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ABSTRACT

Introduction: To investigate the safety, tolera-
bility, pharmacokinetics (PK), and pharmaco-
dynamics (PD) of tirzepatide in Chinese
patients with type 2 diabetes (T2D).

Methods: In this phase 1, double-blind, pla-
cebo-controlled, multiple dose study, patients
were randomized into one of two cohorts to
receive once-weekly subcutaneous tirzepatide or
placebo. The initial tirzepatide dose in both
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cohorts was 2.5 mg, which was increased by
2.5 mg every 4 weeks to a maximum final dose
of 10.0 mg at week 16 (Cohort 1) or 15.0 mg at
week 24 (Cohort 2). The primary outcome was
the safety and tolerability of tirzepatide.

Results: Twenty-four patients were randomized
(tirzepatide 2.5-10.0 mg: n = 10, tirzepatide 2.5-
15.0 mg: n = 10, placebo: n = 4); 22 completed the
study. The most frequently reported treatment-
emergent adverse events (TEAEs) among patients
receiving tirzepatide were diarrhea and decreased
appetite; most TEAEs were mild and resolved
spontaneously with no serious adverse events
reported in the tirzepatide groups and one in the
placebo group. The plasma concentration half-life
of tirzepatide was approximately 5-6 days. Mean
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glycated hemoglobin (HbAlc) decreased over
time from baseline in the 2.5-10.0 mg (- 2.4%)
and 2.5-15.0 mg (— 1.6%) tirzepatide groups, at
week 16 and week 24, respectively, but remained
steady in patients receiving placebo. Body weight
decreased from baseline by — 4.2 kg at week 16 in
the tirzepatide 2.5-10.0 mg group and by — 6.7 kg
at week 24 in the 2.5-15.0 mg group. Mean fast-
ing plasma glucose levels fell from baseline
by — 4.6 mmol/L in the tirzepatide 2.5-10.0 mg
group at week 16 and by — 3.7 mmol/L at week 24
in the tirzepatide 2.5-15.0 mg group.
Conclusions: Tirzepatide was well tolerated in
this population of Chinese patients with T2D. The
safety, tolerability, PK, and PD profile of tirzepatide
support once-weekly dosing in this population.
Clinical Trial Registration: ClinicalTrials.gov:
NCT04235959.

Keywords: GIP; GLP-1; Phase 1; Pharmaco-
dynamics; Pharmacokinetics; Tirzepatide; Type
2 diabetes

Key Summary Points

An estimated 140.9 million people in
China were living with diabetes in 2021,
with only around 50% able to achieve
glycemic control, indicating a need for the
turther development of safe and effective
therapies.

This study aimed to investigate the safety
and tolerability of tirzepatide, a glucose-
dependent insulinotropic polypeptide
(GIP)/glucagon-like peptide 1 (GLP-1)
receptor agonist, in Chinese patients with
type 2 diabetes (T2D).

Most treatment-emergent adverse events
were mild, the most frequently reported
were diarrhea and decreased appetite, and
the tirzepatide plasma half-life was 5-6
days.

The safety, tolerability, and
pharmacokinetic and pharmacodynamic
profiles of tirzepatide observed in this
study support once-weekly dosing in
Chinese patients with T2D.

INTRODUCTION

China accounts for approximately one-quarter
of global adult cases of diabetes. Indeed, an
estimated 140.9 million people in China were
living with diabetes in 2021, and this number is
expected to rise to 174.4 million by 2045 [1].
Despite the favorable effects of glucagon-like
peptide 1 receptor agonists (GLP-1RAs)[2] and
other medications in the treatment of diabetes,
only around 50% of Chinese patients with type
2 diabetes (T2D) are able to achieve their ther-
apeutic goals of glycemic control, defined as
glycated hemoglobin (HbAlc) level of less than
7.0% [3], which demonstrates an urgent need
for new approaches to manage hyperglycemia
in Chinese people with T2D.

