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ABSTRACT

Introduction: Semaglutide is a glucagon-like
peptide-1 analogue for once-weekly subcuta-
neous treatment of type 2 diabetes. This trial
compared the pharmacokinetics, pharmacody-
namics, and safety of semaglutide in Japanese
and Caucasian subjects.
Methods: In this single-center, double-blind,
parallel-group, 13-week trial, 44 healthy male
subjects (22 Japanese, 22 Caucasian) were ran-
domized within each race to semaglutide
0.5 mg (n = 8), 1.0 mg (n = 8), placebo 0.5 mg
(n = 3) or 1.0 mg (n = 3). The primary endpoint

was semaglutide exposure at steady state [area
under the curve (AUC0–168h)].
Results: Steady-state exposure of semaglutide
was similar for both populations: AUC0–168h

estimated race ratio (ERR), Japanese/Caucasian:
0.5 mg, 1.06; 1.0 mg, 0.99; maximum concen-
tration (Cmax) ERR: 0.5 mg, 1.06; 1.0 mg, 1.02.
Exposure after the first dose (0.25 mg) was
slightly higher in Japanese versus Caucasian
subjects (AUC0–168h ERR 1.11; Cmax ERR 1.14).
Dose-dependent increases in AUC0–168h and
Cmax occurred in both populations. Accumula-
tion was as expected, based on the half-life (t1/2,
* 1 week) and dosing interval of semaglutide.
Significant body weight reductions were
observed with semaglutide 0.5 mg and 1.0 mg
in Japanese (both p B 0.05) and Caucasian (both
p B 0.05) subjects versus placebo. No new safety
issues were identified.
Conclusions: The pharmacokinetic, pharmaco-
dynamic, and safety profiles of semaglutide
were similar in Japanese and Caucasian subjects,
suggesting that no dose adjustment is required
for the clinical use of semaglutide in Japanese
subjects.
Funding: Novo Nordisk A/S, Denmark.
Trial registration: ClinicalTrials.gov identifier
NCT02146079. Japanese trial registration num-
ber JapicCTI-142550.
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INTRODUCTION

The prevalence of type 2 diabetes (T2D) and
prediabetes has increased significantly since the
1980s in the general Japanese population. The
rising incidence of obesity and a marked decline
in physical activity have both exerted an influ-
ence on this increasing T2D trend [1]. Despite
the availability of numerous glucose-lowering
drugs, there remains an unmet need for effec-
tive diabetes treatment [2], as a significant pro-
portion of individuals with T2D are still not
achieving recommended glycemic targets (e.g.,
HbA1c\7.0% [American Diabetes Association
(ADA) and Japanese Diabetes Society] and
B 6.5% [American Association of Clinical
Endocrinologists]) [3–5].

Glucagon-like peptide (GLP-1) is an incretin
hormone that has a glucose-dependent stimu-
latory effect on insulin and an inhibitory effect
on glucagon secretion from the pancreatic islets
[6, 7]. The effects of GLP-1 are reduced in indi-
viduals with T2D [8–11]; however, the ability of
GLP-1 to lower blood glucose levels is preserved
when it is administered at supraphysiologic
levels [12]. GLP-1 also has effects on appetite
and energy intake [13, 14] and is, therefore, an
attractive pharmacologic option for the treat-
ment of T2D [15–17]. The short terminal elim-
ination half-life (t1/2) of endogenous GLP-1
(\1.5 min after intravenous administration
[18]) has required the development of GLP-1
receptor agonists with longer half-lives.

GLP-1 receptor agonists have become recog-
nized treatment options for T2D [19], which
stimulate insulin and decrease glucagon secre-
tion in a glucose-dependent manner, thereby
improving glycemic control with a relatively
low risk of hypoglycemia [20].

Semaglutide (Novo Nordisk A/S, Denmark) is
a subcutaneously administered GLP-1 analogue
for the treatment of T2D. It has 94% amino acid
sequence homology to native GLP-1, and is
structurally similar to liraglutide, a once-daily
GLP-1 receptor agonist [21]. Semaglutide’s
structural modifications from native GLP-1
make it less susceptible to degradation by
dipeptidyl peptidase 4 (DPP-4) and, in addition,
increase its specific high-affinity binding to

albumin [21]. The resultant half-life of approx-
imately 1 week makes semaglutide appropriate
for once-weekly administration [22, 23].

