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Abstract

Introduction  This multicenter, randomized study assessed
the efficacy and safety of the dipeptidyl peptidase 4
inhibitor sitagliptin added to insulin monotherapy in Jap-
anese patients with type 2 diabetes mellitus (T2DM).
Materials and methods This study had an initial 16-week,
double-blind treatment period in which 266 patients on
diet/exercise and insulin monotherapy for >12 weeks were
randomized (1:1) to sitagliptin 50 mg q.d. (N = 129; mean
baseline HbAlc = 8.9 %) or placebo (N = 137; mean
baseline HbAlc = 8.9 %). It was followed by a 36-week,
open-label treatment period in which all patients received
sitagliptin 50 mg q.d., which could have been increased to
100 mg q.d. for patients meeting predefined glycemic
criteria.

Portions of this research were presented at the American Diabetes
Association 71st Scientific Sessions, 24-28 June 2011, San Diego,
CA, USA.

This study is registered in ClinicalTrials.gov: NCT00854035, “A
Phase III, Randomized, Placebo-Controlled, Double-Blind Clinical
Trial and Subsequent Open-Label, Extension Clinical Trial to Study
the Efficacy and Safety of Addition of MK-0431/ONO-5435 in
Japanese Patients With Type 2 Diabetes Mellitus Who Have
Inadequate Glycemic Control on Diet/Exercise Therapy and Insulin
Monotherapy”, http://clinicaltrials.gov/ct2/show/NCT00854035.
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Results  After 16 weeks, treatment with sitagliptin resul-
ted in significant placebo-adjusted mean decreases from
baseline in HbAlc, fasting plasma glucose, and 2-h post-
meal glucose of —0.9 % (p <0.001), —11.4 mg/dl
(»p = 0.007), and —39.9 mg/dl (p < 0.001), respectively.
During the double-blind period, adverse experiences (AEs)
were reported with similar frequency in both treatment
groups and the incidence of gastrointestinal AEs was low.
The incidence of hypoglycemia AEs in the sitagliptin group
(20.2 %) was higher than in the placebo group (12.4 %), but
the between-group difference was not statistically signifi-
cant (p = 0.097). Small increases from baseline in body
weight were observed with sitagliptin [sitagliptin: 0.6 kg
(p < 0.001), placebo: 0.1 kg (p = 0.498)]. In the open-
label period, sustained improvements in glycemic parame-
ters were observed with sitagliptin treatment, and sitagliptin
was generally well tolerated.

Conclusions In Japanese patients with T2DM inade-
quately controlled on insulin monotherapy, the addition of
sitagliptin provided significant improvements in glycemic
parameters and was generally well tolerated.
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Introduction

Insulin therapy is widely used in Japan for the treatment of
patients with type 2 diabetes mellitus (T2DM). Of Japanese
patients with T2DM receiving pharmacological treatment,
31 % are treated with insulin as monotherapy or combi-
nation therapy with oral antihyperglycemic agents (OHAs)
[1, 2]. Treatment regimens with basal or pre-mixed insulin
effectively lower fasting glucose levels. Although pre-
mixed insulin may have some effect in lowering post-meal
glucose, it may not adequately control glycemic excursions
in the postprandial state. Insulin therapy in combination
with OHAs is effective, but many patients still fail to reach
currently recommended HbAlc treatment goals.

The incretin hormones, glucagon-like peptide-1 (GLP-1)
and glucose-dependent insulinotropic polypeptide (GIP),
which are released by the intestine in response to a meal, play
an important role in glycemic homeostasis through multiple
physiological pathways, including stimulation of insulin
secretion (GLP-1 and GIP) and suppression of glucagon
secretion (GLP-1) [3-5]. These beneficial actions are limited
by the rapid degradation of intact GLP-1 and GIP by the
peptidase enzyme, dipeptidyl peptidase-4 (DPP-4) [3]. DPP-4
inhibitors are a novel therapeutic class of drugs for the
treatment of T2DM that act to stabilize the intact forms of
GLP-1 and GIP and thereby improve glycemic control [6, 7].

Sitagliptin is an oral, highly selective DPP-4 inhibitor for
the treatment of T2DM. Several large, randomized, placebo-
controlled trials have demonstrated that treatment with sitag-
liptin as monotherapy or in combination with other OHAs is
generally well tolerated and provides significant improvement
in key glycemic parameters compared with placebo [8-20].

The efficacy and safety of sitagliptin added to ongoing
insulin therapy with or without concomitant metformin have
been demonstrated in non-Japanese T2DM patients [20].
The efficacy and safety of sitagliptin or other DPP-4 inhib-
itors added to insulin monotherapy have not been studied in
Japanese T2DM patients. The glucose-lowering actions of
sitagliptin and exogenously administered insulin may be
complementary. In addition, the pathological mechanisms
underlying T2DM may differ in Japanese patients relative to
those from other ethnic and genetic backgrounds [21-24].
The present study examined the efficacy and safety of the
addition of sitagliptin to Japanese patients with T2DM who
were inadequately controlled on insulin monotherapy.

