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Tirzepatide versusinsulin glargine as
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2 diabetesinthe Asia-Pacificregion: the
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Accepted: 7 April 2023 Tirzepatide is aonce-weekly GIP/GLP-1receptor agonist. In this phase

3,randomized, open-label trial, insulin-naive adults (=18 years of age)

with type 2 diabetes (T2D) uncontrolled on metformin (with or withouta

% Check for updates sulphonylurea) were randomized 1:1:1:1 to weekly tirzepatide 5 mg, 10 mg
or15mgor daily insulin glargine at 66 hospitals in China, South Korea,
Australia and India. The primary endpoint was non-inferiority of mean
change inhemoglobin Alc (HbAlc) from baseline to week 40 after treatment
with10 mgand 15 mg of tirzepatide. Key secondary endpoints included
non-inferiority and superiority of all tirzepatide doses in HbAlc reduction,
proportions of patients achieving HbAlc < 7.0% and weight loss at week 40.
Atotal of 917 patients (763 (83.2%) in China) were randomized to tirzepatide
5mg(n=230),10 mg (n=228) or15 mg(n=229) orinsulin glargine (n =230).
All doses of tirzepatide were non-inferior and superior to insulin glargine
for least squares mean (s.e.) reductionin HbAlc from baseline to week 40:
tirzepatide 5 mg, 10 mgand 15 mg, —2.24% (0.07), -2.44% (0.07) and —-2.49%
(0.07), respectively, and insulin glargine, —0.95% (0.07), with a treatment
difference ranging from -1.29% to -1.54% (all P < 0.001). Proportions of
patients achieving HbAlc <7.0% at week 40 were greater in tirzepatide
5-mg (75.4%),10-mg (86.0%) and 15-mg (84.4%) groups compared to insulin
glargine (23.7%) (all P < 0.001). All tirzepatide doses led to superior body
weight reduction at week 40: tirzepatide 5 mg, 10 mg and 15 mg, -5.0 kg
(-6.5%),-7.0 kg (-9.3%) and -7.2 kg (-9.4%), respectively, compared to
insulinglargine, 1.5 kg (+2.1%) (all P < 0.001). The most common adverse
events with tirzepatide were mild to moderate decreased appetite,
diarrhea and nausea. No severe hypoglycemia was reported. Tirzepatide
demonstrated superior reductions in HbAlc versus insulin glargine in an
Asia-Pacific, predominately Chinese, population with T2D and was generally
well tolerated. ClinicalTrials.gov registration: NCT04093752.
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Glucagon-like peptide-1 (GLP-1) and glucose-dependent insulino-  option for patients with type 2 diabetes (T2D) that mimic the action
tropic polypeptide (GIP) are both incretin hormones involved in  of GLP-1to stimulate insulin secretion and inhibit glucagon secretion
glycemic control'. GLP-1 receptor agonists are an effective treatment  in a glucose-dependent manner and also delay gastric emptying and
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1,232 patients assessed for eligibility

315 excluded
263 (21.3%) screen failure

43 (3.5%) patient withdrawal
7 (0.6%) other
2 (0.2%) lost to follow-up

917 randomly assigned to treatment

I

¥ ¥

¥ ¥

230 assigned to tirzepatide 5 mg 228 assigned to tirzepatide 10 mg

229 assigned to tirzepatide 15 mg 230 assigned to insulin glargine

—>| 10 not treated

230 included in the
mITT/safety population

228 included in the
mITT/safety population

229 included in the
mITT/safety population

220 included in the
mITT/safety population

18 (7.8%) discontinued
study treatment

10 (4.3%) AE

34 (14.9%) discontinued
study treatment
30 (13.2%) AE

1(0.4%) other
6 (2.6%) patient
withdrawal

36 (15.7%) discontinued
study treatment
28 (12.2%) AE
1(0.4%) physician
decision
7 (3.1%) patient
withdrawal

18 (7.8%) discontinued
study treatment
4 (1.7%) AE
2 (0.9%) death
1(0.4%) other
11 (4.8%) patient
withdrawal

—|
2 (0.9%) other 4 (1.8%) patient
6 (2.6%) patient withdrawal
withdrawal
14 (6.1%) discontinued 24 (10.5%)
study before the discontinued study
primary endpoint visit before the primary
- 7(3.0%) AE endpoint visit

18 (7.9%) AE
1(0.4%) lost to
follow-up
1(0.4%) other

26 (11.4%)
discontinued study
before the primary
endpoint visit

17 (7.4%) AE

1(0.4%) lost to follow-

up
1(0.4%) other

27 1.7%)
discontinued study
before the primary
endpoint visit

4 (1.7%) AE

2 (0.9%) death

2 (0.9%) other

19 (8.3%) patient

4 (1.8%) patient
withdrawal

7 (3.1%) patient withdrawal

withdrawal

212 (92.2%) completed
treatment
213 (92.6%) completed study

194 (85.1%) completed
treatment
201 (88.2%) completed study

193 (84.3%) completed
treatment
200 (87.3%) completed study

202 (87.8%) completed
treatment
201 (87.4%) completed study

Fig.1| Trial profile. mITTincluded all patients who received >1 dose of study treatment.

decrease appetite’. GIP enhances post-prandial glucose-dependent
insulinsecretion by binding to its cognate receptor on pancreaticbeta
cells and mediates most of the incretin effect in healthy individuals®*.
GIP also stimulates glucagon secretion under euglycemic or hypogly-
cemic conditions and may also inhibit ectopic lipid accumulation and
improve energy metabolism®.

Tirzepatide is a GIP/GLP-1receptor agonist that consists of a
39-amino-acid polypeptide. Itincludes a C20 fatty di-acid moiety*’,
which confers a long half-life of -5 d, enabling once-weekly admin-
istration®. In 2022, tirzepatide was approved in the United States,
Europe and Japan for the treatment of T2D, supported by the find-
ings of the global and Japanese SURPASS trials’**. The results of
the SURPASS trials have shown that tirzepatide provides clinically
meaningfulimprovements inglycemic control and weight loss, witha
favorable safety profile, in patients with different duration of disease
and variety of background therapies compared to GLP-1 receptor
agonists (semaglutide and dulaglutide), insulin degludec and insulin
glargine’ ™. Based on these findings, the latest consensus state-
mentissued by the American Diabetes Association and the European
Association for the Study of Diabetes categorizes tirzepatide as
a therapy with the highest efficacy for both glycemic control and
weight loss'.

Over 60% of individuals living with diabetes worldwide reside in
Asia, and the prevalence of diabetes is increasing in this region”. The
SURPASS 1-5 trials enrolled predominantly White patients, with Asians
accounting for 3-30% of total participantsinany given study. Subgroup
analyses of Asian patients included in the SURPASS 1-5 trials and the
two Japanese SURPASS trials (SURPASS J-mono and J-combo) show that
tirzepatide has consistent outcomes in Asian patients compared with
the findings in the overall study populations, who were predominantly
White patients’ . However, thereis aneed for further dataon the efficacy
and safety of tirzepatide in abroader range of Asian patient populations.
In particular, there is currently a lack of data in Chinese patients, which
is an important knowledge gap given that China is home to the highest
number of individuals with diabetes of any country, accounting for more
than one quarter of all individuals with diabetes globally”.

Metformin, with or without a sulphonylurea, is a widely used oral
antihyperglycemic medication’, and basal insulin is the most commonly
used injectable therapy in Chinafor patients with T2D who are unable to
achieve glycemic control through combinations of oral antihyperglyce-
mic medications. However, although the addition of basal insulin to oral
antihyperglycemic medications is highly effective for lowering blood
glucose levels, it is also associated with hypoglycemia and weight gain,
which can hamper adequate treatment intensification’s.
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Table 1| Baseline demographics and clinical characteristics (mITT population)

