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ABSTRACT

Introduction: Once-weekly (OW) subcutaneous
(s.c.) semaglutide is an injectable glucagon-like
peptide-1 (GLP-1) analogue approved for the
treatment of type 2 diabetes. This trial was
designed to assess the pharmacokinetics, safety
and tolerability of OW s.c. semaglutide in
healthy Chinese subjects.
Methods: In this single-centre, randomised,
double-blind, placebo-controlled trial, 36 heal-
thy subjects were randomised to OW s.c.
semaglutide 0.5 mg (n = 12), 1.0 mg (n = 12), or
placebo (n = 12). Treatment (semaglutide or
placebo) was blinded for the subjects, investi-
gators and sponsor. The primary endpoint was
steady-state semaglutide exposure, defined as
the area under the curve over a dosing interval
at steady state (AUC0–168 h,SS).
Results: In total, 34 subjects completed the
trial. The steady-state exposure of semaglutide
was higher for subjects treated with 1.0 mg
semaglutide (AUC0–168 h,ss: 7961 nmol h/l and
Cmax,ss: 55.9 nmol/l) compared to 0.5 mg

semaglutide (AUC0–168 h,ss: 4000 nmol h/l and
Cmax,ss: 28.8 nmol/l). The total exposure of
semaglutide increased in a dose-proportional
manner in healthy Chinese subjects; the treat-
ment ratio (1.0 mg/0.5 mg) [95% confidence
interval] for AUC0–168 h,SS was 1.99 [1.78; 2.23].
Treatment with OW s.c. semaglutide was well
tolerated in healthy Chinese subjects. As
expected for the GLP-1 receptor agonist class,
the most common adverse events were gas-
trointestinal, and no new safety signals were
identified.
Conclusion: The pharmacokinetics, safety and
tolerability of OW s.c. semaglutide in healthy
Chinese subjects were consistent with previous
clinical pharmacology trials of OW s.c.
semaglutide in other populations. The results
suggest that no dose adjustment is necessary for
semaglutide in Chinese patients with T2D.
Trial Registration: ClinicalTrials.gov, identifier
NCT03288740.
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Key Summary Points

Why carry out this study?

Despite the availability of numerous
glucose-lowering drugs,\20% of Chinese
patients with type 2 diabetes (T2D)
achieve the recommended glycaemic
control target (HbA1c\7%) and there is
an unmet need for an effective,
convenient and easy-to-use treatment
option for patients with T2D.

Semaglutide (Ozempic�; Novo Nordisk
A/S, Denmark) is a glucagon-like peptide-1
(GLP-1) analogue, approved in numerous
countries for the once weekly (OW)
subcutaneous (s.c.) treatment of T2D; the
large SUSTAIN programme demonstrated
that OW s.c. semaglutide provided good
glycaemic control versus a wide range of
comparators, in addition to providing
additional clinical benefits such as weight
loss, cardiovascular risk reduction and
lowering of systolic blood pressure, with a
low risk of hypoglycaemia.

This trial was designed to assess the
pharmacokinetics, safety and tolerability
of OW s.c. semaglutide in healthy Chinese
subjects.

What was learned from the study?

The pharmacokinetics, safety and
tolerability of OW s.c. semaglutide in
healthy Chinese subjects were consistent
with previous clinical pharmacology trials
of OW s.c. semaglutide in other
populations.

The results suggest that no dose
adjustment is necessary for semaglutide in
Chinese patients with T2D.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13123361.

INTRODUCTION

Type 2 diabetes (T2D) is a progressive, chronic,
metabolic disease characterised by persistent
hyperglycaemia which, if left untreated, is
associated with increased risk of long-term
microvascular and macrovascular complications
[1]. T2D is associated with many comorbidities,
including obesity and cardiovascular disease
[2, 3]. In addition, diabetes is an independent
risk factor for cardiovascular disease and,
alongside smoking, obesity, dyslipidaemia and
hypertension, is one of the most important risk
factors for heart disease and stroke worldwide
[3, 4]. Despite the severity of the disease, a large
proportion of patients with T2D do not achieve
glycaemic targets [5–7].

China has the largest population of patients
with T2D in a single country [1]. Among adults
in China in 2017, the estimated overall preva-
lence of diabetes was 10.9% and that of pre-di-
abetes was 35.7% [8]. Obesity is closely
associated with T2D, and among Chinese
patients with diabetes, the prevalence of obesity
(BMI C 28 kg/m2) is 24.3% [9]. Despite the
availability of numerous glucose-lowering
drugs, \ 20% of Chinese patients with T2D
achieve the recommended glycaemic control
target (HbA1c\7%) [7]. Clearly, in China, there
is an unmet need for an effective, convenient
and easy-to-use treatment option for patients
with T2D.