Materials and methods

Patients

This study enrolled Japanese patients >20 years of age
with T2DM [HbAlc >7.9 to <10.5 % and fasting plasma

glucose (FPG) >126 to <220 mg/dl] who were on both
diet/exercise and taking insulin monotherapy [pre-mixed
(containing 25 or 30 % of fast-acting or ultra-short-acting
insulin), intermediate-acting, or long-acting type insulin]
for >12 weeks. This study used Japan Diabetes Society
(JDS)-certified HbAlc values, the standard at the time the
study was conducted. HbAlc values reported here have
been converted to National Glycohemoglobin Standardi-
zation Program (NGSP) values as follows: HbAlc [NGSP]
[%] = 1.02 x HbAlc [JDS] [%] + 0.25 % [25]. Main
exclusion criteria included history of type 1 diabetes;
treatment with fast-acting, ultra-short-acting, or pre-mixed
type insulin that did not contain 25 % or 30 % of fast-
acting or ultra-short-acting insulin within 12 weeks before
the start of the treatment period; presence of progressive
diabetes complications; unstable cardiovascular disease or
uncontrolled severe hypertension; increased serum creati-
nine (>1.5 mg/dl in men or >1.3 mg/dl in women) or
increased alanine aminotransferase or aspartate amino-
transferase >twofold the upper limit of normal; hemoglobin
<11.0 g/dl in men or <10.0 g/dl in women; or body mass
index (BMI) <18 or >40 kg/rnz.

Study design and procedures

This multicenter, randomized clinical trial (registered at
http://www.clinicaltrials.gov as NCT00854035) was con-
ducted at 60 sites in Japan.

The overall study design is shown in Fig. 1. Patients
who met all eligibility criteria entered a 2-week, single-
blind, placebo run-in period. Otherwise, patients on com-
bination therapy with insulin and other OHAs, with HbAlc
values >7.4 and <9.4 % and who met all other eligibility
criteria, could enter the placebo run-in period following a
10-week wash-out period of non-insulin OHAs. This
design ensured that all patients received at least 12 weeks
of diet/exercise therapy and at least 12 weeks of insulin
therapy at a stable dose prior to randomization. All patients
were instructed to follow a stable program of diet and
exercise for the duration of the study.

Patients were eligible for randomization if they had an
HbAlc >7.9 and <10.5 % and a FPG >126 and <220 mg/
dl just prior to initiating the placebo run-in and >75 %
treatment compliance (based on pill counts) during the
placebo run-in. Eligible patients were randomized (1:1) to
either sitagliptin 50 mg q.d. or matching placebo for
16 weeks in double-blind fashion using a computer-gen-
erated allocation schedule.

Upon completion of the double-blind period, patients
entered a 36-week, open-label treatment period. Patients
who received sitagliptin during the double-blind period
continued to do so in the open-label period (S/S group).
Patients who received placebo in the double-blind period
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Fig. 1 Study design

Insulin preparation (pre-mixed, intermediate-acting, or long-acting) at fixed dose

HbA1c 27.9%, <10.5%
FPG 2126 mg/dL, <220 mg/dL

l SITA 100 mg q.d.
SITA 50 mg q.d.
—, |
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PBO q.d. SITA 50 mg q.d.
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were started on sitagliptin 50 mg q.d. upon entry to the
open-label period (P/S group). The dose of sitagliptin in
the open-label period was up-titrated from 50 to 100 mg
for patients meeting protocol-specified criteria: FPG
>140 mg/dl from week 20 through week 32 or HbAlc
>7.4 % from week 28 through week 32. The insulin dose
was to remain stable throughout the study, except if the
insulin dose needed to be reduced because of the occur-
rence of, or for prevention of, hypoglycemia. Patients not
meeting progressively stricter glycemic goals had an up-
adjustment to their insulin dose (glycemic rescue), based
on the clinical judgment of the investigator and the fol-
lowing FPG criteria: FPG >240 mg/dl two consecutive
times from randomization (day 1) through week 24 or FPG
>200 mg/dl two consecutive times from week 24 through
to the end of study. If up-titration criteria for insulin and for
the study drug were met simultaneously, the dose of insulin
as rescue therapy should have been increased prior to
considering increasing the dose of study drug.

Meal tolerance tests were performed at weeks 0, 16, and
52 or at the visit for discontinuation, starting 30 min after
administration of study drug (at week O patients received a
dose of matching placebo). The test meal contained
~500 kcal (60 % carbohydrate, 15 % protein, and 25 %
fat) and was to be consumed within 15 min. Blood samples
were drawn prior to beginning the test meal and 0.5, 1, and
2 h after beginning the meal.

The study was conducted in accordance with principles
of Good Clinical Practice and was approved by the
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appropriate institutional review boards and regulatory
agencies. All patients provided written informed consent.

Study endpoints

Change from baseline in HbAlc at week 16 was the pri-
mary efficacy endpoint, and changes from baseline in FPG
and 2-h postmeal glucose (2-h PMG) at week 16 were
secondary endpoints. In the open-label period HbAlc,
FPG, and 2-h PMG were assessed as exploratory endpoints.
Additionally, fasting 1,5-anhydroglucitol, total 2-h post-
meal glucose AUC, and total 2-h postmeal C-peptide AUC
were assessed as exploratory endpoints at weeks 16 and 52.
The proportions of patients with HbAlc values meeting the
therapeutic goals of <7.4 and <6.9 %, [corresponding to
7.0 and 6.5 % in HbAlc (JDS), respectively] also were
assessed at week 16 and week 52.

