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ABSTRACT

Introduction: Daily dipeptidyl peptidase-4
(DPP-4) inhibitors are commonly used with
other orally administered antihyperglycemic
agents (AHA), as combination therapy, to treat
Japanese patients with type 2 diabetes. When
combination therapy is indicated, use of a
once-weekly (q.w.) orally administered DPP-4
inhibitor might be an appropriate therapeutic
option for some patients.
Methods: A 52-week trial was conducted to
assess the safety and tolerability (primary
objectives) and glycemic efficacy (secondary
objectives) of the q.w. DPP-4 inhibitor omar-
igliptin as add-on therapy to five different

classes of orally administered AHA [sulfonylurea
(SU), glinide (GL), biguanide (BG), thiazo-
lidinedione (TZD), or a-glucosidase inhibitor
(AGI)] commonly used in Japan and having
different mechanisms of drug action from
DPP-4 inhibitors. The trial consisted of an initial
24-week double-blind, placebo-controlled per-
iod during which patients (stratified by back-
ground AHA) were randomized to omarigliptin
25 mg q.w. or placebo, followed by a 28-week
open-label period during which patients on
placebo were switched to omarigliptin.
Results: After 24 weeks, the percentages of
patients with adverse events (AEs), serious AEs,
drug-related AEs, AEs of symptomatic hypo-
glycemia, or who discontinued from trial medi-
cation because of an AE were generally similar in
the omarigliptin and placebo groups, in all
background AHA strata and in the overall popu-
lation. From a mean baseline HbA1c of approxi-
mately 8.0%, the placebo-adjusted least-squares
mean changes from baseline ranged from
-0.80% (AGI stratum) to -1.16% (TZD stratum);
p\0.001 for all background AHA strata. During
the open-label period, no safety signals emerged
with longer-term treatment. At week 52, the
change from baseline in HbA1c in the omar-
igliptin/omarigliptin group was similar to that of
the placebo/omarigliptin group.
Conclusions: Addition of once-weekly omar-
igliptin to AHA therapy with an SU, GL, BG,
TZD, or AGI for up to 52 weeks was generally
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safe and well tolerated, and provided persistent
efficacy.
Clinical trial registration: ClinicalTrials.gov:
NCT01697592.
Funding: MSD K.K., a subsidiary of Merck &
Co., Inc., Kenilworth, NJ, USA.
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INTRODUCTION

Type 2 diabetes (T2D) is a progressive disease,
and with disease progression patients often
require more than one antihyperglycemic agent
(AHA) to maintain glycemic control. In this
clinical scenario, addition of a second AHA with
a complementary mechanism of action is a
rational therapeutic approach. In Japan, daily
DPP-4 inhibitors are commonly used as first-line
therapy and often combined with other classes
of orally administered AHA for the treatment of
patients with T2D [1]. As a class, DPP-4 inhibi-
tors improve glycemic control in patients with
T2D by stabilizing glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic
peptide, peptide hormones which enhance
insulin secretion and (in the case of GLP-1)
suppress glucagon release in a glucose-depen-
dent manner [2].

Omarigliptin (MK-3102) is a highly specific,
orally administered DPP-4 inhibitor with phar-
macokinetic properties that allow once-weekly
(q.w.) dosing [3, 4] that is presently approved in
Japan. In clinical trials that compared omar-
igliptin to both placebo and active comparators,
including the daily DPP-4 inhibitor sitagliptin,
omarigliptin has been shown to have a safety,
tolerability, and efficacy profile similar to that
of daily DPP-4 inhibitors [5–10]. One of those
trials, which supported approval in Japan,
assessed omarigliptin as monotherapy in Japa-
nese patients with T2D [6].

Herein we report the results of a clinical
trial that supported approval in Japan that
assessed the safety and efficacy of adding
omarigliptin to the treatment of Japanese

patients with T2D and inadequate glycemic
control while on monotherapy with any of five
different classes of orally administered AHA.
Each of the five monotherapy background
AHAs have a mechanism of action different
from that of DPP-4 inhibitors, and all are fre-
quently used in clinical practice in Japan [sul-
fonylurea (SU), glinide (GL), biguanide (BG),
thiazolidinedione (TZD), and a-glucosidase
inhibitor (AGI)].

METHODS

Patients

Eligible patients were Japanese, male or female,
treated with diet and exercise and a stable dose
of an SU, GL, BG, TZD, or AGI (background
AHA) as monotherapy and having an HbA1c
(NGSP value) of C7.0% and B10.0%, or treated
with dual combination therapy with one of the
aforementioned background AHAs and another
orally administered AHA and having an HbA1c
of C6.5% and B9.0%. Patients treated with
monotherapy were required to be on a
stable dose of background AHA for at least
10 weeks if on an SU, GL, BG, or AGI and at least
14 weeks if on a TZD. Patients on dual combi-
nation therapy were required to be on a
stable dose of background AHA for at least
4 weeks if on an SU, GL, BG, or AGI and at least
8 weeks if on a TZD. Patients were at least
20 years of age if not on a BG and restricted to at
least 20 and less than 75 years of age if on a BG.
Patients could be on one of the following
background AHAs: in the SU stratum, gliclazide,
glibenclamide (glyburide), or glimepiride; in the
GL stratum, nateglinide, mitiglinide, or
repaglinide; and in the AGI stratum, acarbose,
voglibose, or miglitol. The BG and TZD strata
consisted of patients on metformin and piogli-
tazone, respectively.