Tirzepatide 5mg Tirzepatide 10mg Tirzepatide 15mg Insulin glargine Total (N=907)
(N=230) (N=228) (N=229) (N=220)
Age, years 531(1.2) 53.5(11.1) 54.3 (11.6) 55.6 (11.4) 54.1(1.4)
Sex
Female 96 (41.7) 102 (44.7) 100 (437) 102 (46.4) 400 (44.)
Male 134 (58.3) 126 (55.3) 129 (56.3) 118 (53.6) 507 (55.9)
Race
Asian 225 (97.8) 225 (98.7) 226 (98.7) 216 (98.2) 892 (98.3)
White 3(1.3) 3(1.3) 0] 4(1.8) 10 (1)
Native Hawaiian or other 2(0.9) 0 3(1.3) 0 5(0.6)
Pacific Islander
Country
China 190 (82.6) 192 (84.2) 190 (83.0) 184 (83.6) 756 (83.4)
South Korea 26 (11.3) 26 (11.4) 27 (11.8) 25 (11.4) 104 (11.5)
India 9(3.9) 7(37) 9(3.9) 7(3.2) 32(3.5)
Australia 5(2.2) 3(1.3) 3(1.3) 4(1.8) 15(1.7)
Duration of diabetes, years 7.43 (5.93) 7.90 (5.65) 764 (5.63) 765 (5.72) 765 (5.73)
HbA1c concentration
% 8.77(0.97) 8.71(0.96) 8.68(0.97) 8.69(0.93) 8.71(0.96)
mmolmol™ 72.35 (10.64) 71.71(10.48) 71.35 (10.55) 71.53 (10.14) 7174 (10.45)
Patients with <8.5% 99 (43.0) 108 (47.4) 13 (49.3) 111 (50.5) 431(47.5)
Patients with >8.5% 131(57.0) 120 (52.6) 116 (50.7) 109 (49.5) 476 (52.5)
FSG concentration
mgdl” 180.86 (47.07) 175.78 (40.88) 177.23 (46.83) 175.71 (44.80) 177.41 (44.94)
mmolL" 10.04 (2.61) 976 (2.27) 9.84(2.60) 975 (2.49) 9.85 (2.49)
OAM at randomization
Metformin 121(52.6) 121(53.1) 118 (51.5) 16 (52.7) 476 (52.5)
Metformin plus a 109 (47.4) 107 (46.9) 111(48.5) 104 (47.3) 431(47.5)
sulphonylurea
Body weight, kg 777 (14.2) 76.3(15.0) 76.2 (13.6) 76.0 (15.2) 76.6 (14.5)
BMI, kgm™ 281(3.9) 277 (3.8) 27.8(3.8) 28.0 (4.6) 27.9(4.0)
Waist circumference, cm 971(9.9) 95.8 (10.1) 96.5 (9.6) 96.2 (10.3) 96.4 (10.0)
Blood pressure, mmHg
Systolic 129.51(13.83) 129.20 (14.73) 129.02 (13.01) 127.98 (13.88) 128.94 (13.86)
Diastolic 83.35(8.78) 82.96 (8.99) 82.07 (9.61) 82.67(9.90) 82.76 (9.32)
Pulse rate, bpm 77.92 (10.49) 77.37 (10.75) 77.96 (9.94) 78.38 (10.11) 77.90 (10.32)
eGFR (CKD-EPI calculation, mlmin™ per 1.73m?)
<60 2(0.9) 2(0.9) 4(1.7) 4(1.8) 12(1.3)
>60 228(99.1) 226 (99.1) 225 (98.3) 216 (98.2) 895 (98.7)

Data are mean (s.d.) for continuous variables and n (%) for categorical variables. CKD-EPI, Chronic Kidney Disease-Epidemiology; eGFR, estimated glomerular filtration rate; N, number of
patients who were randomized and received at least one dose of study drug; OAM, oral antihyperglycemic medication.

This randomized, phase 3 trial was conducted to compare the
effects of once-weekly tirzepatide 5 mg,10 mgand 15 mgversus titrated
once-daily insulin glargine on glycemic control and body weight in
patients from the Asia-Pacific region (predominantly China) onstable
doses of metformin, with or without a sulphonylurea and with inad-
equately controlled T2D.

Results

Patients

Patients were enrolled between 31 December 2019 and 27 January 2021,
and the date of last follow-up was 24 November 2021. Of 1,232 patients
screened, 917 were randomized (tirzepatide 5 mg: 230, tirzepatide

10 mg: 228, tirzepatide 15 mg: 229, insulin glargine: 230), and 907
received at least one dose of study medication and were included in
the modified intention-to-treat (mITT) population (Fig.1). Overall, 801
patients (87.4%) completed treatment; 815 patients (88.9%) completed
the study; and 792 patients (86.4%) completed treatment without initia-
tion of rescue antihyperglycemic therapy. The most common reasons
for discontinuation of study treatment were adverse events (AEs) inthe
tirzepatide groups and patient withdrawal inthe insulinglargine group.

Baseline characteristics were well balanced across the treatment
groups (Table 1). Most patients were Asian (n=892; 98.3%) and were
enrolled in China (n =756; 83.4%), South Korea (n =104; 11.5%), India
(n=32;3.5%) and Australia (n =15;1.7%). A total of 507 patients (55.9%)

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02344-1

were male; the mean (s.d.) age was 54.1(11.4) years; and the mean dura-
tion of diabetes was 7.65 (5.73) years. The mean (s.d.) baseline hemo-
globin Alc (HbAlc) was 8.71% (0.96); body weight was 76.55 (14.48) kg;
and body mass index (BMI) was 27.88 (4.02) kg m™. Background oral
antihyperglycemic medication therapy was metformin alone in 476
patients (52.5%) and metformin plus a sulphonylurea in 431 patients
(47.5%).

Efficacy

Primary outcome. Tirzepatide led to greater reductions in HbAlc,
fromameanbaseline of 8.71%, compared toinsulin glargine, with treat-
ment differences observed from as early as week 4 and sustained until
week 40 (Fig. 2a and Supplementary Table 1). The least squares (LS)
mean (s.e.) reduction in HbAlc from baseline to week 40 was —2.44%
(0.07) inthetirzepatide 10-mg group, —2.49% (0.07) in the tirzepatide
15-mg group and —0.95% (0.07) in the insulin glargine group (Table
2 and Fig. 2b). The primary endpoint (non-inferiority of tirzepatide
10 mg and/or 15 mg to insulin glargine at week 40) was met, that esti-
mated treatment difference compared to insulin glargine was —1.49%
(multiplicity-adjusted 97.5% confidence interval (CI) -1.72 to —1.26)
for tirzepatide 10 mg and -1.54% (-1.77 to -1.31) for tirzepatide 15 mg.

Key secondary outcomes

The LS mean (s.e.) reduction in HbAlc from baseline to week 40 was
-2.24%(0.07) inthe tirzepatide 5-mg group. The estimated treatment
difference for tirzepatide 5 mgwas -1.29% (95% CI-1.49 to -1.09), which
also met the criteria for non-inferiority. In addition, all three tirzepa-
tide doses demonstrated superiority in LS mean reduction in HbAlc
from baseline to week 40 compared to insulin glargine (P < 0.001 for
all comparisons) (Table 2 and Fig. 2b). The daily mean insulin dose at
week40was25.3 U (s.d.11.1;0.33 U kg™ (s.d. 0.14)). ANCOVA analysis in
the full analysis set (FAS) also showed asignificantly greater reduction
in HbAlc at week 40 with all three doses of tirzepatide versus insulin
glargine (Extended Data Fig. 1a).

The proportion of patients achieving HbAlc < 7.0% at week 40 was
significantly greater in the tirzepatide 5-mg (75.4%),10-mg (86.0%) and
15-mg (84.4%) groups compared to the insulin glargine group (23.7%)
(P<0.001 for all comparisons) (Fig. 2c). ANCOVA analysis in the FAS
also showed a significantly higher proportion of patients achieving
HbAlc < 7.0% at week 40 with all three doses of tirzepatide versus
insulin glargine (Extended Data Fig. 1b).

Significant reductionsinbody weight were observedinthe tirze-
patide groups versus the insulin glargine group from week 4 onwards,
with numerically greater reductions in the 10-mg and 15-mg groups
after dose escalation from week 8 and not appearing to plateau by
week 40 (Fig.3aand Supplementary Table 2). By week 40, the LS mean
body weight decreased by 5.0 kg (—6.5%) with tirzepatide 5 mg, -7.0 kg
(-9.3%) with tirzepatide 10 mg and -7.2 kg (-9.4%) with tirzepatide
15 mg, whereasitincreased by 1.5 kg (+2.1%) in the insulin glargine group
(P<0.001versusbaselineineachgroup), giving an estimated treatment
difference of —8.5% to —11.5% (P < 0.001 for all comparisons; Table 2
and Fig.3b,c). ANCOVA analysis in the FAS also showed a significantly

greater reduction in body weight at week 40 with all three doses of
tirzepatide versus insulin glargine (Extended Data Fig. 2).

Additional secondary outcomes

The proportion of patients achieving HbAlc < 6.5% and <5.7% was also
significantly greater in each tirzepatide group versus insulin glargine
(Table 2).

Fasting serumglucose (FSG) decreased from baseline toweek 40
in all four treatment groups (P < 0.001 versus baseline) (Fig. 2d). LS
meanreductionsin FSGwere significantly greater for tirzepatide 5 mg
(-3.25 mmol L™), 10 mg (-3.68 mmol L) and 15 mg (-3.60 mmol L ™)
compared to insulin glargine (-2.57 mmol L) (P < 0.001 for all tirze-
patide doses versus insulin glargine) (Fig. 2e).