Tirzepatide is a glucose-dependent insulino-
tropic polypeptide (GIP)/GLP-1 receptor agonist
developed for the treatment of adults with T2D
as a once-weekly subcutaneous injection, which
has profound efficacy for reducing HbAlc
[4-10]. In addition to the effect of GLP-1 on
controlling glycemia and regulating appetite,
GIP plays a central role in glycemic control by
increasing postprandial  glucose-dependent
insulin secretion and mediating the majority of
the incretin effect in healthy people [11, 12]. A
study exploring the physiological mechanisms
underlying tirzepatide in the treatment of T2D
showed that, compared to the GLP-1RA
semaglutide, tirzepatide significantly improves
both insulin secretion rates and insulin sensi-
tivity, which indicates synergistic anti-hyper-
glycemic efficacy as an agonist of both the GLP-
1 and GIP receptors [13].

In both healthy individuals and patients
with T2D included in global and Japanese
pharmacokinetic (PK) studies, tirzepatide has
shown a dose-proportional PK profile with peak
concentrations 1-2 days after dosing and a
plasma half-life (T.,) of around S days, across a
range of single and multiple dose levels on a
once-weekly dosing schedule [14, 15]. However,
the PK and pharmacodynamic (PD) character-
istics of tirzepatide have not been established in
Chinese patients with T2D.

Here, we present the results of a phase 1
study that evaluated the safety, tolerability, PK,
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and PD of tirzepatide in Chinese patients with
T2D.

METHODS

Study Design and Patients

This was a randomized, double-blind, placebo-
controlled, multiple dose phase 1 study (Clini-
calTrials.gov: NCT04235959). Eligible patients
were native Chinese adults (20-70 years, inclu-
sive) with T2D either controlled through diet
and exercise alone or stable for > 3 months on
treatment with a single oral antihyperglycemic
medication (OAM; metformin, acarbose, or
sulphonylurea only) prior to screening. Other
enrolment criteria included HbAlc = 7.0%
and < 10.5% (patients treated with diet and
exercise alone) or > 6.5% and < 10.0% (patients
receiving an OAM), and BMI > 23.0 kg/m?. Key
exclusion criteria were aspartate aminotrans-
ferase or alanine transaminase levels > 2 the
upper limit of normal (ULN), total bilirubin
level > 1.5 ULN, or estimated glomerular filtra-
tion rate < 45 mL/min/1.73 m? at screening and
female subjects of childbearing potential were
required to test negative for pregnancy before
inclusion.

The study protocol was approved by Peking
University First Hospital Ethics Committee and
the Ethics Committee for Clinical Trials, West
China Hospital of Sichuan University. The
study was conducted in accordance with prin-
ciples outlined in the Declaration of Helsinki
and the Council of International Organizations
of Medical Sciences International Ethical
Guidelines. All participants gave written
informed consent before participation in the
study.

Procedures

The details of the study design are shown in
Supplementary Figure S1. All prior OAM treat-
ments were discontinued and washed out dur-
ing the 2-week lead-in period before dosing.
Enrolled patients were randomized in a 5:1 ratio
to receive either tirzepatide or matched placebo

by once-weekly (QW) subcutaneous (SC) injec-
tion in one of two cohorts: in Cohort 1 (2.5-
10.0 mg), patients assigned to tirzepatide
received 2.5 mg for the first 4 weeks, with the
dose increasing by a further 2.5 mg every
4 weeks, to the maximum dose of 10.0 mg; in
Cohort 2 (2.5-15.0 mg), patients receiving tir-
zepatide followed the same dose increments as
Cohort 1, but with two further dose increases to
the maximum dose of 15.0 mg. After the treat-
ment period, all patients were followed up for
4 weeks.

Randomization was implemented using a
computer-generated randomization sequence
via an interactive web response system. All
study treatments were provided in a single-dose
pen injector and were dispensed by the inves-
tigator. Tirzepatide and placebo were provided
in identical pen injectors with identical pack-
aging to facilitate masking. The patients and
investigators, as well as site staff and clinical
monitors, were blinded to treatment allocation.

