J DI Journal of Diabetes Investigation Open access

Official Journal of the Asian Association for the Study of Diabetes

CLINICAL TRIAL

Randomized clinical trial of the safety and
efficacy of sitagliptin and metformin
co-administered to Chinese patients with
type 2 diabetes mellitus

Linong Ji', Ping Han?, Xiaoyue Wang?, Jingdong Liu®, Shaoxiong Zheng®, Ying-Ming Jou®, Edward A O'Neill°,
Gregory T Golm®, Samuel S Engel®, Keith D Kaufman®, R Ravi Shankar®*

'Peking University People’s Hospital, Beijing, “Shengjing Hospital, China Medical University, Shenyang, “The First People’s Hospital of Yueyang, Yueyang, “Jiangxi Province People’s
Hospital, Nanchang, ® The Second Hospital of Tianjin Medical University, Tianjin, China, and ®Merck & Co, Inc, Kenilworth, New Jersey, USA

Keywords
Dipeptidy! peptidase-4 inhibitor,
Glycemic control, Incretin therapy

*Correspondence

R Ravi Shankar

Tel: +1-732-594-3046

Fax: +1-732-594-3560

E-mail address: ravishankar3@
merck.com

J Diabetes Investig 2016; 7. 727-736
doi: 10.1111/jdi.12511
Clinical Trial Registry

Clinicaltrials.gov
NCT01076088

INTRODUCTION

ABSTRACT

Introduction: The results of a clinical trial to evaluate the efficacy and safety of initial
combination therapy with sitagliptin and metformin in Chinese patients with type 2 dia-
betes and inadequate glycemic control are reported here.

Materials and Methods: This was a multicenter, randomized, double-blind, placebo-
controlled, parallel group, 24-week clinical trial carried out in China. Patients (n = 744) with
type 2 diabetes and inadequate glycemic control (glycated hemoglobin >7.5 and <11.0%)
who were either drug-naive or washed out of previous therapy were randomized in equal
ratios to sitagliptin 100 mg once daily (q.d, S100), metformin 500 mg twice daily (b.id,
M1000), metformin 850 mg b.i.d. (M1700), sitagliptin 50 mg b.id. plus metformin

500 mg bid. (S100/M1000), sitagliptin 50 mg bid. plus metformin 850 mg b.id. (5100/
M1700), or placebo.

Results: The mean baseline glycated hemoglobin in randomized patients was 8.7%.
Least squares mean changes from baseline in glycated hemoglobin were —0.59% (pla-
cebo), —0.99% (5100), —1.29% (M1000), —1.56% (M1700), —1.67% (5100/M1000) and —1.83%
(S100/M1700) (P < 0.05 for each active group vs placebo, for S100/M1700 and S100/
M1000 vs S100, and for S100/M1000 vs M1000). All treatments were generally well-toler-
ated. The overall incidence of hypoglycemia (symptomatic or asymptomatic) was higher
in the two co-administration groups (5100/M1700 and S100/M1000) compared with the
placebo. The incidence of symptomatic hypoglycemia was low, and similar, across all
treatment groups. The incidences of gastrointestinal adverse events were generally higher
in high-dose metformin groups than in the placebo group.

Conclusions: In Chinese patients with type 2 diabetes, initial combination therapy with
sitagliptin and metformin was generally well-tolerated, and provided improvement in gly-
cemic control.

increasing economic burden®. Rigorous glycemic control can

It is estimated that by 2030, approximately 130 million people
in China will have type 2 diabetes'; consequently, the number
of individuals with diabetes-related complications will create an
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help minimize the risk of complications, but initial treatment
with a single antihyperglycemic agent (AHA) frequently does
not achieve treatment goals’, necessitating consideration of ini-
tial combination therapy.

In patients for whom combination therapy is appropriate,
use of AHAs with complementary mechanisms of action
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should result in augmented improvement in glycemic control.
Two such agents are sitagliptin and metformin. Sitagliptin, an
orally active, highly selective dipeptidyl peptidase-4 (DPP-4)
inhibitor, increases the plasma concentrations of active forms of
the incretins, glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic peptide, which increase insulin levels
in a glucose-dependent manner®; active GLP-1 also reduces
hepatic glucose output by lowering glucagon levels*. Sitagliptin
has been shown to be generally well-tolerated and efficacious in
a large number of clinical trials®. Metformin, a generally well-
tolerated, orally administered biguanide, reduces blood glucose
by decreasing hepatic glucose output, insulin resistance and gas-
trointestinal absorption of glucose’. In a previous global clinical
trial, 24 weeks of treatment with the initial combination of sita-
gliptin and metformin was found to be generally well-tolerated
and efficacious®.