Adverse experiences (AEs) were monitored throughout
the study up to 2 weeks post-treatment and were rated by
investigators as to their intensity and relationship to study
drug. Hypoglycemia and selected gastrointestinal AEs
(nausea, vomiting, and diarrhea) were predefined as
adverse events of interest. Hypoglycemia was diagnosed by
the investigators based on their assessment of patients’
reports. Patients were instructed to notify the investigator
immediately if they had symptoms consistent with hypo-
glycemia (e.g., sweating, anxiety, palpitations, headache,
blurred vision, loss of consciousness) and had self-moni-
toring blood glucose values <70 mg/dl or if they had
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self-monitoring blood glucose values >240 mg/dl (from
weeks 0 to 24) or >200 mg/dl (from weeks 24 to 52) two
consecutive times. During the study, the safety and toler-
ability were also assessed by physical examination, moni-
toring of vital signs, ECG, and safety laboratory tests that
included hematology, serum chemistry, and urinalysis.

All laboratory assays were performed at one central
laboratory (Mitsubishi Chemical Medience Corp., Tokyo,
Japan).

Statistical methods

Efficacy

The efficacy analysis included all randomized patients who
had taken at least one dose of study drug and had a baseline
measurement or at least one measurement post-randomi-
zation. A constrained longitudinal data analysis (cLDA)
method [26] with terms for treatment, time, and the inter-
action of time by treatment was used to evaluate continu-
ous outcome change from baseline at week 16. The
analysis model also adjusted for prior OHAS status (yes/no)
and type of insulin. Missing values were handled by the
cLDA model, without explicit imputation. The between-
group difference in least squares (LS) means and the cor-
responding 95 % confidence interval (CI) was estimated
from the cLDA model. A p value <0.05 (two-sided) was
considered statistically significant. The proportions of
patients with HbAlc values meeting the HbAlc goals of
<74 and <6.9 % at week 16 were analyzed using a
logistic regression model that included treatment group,
prior oral OHA status, type of insulin, and baseline HbAlc
as covariates. For this analysis, measurements at both
baseline and week 16 were needed. For HbAlc, FPG, and
2-h PMG, the subgroup analysis of insulin type (i.e. pre-
mixed or non-premixed) was assessed by using the same
cLDA method described above for each subgroup. The
subgroup analyses for FPG and 2-h PMG were post hoc.

For long-term efficacy assessment, summary statistics
for efficacy endpoints were provided by treatment group
(P/S or S/S) at each time point in which the endpoint was
measured up to week 52; missing values were not imputed.
At week 52, the within-group mean change from baseline
(i.e., week 0) for all efficacy endpoints was assessed using
a paired-Student’s ¢ test. For P/S, comparisons versus
baseline (week 0) were performed post hoc.

The effect of increasing the dose of sitagliptin to 100 mg
g.d. was assessed (post hoc). Among those patients whose
sitagliptin dose was increased and whose HbAlc value at
the time of up-titration was >7.4 %, the proportion of
patients with HbAlc values <7.4 % at 16 weeks after
up-titration was tabulated. Additionally, for patients whose
sitagliptin dose was increased and who completed the

study, the proportion of patients with HbAlc values
<7.4 % at week 52 was also assessed. For these analyses,
missing values were not imputed.

Post-glycemic rescue data were excluded for all evalu-
ations of efficacy parameters.

Safety

For the double-blind period, safety and tolerability analyses
included all randomized patients. Between-group compar-
isons using Fisher’s exact test were performed for the
percentages of patients with one or more AEs, drug-related
AEs, AEs of hypoglycemia, and prespecified gastrointes-
tinal AEs. For laboratory tests, vital signs, and body
weight, summary statistics were generated up to week 16
for each group individually.

For the long-term safety assessment, the patient popu-
lation included all patients who received at least one dose
of sitagliptin in the open-label portion of the study (i.e.,
from week 16 to week 52). Safety data were summarized
by treatment group.

Post-glycemic rescue data were excluded for evaluations
of hypoglycemia and body weight.

Results

Five hundred thirty-two patients were screened, of whom
266 were randomized to treatment (129 to sitagliptin and
137 to placebo) (Fig. 2). Demographic, anthropometric,
and disease characteristics were generally similar between
the two treatment groups (Table 1). Patients had mild to
moderate hyperglycemia with a baseline mean HbAlc of
8.9 % and mean FPG of 164.9 mg/dl. The average duration
of known diabetes was 14.0 years and the mean BMI was
25.2 kg/m?.

Two hundred fifty-four patients completed the double-
blind period and entered the open-label period; of those,
239 patients subsequently completed the open-label period
(Fig. 2).

Efficacy
Double-blind period (weeks 0 through 16)

The addition of sitagliptin to Japanese patients receiving
insulin therapy resulted in a significant (p < 0.001)
reduction from baseline in HbAlc compared with placebo
at week 16 (Table 2; Fig. 3). The between-group difference
in LS mean (95 % CI) change from baseline in HbAlc at
week 16 was —0.9 % (—1.0, —0.7). At week 16, a signif-
icantly greater proportion of patients in the sitagliptin
50 mg group relative to the placebo group had HbAlc
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Fig. 2 Patient disposition.
Patients in the P/S group

received placebo during the
double-blind period and
sitagliptin in the open-label
period. Patients in the S/S group
received sitagliptin in both
periods

SITA 50 mg + Insulin N=129 |

Screened N=532
Excluded N=266
Inclusion/exclusion criteria n=245
—  Withdrew consent n=11
Lost to follow-up n=9
Clinical adverse experience n=1
| Randomized N=266 |
| PBO + Insulin
Discontinued N=4 Discontinued N=8
Clinical AE n=1 Clinical AE n=2
Lab AE n=1 Withdrew consent n=2
Lost to follow -up n=1 Moved n=2
Other n=1 Lack of efficacy n=1
Lost to follow-up n=1