The study procedures, including safety
assessments and blood sampling, were per-
formed as scheduled in the protocol. Details of
the measurement of tirzepatide plasma con-
centration are provided in the Supplementary
Information. PD samples including HbAlc and
fasting plasma glucose (FPG) were tested in a
designated central laboratory (Labcorp, Shang-
hai, China).

Assessments

The primary study outcome was to investigate
the safety and tolerability of tirzepatide in
Chinese patients with T2D after multiple SC
doses. Information on each adverse event (AE)
and serious AE (SAE) was recorded via an elec-
tronic case report form, which also required the
investigator to assess any possible relationship
between the AE and the study treatment.
Treatment-emergent AEs (TEAEs) were defined
as AEs that occurred or increased in severity
following initiation of treatment. Other safety
data gathered included laboratory investiga-
tions, vital signs, electrocardiogram, informa-
tion on injection-site  reactions, and
hypoglycemic events. Hypoglycemia was
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defined as plasma or serum glucose < 70.0 mg/
dL (3.9 mmol/L), and was categorized and
reported as mild, moderate, or severe on the
basis of recommendations of the International
Hypoglycaemia Study Group [16]. The sec-
ondary outcome was the PK profile of tirzepa-
tide. The primary PK parameters evaluated
included maximum drug concentration (Cpax),
area under the concentration-time curve (AUC)
and time to Cpax (Tmax)-

The following PD measurements were inclu-
ded in this study as exploratory endpoints:
changes from baseline in lipid profiles, meal
intake, patient-reported appetite sensation,
body weight, FPG, HbAlc, 7-point self-moni-
tored blood glucose (7-point SMBG), and
immunogenicity assessments. For the
immunogenicity assessments, the frequency
and percentage of patients with pre-existing
and treatment-emergent anti-drug antibodies
(ADAs) were recorded. A treatment-induced
ADA was defined as a titer twofold/1-dilution
greater than the minimum required dilution
when no ADAs were detected at baseline. A
treatment-boosted ADA was defined as a four-
fold/2-dilution increase in titer versus baseline
if ADAs were detected at baseline.

Statistical Analyses

The sample size was selected to enable evaluation
of the primary study objective without consider-
ation of a priori statistical requirements. The
protocol specified a sample size of approximately
24 patients, with the expectation that 16 would
complete the study in compliance with the
specified dosing regimen. Safety analyses inclu-
ded data from all enrolled patients, and PK and
PD analyses included data from all patients who
received at least one dose of study treatment and
for whom evaluable data were available.

RESULTS

Patients

A total of 24 patients were enrolled in the study:
placebo, n = 4 (two placebo patients in each

cohort); tirzepatide 2.5-10.0 mg, n = 10; tirze-
patide 2.5-15.0 mg, n = 10. Of the 24 enrolled
patients, 22 completed the study. One patient
in the tirzepatide 2.5-10.0 mg group was dis-
continued after the first 4 weeks’ treatment with
tirzepatide 2.5 mg due to inadvertent enroll-
ment with an excluded pre-existing medical
condition (cholecystolithiasis). Another
patient, who received placebo in cohort 2, was
discontinued at week 19 (Day 131) due to an
SAE of acute myocardial infarction. This was the
only SAE reported in this study.

Approximately half of the patients were male
(54%); the mean [standard deviation (SD)] age
was 56.3 (5.4) years; body weight was 67.1 (7.6)
kg; BMI was 25.7 (2.3) kg/mz; HbA1lc was 7.9
(1.1) %; and duration of diabetes was 6.4 (3.7)
years (Table 1). Baseline characteristics were
broadly similar across the treatment groups,
although body weight and BMI were slightly
higher in the placebo-treated patients and
HbA1c was higher in those receiving tirzepatide
2.5-10.0 mg than in the other groups.