The pathophysiological mechanisms that lead to type 2 dia-
betes in Asians (e.g., insulin resistance, B-cell failure and over-
production of hepatic glucose) are similar to those observed in
other racial and ethnic groups; however, although Asian
patients have higher amounts of total and visceral fat for any
given body mass index compared with Caucasians™', there is
conflicting information on the relative degree of insulin resis-
tance in Asians. Chiu et al'' reported that Asian Americans
show more insulin resistance even at lower body mass index
levels compared with other ethnicities, whereas Jensen et al.'?
reported that high-risk Asian Americans might be less insulin
resistant than other racial and ethnic groups. Some studies sug-
gest an important role for B-cell dysfunction in the pathogene-
sis of type 2 diabetes in Asian patients''?, whereas at least one
study suggests heterogeneity in both insulin sensitivity and B-
cell function among Asian populations'®. With regard to treat-
ment of type 2 diabetes in Asian patients, a meta-analysis of
studies predominantly carried out in Japan suggests that Asians
might be more sensitive than non-Asians to the glucose-lower-
ing effects of DPP-4 inhibitors', suggesting that Chinese
patients might show greater improvement in glycemic control
when treated with these agents compared with non-Asian pop-
ulations.

Sitagliptin and metformin are approved in China for the
treatment of type 2 diabetes. The present study tested the
hypothesis that initial combination therapy with sitagliptin and
metformin will result in better glycemic control than compo-
nent monotherapy in Chinese patients with type 2 diabetes
being treated in China.

METHODS

Study design

This was a multicenter, randomized, double-blind, factorial,
parallel-group study carried out in China in patients with
type 2 diabetes who had inadequate glycemic control with diet
and exercise alone (glycated hemoglobin [HbAlc] >7.5 and
<11.0%), or while on a single oral AHA other than a thiazo-
lidinedione (HbAlc >7.0 and <10.5%) or on low dose combi-

http://onlinelibrary.wiley.com/journal/jdi

nation AHA (ie, <50% maximum labeled dose of each agent)
with HbAlc >7.0 and <10.0% (Figure 1). Study duration was
up to 35 weeks, including an 8-week washout period for
patients on an AHA at screening. Patients were male or female,
and aged >18 and <78 years. Patients were excluded if they
had type 1 diabetes, a history of ketoacidosis, active liver dis-
ease, significant and active cardiovascular disease or hematologi-
cal disorders, had been treated with a DPP-4 inhibitor or a
GLP-1 receptor agonist, or had been treated with a thiazo-
lidinedione or insulin within 12 weeks before screening,
Patients with serum creatinine >1.4 mg/dL (men) or >1.3 mg/
dL (women), estimated glomerular filtration rate <60 mL/min/
1.73 m* (calculated using the Modification of Diet in Renal
Disease equation'”), alanine aminotransferase or aspartate
aminotransferase more than twofold the upper limit of normal,
hemoglobin <11 g/dL (men) or <10 g/dL (women), triglyc-
erides >600 mg/dL or thyroid-stimulating hormone outside the
normal range were also excluded from the study.

Patients who were not taking an AHA for >8 weeks, with
HbAlc >7.5 and <11.0%, and who met all other enrolment cri-
teria could enter a 2-week single-blind placebo run-in. Patients
receiving single or low-dose combination AHA therapy discon-
tinued their AHA(s) and entered an 8-week washout period
before beginning the placebo run-in.

At visit 2/week 10, patients were counseled to adhere to a
diet consistent with the American Diabetes Association and
other standard diabetes guidelines, containing approximately
45-65% carbohydrate, 10-35% protein and 20-35% fat, for
the duration of the study. At each subsequent visit, patients’
diets were monitored and reinforced by counseling to
enhance adherence to the recommended diet. Patients were
counseled to limit alcohol use to moderate amounts and to
maintain a medically appropriate, routine exercise program;
consistency in physical activity levels was encouraged through-
out the study.

Patients meeting all study enrolment criteria, including a fast-
ing finger-stick glucose >7.2 and <14.4 mmol/L at the time of
randomization, could enter the 24-week double-blind treatment
period. Patient randomization was stratified based on AHA sta-
tus at the screening visit (on AHA vs not on AHA). Patients
were randomly allocated, according to a computer-generated
schedule created by the sponsor, in a 1:1:1:1:1:1 ratio to sitaglip-
tin 100 mg once daily (q.d; S100), metformin 500 mg twice
daily (bid; M1000), metformin 850 mg b.id. (M1700), sita-
gliptin 50 mg bid. plus metformin 500 mg bid. (S100/
M1000), sitagliptin 50 mg b.i.d. plus metformin 850 mg b.id.
(§100/M1700), or placebo. Sitagliptin, metformin and matching
placebos were supplied to patients as oral tablets in a blinded
manner under in-house blinding procedures. To improve toler-
ability, doses of metformin were uptitrated over a period of
up to 2 weeks from 500 and 850 mg qd. to 500 and
850 mg b.id.