Patients were excluded from the study if they
had type 1 diabetes, a history of ketoacidosis,
active liver disease, significant cardiovascular
disease, a history of malignancy, hematological
disorders, or had been previously treated with
insulin within 12 weeks prior to screening, or
omarigliptin at any time.
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Laboratory exclusion criteria included an
estimated glomerular filtration rate (eGFR)
\30 mL/min/1.73 m2 (or \60 mL/min/1.73 m2

if on a BG background AHA), alanine amino-
transferase or aspartate aminotransferase more
than two times the upper limit of normal, thy-
roid-stimulating hormone outside the central
laboratory normal range, hemoglobin\11 g/dL
(male) or \10 g/dL (female), triglycerides
[600 mg/dL, or C-peptide\0.6 ng/mL.

Study Design

This multicenter trial consisted of two treatment
periods. The initial period was a 24-week dou-
ble-blind, placebo-controlled, parallel-group
treatment period in which patients were ran-
domized to omarigliptin 25 mg q.w. or matching
placebo. The second period was a 28-week
open-label period in which all patients were
treated with omarigliptin (patients on placebo in
the initial period were switched to omarigliptin).
After a screening period of up to 2 weeks, patients
on AHA monotherapy entered a 2-week sin-
gle-blind placebo run-in period; patients on dual
AHA therapy entered an 8-week period (which
included a 2-week single-blind placebo run-in)
during which they were discontinued from the
second AHA. During the 2-week single-blind
placebo run-in period, all patients took omar-
igliptin placebo once weekly to ensure proper
understanding of the weekly dosing regimen. In
addition, 2 weeks prior to randomization
(week-2), all patients were required to have an
HbA1c (NGSP value) C7.0% and B10.0%. At
week-2, patients in all background AHA strata
were required to have an fasting plasma glucose
(FPG) B230 mg/dL and those on an SU were also
required to have a FPG C126 mg/dL.

Patients were stratified according to their
background AHA (SU, GL, BG, TZD, or AGI) and
randomized in a 2:1 ratio to omarigliptin 25 mg
q.w. or matching placebo. Randomization was
performed using a sponsor-generated allocation
schedule and an interactive voice response or
integrated Web response system. Throughout
the trial, patients continued on a stable dose of
their background AHA, unless glycemic rescue
was required or, in the case of the SU stratum,

hypoglycemia occurred. Patients exceeding
prespecified glycemic thresholds post-random-
ization (repeatedly confirmed central laboratory
value of FPG[240 mg/dL for week 4–24 and FPG
[200 mg/dL for week 24–52) were rescued, first
with up-titration of their background AHA,
then either with metformin (patients on SU or
GL as background AHA) or glimepiride (patients
on BG, TZD, or AGI as background AHA). If
recurrent hypoglycemia occurred (defined as an
FPG or fingerstick glucose B70 mg/dL with
symptoms of hypoglycemia, or FPG or finger-
stick glucose \50 mg/dL with or without
symptoms of hypoglycemia) without a reason-
able explanation (such as increased physical
activity or skipped meal), patients whose back-
ground AHA was an SU could have the SU
down-titrated; patients on other background
AHAs were discontinued from trial.

All procedures followed in this trial (Omar-
igliptin Protocol 015; ClinicalTrials.gov:
NCT01697592) were in accordance with the
ethical standards of the responsible committee
on human experimentation (institutional and
national) and with the Helsinki Declaration of
1964, as revised in 2013. Informed consent was
obtained from all patients in the trial.

Study Evaluations

The primary, secondary, and exploratory objec-
tives of this trial were assessed for each class of
background AHA. A pooled analysis of adverse
events (AEs) in the overall population (i.e., across
background AHA strata) was also performed. The
primary objectives were to assess the safety and
tolerability of the addition of omarigliptin
through 24 weeks and for up to 52 weeks. Sec-
ondary objectives were to assess the effect of
omarigliptin compared with placebo on change
from baseline in HbA1c at week 24 and to assess
the change from baseline in HbA1c for up to
52 weeks. The associated HbA1c hypothesis was
that after 24 weeks, the addition of omarigliptin,
compared with placebo, would provide a greater
reduction from baseline in HbA1c. Exploratory
objectives were to assess the effect of the addition
of omarigliptin on change from baseline in FPG
after 24 weeks and for up to 52 weeks.
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Safety Endpoints

Safety endpoints included AEs, mean change
from baseline at week 24 and week 52 in labora-
tory parameters, electrocardiogram (ECG), per-
centages of patients meeting predefined limits of
change (PDLC) for laboratory and ECG parame-
ters, vital signs, and body weight. A predefined
AE of interest was symptomatic hypoglycemia.

In both periods of this trial, potential cases of
pancreatitis and prespecified hypersensitivity
AEs (anaphylactic reaction, angioedema,
asthma-bronchospasm, erythema multiforme,
Stevens–Johnson syndrome, toxic epidermal
necrolysis, and drug rash with eosinophilia and
systemic symptoms) were evaluated in a blinded
manner by external clinical adjudication
committees.

Efficacy Endpoints

Efficacy endpoints were changes from baseline
in HbA1c and FPG after 24 and 52 weeks and
percentages of patients at HbA1c goal of\7.0%
and \6.5% for each background AHA at weeks
24 and 52.

