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ABSTRACT

Introduction: Glucagon-like peptide (GLP)-1
receptor agonists exert potent hypoglycemic
effects in patients with type 2 diabetes (T2D) in
a blood glucose concentration-dependent
manner. Once-weekly subcutaneous adminis-
tration of the GLP-1 receptor agonist semaglu-
tide has beneficial effects on glycemic and body
weight control, but it is currently unclear if

semaglutide provides superior glycemic control
compared to conventional GLP-1 receptor ago-
nists in the Japanese population. We aim to
compare the effects of once-weekly subcuta-
neous semaglutide with those of liraglutide or
dulaglutide administration in Japanese patients
with T2D.
Methods: This study is a multicenter, prospec-
tive, randomized, open-label, blinded-end-
point, parallel-group trial. In total, 100
participants with T2D who have been treated
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with liraglutide (0.9–1.8 mg/day in plan A) or
dulaglutide (0.75 mg/week in plan B) for more
than 12 weeks and have a glycated hemoglobin
(HbA1c) level of 6.0–9.9% and a body mass
index (BMI) of C 22 kg/m2 will be randomized
to either continue using their existing GLP-1
receptor agonist or switch to subcutaneous
semaglutide once weekly for 24 weeks. Bio-
chemical analysis, physical assessment, and a
quality-of-life questionnaire (DTSQ) will be
completed at baseline and at the end of the
study. The primary endpoint is the effect of
semaglutide on the change in HbA1c. The sec-
ondary endpoints are the mean changes in total
DTSQ score, body mass, abdominal circumfer-
ence, systolic and diastolic blood pressure, pulse
rate, factors associated with improvement in
HbA1c and secondary endpoints, side effects,
and other laboratory parameters.
Planned Outcomes: The results of the study
will provide useful information regarding the
effects of switching to semaglutide from other
GLP-1 receptor agonists on glycemic control in
patients with T2D.
Ethics and Dissemination: The Hokkaido
University Certified Review Board (CRB no.
1180001) has approved the protocol (no.
018-005). The results will be disseminated in
peer-reviewed journals and at scientific
conferences.
Trial Registration: UMIN000042369 in the
University Hospital Medical Information Net-
work (UMIN); jRCT1011200008 in the Japan
Registry of Clinical Trials (jRCT); pre-results.

Keywords: Glucagon-like peptide-1 receptor
agonist; Treatment satisfaction; Type 2
diabetes mellitus

Key Summary Points

This randomized controlled study will be
the first to directly compare the glycemic
control and treatment satisfaction
achieved with a switch to semaglutide
administration to those achieved by
continuing with other GLP-1 receptor
agonists in Japanese patients with type 2
diabetes.

The study will make two different
comparisons: plan A, a comparison of
semaglutide and liraglutide; and plan B, a
comparison of semaglutide and
dulaglutide.

The study is a multicenter, prospective,
randomized, blinded-endpoint, parallel-
group trial, although participants will not
be blinded to their treatment.

The study will be conducted at seven
medical centers in a standard clinical
practice setting, and will incorporate
broad eligibility criteria, reflecting the real
world.

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.13379093.

INTRODUCTION

One of the most important goals in the treat-
ment of diabetes is the prevention and man-
agement of atherosclerotic diseases and diabetic
complications, which is achieved by maintain-
ing metabolic factors such as glucose and lipid
metabolism, blood pressure (BP), and obesity
within appropriate limits [1–3]. However, it is
sometimes difficult to obtain good glycemic
control using conventional therapies in daily
clinical practice, even though reducing glycated
hemoglobin (HbA1c) levels helps to reduce
diabetic complications [3, 4]. In addition, some
antihyperglycemic drugs cause hypoglycemia,
leading to an increased risk of cardiovascular
events, ultimately reducing quality of life (QOL)
[5, 6]. Certain antihyperglycemic agents require
frequent administration because of their short
duration of action, resulting in poor treatment
compliance and QOL [7, 8]. The ideal
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antidiabetic agent would have a potent hypo-
glycemic effect and a long duration of action
but would not cause hypoglycemia.