The phase 3 global SUSTAIN trials were
designed to cover a broad spectrum of the T2D
patient care continuum, including drug-naı̈ve
patients as well as those on a background of
orally administered antidiabetic drugs and/or
insulin. In these trials, semaglutide was superior
to all comparators in reducing HbA1c levels,
providing clinically meaningful improvements
in glycemic control and body weight reduction
in subjects with T2D [24–28]. In SUSTAIN 6—a
2-year placebo-controlled trial investigating
cardiovascular outcomes—semaglutide led to a
significant 26.0% reduction in risk of the pri-
mary outcome (a composite of cardiovascular
death, nonfatal myocardial infarction, or non-
fatal stroke) versus placebo [29].

Clinical pharmacology studies have shown
that pharmacokinetic properties of semaglutide
are not significantly affected by renal function
[30] or hepatic impairment [31], suggesting that
no dose adjustment is warranted. Similarly, no
clinically relevant impact of semaglutide on
concomitant orally administered medications
was observed [22, 32].

Genetic differences, diet, and other envi-
ronmental factors can contribute to differences
in therapeutic drug response across different
regional populations [33]. Therefore, the objec-
tives of this clinical pharmacology trial were to
compare the pharmacokinetics, pharmacody-
namics, safety, and tolerability of semaglutide
in healthy Japanese and Caucasian subjects
using the same doses (0.5 and 1.0 mg) and dose-
escalation regimen to reach steady state as in
the semaglutide global phase 3 program.

METHODS

Trial Design, Subjects, and Dosing

This was a clinical pharmacology, single-center,
parallel-group, randomized, double-blind, pla-
cebo-controlled trial with two doses of
semaglutide (0.5 mg and 1.0 mg) administered
subcutaneously to healthy male Caucasian and
Japanese subjects.
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Healthy male subjects, age 20–55 years, with
good glycemic control [HbA1c 6.0%
(42 mmol/mol) or less]; body mass index (BMI)
in the range of 20–25 kg/m2 with body weight
of at least 54 kg; and with both parents either
Japanese (for Japanese subjects) or Caucasian
(for Caucasian subjects) were eligible for inclu-
sion. Exclusion criteria included the presence or
history of endocrine disorders and the existence
of a first-degree relative with T2D, and were
otherwise standard criteria for clinical pharma-
cology studies in healthy subjects.

Subjects were randomized within each eth-
nic group (Japanese and Caucasian) to receive
either semaglutide 0.5 mg, semaglutide 1.0 mg,
placebo 0.5 mg, or placebo 1.0 mg in an 8:8:3:3
ratio. Subjects were assigned to the lowest
available randomization number on a subject-
specific prepacked trial product (Clinical Sup-
plies Coordination, Novo Nordisk A/S). Ran-
domization to either active treatment or
placebo was double-blinded, but assignment
across doses was not blinded, because of differ-
ences in treatment volume.

Subjects received once-weekly subcuta-
neously administered semaglutide or volume-
matched placebo for 13 weeks, with 5 weeks’
follow-up (Fig. 1). Doses were administered
subcutaneously by the investigator at the clinic,

using a prefilled PDS290 pen-injector.
Semaglutide steady state was reached using the
same dose-escalation regimen as in the phase 3
semaglutide program: subjects assigned to
0.5 mg treatment received 0.25 mg for 4 weeks,
then 0.5 mg for 9 weeks. Those in the
semaglutide 1.0 mg arm received 0.25 mg for
4 weeks, followed by 0.5 mg for 4 weeks and
1.0 mg for 5 weeks.

Prior to initiation, the trial protocol and any
amendments, the consent form, and the subject
information sheet were reviewed and approved
according to local regulations by appropriate
health authorities, and by an institutional
review board (IRB). The IRB for this study was
Medical Co. LTA Hakata Clinic IRB, Japan. The
trial was conducted in accordance with the
Declaration of Helsinki [34] and the Interna-
tional Conference on Harmonization Good
Clinical Practice guidelines [35]. Informed con-
sent was obtained before any trial-related
activities were initiated.