Completed double-blind period N=125 |

| Completed double-blind period N=129

Entered open-label period ?
SITA 50 mg + Insulin
(Uptitrated to SITA 100 mg) N=113

Entered open-label period ®

N=125 SITA 50 mg + Insulin N=129

(Uptitrated to SITA 100 mg) N=113
Discontinued N=8 Discontinued N=7
Clinical AE n=4 Clinical AE n=5
Lab AE n=1 Lab AE n=1
Lack of efficacy n=1 Lack of efficacy n=0
Lost to follow-up n=0 Lost to follow-up n=0
Withdrew consent n=1 Withdrew consent n=1
Other n=1 Other n=0

Completed open-label period N=117 |

| Completed open-label period N=122

a Eight patients received rescue therapy during open-label period
5Two patients received rescue therapy during the double-blind and 12 patients received rescue therapy during the open-label period

values meeting the goals of <7.4 % (24.0 vs. 2.3 %,
respectively; p < 0.001), and <6.9 % (8.0 vs. 1.6 %,
respectively; p = 0.013).

Significant improvements in both FPG and 2-h PMG
were also observed with sitagliptin treatment at week 16
relative to placebo (p < 0.01 for FPG and p < 0.001 for
2-h PMG), with between-group differences in LS-mean
(95 % CI) changes from baseline of —11.4 mg/dl (—19.7,
—3.1) and —39.9 mg/dl (—52.6, —27.2), respectively
(Table 2; Figs. 4, 5).

The changes from baseline and between-group differ-
ences for HbAlc, FPG, and 2-h PMG at week 16 in the
subgroups of patients on premixed or non-premixed insulin
(Table 3) were consistent with those seen in the entire
cohort (Table 2).

Consistent results were observed in analyses of changes
from baseline in other efficacy parameters between the
treatment groups at week 16 that were supportive of the
primary and secondary findings. This included significant
improvement with sitagliptin treatment in 1,5-anhydrog-
lucitol, a parameter reflective of post-meal plasma glucose
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excursions and urinary glucose excretion, as well as sig-
nificant improvements in post-meal total glucose and
C-peptide AUCs (Table 2).

Open-label period (weeks 16 through 52)

Efficacy measurements in the open-label period, including
HbAlc, FPG, and 2-h PMG, showed improvements from
baseline to week 52 in the S/S and P/S groups (p < 0.001
for HbAlc and 2-h PMG, and p < 0.01 for FPG, Table 4;
Figs. 3, 4, 5). Similarly, in both the S/S and P/S groups at
week 52, significant changes (p < 0.05) from baseline were
observed in other efficacy parameters (i.e., 1,5-anhydrog-
lucitol and post-meal total glucose AUC; Table 4). Changes
from baseline to week 52 in C-peptide AUC were signifi-
cant in the S/S group (p < 0.001) but not significant in the
P/S group (p = 0.163) (Table 4). Mean HbAlc decreased
to similar levels in both the S/S group and the P/S groups
by week 28, and remained similar thereafter (Fig. 3).
However, this result should be viewed with caution since, at
week 16, the groups were not necessarily representative of
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Table 1 Baseline characteristics and demographics for randomized
patients

Characteristics SITA 50 mg PBO
(+ insulin) (+ insulin)
N =129 N =137
Age (years) 62.3 + 10.2 60.2 + 10.4
Gender, n (%)

Females 53 (41.1) 57 (41.6)
Males 76 (58.9) 80 (58.4)
Body weight (kg) 655 £ 11.5 65.1 £ 11.2
Body mass index (kg/mz) 252+ 3.6 252 £33

HbAlc (%) 89 £ 0.6 89 £0.7
Range 7.7-11.2 7.8-11.0
Fasting plasma glucose (mg/dl) 165.6 £ 31.2 164.4 £ 36.1
Duration of type 2 diabetes (years) 14.1 £ 7.6 14.0 £09.1
Type of insulin, n (%)
Premixed 98 (76.0) 105 (76.6)
Total daily dose (IU/day) 26.3 + 8.8 26.8 + 8.6
Intermediate 4 (3.1) 8 (5.8)
Total daily dose (IU/day) 27.8 £29 20.5 £ 10.1
Long-acting 27 (20.9) 24 (17.5)
Total daily dose (IU/day) 169 £ 74 14.8 £ 6.4

Data are expressed as mean = SD or n (%)

randomized populations and the timing of initiation of
sitagliptin treatment was different in both groups.

In order to provide additional glycemic efficacy, dose
titration of sitagliptin to 100 mg was allowed after week 20
for patients meeting predefined criteria of glycemic
parameters. The sitagliptin dose was up-titrated in 113
patients in the S/S group and 113 patients in the P/S group.
HbAlc values at 16 weeks post-escalation were obtained
from a total of 205 patients (S/S group: 105 patients, P/S
group: 100 patients). Overall, 11.6 % (20/172) of patients
with an HbAlc >7.4 % before up-titration achieved HbAlc
<7.4 % (treatment target achievement rate) 16 weeks after
up-titration. Additionally, among all patients whose dose
was up-titrated, 198 patients completed the study; 21.2 %
(42/198) patients had an HbAlc <7.4 % at week 52.