Allthreetirzepatide doses led tosignificantly greater reductions
versus insulin glargine in overall daily mean, pre-meal daily mean and
2-h post-meal daily mean self-measured blood glucose (SMBG) values
at week 40 (Table 2). Week 40 SMBG values were significantly lower
with all three tirzepatide doses than with glargine at all timepoints,
except for tirzepatide 5 mg at morning pre-meal, which showed a
similar reduction to insulin glargine (Fig. 2f). Furthermore, the LS
mean (s.e.) 2-h post-prandial glucose levels were close to 7.8 mmol L™
(the normal range for post-meal glucose) at week 40 in patients receiv-
ing tirzepatide 10 mg (7.88 mmol L™ (0.146)) and 15 mg (7.77 mmol L™
(0.147)). All doses of tirzepatide significantly reduced mean pre-meal
to 2-h post-meal SMBG excursions compared to insulin glargine at
week 40 (Table 2).

A significantly higher proportion of patients in each tirzepatide
group achieved >5%, >10% and =15% weight loss compared to insulin
glargine (Fig. 3d).

Compared to patients receiving insulin glargine, those in the
tirzepatide groups had significantly higher total Diabetes Treatment
Satisfaction Questionnaire status (DTSQc) scores at week 40, indicat-
ing greaterimprovements in satisfaction than those receivinginsulin
glargine (Supplementary Table 3).

Safety

Serious AEs were reported by 6.1-6.6% of patients in the tirzepa-
tide groups and 9.1% of patients in the insulin glargine group (Sup-
plementary Table 4). There were three deaths during the study, all
considered unrelated to study medication by the investigators: two
in the insulin glargine group (sudden cardiac death and death due
to car accident) and one in the tirzepatide 15-mg group (sudden
death 28 d after completing study treatment). The most common
treatment-emergent adverse events (TEAEs) among patients receiv-
ing tirzepatide were gastrointestinal related (diarrhea, nausea and
vomiting) and decreased appetite, which were most frequent during
the dose-escalation period and decreased afterwards (Extended
DataFig. 3). Most of these TEAEs were mild to moderate in severity.
Among the tirzepatide treatment groups, the median duration of
diarrheawas 3 d, and the median durations of nausea and vomiting
ranged from3 dto4 dandfrom1dto2d,respectively (Supplemen-
tary Table 5). Treatment discontinuations due to AEs occurred in a

Fig.2|HbAlc, HbAlc target attainment, FSG and seven-point SMBG in the
mITT population. a, LS mean HbAlc values over time. b, LS mean changesin the
HbAlc level from baseline at week 40 were estimated usingan MMRM without
missing value imputation in patients who received at least one dose of study
drug (5 mg, N=230;10 mg, N=228;15 mg, N=229; insulin glargine, N = 220).
Statistical tests for 10 mg and 15 mg were two-sided at a significance level of
0.025; statistical tests for 5 mg were two-sided at a significance level of 0.05;
and adjustments were made for multiplicity. ¢, Patients achieving HbAlc < 7.0%,
<6.5% and <5.7% target attainment were estimated using logistic regression
analysis with missing value imputed by an MMRM using efficacy analysis set
at40 weeks (5 mg, n=228;10 mg, n=222;15 mg, n = 224; insulin glargine,
n=215). Statistical tests for patients achieving HbAlc < 7.0% were two-sided at a

significance level of 0.05, and adjustments were made for multiplicity. All other
statistical tests were two-sided at a significance level of 0.05, and no adjustments
were made for multiplicity. d, LS mean FSG values over time. e, LS mean changes
from baseline in FSG at week 40 were estimated using an MMRM without missing
value imputation in patients who received at least one dose of study drug (5 mg,
N=230;10 mg, N=228;15 mg, N=229; insulin glargine, N = 220). Statistical tests
were two-sided at a significance level of 0.05, and no adjustments were made

for multiplicity. f, LS mean seven-point SMBG at baseline and week 40. Dashed
lines indicate treatment targets. Error bars indicate s.e. n, number of patients
achieving target with missing value imputed by an MMRM; N, number of patients
who were randomized and received at least one dose of study drug; No., number
of patients with baseline and post-baseline value at the specified timepoint.
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higher proportion of patients in the tirzepatide 10-mg (13.2%) and  tirzepatide (n = 687), the most common AEs resulting in treatment
15-mg (12.2%) groups than in the tirzepatide 5-mg (4.3%) and insu-  discontinuation were decreased appetite (2.3%), nausea (2.3%) and
lin glargine groups (2.7%) (Table 3). Among all patients receiving  diarrhea (1.5%) (Table 3).
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Table 2 | Efficacy endpoints in the mITT population

Tirzepatide 5mg Tirzepatide 10mg Tirzepatide 15mg Insulin glargine
(N=230) (N=228) (N=229) (N=220)

Primary and key secondary outcomes

HbA1lc, %

Baseline 8.77 (0.06) 8.70 (0.06) 8.67(0.06) 8.68(0.07)
Week 40 6.47 (0.07) 6.27 (0.07) 6.22 (0.07) 7.76 (0.07)
Change from baseline at week 40*° -2.24(0.07) -2.44(0.07) -2.49 (0.07) -0.95(0.07)
ETD versus insulin glargine (95% Cl); P value® -1.29 (-1.49, -1.09); -1.49 (-1.69, -1.29); -1.54 (-1.74, -1.34);

P<0.001 P<0.001 P<0.001

Patients achieving HbA1c targets at week 40
<7.0% (<53mmolmol™P, n (%) 172 (75.4)° 191(86.0)° 189 (84.4)° 51(23.7)

Body weight, kg
Baseline 77.8 (0.9) 76.5(1.0) 76.3 (1.0) 75.5 (1.0)
Week 40 71.7(0.3) 69.7(0.3) 69.5(0.3) 78.2(0.3)
Change from baseline at week 40° -5.0(0.3) -7.0(0.3) -7.2(0.3) 1.5(0.3)

ETD versus insulin glargine (95% CI); P value -6.5(-7.4,-5.6); -8.5(-9.5, -7.6); -87(-9.6,-77);
P<0.001 P<0.001 P<0.001

Additional secondary outcomes

Patients achieving HbA1c targets at week 40
<6.5% (<48 mmolmol™), n (%) 141 (61.8)° 162 (73.0)¢ 168 (75.0)° 18 (8.4)
<5.7% (<39mmolmol™), n (%) 34 (14.9)° 46 (20.7)° 62 (27.7)¢ 0

FSG, mmolL™
Baseline 10.05 (0.17) 9.73(017) 9.82(0.17) 9.72 (017)
Week 40 6.58 (0.12) 6.16 (0.12) 6.24 (012) 7.27 (012)
Change from baseline at week 40 -3.25(0.12) -3.68(0.12) -3.60(0.12) -2.57(0.12)
ETD versus insulin glargine (95% Cl); P value -0.68 (-1.02, -0.35); =111 (-1.45, -0.77); -1.03 (-1.37,-0.69);

P<0.001 P<0.001 P<0.001

Seven-point SMBG daily mean, mmolL™
Overall
Baseline 11.98 (0.176) 11.65 (0.183) 11.85 (0.182) 11.88(0.182)
Change from baseline at week 40 -4.27 (0116)¢ -4.63 (0120)¢ -4.70 (0.121)¢ -2.83(0.121)
Premeal
Baseline 10.59 (0171) 10.24 (0.179) 10.35 (0.178) 10.35 (0.178)
Change from baseline at week 40 -3.48 (0.103)¢ -3.81(0107)¢ -3.83(0.108)¢ -2.33(0.108)
2-h post-meal
Baseline 13.42(0.196) 1315 (0.205) 13.31(0.204) 13.39(0.204)
Change from baseline at week 40 -4.99 (0141)¢ -5.43 (0.146)¢ -5.54 (0.147)¢ -2.58 (0.147)

Daily mean pre-meal to 2-h post-meal SMBG excursion, mmolL™
Baseline 2.79 (0.116) 2.93 (0.121) 2.96 (0.121) 3.08 (0.121)
Change from baseline at week 40 -1.51(0.088)° -1.65 (0.090)° -1.72 (0.091)¢ -0.27 (0.091)

Patients achieving body weight loss targets at week 40
>5% loss, n (%) 127 (55.7)¢ 159 (71.6) 166 (74.1) 12(5.6)
>10% loss, n (%) 61(26.8)¢ 93 (41.9)¢ 101 (45.1)¢ 1(0.5)
>15% loss, n (%) 23(10.1) 38(17.1) 40 (17.9) 0

Exploratory outcomes

Percentage of patients achieving composite endpoints at week 40, n (%)