Trial Endpoints

The primary endpoint of the trial was area
under the plasma semaglutide concentra-
tion–time curve during a dosing interval
(0–168 h) at steady state (AUC0–168h,sema,SS).

Fig. 1 Study design. BMI body mass index, PD pharmacodynamic, PK pharmacokinetic, SD single dose, SS steady state
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Secondary pharmacokinetic endpoints for
semaglutide at steady state after the last dose of
semaglutide, 0.5 mg or 1.0 mg, included maxi-
mum plasma concentration (Cmax,sema,SS), time
to Cmax,sema,SS (tmax,sema,SS), total apparent
clearance (CL/Fsema,SS), terminal elimination
half-life (t1/2,sema,SS), and apparent volume of
distribution (Vz/Fsema,SS). Secondary pharma-
cokinetic endpoints after the first dose of
semaglutide (0.25 mg) were AUC0–168h,sema,SD,
Cmax,sema,SD, and tmax,sema,SD. Other secondary
pharmacokinetic endpoints included trough
plasma concentration, 168 h after each dose of
semaglutide 0.25 mg, 0.5 mg, and 1.0 mg
(Ctrough,sema). The dose-corrected accumulation
ratio (Racc,DC,sema) was calculated on the basis of
AUC0–168h,sema,SD after the first dose and
AUC0–168h,sema,SS after the last dose.

The pharmacodynamic endpoints were
change from baseline to end of treatment—de-
fined as 1 week after the last dose—in body
weight, fasting plasma glucose (FPG), and other
fasting glucose metabolism parameters (insulin,
C-peptide, glucagon, and pro-insulin). Safety
endpoints included incidence of adverse events,
number of hypoglycemic episodes, incidence of
anti-semaglutide antibodies at follow-up, and
change in vital signs, electrocardiogram (ECG)
readings, physical examination, and laboratory
tests (hematology, biochemistry, calcitonin,
and urinalysis).

Pharmacokinetic Assessments

Blood samples for pharmacokinetic assessment
of semaglutide were taken before the first dose
(0 h), for 1 week following a single 0.25 mg dose
(6, 12, 18, 24, 30, 36, 42, 48, 60, 72, 84, 96, 120,
144, 168 h), then weekly prior to the next dose
(trough values), and for 5 weeks following the
final dose (0 h then 6, 12, 18, 24, 30, 36, 42, 48,
60, 72, 84, 96, 120, 144, 168, 336, 504, 672 and
840 h).

Bioanalysis of blood samples was performed
at a specialized laboratory (Celerion Switzerland
AG; Fehraltorf, Switzerland), which used a vali-
dated liquid chromatography–mass spectrome-
try (LC–MS/MS) assay [22]. This assay measured
the total semaglutide concentration and had a

lower limit of quantification (LLOQ) of
0.7 nmol/L [22].

Pharmacodynamic Assessments

Body weight was measured at baseline (before
first dosing) and at 8 and 12 weeks after first
dosing and 1 week following the final dose.
Subjects were weighed without shoes and
wearing light clothing. Blood samples for
assessment of glucose metabolism parameters
(glucose, insulin, C-peptide, glucagon, and pro-
insulin) were collected during fasting state: at
baseline (before first dosing), 1 week after the
fourth dose of 0.5 mg, and 1 week following the
final dose. These parameters were analyzed
using standardized procedures at a central lab-
oratory (ICON Laboratory Services Inc., Dublin,
Ireland) while Celerion Switzerland AG was
responsible for the analysis of semaglutide and
anti-semaglutide antibodies. Local laboratory
facilities (Medical Co. LTA, Sumida Hospital; LSI
Medscience Cooporation, and SRL Inc. [all
Tokyo, Japan]) provided additional analyses
including biochemistry, hematology, urinalysis,
and other laboratory assessments.