Statistical Analyses

To avoid the confounding influence of rescue
therapy, all analyses treated data collected after
the initiation of rescue therapy as missing.

The population for analysis of safety data was
all randomized patients who received at least one
dose of trial treatment. Safety and tolerability
were assessed by clinical review of all relevant
parameters including AEs, laboratory tests, ECG,
PDLCs, vital signs, and body weight. Events of
symptomatic hypoglycemia were prespecified as
AEs of interest and p values and 95% confidence
intervals (CIs) for between-treatment group
comparisons were calculated. For AEs with inci-
dence of at least four patients in any treatment
group, 95% CIs were calculated for
between-group comparisons. In both cases the
method of Miettinen and Nurminen [11] was
used. For other safety endpoints, summary
statistics were generated. Change from baseline
in body weight at weeks 24 and 52 were analyzed

using the longitudinal data analysis (LDA)
method described below for HbA1c, substituting
baseline body weight for HbA1c.

The primary population for efficacy analyses
included all randomized patients who received
at least one dose of study treatment and had a
baseline or a post-randomization measurement.
For analyses of the change from baseline in
HbA1c at week 24, an LDA model [12] was used.
The model had terms for treatment, background
AHA (SU/GL/BG/TZD/AGI), prior AHA status
except background AHA (yes/no), time, and the
interaction of time 9 treatment, time 9 back-
ground AHA, time 9 prior AHA status except
background AHA, background AHA 9 time 9

treatment, background AHA 9 time 9 prior
AHA status except background AHA, back-
ground AHA 9 time 9 treatment 9 prior AHA
status except background AHA, with a con-
straint that true mean at baseline is common to
all treatment groups (which is valid owing to
randomization). An unstructured covariance
matrix was used to model the correlation
among repeated measurements.

Changes from baseline in FPG were analyzed
using the LDA method described for HbA1c,
substituting the FPG values for HbA1c.

To determine the change from baseline in
HbA1c at week 52, the LDA model was separately
applied to each background AHA stratum as a
result of non-convergence of the model when all
the AHA strata were included simultaneously.

For analysis of percentages of individuals at
the HbA1c goals of \7.0% and \6.5% at weeks
24 and 52, the LDA model used for the analysis
of HbA1c change from baseline at weeks 24 and
52 was used to impute missing data for weeks 24
and 52 HbA1c. Each patient was categorized as a
responder (satisfying the HbA1c (NGSP) specific
goal of \7.0% or \6.5%) or non-responder at
week 24 or week 52.

To ensure that approximately 100 patients
from the SU stratum and approximately 50
patients from other background AHA strata
were exposed to omarigliptin for 52 weeks and
assuming an approximate 20% discontinuation
rate, it was calculated that 568 patients would
need to be randomized with a stratification ratio
of 2:1:1:1:1 for SU, GL, BG, TZD, and AGI,
respectively.
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RESULTS

Patient Disposition and Characteristics

Of 772 patients screened, 585 were randomized
at 67 sites in Japan (Fig. 1). The most common
reasons for patients not being randomized were

meeting laboratory exclusion criteria for
parameters including eGFR, AST, ALT, TSH,
hemoglobin, TG, or C-peptide (50.6%) and/or
not meeting inclusion criteria related to AHA
regimen and HbA1c levels. The first patient was
screened on October 26, 2012 and the last visit
of the last patient was on May 8, 2014. Five
hundred and seventy-one (97.6%) of the

n = 9
n = 4
n = 1
n = 0
n = 1
n = 1
n = 2

Discontinued:
   Adverse event
   Lost to follow-up
   Physician decision
   Protocol violation
   Other
   Withdrawal by subject

n = 5
n = 2
n = 0
n = 1
n = 0
n = 0
n = 2

Discontinued:
   Adverse event
   Lost to follow-up
   Physician decision
   Protocol violation
   Other
   Withdrawal by subject

n = 10
n = 6
n = 0
n = 2
n = 0
n = 0
n = 2

Discontinued:
   Adverse event
   Lost to follow-up
   Physician decision
   Protocol violation
   Other
   Withdrawal by subject

n = 6
n = 4
n = 0
n = 0
n = 0
n = 0
n = 2

Discontinued:
   Adverse event
   Lost to follow-up
   Physician decision
   Protocol violation
   Other
   Withdrawal by subject

n = 187
n = 180
n = 5
n = 2

Not randomized:
   Screen failure
   Withdrawal by subject
   Adverse event

Randomized: N = 585

Placebo: n = 196Omarigliptin: n = 389

Completed study medication
Phase B:  n = 185

Completed study medication
Phase B:  n = 370

Completed Phase A:   n = 380
Entered Phase B:   n = 380

Completed Phase A:   n = 191
Entered Phase B:   n = 191

Screened: N = 772

Fig. 1 Patient disposition weeks 0–52
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randomized patients completed the
placebo-controlled period and 555 (94.9%)
completed the open-label period on study
medication. At week 24, in the overall popula-
tion (all strata), 0.5% (2/389 patients) in the
omarigliptin group and 2.0% (4/196 patients) in
the placebo group required glycemic rescue.
Through week 52, 2.8% (11/389 patients) and
2.6% (5/191 patients) required glycemic rescue.

