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ABSTRACT

Introduction: G protein-coupled receptor 119
(GPR119) is a promising target for the treatment
of type 2 diabetes mellitus (T2DM), as both
insulin and glucagon-like peptide-1 secretion
can be promoted with a single drug. We com-
pared the efficacy and safety of the GPR119
agonist DS-8500a with placebo and sitagliptin
50 mg in Japanese patients with T2DM.
Methods: This randomized, double-blind, par-
allel-group comparison study was conducted in

Japan (trial registration NCT02628392,
JapicCTI-153068). Eligible patients aged
C 20 years with T2DM and hemoglobin A1c
(HbA1c) C 7.0% and\10.0% were randomized
to receive placebo, DS-8500a (25, 50, or 75 mg),
or sitagliptin 50 mg once daily for 12 weeks. The
primary efficacy endpoint was change in HbA1c
from baseline to week 12. Secondary endpoints
included change in fasting plasma glucose
(FPG), glucose AUC0–3h during a meal tolerance
test, 2-hour postprandial glucose (2hr-PPG), and
changes in lipid parameters (total, low-density
lipoprotein (LDL-) and high-density lipoprotein
(HDL-) cholesterol, and triglycerides) at
week 12. Safety endpoints included adverse
events, hypoglycemia, and clinical/laboratory
variables.
Results: DS-8500a demonstrated dose-depen-
dent HbA1c lowering compared with placebo at
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week 12: change from baseline - 0.23%
(p = 0.0173), - 0.37% (p = 0.0001), and
- 0.44% (p\0.0001) in the 25-mg, 50-mg, and
75-mg groups, respectively. At 50- and 75-mg
doses, DS-8500a significantly lowered FPG,
glucose AUC0–3h, and 2hr-PPG compared with
placebo. The glucose-lowering effect was main-
tained up to 12 weeks. DS-8500a did not lower
any of the above parameters to a greater extent
than sitagliptin. Compared with placebo and
sitagliptin, DS-8500a 50 and 75 mg significantly
reduced total cholesterol, LDL-cholesterol, and
triglycerides, and significantly increased HDL-
cholesterol. All DS-8500a doses were well toler-
ated. Two cases of clinically relevant drug-re-
lated hypoglycemia occurred in the DS-8500a
50-mg group.
Conclusion: DS-8500a was well tolerated and
demonstrated significant glucose-lowering
effects and favorable changes in lipid profiles up
to 12 weeks in Japanese patients with T2DM.
Funding: Daiichi Sankyo Co. Ltd.

Keywords: Efficacy; Fasting plasma glucose; G
protein-coupled receptor 119; HbA1c; Japanese;
Safety; Type 2 diabetes

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic disorder characterized by insulin
resistance and a relative lack of insulin [1]. It is
also a risk factor for other serious conditions,
such as neuropathy, nephropathy, arterioscle-
rosis, and vascular events, including ischemic
heart disease, stroke, and peripheral artery dis-
ease [1]. The number of diabetic patients
worldwide is increasing, which poses a serious
challenge to public health [2, 3]. If the current
trend continues, it is estimated that this num-
ber will surpass 700 million patients by 2025 [4].
It is therefore critical to treat the disease early
and with the appropriate treatment regimen.
Management of T2DM includes diet and regular
exercise; however, some people are unable to
achieve target plasma glucose levels with this
approach alone. Therefore, diabetes medication
and insulin therapy may be needed [1].

Currently, there are several oral antidiabetic
drugs available, including biguanides (e.g.,
metformin) and thiazolidinediones to improve
insulin sensitivity [5]; sulfonylureas to aid
insulin secretion [5]; dipeptidyl peptidase-4
inhibitors to reduce plasma glucose levels [5]; a-
glucosidase inhibitors to suppress or delay
intestinal absorption [5]; and most recently,
sodium–glucose co-transporter 2 inhibitors to
enhance glucose excretion in urine [5]. Diabetic
patients who have poor glycemic control
through monotherapy can be treated with a
combination of these agents that differ in their
mechanisms of action [5].