Semaglutide (Ozempic�; Novo Nordisk A/S,
Denmark) is a glucagon-like peptide-1 (GLP-1)
analogue, approved in numerous countries for
the once weekly (OW) subcutaneous (s.c.)
treatment of T2D [10, 11]. The large SUSTAIN
programme demonstrated that OW s.c.
semaglutide provided good glycaemic control
versus a wide range of comparators in addition
to providing additional clinical benefits such as
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weight loss, cardiovascular risk reduction and
lowering of systolic blood pressure, with a low
risk of hypoglycaemia [12–19]. The FDA has
recently (January 2020) approved a new indi-
cation for Ozempic�: to reduce the risk of major
adverse cardiovascular events in adults with
T2D and known heart disease [20].

Semaglutide has a long half-life
(t� & 1 week), supporting OW administration
[21, 22]. In healthy Caucasian and Japanese
subjects, once weekly dosing of semaglutide
results in exposure increasing dose proportion-
ally for 0.5 and 1 mg doses [23]. Clinical phar-
macology trials and a population
pharmacokinetics (PK) analysis of phase 3a tri-
als have shown that dose adjustment is not
required by renal or hepatic impairment, race or
ethnicity [24–27]. Furthermore, the population
PK analysis showed that the most important
predictor of semaglutide exposure is body
weight; subjects with higher body weight tend
to have lower semaglutide exposure [24, 25]. In
addition, drug–drug interaction trials have
shown that no dose adjustment is required for
commonly used oral medications when
administered concomitantly with OW s.c.
semaglutide [10, 11, 22, 28].

To further support the approval of OW s.c.
semaglutide in China, this clinical pharmacol-
ogy trial was conducted to evaluate the phar-
macokinetics, safety and tolerability of OW s.c.
semaglutide in healthy Chinese subjects. This
trial used the same doses (0.5 and 1.0 mg) and
dose-escalation regimen as SUSTAIN CHINA
MRCT (ClinicalTrials.gov identifier:
NCT03061214), a large multiregional phase 3
clinical trial including approximately 70% sub-
jects from China.

METHODS

Trial Design, Subject Eligibility
and Dosing

This clinical pharmacology trial was a single-
centre, parallel-group, randomised, double-
blind, placebo-controlled, multiple-dose PK trial
in healthy Chinese subjects.

The trial enrolled subjects at a single site in
China (the Clinical Trial Center, Beijing Hospi-
tal, Beijing) and was approved by the Ethics
Committee of Beijing Hospital. This study was
conducted in accordance with the Helsinki
Declaration of 1964 and its later amendments,
and all subjects provided written informed
consent to participate in the study. Eligible
subjects were healthy male or female Chinese
subjects, aged 18–55 years, with a BMI of
20.0–24.9 kg/m2 and a body weight C 54.0 kg.
Subjects with a history of endocrine disorders
were excluded, and other exclusion criteria were
standard for a clinical pharmacology study in
healthy subjects.

The trial design is shown in Fig. 1. Subjects
were randomised 2:1:2:1 to OW s.c. semaglutide
0.5 mg, placebo 0.5 mg, OW s.c. semaglutide
1.0 mg or placebo 1.0 mg. Subjects received trial
product at the site by OW s.c. injection in the
abdomen on the same weekday for 13 weeks.
Doses were escalated every 4 weeks until the
target dose was reached, following the FDA- and
EMA-approved labels [10, 11].

Randomisation and blinding

Randomisation to either active treatment or
placebo within each dose level was double-
blinded, but dose level (0.5 or 1.0 mg) was open
label because of differences in injection vol-
umes. Subjects were assigned to the lowest
available randomisation number on the ran-
domisation list and thereby assigned to a treat-
ment group and a subject-specific prepacked
trial product (Clinical Supplies Coordination,
Novo Nordisk A/S, Søborg). The randomisation
list was generated by Novo Nordisk A/S
(Søborg), while randomisation and treatment
allocation were carried about by the Clinical
Pharmacology Research Centre, Beijing Hospi-
tal, Beijing. Subjects, trial site staff and sponsor
were all blinded to treatment allocation within
dose levels.

Trial Endpoints and Safety Assessments

The primary endpoint was area under the
semaglutide plasma concentration-time curve
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over a dosing interval at steady state
(AUC0–168 h,SS) after the last administration of
OW s.c. semaglutide 0.5 or 1.0 mg.