Baseline anthropometric and disease char-
acteristics were generally balanced between
omarigliptin and placebo treatment groups for
each background AHA (Table 1). The mean age
of all study patients was approximately 60 years
and approximately 70% of patients were male;
the mean body mass index was 25 kg/m2, the
mean HbA1c level was 8.0%, the mean FPG was
approximately 160 mg/dL, and the mean dura-
tion of diabetes was approximately 9.5 years.
Among patients randomized, 25.6% were dis-
continued from dual AHA therapy (washed-off
of a second AHA). The mean baseline dose and
dose range of each background AHA can be
found in Supplementary Table S1.

Safety

Double-Blind Placebo-Controlled Period (Day
1–Week 24)
During the double-blind, placebo-controlled
period, the percentage of patients with one or
more AEs, drug-related AEs, serious AEs, or who
were discontinued from trial medication
because of an AE was generally similar between
the omarigliptin and placebo groups in all of
the background AHA strata and in the overall
population (Table 2).

The percentage of patients with AEs in any
Medical Dictionary for Regulatory Activities
(MedDRA) system organ class (SOC) (not shown)
or in the percentage of patients with specific AEs
with incidence of at least 5% in at least one
treatment group in any SOC (Table 2) was also
similar between the omarigliptin groups and the
placebo groups in all background AHA strata.

When assessed in the overall population, the
percentage of patients with AEs in any SOC was
generally similar between the omarigliptin
group and the placebo group, with the

T
ab
le
1

B
as
el
in
e
de
m
og
ra
ph

ic
an
d
an
th
ro
po
m
et
ri
c
ch
ar
ac
te
ri
st
ic
s
of

th
e
st
ud
y
po
pu
la
ti
on

C
ha
ra
ct
er
is
ti
c

Su
lf
on

yl
ur
ea

G
lin

id
e

B
ig
ua
ni
de

T
hi
az
ol
id
in
ed
io
ne

a-
G
lu
co
si
da
se

in
hi
bi
to
r

O
m
ar
ig
lip

ti
n

n
5

12
6

P
la
ce
bo

n
5

63
O
m
ar
ig
lip

ti
n

n
5

65
P
la
ce
bo

n
5

34
O
m
ar
ig
lip

ti
n

n
5

66
P
la
ce
bo

n
5

33
O
m
ar
ig
lip

ti
n

n
5

65
P
la
ce
bo

n
5

34
O
m
ar
ig
lip

ti
n

n
5

67
P
la
ce
bo

n
5

32

A
ge
,y
ea
rs

63
±

9
63

±
11

59
±

11
61

±
10

59
±

9
57

±
9

61
±

10
61

±
9

61
±

11
61

±
11

M
al
e,

n
(%

)
91

(7
2.
2)

45
(7
1.
4)

46
(7
0.
8)

27
(7
9.
4)

46
(6
9.
7)

23
(6
9.
7)

42
(6
4.
6)

27
(7
9.
4)

46
(6
8.
7)

23
(7
1.
9)

B
od
y
w
ei
gh
t,
kg

65
±

11
67

±
14

68
±

13
69

±
14

69
±

14
70

±
12

72
±

14
71

±
13

68
±

13
65

±
11

B
M
I,
kg
/m

2
24
.5
±

3.
4

24
.8
±

3.
5

25
.1
±

4.
3

25
.3
±

4.
1

25
.6
±

4.
4

25
.9
±

3.
6

27
.0
±

4.
2

27
.0
±

4.
9

25
.3
±

4.
0

24
.4
±

3.
7

H
bA

1c
,
%

8.
1
±

0.
7

8.
1
±

0.
6

8.
0
±

0.
6

8.
0
±

0.
8

7.
8
±

0.
6

8.
0
±

0.
6

8.
2
±

0.
8

7.
9
±

0.
8

7.
9
±

0.
6

7.
9
±

0.
8

R
an
ge

6.
9–

10
.0

7.
1–

9.
6

6.
9–

10
.3

6.
7–

9.
8

6.
8–

9.
9

6.
9–

10
.2

7.
0–

10
.0

6.
8–

10
.5

6.
9–

9.
6

7.
0–

10
.1

FP
G
,m

g/
dL

16
5.
4
±

32
.0

17
0.
5
±

34
.0

16
3.
5
±

29
.4

16
4.
4
±

34
.7

15
5.
8
±

26
.1

15
7.
6
±

20
.6

16
3.
4
±

33
.6

15
2.
4
±

24
.5

15
7.
7
±

24
.3

15
9.
8
±

30
.7

D
ur
at
io
n
of

ty
pe

2
di
ab
et
es
,y
ea
rs

10
.7
±

5.
6

11
.5
±

6.
3

8.
5
±

6.
2

8.
3
±

5.
2

8.
4
±

4.
8

6.
9
±

3.
5

9.
1
±

6.
4

10
.3
±

5.
4

8.
4
±

5.
5

9.
7
±

5.
8

Pr
io
r
A
H
A
us
e,
ye
s

43
(3
4.
1)

21
(3
3.
3)

9
(1
3.
8)

4
(1
1.
8)

16
(2
4.
2)

3
(9
.1
)

19
(2
9.
2)

6
(1
7.
6)

19
(2
8.
4)

10
(3
1.
3)

D
at
a
ar
e
ex
pr
es
se
d
as

m
ea
n
±

st
an
da
rd

de
vi
at
io
n
or

fr
eq
ue
nc
y
[n

(%
)]