As pancreatic b-cell dysfunction is a major
contributor to T2DM progression, drugs with a
mechanism of action that helps insulin secre-
tion in pancreatic b-cells may offer a new ther-
apeutic approach for T2DM. The G protein-
coupled receptor 119 (GPR119), which has been
shown to be highly expressed in the human
gastrointestinal tract (small intestinal L-cells)
and pancreas (b-cells), has been identified as a
novel target for antidiabetic drugs [6, 7]. On the
basis of the results of several in vitro studies, it is
expected that GPR119 agonists will reduce
blood glucose levels by promoting insulin
secretion in a glucose-dependent manner and
improve pancreatic b-cell function over long-
term treatment [7–9].

DS-8500a is a novel GPR119 agonist devel-
oped by Daiichi Sankyo Co., Ltd. In non-clinical
pharmacology studies, DS-8500a exerted ago-
nistic activity in Chinese hamster ovary-K1 cells
expressing human GPR119 and reversed glucose
tolerance in Zucker fatty rats in an animal
model of glucose intolerance [10]. A phase 1
study of DS-8500a performed in healthy Japa-
nese men reported that a single oral dose of DS-
8500a capsules up to 600 mg and 7-day multiple
oral doses of up to 300 mg/day were tolerated by
the subjects [11]. In another phase 1 study,
7-day multiple oral doses of DS-8500a tablets up
to 100 mg/day were tolerated by healthy sub-
jects [11]. Results from a phase 2a study in
T2DM patients evaluating DS-8500a adminis-
tered at 10 or 75 mg for 4 weeks showed a sig-
nificant decrease in 24-h weighted mean
glucose levels in both the DS-8500a 10-mg and
75-mg groups compared with the placebo group
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(- 13.3 and - 18.9 mg/dL, respectively). DS-
8500a was well tolerated at both doses with no
reports of serious adverse events (SAEs), clini-
cally significant AEs, or AEs that led to treat-
ment discontinuation [12].

On the basis of the above findings, we con-
ducted a phase 2b, double-blind, parallel-group
study in Japanese T2DM patients. The aim of
this study was to evaluate the efficacy, safety,
and dose of DS-8500a compared with placebo in
patients with T2DM after a 12-week oral
administration of DS-8500a at 25, 50, or 75 mg.
We also investigated the efficacy of DS-8500a,
relative to the active comparator sitagliptin
50 mg.

METHODS

Study Design

This was a phase 2b, randomized, placebo-con-
trolled, active-controlled, double-blind, 5-par-
allel-group study conducted in T2DM patients
to evaluate efficacy and safety of DS-8500a 25,
50, and 75 mg administered orally for 12 weeks
(Fig. 1). This study was conducted at 25 sites in
Japan (Supplementary Table S1). Subjects who
received antidiabetic drugs within 90 days prior
to initiation underwent a 28-day washout

period (observation period 1). This was followed
by observation period 2 comprising a 2-week
washout period for all subjects (those who did
and did not receive any antidiabetic drugs
within 90 days prior to initiation). Subjects were
registered during observation period 3 prior to
randomization. A randomization schedule was
prepared by an independent biostatistician
using hemoglobin A1c (HbA1c) at observation
period 2 (B 8.0% or[8.0%) as a stratification
factor (permuted block method). Subjects were
randomized in a ratio of 1:1:1:1:1 to the DS-
8500a 25/50/75-mg, sitagliptin 50-mg, or pla-
cebo groups according to the schedule. Blinding
was maintained by the independent biostatisti-
cian and those involved in the assignment,
packaging, and quality assurance of study drugs.

This study was conducted in accordance
with the ethical principles of the Declaration of
Helsinki, Pharmaceutical Affairs Law, Good
Clinical Practice, and associated Japanese regu-
lations. The study protocol was approved by the
institutional review board at each site and all
patients provided written informed consent.