Patients not meeting specific glycemic thresholds (fasting
plasma glucose [FPG] >15.0 mmol/L after day 1 through
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- Patients with T2DM
- 218 and <78 years of age
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Sitagliptin + metformin initial treatment

Progressive glycemic rescue criteria:

+ FPG >15.0 mmol/L after Day 1 through Week 6

« FPG >13.3 mmol/L after Week 6 through Week 12
«FPG >11.1 mmol/L after Week 12

. Drug naive Go to combined
- HbATc 27.5% and <£11.0% V2/V3
H
- On single oral AHA (except TZDs) and FFSG Placebo (n=127)
HbATc >7.0% and <10.5% 572 mmol/L
- On low-dose combination AHA (except o and
'I:ZDs)and HbA1c >7.0% and £10.0% <14.4 mmol/L S100 (n =120)
i
: M1000 (n = 126)
I
S |
[ M1700 (n = 124)
t t
Disc;\’gz”“e HbATc >7.5% and <11.0% $100/M1000 (n = 122)
S100/M1700 (n = 125)
Screening 8-week AHA washout period Single-blind Double-blind treatment period
‘ | Placebo | | | i
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8
Week-10 Week-2 Day 1 Week 6 Week 12 Week 18 Week 24

Figure 1 | Study design. AHA, antihyperglycemic agent; FFSG, fasting finger-stick glucose; FPG, fasting plasma glucose; M1000, metformin
500 mg bid; M1700, metformin 850 mg bid, R, randomization; S, screening; S100, sitagliptin 100 mg g.d,; S100/M1000, sitagliptin/metformin 50/
500 mg bid,; S100/M1700, sitagliptin/metformin 50/850 mg bid, T2DM, type 2 diabetes mellitus; TZDs, thiazolidinediones.

week 6; FPG >13.3 mmol/L after week 6 through week 12;
FPG >11.1 mmol/L after week 12) initiated rescue therapy with
open-label glipizide 5 mg/day, which could be uptitrated to
20 mg/day at the discretion of the investigator.

The study (Merck & Co., Inc. Protocol 121; ClinicalTrials.-
gov: NCT01076088) was carried out in accordance with the
principles of Good Clinical Practice, and was approved by the
appropriate institutional review boards and regulatory agencies.
Written informed consent was obtained from all patients before
undergoing any study procedure.

Study objectives
The primary objectives of the present study were to assess the
effects on HbAlc of initial co-administration of sitagliptin and
metformin compared with initial treatment with component
monotherapy, and to assess the safety and tolerability of initial
co-administration of sitagliptin and metformin compared with
placebo.

The primary hypothesis of the present study was that after
24 weeks, initial co-administration with sitagliptin and met-

formin provides greater reduction in HbAlc compared with
initial treatment with each component monotherapy.

Secondary objectives were assessment of the effects of initial
co-administration of sitagliptin and metformin compared with
initial treatment with each component monotherapy on 2-h
post-meal glucose after a meal tolerance test, and on FPG.
Additional efficacy end-points were assessment of the percent-
ages of patients who meet HbAlc goals (<7.0 and <6.5%) after
24 weeks.

The meal tolerance test (consisting of approximately
460 kcal, with 75 g carbohydrate, 9 g fat and 18 g protein) was
carried out at randomization (study day 1), before initiation of
study treatment, and at week 24, 30 min after the morning
dose of study treatment. Patients were on their usual diet for
the 72 h preceding the test and reported to the clinic fasting
(no food or drink except water for at least 12 h), without tak-
ing their morning double-blind study medication. A blood sam-
ple was collected 120 min after the start of a meal. Efficacy
end-points were measured at the central laboratory facilities of
Covance, Shanghai, China.

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Safety and tolerability were assessed through physical exami-
nation, vital signs, standard laboratory evaluations (including
blood chemistry, hematology and urinalysis), and the collection
and analysis of adverse experiences (AEs). All AEs were rated
by the study investigators for intensity and relationship to the
study drug. Prespecified safety end-points of special interest
were AEs of hypoglycemia (asymptomatic and symptomatic),
selected gastrointestinal (GI) AEs (nausea, vomiting, diarrhea
and abdominal pain) and change from baseline in body weight
at week 24.

Any episode with symptoms consistent with hypoglycemia
(e.g., weakness, dizziness, shakiness, increased sweating, palpita-
tions or confusion) was reported as an episode of symptomatic
hypoglycemia without a requirement for confirmatory blood
glucose values. Asymptomatic hypoglycemia was defined as an
episode without symptoms of hypoglycemia, but with finger-
stick glucose level <3.9 mmol/L (<70 mg/dL). Severe hypo-
glycemia was defined as any episode requiring assistance, either
medical or non-medical. Episodes with a markedly depressed
level of consciousness, loss of consciousness or seizure were to
be classified as having required medical assistance, whether or
not medical assistance was obtained.