Safety

Double-blind period (weeks 0 through 16)

In the double-blind period (week 0 to week 16), clinical
AEs overall were reported for 58.9 % (76/129) in the

sitagliptin group and 51.8 % (71/137) in the placebo group
(Table 5). The incidences of drug-related clinical AEs were

Table 2 Fasting and postprandial glycemic endpoints at week 16 in Japanese patients with type 2 diabetes mellitus treated with sitagliptin or

placebo added to insulin

N Week 0 Week 16 Change from week 0 to week 16 Between-group difference
Mean (SD) Mean (SD) [LS mean (95 % CI)] [LS mean (95 % CI)]
HbAlc (%)
Placebo 128 8.9 (0.7) 8.9 (0.9) 0.3 (0.1, 0.5) —0.9 (-1.0, —=0.7)***
Sitagliptin 125 8.9 (0.6) 8.1 (0.9) —0.6 (—0.8, —0.4)
Fasting plasma glucose (mg/dl)
Placebo 128 163.3 (35.5) 167.2 (37.4) 10.6 (0.9, 20.3) —11.4 (-19.7, =3.1)**
Sitagliptin 125 165.2 (31.1) 157.1 (34.4) —0.8 (—10.8,9.2)
1,5-Anhydroglucitol (pg/ml)
Placebo 126 4.1 (2.6) 4.0 2.9) —-09 (-1.7, =0.2) 29 (2.2, 3.6)%**
Sitagliptin 125 4.0 2.7) 6.8 (4.7) 2.0 (1.2,2.7)
2-h postmeal glucose (mg/dl)
Placebo 126 262.9 (54.4) 264.5 (61.3) 16.5 (2.2, 30.8) —39.9 (=52.6, —27.2)%**
Sitagliptin 125 257.2 (54.1) 220.9 (57.6) —23.4 (—38.2, =8.7)
Postmeal glucose AUC (mg h/dl)
Placebo 126 466.0 (82.6) 475.6 (99.4) 34.9 (11.7, 58.0) —64.0 (—84.7, —43.3)***
Sitagliptin 125 464.0 (80.5) 409.4 (88.9) —29.1 (=53.0, =5.3)
Postmeal C-peptide AUC (ng h/ml)
Placebo 126 4.7 (2.6) 44 (2.1) —-0.2 (=05, 0.1) 0.5 (0.3, 0.8)***
Sitagliptin 125 4.4 (1.8) 4.7 (1.9) 0.3 (0.0, 0.6)
AUC area under the curve, N number of subjects who provided measurements at weeks 0 and 16 and received no rescue therapy until week 16
**% p < 0.001
** p < 0.01

@ Springer



166

T. Kadowaki et al.

Double-blind period

Open-label period
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Mean HbA1c (%) = SE
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Fig. 3 Time course of HbAlc in Japanese patients with type 2
diabetes mellitus treated with double-blind sitagliptin 50 mg q.d. or
placebo added to insulin for the first 16 weeks and open-label
sitagliptin 50 or 100 mg q.d. added to insulin for the subsequent
36 weeks. The data are values for mean & SE and results from the
S/S and P/S treatment groups are indicated with open triangles and
closed circles, respectively. The data that were obtained after
initiation of additional antihyperglycemic agents are excluded

Double-blind period

Open-label period

=@— P/S [+ Insulin]
== S/S [+ Insulin]

170 1

165 4

160

155 4

150

Mean FPG (mg/dL) + SE

145

140 -— T T
0 4 8

12 16 20 24 28 32 36 40 44 48 52
Week

Fig. 4 Time course of fasting plasma glucose (FPG) results in
Japanese patients with type 2 diabetes mellitus treated with double-
blind sitagliptin 50 mg q.d. or placebo added to insulin for the first
16 weeks and open-label sitagliptin 50 or 100 mg q.d. added to
insulin for the subsequent 36 weeks. The data are values for
mean £+ SE. Results from the S/S and P/S treatment groups are
indicated with open triangles and closed circles, respectively. The
data that were obtained after initiation of additional antihyperglyce-
mic agents are excluded

16.3 % (21/129) in the sitagliptin group and 11.7 % (16/
137) in the placebo group (Table 5). There were no sta-
tistically significant between-group differences in the
incidences of overall clinical or drug-related AEs at week
16 (overall clinical AEs, p = 0.268; overall drug-related
clinical AEs, p = 0.293).
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In the double-blind period, the incidences of serious
clinical AEs were similar in both treatment groups [3.1 %
(4/129) in the sitagliptin group and 2.2 % (3/137) in the
placebo group, Table 5]. No serious drug-related clinical
AEs were reported for patients in the sitagliptin group.
Three patients discontinued because of a clinical AE, one
(malignant neoplasm in the lung; judged unrelated to the
study drug by the investigator) in the sitagliptin group and
two (eczema, hypoglycemia) in the placebo group
(Table 5). No patients discontinued because of a serious
drug-related clinical AE (Table 5).