HbA1c<7.0% (<53 mmolmol™) without weight gain 151(68.3)¢ 176 (80.5)¢ 178 (80.8)¢ 19 (7.9)
(<0.1kg) or documented symptomatic hypoglycemia

(<3.0mmolL™ (54mg dl™) or severe hypoglycemia

HbA1c<7.0% with weight loss »5% and without 101(44.7)¢ 135 (61.2)¢ 147 (66.0)¢ 3(1.5)

documented symptomatic hypoglycemia (<3.0mmolL™
(54mgdl™) or severe hypoglycemia
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Table 2 (continued) | Efficacy endpoints in the mITT population

Tirzepatide 5mg Tirzepatide 10mg Tirzepatide 15mg Insulin glargine
(N=230) (N=228) (N=229) (N=220)
HbA1c£6.5% (<48 mmolmol™) without weight gain 128 (57.7)° 149 (68.2)* 158 (72.3)¢ 7(2.7)

(<0.1kg) or documented symptomatic hypoglycemia
(<3.0mmolL™ (54mgdl™) or severe hypoglycemia

For continuous variables, the LS means and ETD were estimated using an MMRM without missing value imputation in patients who received at least one dose of study drug (5 mg, N=230;
10mg, N=228; 15mg, N=229; insulin glargine, N=220). All statistical tests were two-sided at a significance level of 0.05; adjustments were made for multiplicity in primary and key secondary
objectives; and no adjustments were made for multiplicity in additional secondary and exploratory outcomes. Data are estimated LS mean (s.e.) unless otherwise stated. ETD, estimated
treatment difference; n, number of patients achieving target with missing value imputed by an MMRM; N, number of patients who were randomized and received at least one dose of study
drug. *Tested for non-inferiority (controlled for type | error). °Tested for superiority (controlled for type | error). °P value for both non-inferiority and superiority. “P<0.001 versus insulin glargine.
°P=0.002 versus insulin glargine. P=0.006, P=0.001and P=0.001 for tirzepatide 5mg, 10mg and 15mg versus insulin glargine, respectively.

No severe hypoglycemia was reported during the study in either
treatment group. The incidence of documented hypoglycemia at
<3.0 mmol L™ (<54 mg dI™") was low in the tirzepatide (3.9-4.8%) and
glargine (4.1%) groups. The incidence of documented hypoglycemia at
<3.9 mmol L (<70 mg dI™) was lower with tirzepatide (27.4-32.9%) ver-
sus glargine (44.1%). More patients receiving a sulfonylurea reported
hypoglycemic events at both hypoglycemia levels (Table 3). Only two
patients (0.3%) receiving tirzepatide (both in the 5-mg group) were
prescribed rescue medication for persistent hyperglycemiacompared
to eight (3.6%) in the insulin glargine group.

No pancreatitis was reported in the tirzepatide groups, and one
patient (0.5%) in the glargine group had adjudication-confirmed pan-
creatitis. The mean levels of p-amylase and lipase increased in patients
treated with tirzepatide and decreased toward baseline levels during
the safety follow-up (Extended DataFig.4a,b). The incidence of chole-
lithiasis was 0.4-0.9% across the tirzepatide groups and 0.5% in the
glargine group. Acute cholecystitis was reported in two patients receiv-
ing tirzepatide (10 mg, n=1(0.4%) and 15 mg, n =1(0.4%)). No medul-
lary thyroid carcinoma or C-cell hyperplasia events were reported.
There were no clinically relevant changes in mean calcitonin values
in the tirzepatide groups during the treatment period. Malignancies
were reported in one (0.4%) patient in the tirzepatide 5-mg group,
two (0.9%) in the 10-mg group, two (0.9%) in the 15-mg group and
one (0.5%) in the insulin glargine group. There was no clear trend in
the incidence of malignancies with respect to treatment assignment.
Treatment-emergent potential diabetic retinopathy was reported
in one patient each in the tirzepatide 5-mg (0.4%), tirzepatide 15-mg
(0.4%) and glargine (0.5%) groups and three patientsin the tirzepatide
10-mg (1.3%) group. A total of nine adjudication-confirmed major
adverse cardiovascular events (MACE-4) were reported in eight patients
(5mg,n=3;10mg,n=1;15mg,n=4)inthetirzepatide groups and one
patientin theinsulin glargine group. At week 40, patientsin the tirze-
patidegroups showed increasesinpulse rate (2.2-4.8 beats per minute
(bpm)), whereas no significant changes in pulse rate were observedin
theinsulinglargine group (Supplementary Table 6). Inaddition, at week
40, patientsin the tirzepatide groups showed significant decreasesin
systolic blood pressure (SBP; —6.7 to —7.3 mmHg) and diastolic blood
pressure (DBP; -3.4 to —4.0 mmHg) compared to baseline (Supple-
mentary Table 6). No changes in blood pressure were observed in the
insulin glargine group.

Theincidence of potential hypersensitivity reactions was similar
and low across thetirzepatide (3.3% (23/687)) and insulin glargine (2.3%
(5/220)) groups, and no severe or serious hypersensitivity reactions
were reported (Table 3). Mild to moderate injection site reactions
werereported by 2% (14/687) of patients receiving tirzepatide and 1.4%
(3/220) of patients receiving insulin glargine.

Exploratory outcomes

A higher proportion of patients in the tirzepatide groups achieved
the composite endpoints of HbAlc < 7.0% (or <6.5%) without weight
gain (or HbAlc < 7.0% with weight loss >5%) and without documented

symptomatic hypoglycemia (<3.0 mmol L™ (<54 mg dI™)) or severe
hypoglycemia (Table 2).

Both BMI and waist circumference decreased significantly from
baseline in all tirzepatide groups from week 4 onwards (Fig. 3e and
Extended Data Fig. 5). At week 40, patients receiving tirzepatide 5 mg
(26.1kg m?),10 mg (25.3 kg m™) and 15 mg (25.3 kg m™) had a signifi-
cantly reduced BMI compared to baseline (27.9 kg m™), in contrast to
anincreased BMI in patients receiving insulin glargine (28.5 mg kg™?)
(P<0.001foreachtirzepatide group versusinsulin glargine) (Fig. 3e).
Similarly, the LS mean waist circumference decreased by —-5.8 cm,
-7.3 cm and -7.6 cm with tirzepatide 5 mg, 10 mg and 15 mg, respec-
tively, whereas it increased by 0.8 cm in the insulin glargine group
(P<0.001foreachtirzepatide group versusinsulinglargine) (Extended
DataFig.5).

Tirzepatide was also associated with other metabolic improve-
ments. Compared to insulin glargine, all three tirzepatide doses led
to significantly greater reductions from baseline to week 40 in tri-
glycerides (-25.8% to —29.8%), total cholesterol (-4.16% to —4.77%),
non-high-density lipoprotein cholesterol (non-HDL-C) (-8.08% to
-9.63%) and very-low-density lipoprotein cholesterol (VLDL-C) (-24.3%
to —28.6%) and significantly greater increases in HDL-C (5.13-8.51%)
(Fig. 3f), whereas baseline and post-baseline usage of lipid-lowering
medications was balanced across the treatment groups (Supplemen-
tary Table 7). Larger reductions in mean alanine transaminase (ALT)
and aspartate transaminase (AST) levels from baseline to week 40
were observed among patients in the tirzepatide 5-mg (-31.0% and
-17.3%),10-mg (-34.1% and -19.8%) and 15-mg (-35.2% and -20.8%) dose
groups compared to those in the insulin glargine group (-14.8% and
-5.7%) (Extended DataFig. 6a,b). Greater reductionsin urine albumin/
creatinine ratio (UACR) from baseline to week 40 were observedin the
tirzepatide groups (-37.3%to -48.5%) compared to the insulinglargine
group (-9.8%) (P < 0.001for all tirzepatide groups versus insulin glar-
gine) (Supplementary Table 8).

Pre-specified subgroup analyses
Subgroup analysis revealed consistent HbAlc reductions across the
three tirzepatide dose levels among patients receiving metformin
alone or metformin plus asulphonylureaand between patients enrolled
in China versus other countries (P value for treatment-by-subgroup
interaction: P=0.712and P= 0.124, respectively) (Extended DataFig. 7).
Alltirzepatide doses had a consistent effect onbody weight across
the subgroups of patients receiving metformin alone or metformin plus
a sulphonylurea and those enrolled in China versus other countries
(Pvalue for treatment-by-subgroupinteraction: P= 0.547 and P= 0.497,
respectively) (Extended Data Fig. 8).