B
M
I
bo
dy

m
as
s
in
de
x,
FP

G
fa
st
in
g
pl
as
m
a
gl
uc
os
e,
A
H
A
an
ti
hy
pe
rg
ly
ce
m
ic
ag
en
t

798 Diabetes Ther (2017) 8:793–810



T
ab
le
2

A
dv
er
se

ev
en
ts

su
m
m
ar
y,

sp
ec
ifi
c
A
E
s
by

sy
st
em

or
ga
n
cl
as
s
(S
O
C
)
w
it
h
in
ci
de
nc
e
C
5%

in
C
1
tr
ea
tm

en
t
gr
ou
p,

an
d
in
ci
de
nc
es

of
sy
m
pt
om

at
ic

hy
po
gl
yc
em

ia
du
ri
ng

th
e
24
-w
ee
k
do
ub
le
-b
lin

d
pe
ri
od

in
th
e
ov
er
al
l
po
pu
la
ti
on

an
d
fo
r
ea
ch

ba
ck
gr
ou
nd

A
H
A

st
ra
tu
m

P
at
ie
nt
s,
n
(%

)
Su

lf
on

yl
ur
ea

G
lin

id
e

B
ig
ua
ni
de

T
hi
az
ol
id
in
ed
io
ne

a-
G
lu
co
si
da
se

in
hi
bi
to
r

O
ve
ra
ll

O
m
ar
ig
lip

ti
n

n
5

12
6

P
la
ce
bo

n
5

63
O
m
ar
ig
lip

ti
n

n
5

65
P
la
ce
bo

n
5

34
O
m
ar
ig
lip

ti
n

n
5

66
P
la
ce
bo

n
5

33
O
m
ar
ig
lip

ti
n

n
5

65
P
la
ce
bo

n
5

34
O
m
ar
ig
lip

ti
n

n
5

67
P
la
ce
bo

n
5

32
O
m
ar
ig
lip

ti
n

n
5

38
9

P
la
ce
bo

n
5

19
6

W
it
h
on
e
or

m
or
e

A
E
s

75
(5
9.
5)

38
(6
0.
3)

35
(5
3.
8)

18
(5
2.
9)

36
(5
4.
5)

21
(6
3.
6)

39
(6
0.
0)

18
(5
2.
9)

34
(5
0.
7)

17
(5
3.
1)

21
9
(5
6.
3)

11
2
(5
7.
1)

D
ru
g-
re
la
te
da

A
E
s

9
(7
.1
)

5
(7
.9
)

5
(7
.7
)

2
(5
.9
)

3
(4
.5
)

0
(0
.0
)

4
(6
.2
)

0
(0
.0
)

0
(0
.0
)

1
(3
.1
)

21
(5
.4
)

8
(4
.1
)

Se
ri
ou
s
A
E
sb

2
(1
.6
)

0
(0
.0
)

1
(1
.5
)

1
(2
.9
)

1
(1
.5
)

1
(3
.0
)

4
(6
.2
)

0
(0
.0
)

0
(0
.0
)

2
(6
.3
)

8
(2
.1
)

4
(2
.0
)

Se
ri
ou
s
dr
ug
-r
el
at
ed

a
A
E
s

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

W
ho

di
ed

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

W
ho

di
sc
on
ti
nu

ed
du
e
to

A
n
A
E

0
(0
.0
)

0
(0
.0
)

2
(3
.1
)

1
(2
.9
)

0
(0
.0
)

0
(0
.0
)

2
(3
.1
)

0
(0
.0
)

0
(0
.0
)

1
(3
.1
)

4
(1
.0
)

2
(1
.0
)

A
dr
ug
-r
el
at
ed

a
A
E

0
(0
.0
)

0
(0
.0
)

1
(1
.5
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(0
.3
)

0
(0
.0
)

A
se
ri
ou
s
A
E

0
(0
.0
)

0
(0
.0
)

1
(1
.5
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(1
.5
)

0
(0
.0
)

0
(0
.0
)

1
(3
.1
)

2
(0
.5
)

1
(0
.5
)

A
se
ri
ou
s
dr
ug
-r
el
at
ed

a
A
E

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

W
it
h
sp
ec
ifi
c
A
E
s
w
it
h
in
ci
de
nc
e
C
5%

in
C
1
tr
ea
tm

en
t
gr
ou
p,

by
SO

C
c

G
as
tr
oi
nt
es
ti
na
l
di
so
rd
er
s

D
en
ta
l
ca
ri
es

4
(3
.2
)

1
(1
.6
)

1
(1
.5
)

0
(0
.0
)

0
(0
.0
)

2
(6
.1
)

2
(3
.1
)

0
(0
.0
)

1
(1
.5
)

0
(0
.0
)

8
(2
.1
)

3
(1
.5
)

In
fe
ct
io
ns

an
d
in
fe
st
at
io
ns

B
ro
nc
hi
ti
s

3
(2
.4
)

1
(1
.6
)

0
(0
.0
)

3
(8
.8
)

0
(0
.0
)

0
(0
.0
)

1
(1
.5
)

2
(5
.9
)

2
(3
.0
)

0
(0
.0
)

6
(1
.5
)

6
(3
.1
)

G
as
tr
oe
nt
er
it
is

2
(1
.6
)

0
(0
.0
)

0
(0
.0
)