Safety Assessments

Safety assessments included monitoring of
adverse events/serious adverse event and vital
signs, ECG, physical examination, hypo-
glycemic episodes, and laboratory testing (in-
cluding presence of anti-semaglutide antibodies
or hypersensitivity). All adverse events were
coded using the Medical Dictionary for Regula-
tory Activities (MedDRA), version 17.1. Hypo-
glycemia was monitored at the trial site during
the in-house visits by glucose measurement.
Hypoglycemia was classified as severe according
to ADA guidelines [36] or blood glucose-con-
firmed symptomatic hypoglycemia by a plasma
glucose value of less than 56 mg/dL (3.1 mmol/
L) with symptoms indicative of hypoglycemia.

Statistical Analysis

Sample size was not based on a formal statistical
power calculation. A total of 44 subjects (22
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Japanese and 22 Caucasian) were planned to be
randomized to semaglutide 1.0 mg (n = 8),
semaglutide 0.5 mg (n = 8), placebo 0.5 mg
(n = 3), or placebo 1.0 mg (n = 3). In the anal-
ysis, the two placebo groups were pooled
assuming no correlation between endpoints
and placebo volume. A withdrawal rate of
15.0% was anticipated, which allowed for at
least six steady-state pharmacokinetics profiles
per dose and race group to be available for
evaluation. All subjects who were randomized
and exposed to at least one dose of trial product
contributed to the pharmacokinetics, pharma-
codynamics, and safety analyses.

The pharmacokinetic primary endpoint,
AUC0–168h,sema,SS, was derived from the con-
centration–time curve during a dosing interval
(0–168 h) at steady state using the linear trape-
zoidal method on the observed concentrations
at actual time points. The AUC0–168h,sema,SS and
other steady-state pharmacokinetic endpoints
(Cmax,sema,SS and Racc,DC,sema) were analyzed
separately by linear normal models based on
log-transformed values with race (Japanese or
Caucasian), dose group (0.5 mg or 1.0 mg), and
race-by-dose group interaction as fixed factors.
Estimated race differences (Japanese/Caucasian)
by dose group and estimated dose-group differ-
ences (1.0 mg/0.5 mg) by race were transformed
back to the original scale and presented as ratios
with two-sided 95% confidence intervals (CI). A
p value for the test of race-by-dose group inter-
action was also calculated. The race ratio for the
pharmacokinetic endpoints (AUC0–168h,sema,SD

and Cmax,sema,SD) after the first dose (0.25 mg)
was estimated by linear normal models on log-
transformed values.

For each pharmacodynamic assessment,
treatment contrasts (semaglutide 0.5 mg and
1.0 mg versus placebo) at the end of treatment
were estimated using a mixed model for repe-
ated measurements using all post-baseline
measurements up to the end of treatment. The
model included visit, dose group, race, and race-
by-dose interaction as fixed factors and baseline
value as covariate. Furthermore, interaction
terms of visit-by-dose group, visit-by-race, visit-
by-race-by-dose group, and visit-by-baseline
value were included. Fasting insulin, C-peptide,

glucagon, and pro-insulin were logarithmically
transformed.

Safety endpoints were summarized descrip-
tively. We used SAS version 9.3 for all analyses.

RESULTS

Subject Disposition and Baseline
Characteristics

In total, 44 subjects (Japanese, n = 22; Cau-
casian, n = 22) were randomized and exposed to
the trial product between May and October
2014, from 108 subjects initially screened for
eligibility. Three Caucasian subjects withdrew
from the trial for personal reasons: one in the
semaglutide 0.5 mg group (day 50) and two in
the semaglutide 1.0 mg group (days 29 and 36).
Baseline characteristics and demographics are
shown in Table 1. Caucasian subjects were on
average taller and weighed more than their
Japanese counterparts (73.0 versus 63.6 kg,
respectively). There were no other marked dif-
ferences in baseline characteristics between
dose groups, and BMI levels were comparable
between the populations. In line with the cri-
teria for healthy volunteers, glycemic parame-
ters were within the normal range. Baseline
insulin, pro-insulin, C-peptide, and glucagon
levels were also similar between race groups.