Glucagon-like peptide (GLP)-1 receptor ago-
nists such as liraglutide, exenatide, and
dulaglutide have strong hypoglycemic effects
that are exerted in a blood glucose concentra-
tion-dependent manner and do not tend to
cause hypoglycemia [9]. In addition, these
agents can reduce excess body weight by
inhibiting gastric peristalsis and reducing
appetite [10, 11]. Most importantly, recent
clinical trials have shown that they also have
beneficial effects on cardiovascular outcomes
[12, 13]. Therefore, these agents are now widely
prescribed. The frequency of administration of a
GLP-1 receptor agonist depends on its half-life.
As would be predicted, once-weekly adminis-
tration of dulaglutide is associated with better
QOL than once-daily liraglutide administration
[14].

Recently, the newly approved once-weekly
subcutaneous GLP-1 receptor agonist semaglu-
tide was reported to have potent effects on
hyperglycemia and body weight and to reduce
cardiovascular risk compared to a placebo [15].
However, it is not known whether subcuta-
neous semaglutide administration yields supe-
rior results to conventional GLP-1 receptor
agonists with respect to glycemic control and
treatment satisfaction, especially in the Japa-
nese population. In this prospective, random-
ized, open-label, parallel-group trial, we will
compare the effects of once-weekly subcuta-
neous semaglutide administration to those of
liraglutide and dulaglutide with respect to gly-
cemic control and QOL in patients with type 2
diabetes (T2D).

METHODS

Study Design

This is a multicenter, open-label, prospective,
randomized, blinded-endpoint, parallel-group
comparison study that aims to compare the
effects of the once-weekly subcutaneous GLP-1
receptor agonist semaglutide with those of
liraglutide 0.9–1.8 mg/day or dulaglutide

0.75 mg/week on glycemic control. Following
enrollment and the provision of written
informed consent (period 1), the participants
will undergo serum and urine analyses and a
physical examination to obtain baseline data.
At the same time, they will complete the Dia-
betes Treatment Satisfaction Questionnaire
(DTSQ), which is a self-administered question-
naire that records patient-reported outcomes
[16]. At each study visit, clinic BP, pulse rate,
body mass, and abdominal circumference will
be measured. After the initial assessment, the
participants will be randomized to either con-
tinue with their existing GLP-1 receptor agonist
or to switch to once-weekly semaglutide
administration. The randomization and alloca-
tion of the participants will be performed by an
automated system that is independent of the
participating sites (NorthNet; https://crmic.
huhp.hokudai.ac.jp/page/?content=31). Partici-
pants in the semaglutide group will follow a
semaglutide dose-escalation regimen (the
maintenance dose of 0.5–1.0 mg will be reached
after 4 weeks of 0.25 mg semaglutide adminis-
tration once weekly). Semaglutide will be
administered into the subcutis of the abdominal
wall, thigh, or upper arm on the same day of
each week. The treatments will be supervised
through the appropriate medical care center for
24 weeks. All the participants will be encour-
aged to continue their diet and exercise therapy
during the study. It will be possible to adjust the
doses of hypoglycemic agents other than GLP-1
receptor agonists, such as sulfonylureas, glin-
ides, and insulin, to avoid hypoglycemia, based
on the recommendations of the Japan Diabetes
Society. The doses of the other antihyper-
glycemic agents that are being administered
concomitantly will not be adjusted during the
study period. After 24 weeks of treatment, the
serum and urine measurements and physical
examination carried out at baseline will be
performed again (period 3) (Fig. 1).

Sample Selection

Japanese patients with T2D will be enrolled if
they are aged 20–89 years, have a HbA1c level of
6.0–9.9% and a body mass index (BMI) of
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C 22 kg/m2, and have been treated with
liraglutide (plan A: 0.9–1.8 mg/day) or dulaglu-
tide (plan B: 0.75 mg/week) for C 12 weeks (see
Box 1). Participant enrollment will take place
between November 6th, 2020 and December
31st, 2023 at seven medical centers located in
Hokkaido. The inclusion and exclusion criteria
for the trial are listed in Boxes 1 and 2.