The incidence of hypoglycemia in the double-blind
period was 26/129 (20.2 %) in the sitagliptin group and
17/137 (12.4 %) in the placebo group (Table 5); the dif-
ference between treatments was not significantly different
(p = 0.097). One episode of severe hypoglycemia was
reported for one patient in the sitagliptin group and one in
the placebo group. All other episodes of hypoglycemia
in the sitagliptin group were generally mild to moderate in
intensity, and none led to discontinuation of therapy. One
of the drug-related adverse experiences of hypoglycemia
reported in the sitagliptin 50 mg group was severe, but
resolved while the patient was on treatment and did not
lead to discontinuation. The severe hypoglycemia event
reported in the sitagliptin 50 mg group occurred in a
73-year-old female patient 36 days after initiation of
treatment. This event was associated with hunger, sleepi-
ness, sweating and difficulty in concentrating and walking.
Self-monitored blood glucose level was 53 mg/dl. The
episode lasted about 10 min, resolved without medical
treatment, and did not lead to study discontinuation. This
episode was considered severe because the patient required
assistance from others to manage symptoms. The severe
hypoglycemia event reported in the placebo group occurred
in a 59-year-old male patient 23 days after initiation of
treatment and lasted for 2 h. The patient was discontinued,
but the AE was assessed as not related to treatment.

The incidence of prespecified gastrointestinal AEs
(nausea, vomiting, and diarrhea) occurring in the double-
blind period was low in both treatment groups (Table 5);
these AEs were mild to moderate in intensity and did not
lead to discontinuation.

During the double-blind period, the incidence of labo-
ratory AEs was 3.9 and 3.6 % in the sitagliptin and placebo
groups, respectively (Table 5). The incidence of drug-
related laboratory AEs was 2.3 % in the sitagliptin group
and 0.7 % in the placebo group (Table 5). No specific
laboratory AE occurred in two or more patients in the
sitagliptin group.

Small increases from baseline in body weight were
observed with sitagliptin [sitagliptin: 0.6 kg (p < 0.001), pla-
cebo: 0.1 kg (p = 0.498)] at week 16. The magnitude of these
changes was too small to be considered clinically relevant.
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Table 3 Subgroup analysis by

insulin t t ch ; N Week 0 Week 16 Between-group difference
nsuan type o change rrom Mean (SD) Mean (SD) [LS mean (95 % CI)]
baseline in Japanese patients
with type 2 diabetes mellitus at HbAlc (%)
week 16 . . .
Premixed insulin
Placebo 99 8.8 (0.6) 8.8 (0.8) —-0.9 (—-1.0, —0.7)
Sitagliptin 96 8.9 (0.6) 8.0 (0.9)
Non-premixed insulin
Placebo 29 9.2 (0.7) 9.5 (1.1) —0.8 (—1.2, —0.5)
Sitagliptin 29 8.9 (0.8) 8.3 (1.0)
Fasting plasma glucose (mg/dl)
Premixed insulin
Placebo 99 164.7 (34.9) 166.7 (37.5) —10.3 (—19.8, —0.8)
Sitagliptin 96 168.4 (30.9) 159.2 (35.0)
Non-prexmixed insulin
Placebo 29 158.6 (37.9) 169.1 (37.6) —17.5 (=34.9, —0.1)
Sitagliptin 29 154.8 (30.2) 150.3 (31.9)
2-h postmeal glucose (mg/dl)
Premixed insulin
Placebo 97 259.0 (54.4) 257.9 (61.3) —41.8 (—56.3, —27.2)
Sitagliptin 96 252.6 (54.1) 213.0 (56.3)
N Number of subjects who Non-premixed insulin
provided measurements at Placebo 29 276.2 (53.2) 286.5 (57.0) —37.3 (—64.5, —10.2)
weeks 0 and 16 and received no Sitagliptin 29 272.4 (52.3) 247.0 (54.9)
rescue therapy until week 16
Fig. 5 Time course of meal 300- S/S [+ Insulin] P/S [+ Insulin]
tolerance results in Japanese
patients with type 2 diabetes 280+
mellitus treated with double- B 260
blind sitagliptin 50 mg q.d. or hagryry
placebo added to insulin for the 3
first 16 weeks and open-label B 2204
sitagliptin 50 or 100 mg q.d. E 200 -
added to insulin for the % 180
subsequent 36 weeks. The data S
are values for mean + SE O 160+
1404
120 T T T T T T T T T
0.0 0.5 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Hours after meal —o— Week 0 Hours after meal
=7 Week 16
~{- Week 52

Open-label period (weeks 16 through 52)

Consistent with the longer period of observation in a
patient population with T2DM, one or more clinical AEs
were reported for most patients in both the S/S and P/S
groups during the open-label period [week 16 to week 52;
87.2 % (109/125) of patients in the S/S group and 81.4 %

(105/129) of patients in the P/S group; Table 5]. Clinical
AEs reported with an incidence >5 % in either the S/S or
P/S group included diabetic nephropathy, constipation,
nasopharyngitis, hypoglycemia, back pain, and upper
respiratory tract infection (Table 5). Drug-related clinical
AEs were reported in 28.8 and 21.7 % of patients in the S/S
and P/S groups, respectively (Table 5). There were no
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Table 4 Fasting and