Pharmacokinetics

Plasma levels of semaglutide were detectable in
all semaglutide-treated subjects, and below the
assay LLOQ in all subjects receiving placebo.
The full plasma concentration–time profile of
semaglutide, from first dose until follow-up, is
shown in Fig. 2. Mean semaglutide concentra-
tion profile was comparable between race
groups throughout the trial period at both dose
levels. Semaglutide concentrations increased
from day 28, reflecting the dose-escalation step
from 0.25 to 0.5 mg in all groups. Similarly,
mean semaglutide concentrations increased
from day 56 in the 1.0 mg groups, following the
final dose-escalation step from 0.5 to 1.0 mg.
Pharmacokinetic samples were taken more
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Fig. 2 Mean semaglutide profile from first dosing to
follow-up. Values are geometric means. From day 7 to day
84 all samples were taken immediately prior to next

semaglutide dose (trough samples). All values below the
lower limit of quantification are imputed

Table 1 Baseline characteristics of trial populations

Japanese subjects Caucasian subjects

Semaglutide
0.5 mg

Semaglutide
1.0 mg

Placebo Semaglutide
0.5 mg

Semaglutide
1.0 mg

Placebo

Mean
[min.2max.]

Mean
[min.2max.]

Mean
[min.2max.]

Mean
[min.2max.]

Mean
[min.2max.]

Mean
[min.2max.]

N 8 8 6 8 8 6

Age (years) 34.1 [23–44] 39.1 [29–47] 41.4 [27–51] 33.4 [26–52] 35.0 [25–51] 36.5 [26–49]

Height (m) 1.70

[1.62–1.81]

1.73

[1.65–1.86]

1.70

[1.65–1.75]

1.81

[1.74–1.90]

1.83

[1.72–1.95]

1.76

[1.71–1.81]

Body weight

(kg)

63.9

[58.6–68.9]

64.3

[55.3–74.3]

62.4

[56.8–67.9]

74.9

[66.5–86.0]

73.5

[61.4–86.6]

69.8

[62.9–73.8]

BMI (kg/m2) 22.3

[20.0–24.7]

21.4

[20.1–24.5]

21.7

[20.4–23.6]

22.9

[21.2–24.9]

22.1

[20.0–24.5]

22.6

[20.0–24.5]

Baseline information is defined as the latest assessment before first dosing. BMI body mass index is calculated on the basis of
baseline measurements of height and body weight
N number of subjects
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frequently for 0–168 h following the first dose
(day 0) and 0–840 h after the last dose (day 84),
as indicated by the graph peaks (Fig. 2).

The mean semaglutide concentration profile
during the dosing interval at steady state, from
day 84, was similar in Japanese and Caucasian
subjects within each dose group (Fig. 3). The
exposure of semaglutide at steady state
(AUC0–168h,sema,SS) was comparable between
Japanese and Caucasian subjects in both dose
groups (Table 2), with similar estimated race
ratios for semaglutide 0.5 and 1.0 mg doses
(Table 3). There was a dose-dependent increase
for AUC0–168h,sema,SS in both populations, which
is in accordance with dose proportionality
(Table 2), as shown by estimated treatment
ratios (semaglutide 1.0 mg/semaglutide 0.5 mg)
that were close to 2 for both populations
(Table 3). There was no statistically significant
race-by-dose group interaction.

The Cmax,sema,SS of semaglutide at steady
state was also similar between Japanese and
Caucasian subjects (Table 2), with estimated
race ratios close to 1 and estimated treatment
ratios close to 2 (Table 3). Other pharmacoki-
netic endpoints at steady state (tmax,sema,SS, CL/
Fsema,SS) were comparable between the popula-
tions in both dose groups (Table 2). The

elimination of semaglutide during follow-up,
following the final dose, is shown in Supple-
mentary Fig. S1. Although the Vz/Fsema,SS of
semaglutide was similar between the popula-
tions and doses, the half-life of semaglutide (t1/

2,sema,SS) appeared to be slightly lower in the
0.5 mg Japanese group versus the other dose
groups (Table 2).

The exposure (AUC0–168h,sema,SD) and Cmax,-

sema,SD after a single dose (0.25 mg) of
semaglutide was slightly higher in Japanese
versus Caucasian subjects, as shown by esti-
mated race ratios above 1 (Supplementary
Table S1; Supplementary Fig. S2) and the tmax,-

sema,SD was earlier for Japanese subjects than for
Caucasian subjects.