Statistical analysis

The primary population for efficacy analyses was the full analy-
sis set (FAS), which included all randomized patients who
received at least one dose of study treatment and had a mea-
surement of the analysis end-point at baseline, as well as at one
or more post-baseline time-points. The prespecified methodol-
ogy for addressing the primary hypothesis was analysis of
covariance (ANCOVA), with the change from baseline in
HbAlc at week 24 as the outcome variable, and terms for
treatment, prior antihyperglycemic therapy status (yes/no) and
baseline HbAlc (continuous). Superiority of co-administration
of sitagliptin and metformin compared with each component
monotherapy in decreasing HbAlc at a given metformin dose
level was assessed using the appropriate contrasts under the
ANCOVA model. The following testing procedure was planned
to control the type 1 error rate at 0.05 (two-sided) for the end-
point of HbAlc. The primary hypothesis test for a given co-
administration group was to be declared successful only if supe-
riority was shown (P <0.05) vs each of its component
monotherapies. The hypothesis test was to be carried out for
the low-dose co-administration group only if success was first
achieved at the high dose. P-values were to be provided for effi-
cacy end-points that were not part of the type 1 error control
strategy as a measure of strength of association rather than an
indication of statistical significance.

Because of the presence of an extreme, biologically implausi-
ble HbAlc value for one patient that was discovered after the
database was locked, and that resulted in a non-normal distribu-
tion of the HbAlc data (described in the Results section), the
validity of the prespecified ANCOVA methodology was
questionable. Several post-hoc analyses were carried out to

http://onlinelibrary.wiley.com/journal/jdi

supplement the prespecified analysis in addressing the primary
hypothesis. The first post-hoc analysis used the primary analysis
methodology (ANCOVA) in the FAS excluding the patient with
the biologically implausible HbAlc value. The second post-hoc
analysis was a robust regression approach using Huber’s
bounded influence function'®. The third post-hoc analysis was a
non-parametric analysis in which HbAlc change from baseline
data were sorted and assigned their corresponding ranks. The
primary ANCOVA model was then used, substituting the ranks
for the changes from baseline as the outcome variable. The sec-
ond and third post-hoc approaches, which are valid for non-
normally distributed data, included the entire FAS.

Continuous secondary efficacy end-points were analyzed
using the prespecified ANCOVA method described for HbAlc,
substituting the relevant baseline efficacy measurement for
HbAlc.

Missing values at week 24 were imputed from the last
observed post-baseline measurement. To avoid the confounding
influence of rescue therapy, efficacy analyses treated data
obtained after the initiation of rescue therapy as missing.

Analyses of the proportion of patients at HbAlc goals of
<7.0 and <6.5% at week 24 were carried out using a logistic
regression model with the same terms as the ANCOVA model
used for the analyses of continuous end-points.

Analyses of AEs included all randomized patients who
received at least one dose of study medication. Statistical testing
of between-group differences (active treatment groups vs pla-
cebo) was prespecified for AEs of special interest (all hypo-
glycemia, symptomatic hypoglycemia, severe hypoglycemia, and
GI AEs of diarrhea, nausea, abdominal pain and vomiting).
The Miettinen and Nurminen method' was used for between-
group comparisons.

For body weight, change from baseline was analyzed using
the ANCOVA method described above, substituting baseline
body weight for HbAlc. Patients without a week 24 body
weight measurement were excluded from this analysis.

The primary approach to analyzing safety data treated data
obtained after the initiation of rescue therapy as missing; a sec-
ondary approach included all data, regardless of rescue therapy.

The study was powered assuming a total enrolment of 720
patients, yielding 120 patients randomized to each of the six
treatment arms, and 103 patients per group available for the
analysis for the primary hypothesis at week 24. Using a stan-
dard deviation of 1.1%, this sample size provided 90% power
to detect a true difference of 0.5% in the mean change from
baseline in HbAlc between any two individual treatment
groups (o0 = 0.05, two-sided).

RESULTS

A total of 1,441 patients were screened, and 744 patients were
randomized to double-blind treatment. The most common rea-
son screened patients were not randomized was screen failure
(85.1%). The most common reason for screen failure was that
the patient did not meet HbAlc entry criteria (77.7%). There
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Table 1 | Baseline demographic and anthropometric characteristics

CLINICAL TRIAL
Sitagliptin + metformin initial treatment

Parameter Placebo n = 127 S100 n =120 M1000 n = 126 M1700 n = 124 ST00/M1000 n = 122 S100/M1700 n = 125
Age (years) 536 £ 97 517 £102 526 £ 95 530+ 103 526+ 113 524 £ 93
Sex (male) 87 (685) 74 (61.7) 69 (54.8) 75 (60.5) 85 (69.7) 67 (536)
Race (Asian) 127 (100) 120 (100) 126 (100) 124 (100) 122 (100) 125 (100)
Body weight (kg) 708 £ 125 718 £ 121 711 £ 137 711 £ 118 724 £ 121 694 + 108
Body mass index 254 + 34 260 £ 35 260+ 37 258 £ 35 261 + 34 254 + 31
(kg/m?)
Duration of 1102 1.1+£02 10+£02 1.1£02 11+£03 1103
type 2 diabetes,
years
Patients who were 116 (91.3) 108 (90.0) 115 (913) 109 (87.9) 108 (885) 111 (88.8)
drug-naive’

Data are expressed as mean or mean * standard deviation or frequency, n

medication they were on at screening.

were 120-127 patients in each of the six treatment arms of the
study (Table S1), distributed across 23 treatment sites in China.
A majority of patients were drug-naive in all treatment groups
(between 87.9 and 91.3%; Table 1). The first dose of study
medication was taken on 29 November 2010 and the last dose
was taken on 24 December 2012. The study was completed by
86.6% of randomized patients (Table S1).