Secondary PK endpoints for OW s.c.
semaglutide 0.5 and 1.0 mg at steady state
included maximum concentration (Cmax,SS),
time to maximum concentration (tmax,SS), ter-
minal half-life (t�), apparent clearance (CL/FSS),
apparent volume of distribution (VSS/F) and
trough concentration (Ctrough,SS). Secondary PK
endpoints after the first dose of semaglutide
(single dose) included AUC0–168 h,SD, Cmax,SD

and tmax,SD. The dose-corrected accumulation
ratio (Racc,DC) was calculated using AUC0–168 h,SS

and AUC0–168 h,SD.
Safety assessments included collection of

treatment-emergent adverse events (AEs,
defined as any untoward medical occurrence in
a subject after the first dose and before the fol-
low-up visit) and technical complaints as well as
physical examinations and clinical laboratory
tests. The placebo groups were pooled during
analysis.

There were no changes to the protocol after
trial initiation.

PK Assessments

Blood samples for PK assessment of semaglutide
were taken at the following time points after the
first dose: 0, 6, 12, 18, 24, 30, 36, 42, 48, 60, 72,
84, 96, 120, 144 and 168 h and at the following
time points after the last dose: 0, 6, 12, 18, 24,
30, 36, 42, 48, 60, 72, 84, 96, 120, 144, 168, 336,
504, 672 and 840 h. Additional PK samples were
taken before dosing in weeks 4, 8 and 11.

Bioanalysis of blood samples was performed
using a validated liquid chromatography-tan-
dem mass spectrometry (LC–MS/MS) assay [22].

Statistical Analyses

Based on previous data with OW s.c. semaglu-
tide, a sample size of 20 subjects was considered
sufficient to achieve an acceptably narrow
confidence interval for the dose ratio [22]. Dose
proportionality was assessed by the ratio of
AUC0–168 h,SS for 0.5 mg/1.0 mg.

To account for potential dropout of up to
20%, a total of 24 subjects were planned for
active treatment, and 12 subjects were planned
for treatment with placebo (total for both pla-
cebo doses), leading to a total number of 36
subjects planned to start in the trial.

Fig. 1 Trial design. Subjects in blue treatment groups were treated with OW s.c. semaglutide; subjects in grey treatment
groups were dosed with corresponding volume of placebo. PK pharmacokinetics, OW once weekly, s.c. subcutaneous
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The primary endpoint, AUC0–168 h,SS, was
derived from the concentration-time curves
0–168 h (1 week) after last semaglutide dose
using the non-compartmental, linear trape-
zoidal method on the observed concentrations
using actual time points. The endpoint was
analysed by a linear normal model based on the
log-transformed values and back-transformed to
provide dose ratios alongside 95% confidence
intervals. The model included dose group as a
fixed factor.

Accumulation ratio (Racc,DC) was calculated
as:

AUC0�168h;sema;ss=last doseðin mgÞ
AUC0�168h;sema;SD=first doseðin mgÞ ;

where ‘last dose’ is the steady-state dose level of
interest (either 0.5 or 1 mg) and ‘first dose’ is the
first dose of trial product (0.25 mg).

Analyses were conducted using non-com-
partmental methods in the statistical software
SAS, version 9.4 M5.

RESULTS

Trial Subjects

Subjects were recruited between 21 September
2017 and 23 March 2018. The final follow-up
visit for the final patient enrolled was on 7
August 2018. The flow of subjects through the
trial is presented in Fig. 2. Two subjects dis-
continued before trial completion: one subject
randomised to OW s.c. semaglutide 1.0 mg was
discontinued before the last dose because of ‘use
of prescription or non-prescription systemic
products or topical medicinal products within
3 weeks prior to the visit’ and one subject ran-
domised to placebo was discontinued after the
last dose because of a serious AE (traffic acci-
dent; considered unrelated to treatment).

The demographics and baseline characteris-
tics were similar across the three treatment arms
(Table 1) and reflected the general population of
healthy Chinese subjects. All subjects had

Fig. 2 Flow diagram of subjects. aOne subject withdrew
from the trial, one subject was withdrawn because of
violation of a dosing day exclusion criterion (‘use of
prescription or non-prescription systemic products or
topical medicinal products within 3 weeks prior to the
visit’) and four subjects were withdrawn because of adverse
events. bVolume-matched placebo (six subjects on placebo

0.5 mg; six subjects on placebo 1.0 mg). cSubject was
withdrawn owing to violation of a dosing day exclusion
criterion before the final dose. dSubject was withdrawn
owing to an SAE unrelated to treatment (traffic accident)
after receiving all planned doses of trial product. OW once
weekly, SAE serious adverse event, s.c. subcutaneous
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glycaemic parameters within the normal range
at baseline.