Trough plasma concentrations (Ctrough,sema

concentration 1 week after the fourth dose of all
dose levels) were similar between race groups
and across doses, and trough levels were greater
with the higher 1.0 mg dose upon dose escala-
tion (Fig. 2). The dose-corrected accumulation
ratio (Racc, DC,sema) was slightly lower in Japa-
nese subjects than in Caucasian subjects
(Table 3) but was comparable among dose
groups (0.5 and 1.0 mg).

Fig. 3 Mean semaglutide profile at steady state: 0–168 h after last dose. Values are geometric means
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Pharmacodynamics

Mean body weight was decreased by 1.4 and
5.0 kg with semaglutide 0.5 and 1.0 mg,

respectively, compared with an increase of
1.1 kg with placebo in Japanese subjects [esti-
mated treatment difference versus placebo
- 2.4 kg (p B 0.05) and - 6.1 kg (p B 0.05)]. In
Caucasian subjects, mean body weight was

Table 2 Pharmacokinetic endpoints at steady state

Japanese subjects Caucasian subjects

Semaglutide 0.5 mg
(n5 8)

Semaglutide 1.0 mg
(n5 8)

Semaglutide 0.5 mg
(n5 7)

Semaglutide 1.0 mg
(n5 6)

AUC0–168h,sema,SS

(nmol h/L)

3583 (17.8) 7449 (12.2) 3371 (2.4) 7490 (17.9)

Cmax,sema,SS (nmol/L) 25.1 (17.8) 51.6 (11.1) 23.7 (7.5) 50.6 (17.5)

tmax,sema,SS (h)� 30 [12; 72] 36 [18; 96] 36 [24; 72] 30 [24; 72]

CL/Fsema,SS (L/h) 0.034 (17.8) 0.033 (12.2) 0.036 (2.4) 0.032 (17.9)

t1/2,sema,SS (h) 145 (8.0) 163 (10.9) 159 (9.0) 167 (13.2)

Vz/Fsema,SS (L) 7.11 (12.8) 7.69 (14.0) 8.25 (11.1) 7.84 (19.6)

Racc,DC,sema 1.99 (10.2) 2.09 (6.8) 2.30 (10.2) 2.31 (9.5)

Values are geometric means (CV)
AUC area under the curve, CL/F total apparent clearance, Cmax maximum concentration, CV coefficient of variation (%),
Racc,DC,sema dose-corrected accumulation ratio [(AUC0–168h,sema,SS/last dose)/(AUC0–168h,sema,SD/first dose)], SS steady
state, t1/2 terminal elimination half-life, tmax time to maximum concentration, Vz/F apparent volume of distribution
�Values are median [minimum; maximum]

Table 3 Statistical analyses of pharmacokinetic endpoints at steady state

Estimated treatment ratio [95% CI] (semaglutide 1.0 mg/semaglutide 0.5 mg)

Japanese subjects Caucasian subjects

AUC0–168h,sema,SS 2.08 [1.80; 2.40] 2.22 [1.89; 2.60]

Cmax,sema,SS 2.06 [1.78; 2.38] 2.13 [1.82; 2.50]

Racc,DC,sema 1.05 [0.95; 1.15] 1.00 [0.90; 1.12]

Estimated race ratio [95% CI] (Japanese/Caucasian)

Semaglutide 0.5 mg Semaglutide 1.0 mg

AUC0–168h,sema,SS 1.06 [0.92; 1.23] 0.99 [0.85; 1.16]

Cmax,sema,SS 1.06 [0.91; 1.23] 1.02 [0.87; 1.19]

Racc,DC,sema 0.87 [0.78; 0.96] 0.90 [0.82; 1.00]

Values are estimated ratios [95% CIs]. The endpoint was logarithmically transformed and analyzed in a linear normal model
with race, dose group, and race-by-dose group interaction as fixed factors
AUC area under the curve, CI confidence interval, Cmax maximum concentration, Racc,DC,sema dose-corrected accumulation
ratio [(AUC0–168h,sema,SS/last dose)/(AUC0–168h,sema,SD/first dose)], SS steady state
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reduced by 3.6 kg with semaglutide 0.5 mg and
7.5 kg with semaglutide 1.0 mg, versus an
increase of 0.7 kg with placebo [estimated
treatment difference - 4.3 kg (p B 0.05) and
- 8.3 kg (p B 0.05)] (Supplementary Table S2).