Discussion

Consistent withtheresultsreported in the SURPASS 1-5and SURPASS-J
trials, the SURPASS-AP-Combo trial confirms the efficacy and safety
of tirzepatide in a predominantly Chinese Asia-Pacific population
with T2D°"". The primary endpoint of this study—non-inferiority of
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Fig.3|Body weight, weight loss target attainment, BMI and fasting lipid
profilein the mITT population. a, LS mean body weight over time. b, LS mean
changes from baseline in body weight at week 40 were estimated using an MMRM
without missing value imputation in patients who received at least one dose

of study drug (5 mg, N=230;10 mg, N=228;15 mg, N =229; insulinglargine,
N=220).Statistical tests for 10 mg and 15 mg were two-sided at a significance
level of 0.025; statistical tests for 5 mg were two-sided at a significance level of
0.05; and adjustments were made for multiplicity. ¢, LS mean percent changes
from baseline in body weight over time. d, Body weight loss target attainment
was estimated using logistic regression analysis with missing value imputed

by an MMRM using efficacy analysis set at 40 weeks (5 mg, n=228;10 mg,

Ml Tirzepatide 15 mg

B Insulin glargine

n=222;15mg, n=224; insulin glargine, n = 215). Statistical tests were two-sided
atasignificance level of 0.05, and no adjustments were made for multiplicity.
e,LS mean BMl over time. f, Estimate mean changes from baseline in fasting

lipid profile at week 40 were estimated using an MMRM without missing value
imputation in patients who received at least one dose of study drug (5 mg,
N=230;10 mg, N=228;15 mg, N=229; insulinglargine, N = 220). Statistical

tests were two-sided at a significance level of 0.05, and no adjustments were
made for multiplicity. Error barsindicate s.e. n, number of patients achieving
target with missing value imputed by an MMRM; N, number of patients who were
randomized and received at least one dose of study drug; No., number of patients
withbaseline and post-baseline value at the specified timepoint.

once-weekly tirzepatide 10 mgand/or 15 mgtoinsulin glargine at week
40—was met.

Our results also show that weekly tirzepatide 5 mg, 10 mg and
15 mgledto superior glycemic control compared to titrated daily insu-
lin glargine, as demonstrated by superior reductions in HbAlc levels

(-2.24%t0-2.49%), whichis consistent with the global SURPASS 1-5 and
two Japanese SURPASS trials (-1.87% to —3.0%)° ". Patients receiving
tirzepatide also achieved higher rates of HbAlc < 7%, <6.5% and <5.7%,
agreater reductionin FSGand areduction of 2-h post-prandial glucose
to near-normal values over 40 weeks of treatment. In China, previous
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Table 3 | Summary of safety in the mITT population

Tirzepatide 5mg Tirzepatide 10mg Tirzepatide 15mg Insulin glargine
(N=230) (N=228) (N=229) (N=220)
Any SAE 15(6.5) 14.(6.1) 15 (6.6) 20(9.1)
Death 0 (0] 1(0.4) 2(0.9)
AEs leading to treatment discontinuation 10 (4.3) 30(13.2) 28(12.2) 6(27)
Diarrhea 2(0.9) 7(3.1) 7(3.1) 0
Decreased appetite 1(0.4) 8(3.5) 7(3) 0]
Nausea 3(1.3) 3(1.3) 4(1.7) 0
Patients with >1 AE 200 (87.0) 216 (94.7) 213(93.0) 157 (71.4)
TEAEs occurring in 5% of patients in any treatment group, by preferred term
Decreased appetite 74 (32.2) 109 (47.8) 102 (44.5) 0
Diarrhea 77 (33.5) 103 (45.2) 101 (44.1) 3(1.4)
Nausea 46 (20.0) 75(32.9) 73(31.9) 5(2.3)
Hyperuricemia 27 (M.7) 28 (12.3) 27 (11.8) 24 (10.9)
Lipase increased 32(13.9) 32(14.0) 30(13.1) 6(27)
Vomiting 21(97) 34 (14.9) 29 (12.7) 3(1.4)
Abdominal distension 19 (8.3) 25 (11.0) 34(14.8) 2(0.9)
Flatulence 20(8.7) 23(101) 18(7.9) 2(0.9)
Upper respiratory tract infection 16 (7.0) 14 (6.1) 14 (6.0) 17 (7.7)
Dizziness 10 (4.3) 13 (5.7) 24(10.5) 10 (4.5)
Constipation 12(5.2) 17(7.5) 23(10.0) 3(1.4)
Fatigue 12 (5.2) 23 (10.1) 17 (7.4) 3(1.4)
Amylase increased 12(5.2) 16 (7.0) 15 (6.6) 4(1.8)
Hyperlipidemia 7(3.0) 8(3.5) 9(3.9) 11(5.0)
Eructation 10 (4.3) 14 (6.1) 9(3.9) 0
Asthenia 7(3.0) 14 (6.1) 10 (4.4) 1(0.5)
Dyspepsia 6(2.6) 11(4.8) 12(5.2) 3(1.4)
Hyperglycemia 5(2.2) 2(0.9) 2(0.9) 18 (8.2)
Other AEs
Hypoglycemia (blood glucose 9(3.9) 11(4.8) 10 (4.4) 9(40)
<3.0mmolL";<54mgdl™)
Metformin plus sulphonylurea at baseline 7(6.4) 9(8.4) 10 (9.0) 8(7.7)
Metformin only at baseline 2(1.7) 2(1.7) 0 (0.00) 1(0.9)
Hypoglycemia (blood glucose 63 (27.4) 75 (32.9) 69 (30.1) 97 (44))
<3.9mmolL™;<70mgdl™)
Metformin plus sulphonylurea at baseline 53 (48.6) 54 (50.5) 57 (51.4) 67 (64.4)
Metformin only at baseline 10(8.3) 21(17.4) 12(10.2) 30(25.9)
Severe hypoglycemia 0 0 0 0
Adjudicated pancreatitis 0 0 0 1(0.5)
Malignancy 1(0.4) 2(0.9) 2(0.9) 1(0.5)
Diabetic retinopathy 1(0.4) 3(1.3) 1(0.4) 1(0.5)
Adjudicated MACE-4 3(1.3) 1(0.4) 4(1.7) 1(0.5)
Potential hypersensitivity 6(2.6) 6(2.6) 11(4.8) 5(2.3)
Injection site reaction 3(1.3) 5(2.2) 6(2.6) 3(1.4)
Cholelithiasis 1(0.4) 1(0.4) 2(0.9) 1(0.5)
Cholecystitis acute 0 1(0.4) 1(0.4) 0

Data are n (%). MACE-4, major adverse cardiovascular events (death due to cardiovascular causes, non-fatal myocardial infarction, non-fatal stroke or hospitalization for unstable angina);
N, number of patients who were randomized and received at least one dose of study drug; SAE, serious adverse event.

estimates have revealed that only around 49.2% of patients with T2D

the present study. Furthermore, up to 80.8% of patients receiving tirze-

who are receiving treatment achieve the glycemic control target of  patide achieved the composite endpoints HbAlc < 7% without weight

HbAIlc < 7%", compared to 75-86% of patients receiving tirzepatide in

gain and without clinically significant documented symptomatic
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hypoglycemia or severe hypoglycemia, which indicates that tirze-
patide improves glycemic control in a safe manner. Pre-specified
subgroup analyses showed consistent, superior reductions in HbAlc
and weight loss with tirzepatide versus insulin glargine, regardless of
baseline sulphonylurea use and across patients enrolled in China and
outside of China.

As reported in a previous phase 1 study, tirzepatide improves
first-phase and second-phase insulin secretion and decreases gluca-
gon secretion, and both mechanisms occur in a glucose-dependent
manner®. In addition, tirzepatide results in improvements in insulin
sensitivity, which may contribute to the overall high antihyperglycemic
efficacy with alow risk of hypoglycemia compared to basal insulin, as
demonstrated here.

By week 40, patients in the insulin glargine group were receiv-
ing a mean insulin dose of 0.33 U kg d, which is similar to reports
from multiple phase 3 trials of insulin glargine using the same
treat-to-target algorithmasthe present study ininsulin-naive Chinese
patients with T2D (around 0.3 U kg™ d)***, This finding suggests
that the insulin glargine dose titration and overall dose levels used in
the SURPASS-AP-Combo are representative of similar clinical trials in
this patient population, although lower than reported in global trials
(around 0.5 U kg™ d™)'*12%52¢ In addition, although the SURPASS-4 trial
compared tirzepatide toinsulin glargine, it was conducted in patients
withincreased cardiovascular risk'®, whereas our study was conducted
inabroader T2D population regardless of cardiovascular risk.