Safety and Tolerability

No deaths or SAEs occurred in patients receiving
tirzepatide during the study. At least one treat-
ment-related AE was reported in almost all
patients receiving tirzepatide (Table 2), although
treatment was well tolerated, with no AEs leading
to discontinuation. Overall, at least one TEAE
was reported in each patient, of which 93% were
rated as mild and 95% had resolved by the end of
the study without requiring treatment. Although
most TEAEs were related to the gastrointestinal
system, with diarrhea and decreased appetite
being the most common, the majority were rated
as mild, and all had resolved by the end of the
study without requiring treatment.

The incidence of hypoglycemia was low,
occurring in one patient in each tirzepatide
group, both at a dose of 10 mg. These two
events were mild (58 mg/dL and 64 mg/dL) and
resolved within 3 h. Injection-site reactions
were reported in two patients, all of which were
mild and resolved spontaneously. One hyper-
sensitivity-related event (mild rash) was repor-
ted by a patient in the tirzepatide 2.5-15.0 mg
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Table 1 Patient demographics and baseline clinical characteristics

Placebo (z = 4) Tirzepatide 2.5-10.0 mg

Tirzepatide 2.5-15.0 mg Total (n = 24)

(n = 10) (n = 10)
Age, years
Mean (SD) 56.5 (7.5) 55.8 (5.2) 56.8 (5.4) 56.3 (5.4)
Range 50.0-63.0 50.0-65.0 50.0-66.0 50.0-66.0
Sex, 7 (%)
Male 3 (75) 4 (40) 6 (60) 13 (54)
Female 1(25) 6 (60) 4 (40) 11 (46)
Weight, kg
Mean (SD) 713 (7.1) 65.0 (8.5) 67.6 (6.8) 67.1 (7.6)
Range 64.8-81.0 51.5-77.1 57.6-77.0 51.5-81.0
BMI, kg/m*
Mean (SD) 264 (1.8) 260 (2.9) 25.1 (1.6) 25.7 (2.3)
Range 242-284 232-31.2 23.1-27.9 23.1-31.2
HbAlc concentration, %"
Mean (SD) 7.8 (0.7) 8.2 (12) 7.7 (1.1) 7.9 (1.1)
Range 7.4-8.9 6.6-10.7 6.8-10.3 6.6-10.7
Duration of T2D, years
Mean (SD) 5.3 (2.1) 6.6 (4.1) 6.6 (4.0) 64 (3.7)
Range 3.0-8.0 2.0-12.0 2.0-12.0 2.0-12.0
Prior OAM, 7 (%)
None 1(25) 1 (10) 1 (10) 3 (13)
Acarbose 0 2 (20) 0 2 (8)
Metformin 3 (75) 7 (70) 9 (90) 19 (79)

BMI body mass index, HbAI¢ glycated hemoglobin, OAM oral antidiabetic medication, SD standard deviation, 72D type 2

diabetes
*HbAlc values were collected at study day 1, pre-dose

group; the event occurred 48 h after the first
dose of 7.5 mg, was considered to be related to
study drug, and resolved spontaneously within
5 days. No clinically meaningful changes in
vital signs measurements were reported during
the study.

PharmacoKkinetics

Complete PK data were available for all patients
who received tirzepatide, apart from the patient
from Cohort 1 who was discontinued after the
first 4 weeks’ tirzepatide treatment because of a
pre-existing medical condition. For this patient,
only the Week O data were included in the PK
analysis. Figure la and b shows the mean
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Table 2 Summary of adverse events

Placebo (» = 4) Tirzepatide 2.5-10.0 mg (2 = 10) Tirzepatide 2.5-15.0 mg (z = 10)

Any TEAE 4 (100) 10 (100)
Mild 4 (100) 10 (100)
Moderate 1 (25) 3 (30)

Treatment-related AEs 0 9 (90)