2
(5
.9
)

4
(6
.1
)

0
(0
.0
)

1
(1
.5
)

1
(2
.9
)

0
(0
.0
)

0
(0
.0
)

7
(1
.8
)

3
(1
.5
)

G
in
gi
vi
ti
s

2
(1
.6
)

1
(1
.6
)

0
(0
.0
)

0
(0
.0
)

2
(3
.0
)

0
(0
.0
)

0
(0
.0
)

2
(5
.9
)

0
(0
.0
)

0
(0
.0
)

4
(1
.0
)

3
(1
.5
)

In
flu
en
za

2
(1
.6
)

1
(1
.6
)

0
(0
.0
)

1
(2
.9
)

0
(0
.0
)

0
(0
.0
)

3
(4
.6
)

2
(5
.9
)

1
(1
.5
)

0
(0
.0
)

6
(1
.5
)

4
(2
.0
)

N
as
op
ha
ry
ng
it
is

15
(1
1.
9)

15
(2
3.
8)

14
(2
1.
5)

7
(2
0.
6)

11
(1
6.
7)

9
(2
7.
3)

11
(1
6.
9)

5
(1
4.
7)

13
(1
9.
4)

8
(2
5.
0)

64
(1
6.
5)

44
(2
2.
4)

Ph
ar
yn
gi
ti
s

2
(1
.6
)

1
(1
.6
)

0
(0
.0
)

0
(0
.0
)

1
(1
.5
)

2
(6
.1
)

0
(0
.0
)

1
(2
.9
)

1
(1
.5
)

0
(0
.0
)

4
(1
.0
)

4
(2
.0
)

In
ve
st
ig
at
io
ns

A
la
ni
ne

am
in
ot
ra
ns
fe
ra
se

in
cr
ea
se
d

0
(0
.0
)

0
(0
.0
)

2
(3
.1
)

0
(0
.0
)

2
(3
.0
)

2
(6
.1
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

4
(1
.0
)

2
(1
.0
)

M
et
ab
ol
is
m

an
d
nu

tr
it
io
n
di
so
rd
er
s

H
yp
er
gl
yc
em

ia
0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(2
.9
)

0
(0
.0
)

2
(6
.3
)

0
(0
.0
)

3
(1
.5
)

H
yp
og
ly
ce
m
ia

7
(5
.6
)

3
(4
.8
)

1
(1
.5
)

0
(0
.0
)

3
(4
.5
)

0
(0
.0
)

1
(1
.5
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

12
(3
.1
)

3
(1
.5
)

M
us
cu
lo
sk
el
et
al
an
d
co
nn

ec
ti
ve

ti
ss
ue

di
so
rd
er
s

M
ya
lg
ia

0
(0
.0
)

1
(1
.6
)

1
(1
.5
)

1
(2
.9
)

0
(0
.0
)

3
(9
.1
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

0
(0
.0
)

1
(0
.3
)

5
(2
.6
)

Diabetes Ther (2017) 8:793–810 799



exception of the eye disorders SOC [3.1% (12/
389 patients) versus 0.5% (1/196 patients)] and
skin and subcutaneous tissue disorders SOC
[5.4% (21/389 patients) versus 1.0% (2/196
patients)] where the percentage of patients with
AEs was higher in the omarigliptin group com-
pared with the placebo group (i.e., the lower
limit of 95% CIs around the between-group
difference versus placebo exceeded 0).

In the eye disorders SOC, the only specific AE
that occurred in at least four patients in at least
one treatment group was diabetic retinopathy
which occurred in 1.5% (6/389) of patients in
the omarigliptin group compared with 0.0% (0/
196) of patients in the placebo group. The six
events of diabetic retinopathy in the omar-
igliptin group (three patients in SU stratum, one
patient in GL stratum, one patient in BG stra-
tum, and one patient in TZD stratum) were all
mild in intensity and none were assessed by the
investigator to be related to trial medication
(omarigliptin) or led to the discontinuation of
trial medication. No other AE terms related to
diabetic retinopathy (e.g., retinopathy) were
reported in either treatment period.

In the skin and subcutaneous tissue disorders
SOC, specific AEs that occurred in at least four
patients in one or more treatment groups
(omarigliptin group versus placebo group)
included contact dermatitis [1.0% (4/389
patients) versus 0.5% (1/196 patients)] and
eczema [1.3% (5/389 patients) versus 0.5% (1/
196 patient)]. All of the AEs of contact der-
matitis and eczema were nonserious, mild in
intensity, and did not lead to discontinuation
from trial medication. All of the AEs of contact
dermatitis and three of the five cases of eczema
resolved on trial medication (two cases of
eczema recovered after the last dose); none of
the AEs of contact dermatitis and only one AE of
eczema were assessed by the investigator to be
related to trial medication. In addition, the
incidence of the AE of allergic dermatitis (a term
similar to contact dermatitis) was 0.5% (2/389
patients) in the omarigliptin group and 0.0% (0/
196 patients) in the placebo group. One of two
patients experienced two events of allergic der-
matitis; all of the AEs were nonserious, mild in
intensity, and did not lead to discontinuation
from trial medication (two of the three AEsT
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resolved on trial medication) and none of the
AEs were assessed by the investigator to be
related to trial medication.

