Zygomycosis. See Mucormycosis
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