Demographic and anthropometric traits and baseline disease
characteristics in each treatment group were balanced among
the treatment groups (Table 1).

Efficacy

HbATc

At week 24, despite a substantial decrease in HbAlc observed
in the placebo group (least squares (LS) mean change from
baseline = —0.59%), all active treatments provided robust reduc-
tions from baseline in HbAlc that were clinically meaningful
compared with the placebo (Table 2). The LS mean reduction
from baseline in the S100/M1700 group was superior compared
with the S100 group (Table 2; P < 0.001), but not compared
with the M1700 group (Table 2; between-group difference of
—0.27, P =0.087) using the prespecified primary analysis.
Treatment-associated changes in HbAlc were apparent by the
first post-dose measurement at week 6, and were near maximal
by week 18 (Figure S1). These analyses included a patient in
the S100/M1700 group whose final post-baseline HbAlc value
taken on study day 90, 13.2%, was 4.9% higher than baseline
and 5.2% higher than the value obtained at a visit on study
day 45. Because the patient’s changes in FPG and absence of
body weight loss were not consistent with a large increase in
HbAlc, and no AE reports suggested symptoms of hyper-
glycemia, this value was considered biologically implausible. In
an ANCOVA analysis excluding this patient from the FAS, the
LS mean reduction from baseline in HbAlc at week 24 in the
S100/M1700 group was superior to that of each of the S100
and the M1700 groups (P < 0.05 for both). In addition, in a
robust regression analysis including the participant with the

(%). "The remaining patients were washed out of the antihyperglycemic

implausible HbAlc (Table 2), all active treatments provided
clinically meaningful reductions from baseline in HbAlc com-
pared with the placebo and compared with the component
monotherapies (including a 0.36% reduction in HbAlc from
baseline in the S100/M1700 group compared with the M1700
group [P = 0.008]). The sensitivity analysis using non-para-
metric methods showed results similar to the other sensitivity
analyses (P < 0.05 for all comparisons). At week 24, when ana-
lyzed by ANCOVA, robust regression or non-parametric analy-
sis, the S100/M1000 group showed a greater reduction from
baseline in HbAlc compared with its component monothera-
pies (P < 0.05 in all cases).

Participants meeting glycemic goals (HbA1c <7 and <6.5%)

At week 24, the percentages of patients with HbAlc <7.0% and
with HbAlc <6.5% were highest in the S100/M1700 group, fol-
lowed by the S100/M1000 group, and lowest in the placebo
group (Figure 2). The percentages were higher in both co-
administration groups compared with the S100 group
(P <0.001), and compared with the corresponding metformin
dose groups (<7%, P = 0.007 for both; <6.5%, P = 0.005 for
M1000 and P = 0.002 for M1700).

Post-meal glucose

At week 24, reductions from baseline in 2-h post-meal glucose
were observed in all active treatment groups compared with the
placebo (Table 2), with a greater reduction in both combination
groups compared with the S100 group (P < 0.001) and com-
pared with the corresponding metformin monotherapy groups
(P =0017 and P <0.001, respectively for the M1700 and
M1000 groups).

Fasting plasma glucose

At week 24, reductions from baseline in FPG were noted in all
active treatment groups compared with the placebo (Table 2),
and there was a greater reduction from baseline in FPG after
either combination treatment compared with S100 (P < 0.001).

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 2 | Efficacy end-points
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Parameter Placebo S100 M1000 M1700 S100/M1000 S100/M1700

HbATc, % (n) 117 113 116 117 118 114
Baseline 90 £ 1.1 87 %11 8710 87 £ 1.1 85+ 10 86 £ 09
Week 24 81+18 7615 73+ 1.1 7012 68+ 10 67 +13

ANCOVA analysis
change from
baseline’

Difference from
placebo’

Difference from
sitagliptin®

Difference from
component
metformin®

Robust analysis
change from
baseline’

Difference from
placebo®

Difference from
sitagliptin®

Difference from
component
metformin®

2-h post-meal
glucose,
mmol/L (n)

Baseline

Week 24

ANCOVA analysis
change from
baseline’

Difference from
placebo’

Difference from
sitagliptin®
Difference from
component
metformin®
Fasting plasma
glucose
(mmol/L), n
Baseline
Week 24
ANCOVA analysis
change from

—059 (=084, -0.34)

—0.71 (<092, =0.50)

107

103 (26)
95 (3.1)
—066 (=105, =0.27)

—099 (124, -0.75)

—040 (=071, =0.09)
P =001

—1.10 (=1.31, -0.88)

—039 (065, -0.12)
P = 0004

107

164 (39

136 (40

—267 (=335, -1.99)

—146 (=231, -060)
P < 0001

114

100 (23)
88 (27)
-121 (=160, =0.82)