Patients

Eligible subjects for this study were Japanese
patients with T2DM and C 20 years of age at the
time of informed consent, with HbA1c C 7.0%

Fig. 1 Study design. *1Subjects who received a single
antidiabetic drug within 90 days prior to the initiation of
the observation period: 6 weeks. *2Subjects who had not

received an antidiabetic drug within 90 days prior to the
initiation of the observation period: 2 weeks
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and\10.0%duringobservationperiod2.Patients
were eligible regardless of whether they had
receivedantidiabeticdrugswithin90 daysprior to
enrolment. The exclusion criteria included type 1
DM or a history of diabetic coma, precoma, or
ketoacidosis; clinically significant diabetic
retinopathy, nephropathy, or neuropathy; insu-
lin therapy; thiazolidinedione therapy within
90 days before the initiation of the observation
period; poorly controlled blood pressure [sus-
tained systolic (C 160 mmHg) or diastolic
(C 100 mmHg) hypertension]; and body mass
index (BMI) of\18.5 or C 35.0 kg/m2.

Treatment

During observation period 3, each subject was
administered three placebo tablets and one
placebo capsule to be taken orally once daily
after breakfast for 14 days. During the treatment
period, the study drugs (DS-8500a 25, 50, or
75 mg; sitagliptin 50 mg; or placebo) were
administered orally after breakfast for 12 weeks.
Concomitant drugs and therapies prohibited
during the study included antidiabetic drugs,
anorexiants, drugs that could affect the phar-
macodynamics evaluation, drugs that might
cause drug–drug integrations, and other study
drugs. The complete list of restricted and pro-
hibited concomitant drugs is found in the
Supplementary Information (Table S2).

Efficacy and Safety Endpoints
and Evaluation Criteria

The primary efficacy endpoint was the change
from baseline (day - 1) in HbA1c at week 12.
The secondary efficacy endpoints included the
change from baseline in HbA1c at weeks 4 and
8, the proportion of subjects who achieved
HbA1c\7.0% at week 12, the change from
baseline to week 12 in fasting plasma glucose
(FPG), 2-hour postprandial plasma glucose (2hr-
PPG), and pharmacodynamic parameters
derived from plasma glucose. Other secondary
efficacy endpoints were changes from baseline
at each post-dose time point in serum insulin,
proinsulin, C-peptide, and 1,5-anhydroglucitol;
pharmacodynamic parameters derived from

serum insulin, C-peptide, peptide YY (PYY),
total glucagon-like peptide-1 (GLP-1), active
GLP-1, total glucose-dependent insulinotropic
polypeptide (GIP), and glucagon; and total
cholesterol, high-density lipoprotein (HDL-)
and low-density lipoprotein (LDL-) cholesterol,
and triglycerides (TGs).

AEs and safety outcomes including labora-
tory values, electrocardiography, body weight,
and vital signs were recorded throughout the
study. All hypoglycemia events were defined as
clinically relevant drug-related hypoglycemia in
accordance with the Guideline for Clinical
Evaluation of Oral Hypoglycemic Agents (Noti-
fication No. 0709-1 [9 Jul 2010] by the Evalua-
tion and Licensing Division, Pharmaceutical
and Medical Safety Bureau, Ministry of Health,
Labour and Welfare). Asymptomatic hypo-
glycemia was defined as a blood glucose level of
B 70 mg/dL without any typical hypoglycemic
symptoms. Such asymptomatic events corre-
spond to level 1 hypoglycemia according to the
definition provided by the American Diabetes
Association (ADA) and the International Hypo-
glycaemia Study Group [13].