Overweight or obesity is associated with a higher risk of develop-
ing T2D and diabetes complications and more difficulty achieving
glycemic control”. Therefore, weight reductionis a central component
of T2D management. The prevalence of overweight and obesity among
individualsin Asian countriesis high, with an estimated prevalence of
overweight among adults (females/males) ranging from 23.9%/19.0%
in India®® to 28.1%/25.1% in South Korea®. The results of the Chinese
National Diabetes and Metabolic Disorders survey estimated that
65.3% of Chinese individuals with T2D are either with obesity or over-
weight*>*, The 2020 Chinese Diabetes Society guidelines recommend
reduction of body weight by at least 5%, and the 2021 Consensus of
Chinese Experts on the Remission of Type 2 Diabetes Mellitus rec-
ommends reduction of body weight by at least 10% for remission of
diabetes'*?. Here we show that tirzepatide leads to reductions in body
weight of -5.0 kg (-6.5%) to 7.2 kg (-9.4%), and up to 74.1% and 45.1% of
patients achieved weight reductions of >5% and >10%, respectively, over
40 weeks. Tirzepatide-induced weight loss is predominantly driven by
fat mass loss and hypothesized to not only be mediated by appetite
suppression, although further research is ongoing to investigate the
mechanism of action®. In addition, the ongoing SURMOUNT-CN trial
(NCT05024032) will further investigate the weight reduction effects
oftirzepatide in a Chinese population with obesity.

Inaddition toweightloss, tirzepatide reduced waist circumference
and BMI (versus an expected increase with insulin glargine) as well as
provided other metabolic benefits, including greater reductions in
triglycerides, total cholesterol, non-HDL-C and VLDL-C; anincreasein
HDL-C; reductionsin SBP and DBP; and reductions in ALT and AST levels
and UACR, whichareknownrisk factors for cardiovascular disease and
non-alcoholic fatty liver disease. These findings suggest that tirzepa-
tide may potentially provide a benefit for the long-term outcomes of
diabetes comorbidities®*,

Asexpected, based onthe results of the completed SURPASS trials,
gastrointestinal AEs were the most common side effects of tirzepatide
inthe presentstudy, whichis consistent with the safety profile of GLP-1
receptor agonists’ >*°, Although a higher incidence of gastrointestinal
AEswasreportedin comparisonto the global and Japanese tirzepatide
trials’™, the severity of events and discontinuation rates were con-
sistent with previous reports, and treatment satisfaction increased
with tirzepatide, which indicates that these AEs were not a barrier to
successful treatment.

One of the primary strengths of the present study is that most
patients were enrolled in China, which is home to the largest number
of individuals with T2D in the world. The data are, therefore, of high
relevancetoalarge patient population”. Secondly, the study had alarge
sample size, and a high proportion of participants completed treat-
ment and completed the trial, giving very complete data. Therefore,
theresults of this study have high generalizability to clinical practice in
China. The study had several limitations, including the open-label study
design; however, it was not feasible to mask treatment assignment due
to differences in the frequency of administration, injection devices,
insulin titration scheme and tirzepatide dose-escalation schemes. In
addition, the study had a relatively short duration of 40 weeks, and a
longer study duration may have provided further insights on the full
weight loss effects of tirzepatide. Inthis study population, there was no
clear dose-dependent efficacy for HbAlc and body weight reduction
between the tirzepatide 10-mg and 15-mg groups. Further studies of
tirzepatide in Chinese and Asian patients may assist the interpretation
of this observation.

In summary, the results of this phase 3 SURPASS-AP-Combo trial
show that weekly tirzepatide significantlyimproved glycemic controlin
apredominantly Chinese Asia-Pacific population of patients with T2D
inadequately controlled on metformin, with or without sulphonylurea.
Thestudy also showed that the safety profile of tirzepatide was consist-
ent with the GLP-1receptor agonist class.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
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Methods

Inclusion and ethics

Ethics review boards at each study site approved the protocol (see
Supplementary Table 9 for the full list). The trial was conducted in
accordance with the principles of international ethics guidelines,
including the Declaration of Helsinki, and applicable laws and regula-
tions. Written informed consent was obtained from each patient before
any study procedures.

Study design

This 40-week, multicenter, randomized, phase 3, open-label,
parallel-group trial was conducted at 66 medical research centers
and hospitals in China (n=43), South Korea (n =13), Australia (n=6)
and India (n=4). The study consisted of a 1-week screening period, a
2-week lead-in period, a40-week treatment period and a4-week safety
follow-up period (Extended Data Fig. 9).

Randomization and masking

Patients were recruited and enrolled at the 66 study sites by inves-
tigators and randomly assigned 1:1:1:1 to tirzepatide 5 mg, 10 mg, 15
mg or insulin glargine using a computer-generated randomization
sequence, which was implemented via an interactive web-response
system (IWRS). Randomization was stratified according to baseline
HbAlc (<8.5% versus >8.5%), country and oral antihyperglycemic medi-
cation use (metformin alone versus metformin plus asulphonylurea).
Anopen-label design was chosen owing to the different dosing frequen-
cies, titration schemes and injection devices of insulin glargine com-
paredtotirzepatide, which precluded masking of treatment allocation.

Procedures

Tirzepatide was administered once aweek by subcutaneous injection
using single-dose pens. The starting tirzepatide dose for all patients
was 2.5 mg, which was increased by 2.5 mg every 4 weeks until the
target dose was reached. If intolerable gastrointestinal side effects
occurred and persisted despite advice to eat smaller meals, sympto-
matic treatment and omission of one tirzepatide dose, the tirzepatide
dose could be de-escalated to a lower, tolerated maintenance dose
(5 mg or 10 mg), which was then continued for the remainder of the
study. Dose de-escalation was not permitted after week 24.

Insulin glargine was administered once daily at bedtime by subcu-
taneous injection using a pre-filled pen. The starting dosewas 6 IlU d?,
which was then titrated using a treat-to-target algorithm to reach the
fasting blood glucose target of 4.0-5.6 mmol L™ based on SMBG levels
(Supplementary Table 10).

All patients continued background therapy with metformin, with
or without asulphonylurea, at the same pre-study dose. Patients with
severe, persistent hyperglycemia meeting pre-defined criteria (Sup-
plementary Information, page 14) could initiate rescue antihypergly-
cemic therapy.

Patients

This study included insulin-naive adults (=18 years of age) with T2D
inadequately controlled (HbAlc > 7.5% and <11.0%) despite stable treat-
ment with metformin, with or without asulphonylurea, for >2 months.
Patients were required to have a BMI of 23 kg m2 and stable body
weight during the previous 3 months before enrollment.

Exclusion criteria were as follows: type 1 diabetes; estimated glo-
merularfiltration rate <45 ml min™/1.73 m? history of pancreatitis, prolif-
erative diabetic retinopathy, diabetic maculopathy and non-proliferative
diabetic retinopathy requiring acute treatment; history of severe hypo-
glycemia and/or hypoglycemia unawareness within the last 6 months;
history of ketoacidosis or hyperosmolar state/coma; known clinically
significant gastric emptying abnormality; having undergone or plan-
ning to undergo a gastric bypass surgery; restrictive bariatric surgery;
or chronic use of drugs that directly affect gastrointestinal motility.

Patients were not permitted to have any of the following conditions
within the last 2 months: acute myocardial infarction; cerebrovascular
accident; hospitalization due to congestive heart failure; New York
Heart Association Functional Classification Ill or IV congestive heart
failure; acute or chronic hepatitis or any other liver disease other than
non-alcoholicfatty liver disease; ALT level more than 3.0 times the upper
limit of the reference range; evidence of a significant, uncontrolled
endocrine abnormality or family/personal history of medullary thyroid
carcinoma or multiple endocrine neoplasia syndrome type 2; a serum
calcitonin level of =35 ng L™’; known or suspected hypersensitivity to
thestudy drugor related drugs; evidence of asignificantactive autoim-
mune abnormality that is likely to require concurrent treatment with
systemic glucocorticoids in the next 12 months; a transplanted organ
or awaiting an organ transplant; a history of active or untreated malig-
nancy; remission from a clinically significant malignancy (other than
basal or squamous cell skin cancer, in situ carcinomas of the cervix or
insitu prostate cancer) for lessthan 5 years; a history of any other condi-
tion that may preclude the patient from following and completing the
protocol; or any hematological condition that may interfere with HbAlc
measurement. Patients who had received any of the following therapies
in the past 3 months and/or between study entry and randomization
were also excluded: any glucose-lowering agent other than metformin
or sulphonylurea; prescription drugs that promote weight loss; and
chronic (>2 weeks or 14 d) systemic glucocorticoid therapy (excluding
topical,intraocular, intranasal orinhaled preparations). Further details
of the inclusion and exclusion criteria are provided in Supplementary
Information (pages 14-18).