Any SAE 1 (25) 0

Discontinuation due to AEs 1 (25) 0

TEAEs by preferred term®
Decreased appetite 0 5 (50)
Diarrhea 0 6 (60)
Hyperlipidemia 3 (75) 5 (50)
Abdominal distension 0 2 (20)
Nausea 0 1 (10)
Lipase increased 0 1 (10)
Hiccups 0 1 (10)
Fatigue 0 2 (20)
Flatulence 0 1 (10)
Hypoglycemia 0 1 (10)
Hypokalemia 1(25) 1 (10)
Injection-site reaction 0 0
Nasopharyngitis 0 0
URTI 2 (50) 0
Urinary tract infection 0 2 (20)

10 (100)
10 (100)
0

10 (100)

Data are presented as number of patients (%)
“Listings include any TEAE reported in > 2 patients

AE adverse event, SAE serious adverse event, TEAE treatment-emergent adverse event, URTI upper respiratory tract

infection

plasma tirzepatide concentration-time profiles
up to week 15 for the 2.5-10.0 mg group and up
to week 23 for the 2.5-15.0 mg group, respec-
tively. The Chax values were dose-dependent
and the mean T..x values were similar over
time and between cohorts, with T,,.,x consis-
tently being approximately 24 h (Supplemen-
tary Table S1). Values of Ty, were also relatively
consistent, ranging from 124 to 145 h

(approximately 5-6 days), regardless of whether
they were calculated over a period of less than
or greater than the resultant T,.

Pharmacodynamics

Median HbAlc decreased over time with tirze-
patide treatment but remained approximately
stable in patients receiving placebo (Fig. 2a).
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Fig. 1 Mean plasma concentration—time profiles for tirzepatide in Cohort 1 (a) and Cohort 2 (b). Error bars represent

standard deviation. SC subcutaneous, QW once weekly

The mean changes from baseline in HbAlc
were — 2.4% at week 16 in the tirzepatide 2.5-
10.0 mg group and — 1.6% at week 24 in the
tirzepatide 2.5-15.0 mg group (Supplementary
Table S2). Over the course of the study, FPG
decreased from baseline with tirzepatide treat-
ment, but not with placebo: the mean changes
from baseline were — 4.6 mmol/L [~ 82.8 mg/dL]
at week 16 in the tirzepatide 2.5-10.0 mg group
and — 3.7 mmol/L [~ 66.2 mg/dL] at week 24 in
the tirzepatide 2.5-15.0 mg group (Fig. 2b).

In the tirzepatide groups, mean 7-point
SMBG decreased at all timepoints from baseline
to study end [tirzepatide 2.5-
10.0 mg: — 7.0 mmol/L (- 126.0 mg/dL) at week
16; tirzepatide 2.5-15.0 mg: — 4.5 mmol/L
(= 80.6 mg/dL) at week 24]. No such consistent

decrease from baseline was seen in the placebo
group (Fig. 3a).

There was a trend towards a decrease in meal
intake between baseline and end of study in
both the tirzepatide groups. This trend was not
apparent in the placebo group (Supplementary
Figure S2). Furthermore, mean body weight
decrease from baseline was numerically greater
in patients treated with tirzepatide than in
those receiving placebo: tirzepatide 2.5-
10.0 mg: — 4.2 kg at week 16; tirzepatide 2.5-
15.0 mg: — 6.7 kg at week 24, compared
with — 0.9 kg and — 3.4 kg for patients receiving
placebo at the same time points (Fig. 3b).
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Fig. 2 a Median HbAIc at weeks 0, 16 and 24; b Median and minimum and maximum values (ends of whiskers).
FPG at weeks 0, 16 and 24. Data are shown as median FPG fasting plasma glucose, HbAIc glycated hemoglobin
(horizontal line), Q1 and Q3 (box upper and lower edges)
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standard deviation, not calculated for the placebo group at week 20 or 24). SMBG 7-point self-monitored blood glucose

Immunogenicity

No ADAs were detected at baseline. Post-base-
line, evaluable data were available for all 20
patients treated with tirzepatide. Eight (40%)
were ADA-positive; five patients in the 2.5-
10.0 mg group and three in the 2.5-15.0 mg
group. All positive cases were classified as
treatment-induced, with maximum titers rang-
ing from 1:20 to 1:320 (median 1:40). There was
no apparent impact of ADA-positive status on
the safety, PK and PD of tirzepatide.