No clinically significant changes in the dif-
ferent parameters of glucose metabolism from
baseline to end of treatment were observed.
There was a slight reduction in FPG in Japanese
subjects receiving semaglutide 0.5 and 1.0 mg,
compared with placebo and in Caucasian sub-
jects receiving semaglutide 1.0 mg (Supple-
mentary Table S2).

Safety

Overall, 32 subjects were exposed to semaglu-
tide and 12 subjects to placebo across both
populations. No deaths, serious adverse events,
or adverse events leading to withdrawal were
reported. The proportions of Japanese subjects
reporting adverse events were 75.0% and 62.5%
with semaglutide 0.5 and 1.0 mg, respectively,
compared with 16.7% of subjects receiving
placebo. In the Caucasian population, 50.0%,
62.5%, and 33.3% of subjects reported adverse
events with semaglutide 0.5, 1.0 mg, and pla-
cebo, respectively (Supplementary Table S3).
The number of events was higher in the
semaglutide 1.0 mg group, compared with the
0.5 mg group (driven by three subjects having
multiple events), with no apparent difference
between the race groups. All adverse events
were mild to moderate in severity; none were
severe. Gastrointestinal adverse events were the
most frequently reported events, and more
common with semaglutide than placebo. A
higher proportion of Japanese subjects reported
gastrointestinal adverse events than Caucasian
subjects: 62.5%, 37.5%, and 16.7% of Japanese
subjects receiving semaglutide 0.5, 1.0 mg and
placebo, respectively, versus 25.0%, 25.0% and
0.0% of Caucasian subjects, respectively (Sup-
plementary Table S3). No hypoglycemic events
were reported during the trial.

There was an elevation in pulse rate from
baseline to end of treatment in subjects receiv-
ing semaglutide, with no apparent difference
across the races and doses. Pulse rate increased

by 8.5 beats per minute (bpm) and 10.4 bpm in
Japanese subjects receiving semaglutide 0.5 and
1.0 mg, respectively, versus a decrease of
0.5 bpm with placebo. In Caucasian subjects,
pulse rate increased by 14.6, 10.5, and 2.8 bpm
with semaglutide 0.5, 1.0 mg, and placebo,
respectively.

There were no clinically significant abnor-
malities in ECG readings or physical examina-
tions. No noticeable trends were found in the
biochemistry parameters, including amylase,
lipase and calcitonin, in any of the treatment or
race groups. No subjects developed anti-
semaglutide antibodies as a consequence of
semaglutide treatment.

DISCUSSION

This trial investigated whether the pharma-
cokinetics, pharmacodynamics, safety, and tol-
erability profile of semaglutide in healthy male
Japanese subjects were similar to those in Cau-
casian subjects. The primary objective was to
assess and compare exposure after multiple
doses of semaglutide using the clinical thera-
peutic doses of 0.5 and 1.0 mg.

Semaglutide pharmacokinetic profiles and
pharmacokinetic parameters were similar across
both populations, and showed an expected
higher exposure with the 1.0 mg dose, as
demonstrated by the mean semaglutide con-
centration–time curves from first dosing to fol-
low-up, which is supported by the statistical
analyses. Furthermore, the pharmacokinetic
properties of semaglutide reported in this clin-
ical trial were comparable with those reported
from other reported clinical pharmacology trials
[22, 30–32].

Following multiple doses of semaglutide, the
Cmax and tmax were found to be comparable
between the races, despite a slightly higher
mean semaglutide exposure and Cmax after the
first single 0.25 mg semaglutide dose in Japa-
nese subjects.

The dose-corrected accumulation ratio of
approximately 2 was as expected on the basis of
the half-life of semaglutide of approximately
1 week [21] and the once-weekly dosing fre-
quency. Semaglutide 1.0 mg resulted in double
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the exposure of the 0.5 mg dose, with no dif-
ference between the two races.