Outcomes and assessments

The primary study objective was non-inferiority of tirzepatide 10 mg
or 15 mg or both compared to insulin glargine for the mean change in
HbAIc from baseline to week 40 at a non-inferiority margin (NIM) of
0.4%. Key secondary objectives, controlled for type I error, were to
demonstrate non-inferiority of tirzepatide 5 mg versusinsulin glargine
for the mean change in HbAlc from baseline to week 40; superiority
of each tirzepatide dose versus insulin glargine for weight loss from
baseline toweek 40; superiority of each tirzepatide dose versus insulin
glargine for the mean change in HbAlc from baseline to week 40; and
superiority of each tirzepatide dose versus insulin glargine for the
proportion of patients achieving HbAlc < 7.0% at week 40. Additional
secondary objectives (not controlled for type I error) were the mean
change from baseline in FSG; the proportion of patients achieving
HbAIc < 6.5% and <5.7%; the mean change from baseline in daily aver-
age glucose from SMBG profiles; the proportion of patients attaining
weightloss of 5%, >10% and >15% from baseline; and patient-reported
satisfaction with treatment, assessed using the Diabetes Treatment
Satisfaction Questionnaire status (DTSQs) and Diabetes Treatment
Satisfaction Questionnaire change (DTSQc). Exploratory endpoints
were change in BMI, waist circumference and lipids (total cholesterol,
HDL-C, non-HDL-C, VLDL-C and triglycerides) from baseline to week 40.

Safety endpoints included the incidence of TEAEs, serious AEs
and discontinuation of study treatment due to AEs. AEs of special
interest included hypoglycemia, severe persistent hyperglycemia,
thyroid safety, gastrointestinal disorders, diabetic retinopathy, MACE-
4, allergic/hypersensitivity reactions and adjudicated pancreatic AEs.
Anindependent committee adjudicated pancreatic AEs and MACE-4.
Further safety endpointsincluded change from baseline in vital signs
(SBP, DBP and pulserate).

HbAlc was analyzed using Bio-Rad VariantII. FSG, lipids, pancre-
atic amylase, lipase and hepatic enzymes were analyzed using Roche
Cobas C501. All of these tests were performed by central laboratories
(QSquaredSolutions, Beijing, China, for samples collected from China,
and Q Squared Solutions, Singapore, for samples collected from the
other countries). Weight and waist circumference were measured at
fasting visits.
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Statistical analysis

This study was designed to randomly assign patients (1:1:1:1) to tirzepa-
tide 5 mg,10 mgor 15 mgorinsulinglargine, respectively. The sample
size calculation assumed at least a 0.45% superior HbAlc reduction
with tirzepatide 10 mg and 15 mg versus insulin glargine, a common
s.d. of 1.2% and no more than 25% initiation of rescue therapy or dis-
continuation fromstudy drug. Given these assumptions, enroliment of
approximately 956 patients would provide a90% power to demonstrate
the superiority of all tirzepatide doses compared to insulin glargine
at a two-sided significance level of 0.05. This sample size calculation
provided a more than 99% power for the non-inferiority comparison
with a NIM of 0.4%. This NIM was in line with the requirements of the
China National Medical Products Administration for clinical trials of
novel treatments for T2D*. A graphical multiple-testing procedure was
employed to control the typelerror for the primary and key secondary
endpoint analyses (Extended Data Fig.10).

Change in HbAlc was analyzed using a mixed model for repeated
measures (MMRM) with the dependent variable of change from base-
line, independent variables of baseline value, treatment group, visit,
treatment-by-visitinteraction, country and sulphonylurea use as covar-
iatesand an unstructured covariance structure. MMRMs were also used
to analyze changesinbody weight, BMI, waist circumference, FSG and
daily average SMBG values. Changes in lipid profile were evaluated by
MMRM analysis using log-transformation. HbAlc target attainment was
analyzed by logistic regression with treatment, country, sulphonylurea
use and baseline HbAlc value as covariates. Logistic regression was also
used to evaluate FSG and weight loss target attainment. For analyses of
HbAlcand weight loss target attainment, missing values were imputed
using the predicted values from MMRM analysis.

For evaluation of treatment adherence, patients still receiving
study drug at the endpoint visit were regarded as treatment com-
pleters, regardless of temporary interruptions or the treatment actually
received. Owingtothe Coronavirus Disease 2019 (COVID-19) pandemic
during the study, the endpoint visit window may have been adjusted
to week 38-44, as defined in the protocol amendment.

The primary analysis and other efficacy measures were evaluated
in the efficacy analysis set, defined as data obtained during the treat-
ment period from all randomized patients who received >1 dose of
study drug (mITT population), excluding data collected after initiating
rescue antihyperglycemic medication or discontinuation from study
drug. A supplementary analysis of efficacy endpoints was conducted
using ANCOVA with multiple imputation of missing primary measures,
using data from the FAS, defined as data obtained during treatment
from the mITT population, regardless of adherence to study drug or
initiation of rescue antihyperglycemic medication. Safety analyses
used all data collected from the start of treatment to the end of the
safety follow-up period inthe mITT population.

The InForm Electronic Data Capture platform was used for study
datacollection. All statistical analyses were conducted using SAS ver-
sion 9.4 or higher software. The study protocol was registered at Clini-
calTrials.gov (NCT04093752).

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Datafromthe analysesin this study cannot be publicly available due to
the sponsor’s (Eli Lilly and Company) contractual obligations. Eli Lilly
provides access to allindividual participant data collected during the
trial, after anonymization, with the exception of pharmacokinetic or
genetic data. Data are available to request 6 months after the indica-
tionstudied hasbeen approvedinthe United States and the European
Union and after primary publicationacceptance, whicheverislater.No

expiration date of data requests is currently set once data are made
available. Access is provided after a proposal has been approved by
an independent review committee identified for this purpose and
afterreceipt of asigned datasharing agreement. Dataand documents,
including the study protocol, statistical analysis plan, clinical study
reportand blank or annotated case report forms, willbe providedina
secure datasharing environment. For details on submitting arequest,
see the instructions provided at https://vivli.org/.

Code availability
No customer code was used for data analysis in this study.
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escalation period. Severity is indicated by color: green (mild); orange (moderate); red (severe). TZP, tirzepatide.
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Extended Data Fig. 4 | P-amylase (a) and lipase (b) levels over time. Data
presented are estimate mean (SE). Error bars indicate SE. Baseline values were
calculated using an ANOVA, post-baseline measures were calculated from an
MMRM, all statistical tests were two sided at a significance level of 0.05. Normal

reference values: p-amylase (13-53 IU/L); lipase (13-60 IU/L). ANOVA, analysis of
variance; MMRM, mixed model for repeated measures; No., number of patients
with baseline and post-baseline value at the specified time point; p-amylase,
pancreatic amylase; TZP, tirzepatide; SE, standard error; SFU, safety follow up.
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10mg 91 —_— -1.58 (-1.87, -1.29)
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Region
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Extended Data Fig. 7 | Subgroup analysis of change in HbA1c from baseline
to week 40 according to baseline oral anti-hyperglycemic medication use
and enrolment in China versus out of China. ETD and Clsin HbAlc at week

40 were estimated using an MMRM without missing-value imputationin the
patients who received at least 1 dose of study drug (5 mg, N=230;10 mg, N = 228;
15mg, N =229;insulin glargine, N = 220); all statistical tests were two sided at a
significance level of 0.05 and no adjustments were made for multiplicity. Data

presented are LSMean. Error bars indicate 95% CI. P values represent treatment-
by-subgroup interaction at week 40. ETD, estimated treatment difference;

Cl, confidenceinterval; CHN, China; HbAlc, glycated hemoglobin; LSMean,
least-square mean; MMRM, mixed model for repeated measures; N, number of
patients who were randomized and received at least 1 dose of study drug; OAM,
oral anti-hyperglycemic medication; OCHN, out of China; SU, sulphonylurea;
TZP, tirzepatide.
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Extended Data Fig. 8 | Subgroup analysis of change inbodyweight from
baseline to week 40 according to baseline oral anti-hyperglycemic
medication use and enrolment in China versus out of China. ETD and Cls in
bodyweight at week 40 were estimated using an MMRM without missing-value
imputationin thein patients who received at least 1 dose of study drug (5 mg,
N=230;10 mg, N=228;15 mg, N =229; insulin glargine, N = 220); all statistical
tests were two sided at asignificance level of 0.05 and no adjustments were

made for multiplicity. Data presented are LSMean. Error bars indicate 95% CI. P
values represent treatment-by-subgroup interaction at week 40. ETD, estimated
treatment difference; CI, confidence interval; CHN, China; LSMean, least-square
mean; MMRM, mixed model for repeated measures; N, number of patients

who were randomized and received at least 1 dose of study drug; OAM, oral
anti-hyperglycemic medication; OCHN, out of China; SU, sulphonylurea; TZP,
tirzepatide.
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Extended Data Fig. 9 | SURPASS-AP-Combo trial design. FBG, fasting blood
glucose; QW, once weekly; QD, once daily; SU, sulfonylurea. a Stable doses of
metformin (metformin 21000 mg/day and no more than the maximum approved
dose per country-specific label) and/or a sulfonylurea for 2 months prior to Visit
1,and during the screening/lead-in Period. b The initial dose of insulin glargine
was 6 IU/day for patients who had an average FBG concentration of >7.8 mmol/L
(140 mg/dL). Theinitial dose of insulin glargine for patients with an average FBG

concentration of <7.8 mmol/L (<140 mg/dL) might be reduced by 1-2 IU/day at the
investigator’s discretion. Note: Patients titrated insulin glargine dose in a weekly
manner and made the dose decision with the investigator for the first 8 weeks
(phone or clinic visit). From week 8 to week 16 patients continued the titration

by aphone consultation or clinic visit every other week. It was expected that the
insulin dose stayed relatively stable from week 16 onwards.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02344-1