Statistical Methods

The sample size was determined on the basis of a
pairwise comparison between DS-8500a at each
dosegroupvsplacebo, basedon ‘‘OnReleaseof the
Guideline for Clinical Evaluation of Oral Hypo-
glycemic Agents’’ [14] and the primary endpoint,
change from baseline in HbA1c at week 12. As
there are no available data on change inHbA1c at
week 12 after administration of DS-8500a, the
sample sizewas selected in reference to the results
of a previous study investigating the change in
24-h weighted mean glucose level at week 4 [12],
and the results of a clinical study [15] investigat-
ing HbA1c after administration of sitagliptin. It
was assumed that the changes in HbA1c at
week 12 in the placebo, DS-8500a 25-mg, 50-mg,
and 75-mg groups were 0.0%, - 0.6%, - 0.9%,
- 1.0%, respectively, and that the standard devi-
ation in each treatment group was 1.0%. Accord-
ingly, a sample size of 60 patients per group was
required to detect the superiority of DS-8500a at a
statisticalpowerof90%ata two-sidedsignificance
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level of 5% in a pairwise comparison between the
placebo group and each DS-8500a group. To
account for a dropout rate of approximately 10%,
a sample sizeof67patientspergroup(335patients
in total) was planned. The efficacy analysis was
performed in the full analysis set (FAS), and the
sensitivity analysis was performed in the per pro-
tocol set (PPS).

The primary endpoint was analyzed using an
analysis of covariance (ANCOVA) model, with
the treatment group as a fixed effect and HbA1c
at baseline and presence/absence of diabetes
drug use within 90 days before informed con-
sent as covariates, and compared between each
DS-8500a group and the placebo group. A fixed-
sequence testing approach from high dose to
low dose was used to adjust for multiplicity of
comparisons. A comparison between each DS-
8500a group and the sitagliptin group was per-
formed in a similar manner using an ANCOVA
model, using the treatment group as a fixed
effect and HbA1c at baseline as a covariate. For
each comparison, the 95% confidence intervals
and p values were calculated with a significance
level of 5% (two-sided). The secondary end-
points were summarized for each treatment
group at each time point. The safety analysis
was performed in the safety analysis set, and the
safety endpoints were summarized for each
treatment group at each time point.

Missing data for the primary endpoint
(change in HbA1c at week 12) were imputed
with data obtained after the initiation of study
treatment in accordance with the last observa-
tion carried forward (LOCF) method. Data for
week 12 imputed by LOCF were presented as
‘‘week 12 (LOCF)’’ to be distinguished from data
for week 12 that were not imputed.

The statistical analyses were performed using
SAS system release 9.2 (SAS Inc., Cary, NC,
USA).

RESULTS

Patients

The disposition of patients is summarized in
Fig. 2. There were 453 patients assessed for eli-
gibility, 368 of whom were randomized. Eighty-

five patients were excluded prior to random-
ization for the following reasons: did not meet
inclusion criteria (n = 50); met exclusion crite-
ria (n = 35).

The placebo arm enrolled 73 patients; 73, 74,
and 73 patients were enrolled in the DS-8500a
25-mg, 50-mg, 75-mg groups, respectively; and
75 patients were enrolled in the sitagliptin
50-mg group. The number of patients analyzed
in each group was 72 for the placebo and DS-
8500a groups, and 75 for sitagliptin. The losses
from each group due to withdrawal of consent,
AEs, or other are shown in Fig. 2.

The baseline characteristics of the patients
were similar, with no significant differences
with respect to age, sex, BMI, disease duration,
or prior medication use (Table 1).

Efficacy

Compared with placebo, treatment with DS-
8500a at 25 mg, 50 mg, and 75 mg showed a
statistically significant dose-dependent decrease
in HbA1c levels from baseline at weeks 4, 8, and
12 (Fig. 3). At week 12, the change in HbA1c
from baseline compared with placebo was
- 0.23% (p = 0.0173), - 0.37% (p = 0.0001),
and - 0.44% (p\0.0001) in the DS-8500a
25-mg, 50-mg, and 75-mg groups, respectively
(Fig. 3). However, compared with sitagliptin,
DS-8500a did not show greater lowering effects
on HbA1c (Fig. 3, Table 2).