The percentage of patients with AEs of
symptomatic hypoglycemia in the omarigliptin
and placebo groups was generally similar in all
of the background AHA strata and in the overall
population (Table 2). The incidences of hypo-
glycemia were generally low in all background
AHA strata, with the highest incidences being
observed in the SU stratum. No severe hypo-
glycemia was reported in any background AHA
stratum in either treatment group.

Open-Label Period (Week 24–Week 52)
Because of the differences in length of exposure
to omarigliptin (52 weeks versus 28 weeks), no
between-group comparisons can be made
between the omarigliptin/omarigliptin groups
and the placebo/omarigliptin groups. In the
open-label period, AE incidences reported for the
placebo/omarigliptin group reflect only those
AEs that occurred during the 28 weeks in which
patients were exposed to omarigliptin. Of the 196
patients in the placebo group, 191 were switched
to omarigliptin at week 24 (see Fig. 1 for reasons
for discontinuation of the five subjects).

After 52 weeks, the percentage of patients
with AEs in the omarigliptin/omarigliptin
groups increased in all background AHA strata
compared to 24 weeks, as would be expected
from the accumulation of AEs over time
(Table 3). No specific AEs emerged in any of the
background AHA strata that represented a safety
signal associated with longer-term treatment.

In the omarigliptin/omarigliptin group (all
strata) the incidences of the AEs of diabetic
retinopathy, contact dermatitis, and eczema
over the 52-week treatment period
(placebo-controlled and open-label periods)
were 3.1% (12/389 patients), 1.8% (7/389
patients), and 3.3% (13/389 patients), respec-
tively. In the omarigliptin/omarigliptin group
the incidence of allergic dermatitis was 0.8% (3/
389 patients) and the incidence of dermatitis
was 0.3% (1/389 patients).

During the open-label period (28 weeks), the
incidences of the AEs of diabetic retinopathy,
contact dermatitis, and eczema in the placebo/
omarigliptin group were 0.5% (1/191 patients),

0.5% (1/191 patient), and 2.6% (5/191 patients),
respectively. In the placebo/omarigliptin group
the incidence of dermatitis was 0.5% (1/191
patients) and there were no AEs of allergic
dermatitis.

Over 52 weeks, the incidence of hypo-
glycemia in the omarigliptin/omarigliptin
groups remained generally low, with the high-
est incidence observed in the SU stratum,
compared to other background AHA strata
(Table 3). No severe hypoglycemia was reported
in any of the background AHA strata.

The types of AEs observed in the placebo/
omarigliptin groups in the open-label period
(28 weeks) after their switch to omarigliptin
25 mg q.w. were consistent with those observed
in the omarigliptin group during the dou-
ble-blind period (Supplementary Table S2).

Other Safety Evaluations
In both treatment periods, in each background
AHA stratum and in the overall population,
there were no clinically meaningful changes
from baseline in laboratory safety measures,
including lipids, liver function, renal function,
muscle enzymes, or hematological parameter,
and there were no clinically meaningful
between-group differences in the percentages of
patients meeting the predefined limits of
change (PDLC) for safety measures. Omar-
igliptin had a neutral effect on body weight
(Supplementary Table S3). There were no clini-
cally meaningful changes from baseline in heart
rate, blood pressure, or ECG intervals (including
QTc). There were no adjudication-confirmed
cases of pancreatitis or predefined hypersensi-
tivity reaction AEs.

Efficacy

Double-Blind Placebo-Controlled Period (Day
1–Week 24)
Changes from baseline in HbA1c are summa-
rized in Table 4. In all strata, the difference from
placebo in change from baseline in HbA1c with
omarigliptin treatment was significant
(p\0.001). The profile of change from baseline
in HbA1c over time showed that in all strata the
majority of the treatment effect was observed by
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weeks 12–16 (Fig. 2). The percentages of
patients achieving an HbA1c of \7.0% and
HbA1c of \6.5% at 24 weeks are shown in
Supplementary Table S4.

Changes from baseline in FPG are summa-
rized in Table 4. The profile of change from
baseline in FPG over time showed that in all
strata the majority of the treatment effect was

observed by week 4 and significant reductions
were maintained throughout the remainder of
the 24-week treatment period (data not shown).

Open-Label Period (Week 24–Week 52)
Changes from baseline in HbA1c in the omar-
igliptin/omarigliptin groups are summarized in
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analysis model described in the ‘‘Statistical Analyses’’ section
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Table 4 and shown in Fig. 3. At week 52, per-
sistent reductions in HbA1c levels were
observed in the omarigliptin/omarigliptin
groups regardless of background AHA. After the
switch from placebo to omarigliptin, reductions
in HbA1c were observed in all placebo/omar-
igliptin groups (Table 4, Supplementary Fig. S1).
At week 52, reductions in FPG levels were
observed in the omarigliptin/omarigliptin
groups regardless of background AHA. In the
placebo/omarigliptin groups, FPG levels at week
52 were similar to the omarigliptin/omarigliptin
groups (Table 4). The percentages of patients
achieving an HbA1c of \7.0% and HbA1c of
\6.5% at 52 weeks are shown in Supplementary
Table S4.

DISCUSSION

In the present trial in Japanese patients with
T2D and inadequate glycemic control on
monotherapy with one of five orally adminis-
tered AHA classes (SU, GL, BG, TZD, or AGI), the
addition of treatment with once-weekly omar-
igliptin for up to 52 weeks was generally safe
and well tolerated and provided persistent gly-
cemic efficacy. The orally administered back-
ground AHAs included in this study were those

commonly used in Japan at the time of the
planning and initiation of the trial.