TZP 15 mg vs Insulin glargine at two-
sided 0.025 significance level
Hys4: Non-inferiority relative to mean

HbA1c change at 40 weeks

Hy5,:Superiority relative to mean weight

change at 40 weeks

H,53:Superiority relative to mean HbA1c

change at 40 weeks

TZP 5 mg vs Insulin glargine at two-
sided 0.025 or 0.05 significance level
H; ;:Non-inferiority relative to mean
HbA1c change at 40 weeks

Hs ,:Superiority relative to mean weight
change at 40 weeks

H; 3:Superiority relative to mean HbA1c
change at 40 weeks

Superiority of TZP 5mg, 10mg, and
15mg vs Insulin glargine at two-sided
0.025 or 0.05 significance level

Hyq 4:Superiority of 10mg relative to
proportion HbA1c <7% at 40 weeks

H,5 4:Superiority of 15mg relative to
proportion HbA1c <7% at 40 weeks

H; ,:Superiority of 5mg relative to
proportion HbA1c <7% at 40 weeks

ecycle unused alpha back to the

top, 50% to 10mg and 15mg

TZP 10 mg versus Insulin glargine at

two-sided 0.025 significance level

Hy 4:Non-inferiority relative to mean

HbA1c reduction at 40 weeks

H,2:Superiority relative to mean weight

change at 40 weeks

Hy 3:Superiority relative to mean HbA1c

change at 40 weeks

Extended Data Fig. 10 | Graphical multiple-testing procedure for the primary and key secondary efficacy endpoints. HbAlc, glycated hemoglobin; TZP,
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Nature Medicine


http://www.nature.com/naturemedicine

nature portfolio

Corresponding author(s):  Dr Linong Ji

Last updated by author(s): Mar 31, 2023

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Statistics
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A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data from the analyses in this study cannot be publicly available due to the sponsor's (Eli Lilly and Company) contractual obligations. Lilly provides access to all
individual participant data collected during the trial, after anonymization, with the exception of pharmacokinetic or genetic data. Data are available to request 6
months after the indication studied has been approved in the US and EU and after primary publication acceptance, whichever is later. No expiration date of data
requests is currently set once data are made available. Access is provided after a proposal has been approved by an independent review committee identified for




this purpose and after receipt of a signed data sharing agreement. Data and documents, including the study protocol, statistical analysis plan, clinical study report,
blank or annotated case report forms, will be provided in a secure data sharing environment. For details on submitting a request, see the instructions provided at
www.vivli.org.
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Reporting on sex and gender Sex was collected as a baseline variable and was captured from the InForm EDC platform. Subgroup analyses by baseline sex
were conducted for efficacy and safety endpoints. The results from subgroups were consistent with the overall population,
and no treatment-by-subgroup interaction was observed. As sex is not associated with treatment for type 2 diabetes, the
subgroup analyses results are not included in the manuscript.

Population characteristics Eligible patients were insulin-naive adults (218 years of age) with T2D inadequately controlled (HbAlc 27.5% and <11.0%)
despite stable treatment with metformin, with or without a sulphonylurea, for 22 months. Patients were also required to
have a body mass index (BMI) of >23 kg/m2 and stable bodyweight during the previous three months before enrollment. Key
exclusion criteria included: type 1 diabetes; , estimated glomerular filtration rate <45 mL/min/1.73 m2;, history of
pancreatitis, proliferative diabetic retinopathy, diabetic maculopathy, and non-proliferative diabetic retinopathy requiring
acute treatment.

Recruitment Patients were recruited at the study sites (addresses for each study site are provided in Supplementary Table 9) by
investigators. The patients were enrolled between Dec 31, 2019 and Jan 27, 2021 using eligibility criteria pre-specified in the
study protocol (supplementary information pages 14-18). The patients were required to sign an informed consent form
before any study procedures.

The study incorporated randomization to minimize bias. Treatment group assignment was determined by computer-
generated random sequence using an interactive web-response system (IWRS). To avoid bias on this open-label study, the
sponsor did not analyze the data based on actual treatments before database lock.

Ethics oversight Ethics Review Boards at each study site approved the protocol, a full list can be found in Supplementary Table 9. The trial was
conducted in accordance with the principles of international ethics guidelines, including the Declaration of Helsinki, and
applicable laws and regulations.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The sample size calculation assumed at least a 0.45% superior HbAlc reduction with tirzepatide 10 and 15 mg versus insulin glargine, a
common standard deviation of 1.2%, and no more than 25% initiation of rescue therapy or discontinuation from study drug. Given these
assumptions, enrolment of approximately 956 patients would provide 90% power to demonstrate the superiority of all tirzepatide doses
compared to insulin glargine at a two-sided significance level of 0.05. This sample size calculation provided a >99% power for the non-
inferiority comparison with a NIM of 0.4%. A graphical multiple-testing procedure was employed to control the type | error for the primary
and key secondary endpoint analyses.

Data exclusions  Efficacy and safety were assessed using the modified intent-to-treat (mITT) population, which consists of all randomly assigned patients who
were exposed to at least one dose of study drug. No data were excluded from the analyses.

Replication As this was a clinical study, measurements were not replicated for each patient. In addition, patients were not permitted to have received
previous treatment with tirzepatide, which precludes repeated measurements.

Randomization  Patients were enrolled by investigators and randomly assigned 1:1:1:1 to tirzepatide 5 mg, 10 mg, 15 mg, or insulin glargine using a computer-
generated randomization sequence, which was implemented via an interactive web-response system (IWRS). Randomization was stratified
according to baseline HbAlc (<8.5% vs >8.5%), country, and OAM use (metformin alone vs metformin plus a sulphonylurea).

Blinding An open-label design was chosen due to the different dosing frequencies, titration schemes and injection devices of insulin glargine compared
to tirzepatide, which precluded masking of treatment allocation.
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration = NCT04093752

Study protocol Study protocol is available on clinicaltrial.gov: https://clinicaltrials.gov/ct2/show/NCT04093752?id=04093752&draw=2&rank=1,
under study details - study documents (full-text) section.

Data collection Patients were enrolled between Dec 31, 2019 and Jan 27, 2021 at 66 medical research centers and hospitals in China (n=43), Korea
(n=13), Australia (n=6), and India (n=4). The addresses for each research center are provided in Supplementary Table 9. All samples
were collected at the participating medical research centers.

Outcomes The study outcomes were predefined in the protocol and statistical analysis plan before the study database lock. The primary study
objective was non-inferiority of tirzepatide 10 mg or 15 mg, or both, compared with insulin glargine, for mean change in HbAlc from
baseline at Week 40 at a non-inferiority margin (NIM) of 0.4%. Key secondary objectives, controlled for type | error, were to
demonstrate: non-inferiority of tirzepatide 5 mg vs insulin glargine for mean change in HbA1lc from baseline at Week 40; superiority
of each tirzepatide dose vs insulin glargine for weight loss from baseline at Week 40; superiority of each tirzepatide dose vs insulin
glargine for mean change in HbAlc from baseline at Week 40; and superiority of each tirzepatide dose vs insulin glargine for the
proportion of patients achieving HbAlc <7.0% at Week 40. HbAlc was analyzed using BioRad Variant Il. Fasting serum glucose, lipids,
pancreatic amylase, lipase and hepatic enzymes were analyzed using Roche Cobas c501. All of these tests were performed by central
laboratories (Q Squared Solutions, Beijing, China, for samples collected from China, and Q Squared Solutions, Singapore, for samples
collected from the other countries). Weight and waist circumference were measured at fasting visits at the research centers.
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