—129 (154, -1.04)

—-0.70 (=1.01, -0.39)
P <0001

—1.35 (=156, =1.14)

—064 (<090, -0.37)
P < 0001

166 (4.2)
127 (3.7)

—3.64 (432, -297)

—243 (=327, -159)
P <0001

102 (26)
83 (21)
—1.87 (=2.26, -148)

—-1.56 (=180, =1.32)

—097 (-1.28, —0.66)
P < 0001

—161 (=181, =140)

—090 (-1.16, —063)
P <0001

165 (4.0)
113 (32

=505 (=572, —437)

—3.83 (468, —2.98)
P < 0001

101 (26)
79 (20)
—2.20 (=258, -1.82)

—167 (=192, -143)

—-1.08 (=139, -0.78)
P <0001

—068 (=099, -0.37)
P <0001

—0.39 (069, —0.08)
P=10014

—1.71 (=192, =1.50)

—1.00 (=1.26, =0.74)
P <0001

—061 (0388, 035)
P <0001

—0.36 (<063, —0.10)
P = 0007

110

163 (46)

108 (3.1)

—5.39 (=605, —4.72)

—4.17 (=502, -3.32)
P < 0001

—2.72 (=356, -1.87)
P < 0001

—1.74 (=258, —0.90)
P <0001

118

98 (23)

78 (1.8)
=219 (=257, -1.80)

—-1.83 (=207, =158)

—1.24 (=155, -093)
P < 0001

—084 (-1.15, -052)
P <0001

—0.27 (058, 0.04)
P = 0087

=196 (=217, -1.75)

—1.25 (1,52, =099)
P < 0001

—087 (-1.13, =0.60)
P < 0001

—0.36 (<062, =0.09)
P = 0008

110

163 (39)

101 (35)

—6.07 (=674, =541)

—4.86 (=571, =4.01)
P < 0001

—340 (4.25, =2.56)
P < 0001

—-1.03 (-1.87,-0.18)
P = 0017

116

101 24)

74 (2.1)
—265 (=304, —2.26)

baseline’
Difference from — — —055 (=104, -006) —-121 (=169, -072) —154 (=202, =105 —152 (=201, -1.04) -199 (247, -1.50)
placeboﬂF P =0027 P < 0001 P < 0001 P <0001 P < 0001
Difference from — — - - - —097 (=146, -048) —144 (-1.93, -095)
sitagliptin® P < 0001 P < 0001
732 J Diabetes Investig Vol. 7 No. 5 September 2016 © 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 2 (Continued)
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Parameter Placebo S100 M1000 M1700 S100/M1000 S100/M1700
Difference from  — - — — —-032 (=080, 0.17) =045 (094, 0.04)
component P=0.198 P = 0069
metformin®

Values are mean * standard deviation unless noted. To convert mmol/L to mg/dL, multiply by 18. TLeast squares mean (95% Cl). "Difference in
least squares mean changes from baseline. $Estimates of between-treatment differences in change from baseline and P-values are based on Huber's

robust procedure. ANCOVA, analysis of covariance.

60 -

40 -

Patients meeting HbA1c goal (%)

A O A A AT+

HbATc <7%

HbATc <6.5%

Figure 2 | Percentage of patients with glycated hemoglobin (HbA1c)
<70 and <6.5% at Week 24 or the time of discontinuation. *vs $100

P < 0001; vs M1000 P = 0.007; *vs S100 P = 0.001; vs M1700

P = 0007; fvs $100 P < 0.001; vs M1000 P = 0.005; *vs $100 P < 0007;
vs M1700 P = 0.002. Placebo (@); S100 (m); M1000 @); M1700 ([@);
S100/M1000 @7); ST00/M1700 ().

Neither combination treatment provided significantly better
reduction from baseline in FPG compared with the correspond-
ing metformin monotherapy group.

Initiation of glycemic rescue

Over the 24-week course of the study, 12.6, 7.5, 3.2, 1.6, 1.6,
and 0% of the patients initiated glycemic rescue in the placebo,
§100, M1000, M1700, S100/M1000 and S100/M1700 groups,
respectively.

Safety

Using the primary approach to analyzing safety data, in which
data obtained after the initiation of rescue therapy were treated
as missing, the percentage of participants reporting one or more
AEs ranged from 28.6 in the M1000 group to 35.5 in the
M1700 group (Table 3). Among summary measures of AEs, the

95% confidence intervals (CI) around the between-treatment dif-
ferences for each active treatment vs placebo included 0, with
the exception of drug-related AEs, for which the 95% CI for the
M1700 group was (0.8, 17.5), largely because of differences in
GI- and metabolism-related drug-related AEs (M1700 vs pla-
cebo: 8.9% vs 3.2% and 4.0% vs 0.8%, respectively). The percent-
ages of participants reporting serious AEs were low, with no
serious AEs reported for patients in the co-administration
groups (Table 3). No deaths were reported during the study.