A clinician in the research team will obtain
written informed consent from all eligible par-
ticipants. The written material, consisting of a
participant information leaflet and consent
documentation, has been approved by the
Research Committee. There will be an oppor-
tunity for the participants to freely ask members
of the research team questions, and they will be
able to withhold their consent at any time

Period 1
−5 to 0 weeks

Assessment for Eligibility
Subjects with T2D treated with 

liraglutide (0.9-1.8 mg/day) (Plan A)
or dulaglutide (0.75 mg/week) (Plan B)

Enrollment and 1st Examination
- Informed consent
- Height 
- Body weight
- Abdominal circumference
- Blood pressure and pulse rate
- Laboratory data assessment
- DTSQ

Subcutaneous Semaglutide
- Switch from current GLP-1 receptor agonists
to once weekly semaglutide (start from 0.25 
mg/day up to 1.0 mg/day)

Continue GLP-1 receptor agonists
- Continue current GLP-1 receptor agonists
(liraglutide in plan A and dulaglutide in plan B)

Randomization (1:1)

End of Study

2nd Examination
- Body weight
- Abdominal circumference
- Blood pressure and pulse rate
- Laboratory data assessment

Period 2
12 (±5) weeks

Period 3
24 (±5) weeks

Final Examination
- Body weight
- Abdominal circumference
- Blood pressure and pulse rate
- Laboratory data assessment
- DTSQ

Fig. 1 Patient recruitment scheme. Participants will be
randomly assigned to a group in which they continue to
use their existing GLP-1 receptor agonist or another group
in which they are switched to once-weekly semaglutide
(starting dose 0.25 mg/week). All the participants will

undergo DTSQ assessments at baseline and the end of the
study. DTSQ Diabetes Treatment Satisfaction Question-
naire, GLP-1 glucagon-like peptidase-1, T2D type 2
diabetes
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during the study period should they so wish.
Patients will stop participating in the trial if any
of the following criteria apply: (1) consent is
withdrawn, (2) the physician decides—on the
basis of the patient’s condition—that the
patient should stop participating, (3) the study
is discontinued, or (4) the physician decides
that the patient should stop participating for
another reason.

Randomization will be carried out centrally
using a web-based system (NorthNet). Given
that the adequacy of glycemic control before
randomization can affect the efficacy of the
treatment, all participants will be randomly
assigned at a ratio of 1:1 to either continue their
existing GLP-1 receptor agonist or switch to
semaglutide according to their age, BMI, and
HbA1c level. The strategies that will be
employed to improve compliance with the
intervention protocol and the procedures for
monitoring this compliance will be as follows:
(1) repeated instruction in the use of devices for
each GLP-1 receptor agonist at each clinic visit;
(2) when patients attend the clinic with family
members, the study will be explained to both
the patient and his or her family; (3) each clinic
will designate dedicated staff to explain the
study protocol to patients and their families.

In plan A, the sample size was calculated on
the basis that semaglutide (0.5 mg/day) will
improve the HbA1c level by at least 0.81% (SD
0.77%) compared with liraglutide (0.9 mg/day),
as shown in phase III trials (each vs. placebo)
and a network meta-analysis of the use of sub-
cutaneous semaglutide in T2D patients [17, 18].
In plan B, the sample size was calculated on the
basis that semaglutide will improve HbA1c by at
least 0.755% (SD 1.00%) compared with
dulaglutide (0.75 mg/week), as shown in the
same trial and meta-analysis [17, 18]. Power
calculations determined that a sample size of 16
individuals per group in plan A and 29 indi-
viduals per group in plan B would be required to
achieve a power of at least 80% to detect a dif-
ference between treatments. P\0.05 will be
considered to represent statistical significance,
and all tests will be two-sided. Based on the
assumption that 2–3 participants (10%) will
drop out from each group in plans A and B, the
sample size has been set at 18 participants per

group in plan A and 32 in plan B. To ensure
sufficient participant enrollment to achieve the
target sample size, we will conduct the study at
seven medical centers located in Hokkaido.