The initial 24-week double-blind period
provided an assessment of safety, tolerability,
and efficacy compared with placebo, which is a
comparator that is considered to provide the
most rigorous assessment of the intrinsic safety
and efficacy of a test compound. The second
period of the trial, a 28-week open-label period,
allowed the assessment of safety, tolerability,
and efficacy over a longer time period in the
omarigliptin/omarigliptin groups.

During the 24-week double-blind period, no
notable between-group differences were
observed in the percentage of patients with AEs
in any background AHA stratum or in the
overall population. However, in the overall
population, a higher incidence of AEs in the eye
disorder SOC and skin and subcutaneous dis-
order SOC in the omarigliptin group compared
with the placebo group led to a review of AEs
with the highest incidences in those SOCs
(which included diabetic retinopathy, contact
dermatitis, and eczema) across the omarigliptin
phase 2/3 program.

In a pooled analysis of omarigliptin phase
2/3 trials (conducted both in Japan and outside
of Japan) that were placebo- and active-con-
trolled and that included 4467
omarigliptin-exposed patients and 3900
non-exposed, with a median duration of expo-
sure of approximately 398 days, the incidences
of AEs of diabetic retinopathy, contact der-
matitis, and eczema were reviewed and found to
be similar in the omarigliptin-exposed and
non-exposed groups (unpublished data; for a
description of the trials included in the pooled
analysis see Supplemental Appendix).

In that pooled analysis of phase 2/3 omar-
igliptin trials, there were no notable be-
tween-group differences in the incidences of
AEs of diabetic retinopathy (0.5% in both
treatment groups) or the related AE term
retinopathy (0.0% in the omarigliptin-exposed
versus 0.2% in the non-exposed group; Supple-
mentary Table S5).

In the pooled analysis there were no imbal-
ances in the incidences of the AE of contact
dermatitis or the related AE terms dermatitis,
atopic dermatitis, and allergic dermatitis
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(Supplementary Table S5). The incidences of the
AE of eczema in the omarigliptin-exposed and
non-exposed groups in the pooled analysis were
0.6% versus 0.4% (Supplementary Table S5).
The pooled analysis suggests that the imbal-
ances in diabetic retinopathy and contact der-
matitis observed in this trial are not clinically
meaningful. The AE eczema is noted in the
labels of one or more of the presently marketed
daily DPP-4 inhibitors in Japan.

During the treatment period (24-week
placebo-controlled period ? 28-week open-label
period), no specific AEs emerged that repre-
sented a safety signal associated with long-
er-term drug administration. In the open-label
period, the types of AEs observed in the pla-
cebo/omarigliptin group were qualitatively
similar to those observed in the omarigliptin
group during the double-blind period.

A low incidence of hypoglycemia was
observed in both treatment periods (dou-
ble-blind and open-label) across the background
AHA strata, with the exception of the SU stra-
tum. This observation is consistent with the
glucose-dependent mechanism of action of
DPP-4 inhibitors and the observed higher inci-
dence of hypoglycemia when DPP-4 inhibitors
are administered with agents that cause hypo-
glycemia, such as sulfonylureas [13–15].

The magnitude of reductions of HbA1c and
FPG were consistent with that observed for daily
DPP-4 inhibitors in previous trials in Japanese
patients with T2D [16–25]. The reductions from
baseline in HbA1c and FPG at week 52 were
clinically meaningful, but slightly less than that
observed at week 24. However, the reductions at
week 52 in the omarigliptin/omarigliptin
groups were comparable to those observed in
the placebo/omarigliptin groups despite the
difference in duration of treatment with omar-
igliptin (52 weeks versus 28 weeks). This latter
fact suggests that the observed increase in
HbA1c at week 52 relative to week 24 was pos-
sibly due to a loss of trial effect and/or disease
progression rather than a loss of omarigliptin
efficacy. Similar changes in HbA1c over
52 weeks have been reported in several trials
that assessed daily DPP-4 inhibitors as
monotherapy and add-on therapy in Japanese
patients with T2D [22–25].

The main limitation of this trial is that the
conclusions that can be drawn about the safety
and tolerability of the addition of omarigliptin
to the five classes of AHA in Japanese patients
with T2D are based on the relatively limited
numbers of randomized patients. In addition,
longer-term safety as defined by 52 weeks of
exposure was only assessed in the omarigliptin/
omarigliptin group. A wider clinical experience
with omarigliptin will further define the safety,
tolerability, and efficacy of this agent.

CONCLUSIONS

The safety and tolerability profile of once-
weekly omarigliptin observed in this trial
appears to be consistent with the known safety
and tolerability profile of daily DPP-4 inhibitors
[26, 27]. The results of this trial suggest that
omarigliptin has the potential to be a useful
therapeutic option when combination therapy
is indicated for the treatment of T2D. In recent
years, a patient-centered approach has been
recommended for the treatment of T2D [28, 29].
A once-weekly, orally administered AHA has the
potential to be a therapeutic option for the
individualized care of patients with T2D (e.g.,
when the patient prefers a weekly regimen; in
cases where poor adherence to daily medication
has been identified as a barrier to achieving
therapeutic goals; or when home healthcare is
required and provided only intermittently).
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