Dose-dependent reductions in body weight
were observed in all subjects receiving active
treatment; however, this was more pronounced
in Caucasian subjects, who had a higher mean
body weight at baseline. Weight reduction is a
known effect of GLP-1 receptor agonist thera-
pies, and some, such as liraglutide, are licensed
to treat individuals with obesity in some coun-
tries [37, 38]. Semaglutide was shown to provide
significant and clinically meaningful improve-
ments in glycemic control and body weight
reduction in the global phase 3 trials versus all
comparators [24–28], and in phase 3 trials of
Japanese subjects with T2D versus sitagliptin
and orally administered antidiabetic agent add-
on therapy [39, 40]. As would be expected in a
trial population of healthy volunteers, there
were no clinically significant changes in glucose
metabolism in the current trial.

No new safety and tolerability issues related
to semaglutide were observed in this trial. There
were no serious adverse events and no subjects
withdrew because of adverse events, while three
withdrew for personal reasons. Although
semaglutide-treated Japanese subjects reported
more gastrointestinal adverse events, the overall
safety and tolerability profile of semaglutide was
comparable between Japanese and Caucasian
subjects and was similar to that reported in
other semaglutide trials [24–28]. In line with
results from other trials, gastrointestinal adverse
events—an established side effect of GLP-1
receptor agonist therapy [41]—were reported
more frequently with semaglutide.

In this trial of healthy volunteers, there was
an elevation in pulse rate in semaglutide-treated
subjects; however, considering the low sample
size, the change observed in Japanese and
Caucasian subjects was comparable. Only minor
increases in pulse rate from baseline were
observed across the phase 3 SUSTAIN program
in subjects with T2D [24–28]. In SUSTAIN 6, the
largest trial investigating semaglutide, with the
longest duration reported to date in subjects
with high cardiovascular risk, mean pulse rate
increases of 2.1 and 2.4 bpm were reported with
semaglutide 0.5 and 1.0 mg, respectively, versus
no change with placebo. Despite this slight

elevation, it should be noted that semaglutide-
treated patients had a 26.0% lower risk of the
primary composite outcome (death from car-
diovascular causes, nonfatal myocardial infarc-
tion, or nonfatal stroke) than those who
received placebo [29].

GLP-1 receptor agonists are known to affect
pulse rate [42] and, accordingly, when
semaglutide was compared head-to-head with
another once-weekly GLP-1 receptor agonist,
exenatide extended release, the elevation in
pulse rate was not significantly different [26].
There were no cases of positive anti-semaglutide
antibodies or episodes of hypoglycemia repor-
ted during this trial.

This trial had a relatively short duration and
a small sample size. Furthermore, the subjects
enrolled were healthy, lean individuals with no
expected effects on pharmacodynamic parame-
ters. A key limitation of the study is that par-
ticipants were not entirely representative of the
population for which semaglutide treatment is
intended, in individuals with T2D. It has been
proposed that the pathophysiology of T2D in
Japanese patients is primarily characterized by
b-cell dysfunction, while obesity and insulin
resistance are believed to be the key drivers of
T2D in Caucasians [43]. As semaglutide
improves b-cell function and corrects insulin
secretion [44], these actions may be highly
beneficial to Japanese patients [45]. The efficacy
and safety of semaglutide in Japanese patients
with T2D have previously been reported in lar-
ger, phase 3 trials [39, 40]. These investigations
showed that the responses were similar in the
two populations. It may be of clinical interest to
understand if there are any differences in
mechanism of action across these different
populations in regards to improving glycemic
control.

In summary, while this study reached its
objective and enabled the analysis of pharma-
cokinetics and safety across healthy Japanese
and Caucasian subjects, future studies may
investigate the differences in pharmacokinetics
and pharmacodynamics across Japanese and
Caucasian patients with T2D.
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CONCLUSION

Following multiple doses of semaglutide 0.5
and 1.0 mg, exposure of semaglutide at steady
state was comparable between Japanese and
Caucasian subjects, with an expected dose-de-
pendent increase. The safety findings were
comparable across the populations. These find-
ings suggest that no dose adjustment would be
required for the clinical use of semaglutide in
Japanese subjects.
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