The percentages of patients with at least one event of hypo-
glycemia (symptomatic or asymptomatic) were significantly
higher in the S100/M1000 and S100/M1700 groups compared
with the placebo group (Table 3; P =0.010 and P = 0.002,
respectively). This between-group difference was predominantly
the result of differences in the proportions of patients with
asymptomatic hypoglycemia; percentages of participants with
AEs of symptomatic hypoglycemia were low and similar across
the treatment groups, and no patients were reported to have
had an AE of severe hypoglycemia (Table 3).

With the exception of the incidences of AEs of nausea,
which were significantly higher in both high-dose metformin
groups (ie, S100/M1700 and M1700) compared with the pla-
cebo (P = 0.002 and P = 0.021, respectively), incidences of pre-
specified GI AEs were similar among the active treatment and
placebo groups (Table 3). All of the selected GI AEs were of
mild or moderate intensity, and most were considered related
to the study treatment.

The secondary method for analysis of safety end-points
including data after glycemic rescue (data not shown) yielded
results similar to those reported above, from which data after
glycemic rescue were excluded.

At week 24, modest reductions in body weight were
observed in the placebo, M1000 and M1700 groups (change
[95% CI] = —1.2 kg, 95% CI [-2.0, —0.4]; —0.9 kg, 95% CI [1.6,
—0.2]; and —1.0 kg, 95% CI [-1.7, -0.3]; respectively), whereas
no meaningful changes from baseline were observed in the
S100, S100/M1000 and S100/M1700 groups (change [95%
CI] = 06 kg, 95% CI [-0.2, 1.3]; 0.6 kg, 95% CI [-0.1, 1.3]
and -0.2 kg, 95% CI [-0.9, 0.5]; respectively).

DISCUSSION
In this 24-week placebo-controlled study, initial combination
treatment of sitagliptin and metformin provided clinically
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Table 3 | Adverse events summary

http://onlinelibrary.wiley.com/journal/jdi

Participants, n (%) Placebo S100 M1000 M1700 S100/M1000 S100/M1700
n=126 n =120 n=126 n=124 n=122 n=125
With one or more
AEs 38 (30.2) 39 (325) 36 (286) 44 (355) 40 (328) 40 (320)
Drug-related’ AFs 10 (7.9) 6 (5.0) 10 (79) 21 (169) 13 (107) 17 (136)
Serious AEs 1(08) 3(25) 1(08) 108 0 (00) 0 (00
Serious drug-related’ AEs 0 (0.0) 1098 0 (00) 0 (0.0) 0 (00) 0 (00)
Who died 0 (00 0 (00 0 (00) 0 (00) 0 (00) 0 (
Who discontinued due to
An AE 324 2(17) 324 2(16) 1(08) 6 (4.8)
A drug-related” AE 2(16) 2(17) 2(16) 2(16) 1(08) 5 (40)
A serious AE 1(08) 1(08) 1(08) 0 (00 0 (00) 0 (00)
A serious drug-related’ AE 0 (00) 1(038) 0 (00 0 (00) 0 (00) 0 (00)
Prespecified AEs of interest
One or more
Events of hypoglycemia 4 (32 542 34 9(73 13 (107) 16 (12.8)
Symptomatic* 108 2(17) 0 (0.0) 324 (2.5) 324
Severe® 0 (00 0 (0 0 (00 0 (00 00 0 (00)
Selected gastrointestinal AEs
Diarrhea 4(32) 2(1.7) 4 (3.2) 9(73) 3(25) 4 (3.2)
Nausea 0 (0.0) 0 (0.0) 1(08) 4 (32 2(16) 8 (64)
Abdominal painﬂ 2(16) 0 (00) 4(32) 540 4 (33) 4 (3.2)
Vomiting 0 (0.0) 0 (0.0) 1(08) 108 0 (00 3 (24

"Determined by the investigator to be related to study drug. *Clinical symptoms attributed to hypoglycemia, without regard to glucose level.
SEpisode that required assistance, either medical or non-medical. TAbdominal pain adverse events (AEs) include the following terms: abdominal pain
lower, abdominal pain upper, abdominal pain, abdominal discomfort and epigastric discomfort.

meaningful reductions in HbAlc compared with each
monotherapy alone at corresponding dose strengths and com-
pared with the placebo.

In the prespecified primary analysis, S100/M1700 was statisti-
cally superior to S100, but not M1700 in reducing HbAlc. A
post-hoc diagnostic analysis of the HbAlc data showed one
patient in the S100/M1700 group with an extreme outlier value
that was highly influential on the primary efficacy analysis. The
patient’s changes in FPG and weight were not consistent with a
large increase in HbAlc, and the patient had no AE reports
suggestive of hyperglycemia. For these clinical reasons, and
because the outlier value resulted in a violation of the normality
assumption required for valid ANCOVA, three post-hoc analy-
ses were carried out to assess its impact on the primary analy-
sis, and to aid in the interpretation of the study results. These
post-hoc analyses either removed the biologically implausible
value or used statistical methodology that was valid in the pres-
ence of non-normal data. The results from all three sensitivity
analyses were consistent with one another in providing evi-
dence that co-administration of sitagliptin with high-dose met-
formin is superior to each component monotherapy. S100/
M1000 was superior to each component monotherapy in
reducing HbAlc.