. . . N Week 0 Week 52 Change from week 0
postprandial glycemic endpoints (baseline) to week 52
at week 52 in Japanese patients )
with type 2 diabetes mellitus in Mean (SD) Mean (SD) [Mean (95 % CDI
the P/S and S/S groups HbAlc (%)
P/S 111 8.9 (0.6) 8.1 (0.8) —0.8 (—0.9, —0.7)***
S/S 110 8.8 (0.6) 8.0 (0.8) —0.8 (—0.9, —0.7)***
Fasting plasma glucose (mg/dl)
P/S 111 163.3 (35.7) 150.3 (33.5) —13.0 (—21.0, —4.9)**
S/S 110 162.9 (30.5) 150.7 (31.6) —12.2 (—18.4, —6.0)***
1,5-Anhydroglucitol (pg/ml)
P/S 109 4.1 (2.8) 6.7 (4.3) 2.5 (1.9, 3.1)***
S/S 110 4.1 2.7) 7.0 (4.2) 2.9 (2.3, 3.6)***
P/S placebo in the double-blind > Postmeal glucose (mg/dD)
period and sitagliptin in the P/S 108 262.7 (53.7) 2194 (51.1) —43.3 (—54.3, —32.3)%**
open-label period, S/S S/S 109 256.6 (54.2) 216.0 (53.0) —40.6 (—50.6, —30.7)***
sitagliptin in the double-blind Glucose AUC (mg h/dl)
and open label periods, P/S 108 466.4 (83.1) 404.4 (81.6) —62.0 (—79.9, —44.0)%**
N number of subjects who . ) . : : 7 :
provided measurements at S/S 109 464.1 (76.6) 403.8 (78.4) —60.3 (—74.2, —46.5)%**
weeks 0 and 52 and received no C-peptide AUC (ng h/ml)
rescue therapy until week 52 PIS 108 48 (2.7 5.0 (2.6) 02 (=0.1, 0.5)
koksk
p <0001 S/ 108 44(19) 49 (1.9) 0.5 (0.2, 0.7)%#+
#* p < 0.01
noteworthy differences in the nature of overall clinical AEs ~ Discussion

and drug-related clinical AEs between weeks 16 and 52.

Serious clinical AEs were reported for seven patients in
the S/S group and nine patients in the P/S group (Table 5);
no specific SAE was reported to occur in more than one
patient. There was one death in the open-label period (S/S
group; Table 5). The patient, a 67-year-old male with long-
lasting diabetes (17.2 years) and retinopathy, nephropathy,
and neuropathy due to diabetes, was found dead 13 days
after the start of the open-label period. A postmortem
examination indicated myocardial infarction as a probable
cause of death. The investigator considered the event as
possibly related to the study drug.

In the open-label period, the incidence of hypoglycemia
was 26.4 % (33/125) in the S/S group and 20.9 % (27/129) in
the P/S group (Table 5). All episodes of hypoglycemia in the
open-label period were mild to moderate in intensity, and
none led to dose reduction or discontinuation from the study.

The incidence of prespecified gastrointestinal AEs
(nausea, vomiting, and diarrhea) occurring in the open
label period was low in the S/S and P/S groups (Table 5).

In the open-label period, laboratory AEs were reported
in 4/124 (3.2 %) patients in the S/S group and 8/129
(6.2 %) patients in the P/S group; none was serious, and
only one in each group led to discontinuation (Table 5).

In the open-label period, small increases from baseline
in body weight were observed in the S/S group (0.4 kg,
p = 0.005) and P/S group (0.8 kg, p < 0.001) at week 52.

@ Springer

The addition of sitagliptin for 16 weeks provided signifi-
cant reductions in HbAlc, FPG, and 2-h PMG relative to
placebo in Japanese patients with T2DM whose glycemic
control was not adequate with insulin monotherapy, dem-
onstrating that sitagliptin improves fasting and postprandial
glycemic control in combination with insulin. The pro-
portions of patients achieving the goals of HbAlc <7.4 %
and <6.9 % with sitagliptin treatment were greater com-
pared with those for placebo.

The efficacy of sitagliptin as demonstrated by changes in
HbAlc, FPG, and 2-h PMG remained stable through the
52-week study period. Patients randomized in this trial
were on long-acting, intermediate-acting, or premixed
insulin therapy. Overall, the HbAlc, FPG, and 2-h PMG
treatment responses were similar in patients treated with
long-acting or intermediate-acting insulin therapies com-
pared to those treated with premixed insulin therapy. The
present findings are clinically meaningful, but should be
interpreted with caution, considering the current study
design, in which the dose regimen of sitagliptin (50 mg
g.d.) could have been up-titrated to 100 mg q.d. in patients
meeting predefined criteria of glycemic parameters. The
improvement in glycemic parameters with sitagliptin for up
to 52 weeks in Japanese patients with T2DM and inade-
quate glycemic control with insulin monotherapy is con-
sistent with results from prior studies of sitagliptin as



Sitagliptin added to insulin: Japanese T2DM

169

Table 5 Safety and tolerability results

Weeks 0-16 (double-blind period)*

Weeks 16-52 (open-label period)

PBO (+ insulin)

SITA (+ insulin) P/S (+ insulin)® S/S (+ insulin)®

N =137 N =129 N =129 N =125
n (%) n (%) n (%) n (%)

Patients [n (%)] who had one or more:

Clinical adverse experience (AE) 71 (51.8) 76 (58.9) 105 (81.4) 109 (87.2)

Drug-related” clinical AE 16 (11.7) 21 (16.3) 28 (21.7) 36 (28.8)

Serious clinical AE 322 4 (3.1 9 (7.0) 7 (5.6)

Serious drug—relatedd clinical AE 0 0 3(2.3) 1 (0.8)
Patients [n (%)] who:

Discontinued due to clinical AE 2 (1.5) 1 (0.8) 5(.9) 4 (3.2)

Discontinued due to serious clinical AE 1(0.7) 1(0.8) 3(2.3) 3(2.4)

Discontinued due to drug-relatedd clinical AE 1 (0.7) 0 32.3) 1 (0.8)

Discontinued due to serious drug—relatedd clinical AE 0 0 2 (1.6) 1 (0.8)