Measurements and Data Collection

The primary endpoint of the study is the change
in HbA1c from baseline to week 24, which will
be compared between the semaglutide and
control groups. The secondary endpoints are as
follows: the mean changes in (1) total DTSQ
score, (2) body mass, (3) abdominal circumfer-
ence, (4) systolic and diastolic BP, (5) pulse rate,
(6) laboratory parameters indicative of glucose
and lipid metabolism and liver and renal func-
tion, (7) factors associated with improvement in
HbA1c and secondary endpoints, and (8) any
side effects. The DTSQ includes eight items, and
responses are scored on a seven-point scale from
0 to 6. The scores for six items of the DTSQ
(current treatment, convenience, flexibility,
understanding, recommend, and continue) will
be added together to give the overall treatment
satisfaction score (range 0–36), with higher

Box 1: Inclusion Criteria
– Japanese patients with T2D.
– Age 20–89 years.
– HbA1c 6.0–9.9%.
– Body mass index C 22 kg/m2.
– Treatment with liraglutide or dulaglutide

for at least 12 weeks before enrollment.

Box 2: Exclusion Criteria
– Treatment with any GLP-1 receptor ago-

nist other than liraglutide or dulaglutide.
– Allergy to semaglutide.
– Unstable diabetic retinopathy.
– Current severe liver dysfunction or

nephropathy.
– Severe infection, trauma, and/or recent or

planned surgery.
– Severe ketosis.
– Diabetic coma or pre-coma.
– Pregnancy.
– Incompatibility with the trial for other

reasons, as determined by the physician.
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scores denoting greater treatment satisfaction.
In addition, the perceived frequencies of
hyperglycemia and hypoglycemia are assessed
in the DTSQ, where they are rated on a scale of 0
(‘‘never’’) to 6 (‘‘most of the time’’). Patients will
complete a Japanese version of the DTSQ at
baseline and during week 24 [19]. The total
score and the score for each category obtained
at each stage will be used for statistical analyses
as a secondary endpoint. The relationships
between the reduction in HbA1c and the
changes in other parameters will also be asses-
sed. We will prepare a time-course sheet for
each study visit to minimize the risk of dropout.

Data Analysis

Analysis of the primary and secondary endpoint
data will be performed using the full analysis set
(FAS), which will comprise participants who are
enrolled in the study and assigned to treatment
groups. Patients who do not meet the inclusion
criteria, for whom insufficient primary end-
point data are available, or who appreciably
deviate from the study protocol will be exclu-
ded from the FAS. Differences between the two
groups will be analyzed for statistical signifi-
cance using the unpaired t test or Mann–Whit-
ney U test for continuous data and Pearson’s
chi-square test or Fisher’s exact test for cate-
gorical data. The factors associated with
improvements in HbA1c and other metabolic
factors will be assessed using analysis of
covariance and multivariate analysis. We will
analyze the data using JMP Pro v14.1.1 (SAS
Institute, Cary, NC, USA), BellCurve for Excel
(Social Survey Research Information Co., Ltd.,
Japan), and GraphPad Prism 8 v8.2.1 (GraphPad
Software, Inc., San Diego, CA, USA).

STRENGTHS AND LIMITATIONS

To date, no studies have directly compared the
efficacy of semaglutide with respect to glycemic
control and treatment satisfaction with the
efficacies of other GLP-1 receptor agonists in
Asian T2D patients. A previous network meta-
analysis revealed that the administration of
semaglutide 0.5 mg/week yielded greater HbA1c

and body mass reductions than liraglutide
1.2 mg/day or lixisenatide [20]. However,
because Asian patients with T2D tend to have
lower BMIs than Western T2D patients, it is
important to confirm this difference in efficacy
in Asian populations.