Consistent with this conclusion, at week 24, a greater per-
centage of patients in the S100/M1700 group met HbAlc goals

(<7 and <6.5%) compared with the M1700 group. Similar pat-
terns were observed in the comparisons of the S100/M1000
group with the M1000 group. Additionally, the proportions of
patients who initiated glycemic rescue across the treatment
groups also supports this conclusion.

After a standard meal, greater reductions in 2-h post-meal
glucose at week 24 compared with baseline were observed in
both co-administration groups, compared with each respective
component monotherapy. The co-administration groups pro-
vided greater reductions in FPG from baseline compared with
the sitagliptin group, but not compared with the corresponding
metformin groups, which is consistent with the complementary
mechanisms of action of the component medications (i.e., met-
formin’s predominant effect on fasting glucose and sitagliptin’s
predominant effect on post-meal glucose).

Although the placebo-adjusted changes in key glycemic end-
points in the current study were consistent with a previous glo-
bal study comparing initial sitagliptin/metformin combination
therapy with each component monotherapy®, the magnitude of
the difference between the co-administration groups and each
of the placebo and monotherapy groups was smaller in the cur-
rent study. One difference in the results of the current and pre-
vious studies of initial combination treatment with sitagliptin
and metformin is the 0.59% decrease from baseline in LS mean
HbAlc observed in the placebo group in the current study at
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week 24, compared with the 0.17% increase from baseline in
the previous study®. This larger than expected response in the
placebo group suggests a clinical trial effect in the present study
that might be related to differences in the study population or
study design, and that could have impacted the difference in
observed treatment effects.

In the current study, the efficacy of S100/M1000 was similar
to M1700. This is consistent with the finding from another
study in Chinese participants with type 2 diabetes comparing
the efficacy between M2000 and the combination of another
DPP-4 inhibitor and M1000*.

Another important observation made in the present study
relates to the efficacy of metformin in a Chinese population.
Although metformin is recommended as a first-line option for
the treatment of type 2 diabetes in the Chinese diabetes guide-
line, a placebo-controlled study to evaluate the efficacy of met-
formin in Chinese and other Asian populations has not been
reported. In the present study, statistically significant, placebo-
adjusted reductions from baseline in HbAlc were observed in
both the M1000 and M1700 groups. The efficacy of metformin
observed in the current study is comparable with the study
results observed in other populations®’. At each dose of met-
formin tested, co-administration of sitagliptin and metformin
was generally well-tolerated. The incidences of overall AEs, seri-
ous AEs and AEs leading to discontinuation in the active treat-
ment groups were similar to the placebo. Consistent with
previous reports of sitagliptin used as monotherapy and in
combination with other oral antihyperglycemic agents® >, the
incidences of symptomatic AEs of hypoglycemia were low and
similar across the treatment groups. As expected™, in general
patients treated with high-dose metformin had the greatest inci-
dence of pre-specified GI AEs, although with the exception of
the AE of nausea, none of the between-group differences in the
incidences relative to the placebo were statistically significant or
meaningful.

The glucose-lowering efficacy of DPP-4 inhibitors or GLP-1
receptor agonists has been reported to be greater in Asians than
in non-Asians'®. However, in the study reported in this manu-
script, the placebo-controlled reductions from baseline in
HbAlc in all treatment groups were not notably different from
those of similar treatments reported in the previous global
study of initial combination therapy with sitagliptin and met-
formin®, despite the racial differences in the study populations.
The majority of the studies analyzed by Kim et al.'® took place
in Japan, not China, and other studies analyzed included
patients from India and Korea; thus it might be that relatively
few patients in the studies used in the meta-analysis of Kim
et al. are directly relevant to the effects of treatment on Chinese
patients reported in the current study. Differences in the patho-
physiology of type 2 diabetes (e.g., insulin production or insulin
sensitivity), body composition, genetic makeup, and/or dietary
factors might contribute to this apparent discrepancy”*°.

The safety profile observed in the current study is generally
comparable with the safety profile observed in the previous

CLINICAL TRIAL
Sitagliptin + metformin initial treatment

study carried out in a mostly non-Asian population®. The over-
all incidence of hypoglycemia appears higher in the current
study (2.4-12.8%) compared with the previous study (0.5—
2.2%), because only events of symptomatic hypoglycemia were
reported for the previous study. The incidence of AEs of symp-
tomatic hypoglycemia in the current study was low (ranging
from 0.0 to 2.5%), and similar to that seen previously (ranging
from 0.5 to 2.2%%). As expected, because of the use of met-
formin, a modestly higher incidence of GI AEs relative to pla-
cebo was observed in both studies.

In the present study, carried out in Chinese patients with
type 2 diabetes, initial co-administration of sitagliptin and met-
formin was associated with better glycemic control compared
with individual component monotherapies, and was generally
well-tolerated.
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