Pharmacokinetic Results

The geometric mean plasma concentration of
semaglutide is presented over the duration of
treatment in Fig. 3a and over a dosing interval
(1 week [168 h]) in Fig. 3b. Frequent PK samples
were taken after the first dose (day 1) and after
the last dose (day 84) of semaglutide, as indi-
cated by the peaks in Fig. 3b. As expected, the
mean semaglutide plasma concentration was
similar in the semaglutide 0.5 and 1.0 mg
groups for the period up until day 56. After
day 56, the semaglutide plasma concentration
in subjects randomised to semaglutide 1.0 mg
increased as these subjects started treatment
with a 1.0 mg dose.

The PK parameters of OW semaglutide at
steady state and after the first dose are presented
in Table 2. At steady state, the exposure (in
terms of AUC0–168 h,SS, Cavg and Cmax,SS) of
semaglutide 1.0 mg appeared to be approxi-
mately double that of semaglutide 0.5 mg,
while clearance and distribution appeared sim-
ilar for both doses. Both groups were injected
with semaglutide 0.25 mg for the first dose, and,
as expected, the single dose PK parameters
appeared similar for both groups. The dose-
corrected accumulation ratio (Racc,DC) was
approximately 2, suggesting that, in healthy

Chinese subjects, semaglutide accumulated as
expected based on the t� (*1 week) and dosing
interval (1 week).

Statistical analysis confirmed that the expo-
sure of s.c. semaglutide increased in a dose-
proportional manner in healthy Chinese sub-
jects. The treatment ratio (1.0 mg/0.5 mg) [95%
CI] for AUC0–168 h,SS was 1.99 [1.78; 2.23] and
the treatment ratio [95% CI] for Cmax,SS was
1.94 [1.74; 2.16].

Exposure in healthy Chinese subjects was
slightly higher than that seen in other popula-
tions (including healthy European and Japanese
subjects and obese European subjects, Fig. 4a);
however, after adjusting for differences in body
weight, exposure in Chinese subjects was simi-
lar to exposure observed in other clinical phar-
macology trials (Fig. 4b).

Safety and Tolerability Results

The proportions of subjects reporting AEs were
similar for OW s.c. semaglutide 0.5 mg (83%),
OW s.c. semaglutide 1.0 mg (92%) and placebo
(92%). No new safety signals were identified
with OW s.c. semaglutide.

Despite a similar proportion of subjects
reporting AEs in all groups, a higher number of
AEs were reported with OW s.c. semaglutide
1.0 mg (58 AEs) compared with semaglutide
0.5 mg (44 AEs) and placebo (42 AEs) (Table 3);
this was primarily because of a greater number

Table 1 Baseline characteristics

OW s.c. semaglutide 0.5 mg (N = 12) OW s.c. semaglutide 1.0 mg (N = 12) Placeboa (N = 12)

Age, years 33.6 (23–44) 33.3 (22–44) 33.3 (27–52)

Height, m 1.70 (1.59–1.77) 1.67 (1.53–1.83) 1.68 (1.55–1.74)

Body weight, kg 64.8 (58.7–75.0) 63.0 (55.1–79.9) 63.4 (57.4–68.0)

BMI, kg/m2 22.6 (21.0–24.2) 22.8 (20.3–24.2) 22.5 (20.5–24.3)

Male, n (%) 7 (58.3) 7 (58.3) 7 (58.3)

Female, n (%) 5 (41.7) 5 (41.7) 5 (41.7)

Data are mean (minimum–maximum) unless otherwise specified. Baseline was defined as latest assessment before dosing.
BMI was calculated using baseline measurements of height and body weight
BMI body mass index, OW once weekly, s.c. subcutaneous
a Data from both placebo arms were pooled for analysis
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of AEs (e.g. decreased appetite, nausea) in the
OW s.c. semaglutide 1.0 mg group. The major-
ity of AEs were mild in severity (Table 3).

There were no deaths in this trial. There was
one serious adverse event in the placebo group
(traffic accident) that led to discontinuation
from the trial after the last dose. This event was
considered unrelated to treatment.

DISCUSSION

This trial investigated the PK, safety and toler-
ability of OW s.c. semaglutide in healthy Chi-
nese subjects. Semaglutide exposure increased
in a dose-proportional manner for doses of 0.5
and 1.0 mg, and treatment was well tolerated,
with no new safety signals identified.