Compared with placebo, DS-8500a 50 mg
and 75 mg had significant lowering effects on
FPG [- 12.7 mg/dL (p = 0.0004) and - 14.4 mg/
dL (p\0.0001)] (Fig. 4), as well as glucose
AUC0–3h [- 50.6 mg/dL 9 h (p = 0.002) and
- 59.7 mg/dL 9 h (p = 0.0003)], and 2hr-PPG
[- 18.5 mg/dL (p = 0.0102) and - 22.0 mg/dL
(p = 0.0022), respectively]. DS-8500a at any
dose did not lower any of these parameters to a
greater extent than sitagliptin (Fig. 4).

DS-8500a also affected lipid parameters.
Compared with placebo, both DS-8500a at 50
and 75 mg significantly reduced total choles-
terol [- 7.0% (p\0.0001), - 6.2% (p = 0.0002),
respectively vs placebo], LDL-cholesterol
[- 7.3% (p = 0.0044), - 8.1% (p = 0.0014),
respectively], and TGs [- 32.7% (p\0.0001),
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- 30.9% (p\0.0001), respectively], and signifi-
cantly increased HDL-cholesterol [5.9%,
(p = 0.0032), 6.6%, (p = 0.0009), respectively]
(Fig. 5). Furthermore, DS-8500a at 50 and 75 mg
induced similar significant improvements in all
lipid parameters compared with sitagliptin.

The changes in AUC0–3h from baseline in
insulin, C-peptide, total GLP-1, active GLP-1,
PYY, GIP, and glucagon at week 12 are shown in
Table 2. In the DS-8500a groups, AUC0–3h for
insulin and C-peptide was slightly increased
compared with placebo from baseline to
week 12. For PYY and GIP, there was a statisti-
cally significant increase in DS-8500a groups
compared with placebo. However, for total GLP-
1, active GLP-1, and glucagon, no significant
difference was observed between the placebo
and the DS-8500a groups.

Safety

The incidence of AEs, including serious AEs,
severe AEs, and treatment-emergent AEs

(TEAEs) is presented in Table 3. Although no
serious or severe TEAEs were considered to be
related to the study drugs in any of the treat-
ment arms, three serious TEAEs occurred: two in
the DS-8500a 25-mg arm and one in the DS-
8500a 50-mg arm. One patient in the DS-8500a
25-mg arm was a 62-year-old man with dys-
lipidemia who presented with myocardial
infarction 2 days after initiating treatment. He
discontinued treatment and underwent emer-
gency coronary angiography and subsequently
recovered. This serious AE was considered
moderate in severity and unrelated to the study
drug. The second TEAE in the DS-8500a 25-mg
arm involved a 43-year old man who acciden-
tally fell and fractured his wrist approximately
2 months after initiating treatment. He under-
went surgery for a suspected comminuted wrist
fracture several days later. As an additional
hypoglycemic drug was necessary to control his
blood glucose preoperatively, he had to dis-
continue the study treatment. He subsequently
recovered from this moderately serious AE,

Fig. 2 Patient disposition. ‘‘Analyzed’’ refers to the full analysis set rather than the per protocol set
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which was not considered related to the study
drug. The patient in the DS-8500a 50-mg arm
was a 50-year-old man who fell after acciden-
tally stumbling on a step, and suffered a right
orbital floor/orbital wall fracture roughly
3 months after initiating study drug treatment.
This event resolved without changes in the dose
of the study drug, and it was not considered
related to the study drug. The two serious AEs
described above in the DS-8500a 25-mg arm
(myocardial infarction and wrist fracture) led to
withdrawal from the study. Additionally, one
event in the DS-8500a 75-mg arm led to with-
drawal from the study: a 54-year-old male
patient with dyslipidemia, liver function disor-
der, and dental caries presented with decreased
hemoglobin approximately 1 month after initi-
ating DS-8500a 75 mg. This event was consid-
ered unrelated to the study drug and was
attributed to decreased dietary intake after the
patient suffered an influenza infection. DS-
8500a was well tolerated at all doses.