DISCUSSION

This phase 1 multiple-ascending dose study
provides the primary safety and PK data for

tirzepatide in the Chinese population. The
results demonstrated that once-weekly subcu-
taneous tirzepatide is well tolerated at the
studied doses in Chinese patients with T2D.
Furthermore, the safety, and PK and PD profiles,
of tirzepatide in Chinese patients were consis-
tent with those previously reported in global
and other Asian populations [4-10, 15], which
provided evidence that tirzepatide can poten-
tially provide improvements in glycemic con-
trol and reduce body weight in patients with
T2D.

In this study, the most frequently reported
TEAEs were gastrointestinal-related events (di-
arrhea and decreased appetite), almost all of
which were mild in severity. This is consistent
with the findings of the SURPASS clinical trial
program and the known safety profile of GLP-
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1 RAs, for which gastrointestinal events are also
the most common side effect [14-19]. The
incidence of hypoglycemia in the present study
was low (one event in each tirzepatide group),
and both events were mild and resolved rapidly
(within 3 h). This finding is consistent with the
results of the SURPASS clinical trial program
and a meta-analysis of the SURPASS trials which
found a similar incidence of hypoglycemia with
tirzepatide versus placebo and a low incidence
of severe hypoglycemia [14-20]. Injection-site
reactions and hypersensitivity-related events
were also rare and mild, all resolving sponta-
neously. Overall, no new safety concerns were
identified in Chinese patients with T2D com-
pared with previous reports in global and Asian
populations [14-19].

The PK profile of tirzepatide in Chinese
patients with T2D observed in the present study
was comparable to that reported in global and
Japanese patient populations, with dose-pro-
portional PK reported in all studies [14, 15].
Across a range of single and multiple tirzepatide
doses, broadly comparable values of median
Tmax (global and Japan, Ty,.x range of 24-48 h;
China: 24 h) and mean T, (global and
Japan: 5 days; China: 5-6 days) were observed.
In summary, these data support a once-weekly
dosing schedule for tirzepatide in Chinese
patients with T2D.

The present study found that, compared
with placebo, tirzepatide led to numerically
greater changes from baseline in body weight
and improvements in glycemic control. These
results are consistent with the findings of early-
stage studies in global and Japanese popula-
tions, and have since been confirmed in larger
phase 3 studies.[15, 18-20] Interestingly, a dose-
dependent glucose lowering effect was not
observed in the present study. At the end of
treatment, the mean changes from baseline
HbAlc were — 2.4% and — 1.6% in the 2.5-
10.0 mg and 2.5-15.0 mg treatment groups,
respectively. However, this is likely due to the
moderate disparity of HbAlc at baseline (8.2%
in the 2.5-10 mg group and 7.7% in the 2.5-
15 mg group; Table 1).

The primary limitations of this study were
the small sample size and limited treatment
duration, inherent to most phase 1 trials. The

safety, tolerability, and PK and PD profiles of
tirzepatide support once-weekly dosing in this
population. The efficacy and safety of long-term
tirzepatide treatment in Chinese patients with
T2D will be evaluated further in the on-going
clinical development program.

CONCLUSIONS

The findings of the present study revealed that
the treatment of Chinese patients with T2D
with tirzepatide yields a PK/PD profile consis-
tent with that reported in previous studies, with
efficacy for glycemic control and body weight
reduction, as well as a favorable safety profile.
These results provide a foundation for the fur-
ther clinical development of tirzepatide in the
Chinese population. Two phase 3 studies are
currently being conducted to investigate tirze-
patide for the treatment of T2D (SUPASS-AP;
NCT04093752) and for chronic weight man-
agement (SURMOUNT-CN; NCT05024032),
respectively, in Chinese patient populations.
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