GLP-1 receptor agonists that are available in
clinical practice differ in their effects on glyce-
mia and body weight, principally because of
differences in duration of action. In general,
short-acting GLP-1 receptor agonists are supe-
rior to long-acting agonists at reducing appetite,
body weight, and postprandial glucose [21].
Semaglutide has been reported to have sub-
stantial effects on HbA1c and body weight,
despite only being administered once weekly
[15]. In the present trial there will be two arms:
plan A is a comparison of semaglutide and
liraglutide, and plan B is a comparison of
semaglutide and dulaglutide. In plan A, we will
assess the effect of semaglutide not only on
glycemic control but also on body mass after
the participants switch from daily liraglutide.
Although it is known that long-acting GLP-1
receptor agonists have diminishing effects on
gastric emptying over time, subcutaneous
semaglutide is reported to continue to delay
gastric emptying, implying that it is less affected
by tachyphylaxis [22]. It will be important to
confirm that similar effects occur in Asian peo-
ple, whose BMIs are generally lower than those
of Western T2D patients.

In contrast, plan B represents a comparison
between weekly subcutaneous injectable thera-
pies. Because the frequency of administration
will be the same in plan B, this arm of the trial
may reveal changes in QOL that are not asso-
ciated purely with the injection frequency itself.
The use of semaglutide is expected to improve
satisfaction, even in this population, because
good glycemic control itself has been shown to
be associated with high patient satisfaction [23].
In addition, post-hoc subanalysis of the SUS-
TAIN trial data showed a significant improve-
ment in overall treatment satisfaction when
semaglutide was administered versus compara-
tors or placebo [24]. It is worth mentioning that
the participants in the present trial will switch
from other GLP-1 receptor agonists to
semaglutide, so we will be able to determine
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whether even such an apparently minor change
can improve satisfaction. As stated above,
semaglutide has been reported to delay gastric
emptying, despite it being a long-acting drug.
However, it may cause nausea more frequently
than the other drugs, which may worsen QOL,
so it will also be important to record side effects
as well as QOL during the trial.

GLP-1 receptor agonists have pleiotropic
effects (e.g., beta-cell protection, anti-inflam-
mation, and cardioprotective effects) as well as a
hypoglycemic effect [25, 26]. Because semaglu-
tide has been reported to have superior effects
on glycemic control, we will also assess beta-cell
function and atherosclerosis-related parameters,
such as lipid profile and BP, in each group.
Finally, it is worth mentioning that this study
will be conducted in a standard real-world
clinical practice setting.

In conclusion, the present study will be the
first clinical trial to evaluate the efficacy of
semaglutide for glycemic control and treatment
satisfaction in Japanese patients with T2D who
were previously being treated with other GLP-1
receptor agonists. The results of the study may
therefore provide new insights into the pleio-
tropic effects of semaglutide in patients with
T2D.

ETHICS AND DISSEMINATION

Ethics Approval

The trial was registered with the University
Hospital Medical Information Network (UMIN)
Center (UMIN000042369) and the Japan Reg-
istry of Clinical Trials (jRCT1011200008) before
enrollment commenced. The study protocol
(no. 018-005) was approved by the Hokkaido
University Certified Review Board (CRB no.
1180001), and the current version is 6.0 (ap-
proved on October 8th, 2020). The study will be
carried out according to the principles of the
Declaration of Helsinki and its amendments.

Data Protection and Management

Data management, including coding, security,
storage, and cleaning, will be performed by
researchers throughout the trial. The study data
will be archived at Hokkaido University for
5 years after study completion or 3 years after
disclosure of the study results. Participants will
also be able to obtain the final results of the
study. The UMIN and jRCT databases will con-
tain detailed information regarding the study.
Study conduct will be evaluated by a monitor
who will be independent of the investigators.
Monitoring will be performed on the first and
fifth participants at Hokkaido University
Hospital, and on the first participant at each of
the other study sites. In line with the Clinical
Trials Act in Japan, adverse events and other
information, including modification of the
trial, will be reported and disclosed publicly.
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