There were two cases of clinically relevant
drug-related hypoglycemia reported in the DS-

Table 1 Baseline patient characteristics

Placebo DS-8500a
25 mg

DS-8500a
50 mg

DS-8500a
75 mg

Sitagliptin
50 mg

Total

n 5 72 n5 72 n5 72 n5 72 n5 75 N5 363

Age (years) 61.5 ± 8.5 59.5 ± 9.3 61.4 ± 9.5 61.3 ± 8.5 61.1 ± 9.4 61.0 ± 9.0

Sex

Male 57 (79.2) 53 (73.6) 51 (70.8) 57 (79.2) 61 (81.3) 279 (76.9)

Female 15 (20.8) 19 (26.4) 21 (29.2) 15 (20.8) 14 (18.7) 84 (23.1)

BMI (kg/m2) 25.21 ± 3.69 24.59 ± 3.39 25.19 ± 3.73 25.59 ± 3.34 24.81 ± 3.29 25.08 ± 3.49

Duration of DM

(years)

8.26 ± 6.08 6.75 ± 4.84 8.36 ± 6.09 7.57 ± 6.33 7.97 ± 5.45 7.79 ± 5.78

Prior use of OHAs

Absence 30 (41.7) 32 (44.4) 27 (37.5) 33 (45.8) 30 (40.0) 152 (41.9)

Presence 42 (58.3) 40 (55.6) 45 (62.5) 39 (54.2) 45 (60.0) 211 (58.1)

HbA1c (%) 7.96 ± 0.69 7.93 ± 0.71 8.07 ± 0.88 7.99 ± 0.75 8.04 ± 0.76 8.00 ± 0.76

FPG (mg/dL) 193.1 ± 29.1 193.1 ± 29.1 203.6 ± 40.9 199.6 ± 34.6 199.9 ± 33.5 199.3 ± 34.2

Results are presented as the mean ± standard deviation or n (%)
BMI body mass index, DM diabetes mellitus, OHAs oral hypoglycemic agents, HbA1c hemoglobin A1c, FPG fasting plasma
glucose

Fig. 3 Change in HbA1c from baseline to week 12.
*p\0.05, **p\0.01, ***p\0.001 vs placebo
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8500a 50-mg group. These patients were
asymptomatic (blood glucose level B 70 mg/dL
without showing any typical hypoglycemic

symptoms). One of the patients was a 69-year-
old man who presented with two episodes of
asymptomatic hypoglycemia (glucose = 60 mg/
dL) 1 month after initiating study treatment.
Both episodes resolved without treatment or
any changes in the study drug dose. The other
patient was a 74-year-old woman who pre-
sented with asymptomatic hypoglycemia the
day after beginning treatment. Her glucose level
was 60 mg/dL, and she recovered without
treatment or any changes in the study drug
dose.

DISCUSSION

This was a phase 2b study conducted in Japan to
evaluate the efficacy and safety of DS-8500a
(25-, 50-, 75-mg doses), a novel GPR119 agonist,
in patients with T2DM. The results demon-
strated that compared with placebo, DS-8500a
at once-daily doses of 25, 50, or 75 mg showed
dose-dependent decreases in HbA1c levels from
baseline to week 12. DS-8500a 50 and 75 mg
also demonstrated significant lowering effects
on FPG, glucose AUC0–3h, and 2hr-PPG com-
pared with placebo. All doses of DS-8500a were
well tolerated, and there were no serious drug-
related TEAEs reported in any treatment group.