Fig. 3 Geometric mean semaglutide concentration over
time for a the full trial duration and b over a dosing
interval at steady state. The dashed lines denote the lower

limit of quantification. Values below this limit were
imputed. Sema semaglutide
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The PK properties of OW semaglutide in
healthy Chinese subjects in this trial appeared
similar to the PK properties observed in other
clinical pharmacology trials with OW semaglu-
tide [23, 28, 29].

The safety and tolerability profile of OW s.c.
semaglutide in this trial were consistent with
previous trials in healthy subjects [23, 28, 29],
and no new safety concerns were identified.
Gastrointestinal AEs are a well-established side
effect of treatment with GLP-1 receptor agonists
[30] and, as expected, gastrointestinal AEs were
reported more frequently in subjects treated
with OW semaglutide 1.0 mg compared with
OW semaglutide 0.5 mg or placebo. However,
all gastrointestinal adverse events were mild in
severity and none led to treatment
discontinuation.

Table 2 Summary of PK parameters of OW s.c.
semaglutide

OW s.c.
semaglutide
0.5 mg (N = 12)

OW s.c.
semaglutide
1.0 mg (N = 11)

PK parameters of OW s.c. semaglutide at steady state

AUC0–168 h,SS,

nmol h/l

4000 (10.7%) 7961 (15.5%)

Cmax,SS, nmol/l 28.8 (9.5%) 55.9 (15.0%)

Cavg,SS, nmol/la 23.8 (10.7%) 47.4 (15.5%)

tmax,SS, h
b 36 (30–42) 30 (12–96)

CL/FSS, l/h 0.030 (10.7%) 0.031 (15.5%)

t�, h 156 (7.8%) 159 (11.9%)

Vss/F, h 8.0 (9.8%) 8.5 (13.8%)

Racc,DC
c 2.18 [2.01; 2.37] 2.17 [1.99; 2.37]

PK parameters of s.c. semaglutide after the first dose

(0.25 mg in both groups)

AUC0–168 h,SD,

nmol h/l

918 (12.7%) 937 (15.7%)

Cmax,SD, nmol/l 6.9 (14.5%) 7.0 (19.0%)

tmax,SD, h
b 36 [24–96] 42 [24–120]

Values are geometric mean (coefficient of variation [%])
unless specified otherwise. Subscripts SS and SD denote
steady state or single dose for each PK parameter
AUC0–168 h area under the concentration–time curve over
a dosing interval (0–168 h) at steady state, Cavg average
concentration at steady state, CL/F apparent clearance at
steady state, Cmax maximum concentration, t� terminal
half-life, tmax time to maximum concentration at steady
state, OW once weekly, PK pharmacokinetics, s.c. subcu-
taneous, Racc,DC dose-corrected accumulation ratio, V/F
apparent volume of distribution
a Cavg was calculated as AUC0–168 h/168 h
b tmax values are median (minimum–maximum)
c Racc,DC values are estimates and [95% confidence
intervals]

Fig. 4 a Average observed semaglutide concentration and
b body weight- and dose-normalised average semaglutide
concentration across clinical pharmacology trials of OW
s.c. semaglutide. Study 1 was conducted in Japan and
included healthy Japanese and Caucasian subjects [23];
study 2 was conducted in the UK and included subjects
with obesity [29]; studies 3 and 4 were conducted in
Germany and included healthy subjects [28]. Cavg was
calculated as AUC0–168 h/168 h. Weight- and dose-nor-
malised exposure for each individual subject was calculated
as: Cavg/(dose 9 body weight0.988). Error bars represent
90% ranges for the Cavg
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The efficacy and safety of treatment with
OW s.c. semaglutide in Chinese subjects with
T2D have been demonstrated in a phase 3a
clinical trial (SUSTAIN CHINA MRCT, Clini-
calTrials.gov identifier: NCT03061214).

CONCLUSIONS

This trial demonstrated that the PK, safety and
tolerability of OW s.c. semaglutide in healthy
Chinese subjects was consistent with previous
clinical pharmacology trials of OW s.c.
semaglutide in other populations and that
treatment with semaglutide was well tolerated
in healthy Chinese subjects. The major limita-
tions of this trial are the small sample size and
the limited generalisability of the results due to
the short duration and the population of heal-
thy subjects.

The results of this trial support that the PK of
semaglutide is similar across populations and
suggests that no dose adjustment is necessary
for semaglutide in Chinese patients with T2D.
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