The glucose-lowering effects of other
GPR119 agonists are typically abrogated after
2–4 weeks of treatment [16, 17]. However, in
the present study, the decreases in FPG, 2hr-
PPG, glucose AUC0–3h, and HbA1c by DS-8500a
were maintained over time up to 12 weeks. This
result can be partially explained by structural
differences between the different GPR119
molecules. Other GPR119 agonists contain a
piperidine ring and have both agonistic and
antagonistic activities [18]. In contrast, DS-
8500a, which does not contain a piperidine
ring, has full agonist activity. Additionally,
racial differences have been observed when
comparing T2DM pathology between Asians
and Caucasians [19, 20], with insulin secreta-
gogues showing greater efficacy in Asians
[21, 22].

In a hyperglycemic clamp study, patients
treated with DS-8500a 75 mg for 4 weeks
exhibited increases in first- and second-phase

Fig. 4 Change in fasting plasma glucose (FPG) from
baseline to Week 12. **p\0.01, ***p\0.001 vs placebo

Fig. 5 Change in lipid parameters from baseline to
week 12 (full analysis set). TC total cholesterol, HDL-C
high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, TG triglycerides. *p\0.05,
**p\0.01, ***p\0.001 vs placebo (ANCOVA)
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insulin secretion: AUC (p = 0.0011, p = 0.0112),
as well as first/second-phase C-peptide secre-
tion: AUC (p = 0.0012, p\0.0001) compared
with placebo [23]. From these results, we
hypothesized that the decrease in 2hr-PPG after
breakfast may have been due to increased
insulin secretion, which was observed in the
clamp study. However, in this study we did not
observe an increase in insulin secretion vs pla-
cebo with either DS-8500a or sitagliptin
treatment.

In this study, sitagliptin was chosen as a
comparator because sitagliptin is moderately
effective, highly safe, and is the most widely
used dipeptidyl peptidase-4 (DPP-4) inhibitor in
Japan. In our study, DS-8500a (at any dose) did
not lower any of the glucose-related parameters
to a greater extent than sitagliptin. However,
DS-8500a treatment resulted in a notable im-
provement in the lipid profile, which has not
been observed with sitagliptin or other DPP-4
inhibitors. Furthermore, DPP-4 inhibitors do

not influence cardiovascular outcomes, but DS-
8500a is expected to have a positive effect in
this regard. On the basis of these potential
effects of DS-8500a, we consider that this drug
may have important clinical significance for
treatment of T2DM.

Compared with sitagliptin, DS-8500a
showed a weaker effect on glucose AUC after a
single dose, but greater efficacy on HbA1c levels
after multiple doses in a non-clinical pharma-
cology study [24]. However, DS-8500a did not
show greater efficacy on HbA1c than sitagliptin
in our 12-week clinical study. There are several
possible reasons for this discrepancy between
the clinical and non-clinical results. (1) Both
DS-8500a and sitagliptin increased GLP-1
secretion in non-clinical studies; however, on
the basis of least squares mean (LSM) vs placebo
results, DS-8500a did not show such efficacy in
our clinical trial, although a significant differ-
ence was observed for sitagliptin. This suggests
that DS-8500a may have a weaker blood

Table 3 Adverse events

Placebo
(N5 73)

DS-8500a
25 mg (N5 73)

DS-8500a
50 mg (N5 74)

DS-8500a
75 mg (N5 73)

Sitagliptin
50 mg (N5 75)

TEAE 21 (28.8) 27 (37.0) 24 (32.4) 22 (30.1) 27 (36.0)

Drug-related TEAE 2 (2.7) 2 (2.7) 4 (5.4) 2 (2.7) 5 (6.7)

Serious TEAE 2 (2.7) 2 (2.7) 1 (1.4) 0 (0.0) 0 (0.0)

Serious drug-related TEAE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Severe TEAE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Severe drug-related TEAE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Clinically relevant hypoglycemia 0 (0.0) 0 (0.0) 2 (2.7) 0 (0.0) 0 (0.0)

Clinically relevant drug-

related hypoglycemia

0 (0.0) 0 (0.0) 2 (2.7) 0 (0.0) 0 (0.0)

Clinically relevant

cardiovascular events

0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0)

Clinically relevant drug-

related cardiovascular events

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

TEAE leading to dose

withdrawal

0 (0.0) 2 (2.7) 0 (0.0) 1 (1.4) 1 (1.3)

TEAE treatment-emergent adverse event
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glucose-lowering effect than sitagliptin. (2)
Sitagliptin suppressed glucagon secretion in the
present study, but DS-8500a did not. Because
glucagon raises plasma glucose levels by pro-
moting glucose production in the liver, it is
possible that the influence on glucagon may
have accounted for the difference in blood
glucose-lowering effects of sitagliptin vs DS-
8500a. (3) GIP levels significantly increased in
the DS-8500a group compared with the placebo
and sitagliptin groups in the present study
(Table 2). In a non-clinical study, DS-8500a also
increased GIP levels compared with vehicle
(unpublished data). GIP has been suggested to
be involved in insulin secretion and to con-
tribute to plasma glucose reduction by facili-
tating the cellular uptake of glucose in
peripheral tissues [25]. Although GIP modula-
tion by DS-8500a is unknown, it is possible that
such an effect might have influenced the dif-
ference in blood glucose lowering with sita-
gliptin. (4) PYY has been reported to be
degraded by DPP-4 [26]. Our present findings
showed a significant increase in the PYY levels
in the DS-8500a 75-mg group compared with
the placebo and sitagliptin groups. PYY has an
appetite-suppressing effect; however, because
no AEs related to appetite suppression were
reported, the extent of the contribution of this
effect is unknown. Nevertheless, it is possible
that PYY levels might have influenced the dif-
ference in plasma glucose-lowering effects of
sitagliptin.

Regarding the effect of DS-8500a on lipid
profile, the present study showed that treat-
ment with DS-8500a significantly improved
total cholesterol, LDL-cholesterol, and TG
levels. Improvements in lipid profiles have also
been reported for other GPR119 agonists,
including GSK1292263 [27] and PSN821 [28]. In
the present study, the changes in HbA1c and
lipids were not correlated, which suggests that
they might be mediated via different mecha-
nisms of action. The mechanism of action of
the abovementioned changes in lipids is
unknown. Preliminary data suggest that
GPR119 agonists slow the systemic appearance
of cholesterol after an oral cholesterol load in
rats, or that they might promote the clearance
of chylomicrons or other TG-rich lipoproteins

from circulation [29]. The current hypothesis is
that the mechanism of the TG-lowering effect
by DS-8500a may be related to lipoprotein
lipase activation by GIP. GIP, but not GLP-1,
can activate lipoprotein lipase through phos-
phoinositide 3-kinase [30], and GIP has been
shown to reduce plasma TGs in dogs [31].
Additional studies are clearly needed to evaluate
the mechanism of action of GPR119 agonists on
lipids.

When placing the present findings in the
context of the current treatment regimen for
T2DM in Japan, DS-8500a is expected to protect
b-cells by enhancing first-phase insulin secre-
tion. We believe this therapy will be effective for
patients in stages of diabetes in which b-cells are
not yet exhausted.

Limitations

The length of the present study (12 weeks of
treatment with DS-8500a) may limit the signif-
icance of the results, as this is insufficient to
show the long-term efficacy of DS-8500a. It will
be necessary to confirm not only the long-term
efficacy of DS-8500a but also the efficacy in
patients in advanced stages of diabetes. Addi-
tionally, as this study was conducted in Japan,
our results cannot be extrapolated to other
patient populations.

CONCLUSIONS

In summary, DS-8500a was well tolerated, and
all doses significantly lowered HbA1c compared
with placebo. In addition, DS-8500a at 50 and
75 mg significantly lowered FPG and 2hr-PPG
compared with placebo and improved lipid
parameters compared with both placebo and
sitagliptin.
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