Died 0 0 0 1 (0.8)
Patients [n (%)] who had prespecified AEs:

Hypoglycemia 17 (12.4) 26 (20.2) 27 (20.9) 33 (26.4)

Gastrointestinal AE (diarrhea, nausea, vomiting) 1(0.7) 2 (1.6) 6 (4.7) 5 (4.0)
Patients [n (%)] who had one or more:

Laboratory AE 5 (3.6) 539 8 (6.2) 4 (3.2)

Drug-relatedcl laboratory AE 1(0.7) 32.3) 2 (1.6) 324

Serious laboratory AE 0 0 0 0
Patients [n (%)] who:

Discontinued due to laboratory AE 0 1 (0.8) 1 (0.8) 1 (0.8)

Discontinued due to drug-related” laboratory AE 0 0 0 1 (0.8)
Patients [n (%)] who had®:

Diabetic retinopathy 2 (1.5) 1 (0.8) 5(3.9) 7 (5.6)

Constipation 322 4 3.1 754 7 (5.6)

Nasopharyngitis 17 (12.4) 15 (11.6) 25 (19.4) 40 (32.0)

Hypoglycemia 17 (12.4) 26 (20.2) 27 (20.9) 33 (26.4)

Back pain 2 (1.5) 3(2.3) 8 (6.2) 3(24)

Upper respiratory tract inflammation 3(2.2) 2 (1.6) 8 (6.2) 34

AE adverse experience, PBO placebo, SITA sitagliptin

 Fisher’s exact test was used to test the significance of differences in weeks 016 between the percentages of patients in the sitagliptin and
placebo groups reported to have one or more overall clinical (or laboratory) AE, drug-related clinical (or laboratory) AE, incidence of
hypoglycemia, or prespecified GI AE (nausea, vomiting, and diarrhea). All between-group differences were non-significant

° P/S = PBO during double-blind period and SITA 50 mg (n = 16) or SITA 100 mg (n = 113) in the open-label period; S/S = SITA 50 mg
during double-blind period and SITA 50 mg (n = 12) or SITA 100 mg (n = 113) in the open-label period

¢ One hundred twenty-four subjects were assessed for laboratory AEs

9 Determined by the investigator to be possibly, probably, or definitely drug related

¢ AEs for which there was a >5 % incidence in either the sitagliptin or placebo group in the double-blind period (from weeks O to 16) or in either

the P/S or S/S group in the open-label period (from weeks 16 to 52)

monotherapy [8, 11, 12, 14-16] and as add-on to metfor-
min [9, 17], pioglitazone [13, 18], and glimepiride [10, 19]
in both Japanese and non-Japanese patients.

The addition of sitagliptin to insulin monotherapy was
generally well tolerated during the double-blind and open
label study periods. There were no notable differences in

the nature of clinical AEs or drug-related clinical AEs
during the long-term administration of sitagliptin (week
52) relative to short-term use of the drug (week 16). The
incidence of hypoglycemia was higher in the sitagliptin
group (20.2 %) than in the placebo group (12.4 %) at week
16. However, the number of patients who had episodes of
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marked severity was small (one each in the sitagliptin and
placebo groups), and no episodes of hypoglycemia led to
discontinuation in the sitagliptin group. Similar findings
were reported with sitagliptin added to a sulphonylurea,
another agent associated with hypoglycemia [10, 19]. In
contrast, treatment with sitagliptin as monotherapy or in
combination with agents not associated with hypoglycemia
(e.g., metformin and pioglitazone) had an incidence of
hypoglycemia similar to that of placebo [7, 12-14], con-
sistent with the glucose dependency of the increase in
insulin secretion and the suppression of glucagon concen-
trations with incretin-based therapies [27]. In light of the
fact that exogenously administered insulin is not regulated
by ambient glucose or incretins, and given that sitagliptin
improved ambient glucose concentration (fasting and
postprandial states), the finding of a higher incidence of
hypoglycemia with the addition of sitagliptin to ongoing
insulin therapy in the present study was not unexpected. In
the open-label period, there was no notable increase in the
incidence of hypoglycemia with long-term administration
of sitagliptin. In order to prevent hypoglycemia in clinical
practice when sitagliptin is added on to ongoing insulin
therapy, down-titration of insulin should be considered.
The incidence of prespecified gastrointestinal AEs was low
and similar between the two treatment groups. An unde-
sired side effect of certain antihyperglycemic agents is
increased body weight [28]. Weight gain is typically
observed with insulin therapy because of improved glyce-
mic control [29]. In the present study, the improved gly-
cemic control with sitagliptin when added to insulin
therapy was not associated with a clinically meaningful
change in body weight relative to baseline or the placebo
group.

In Japanese patients with T2DM inadequately controlled
with diet and exercise and ongoing insulin therapy, the
addition of sitagliptin 50 mg q.d. after 16 weeks of treat-
ment resulted in significant reductions from baseline in
HbAlc, FPG, and 2-h PMG relative to placebo, consistent
with previously reported improvements in active GLP-1
with sitagliptin therapy. These improvements remained
stable throughout 52 weeks of treatment. The addition of
sitagliptin to insulin was generally well tolerated, with a
low incidence of severe hypoglycemia and gastrointestinal
AEs and no meaningful change in body weight.
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Makoto Ujihara (National Hospital Organization Yoko-
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Takashi lizuka (Asahi Internal Medicine Department
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Hospital), Shizuo Kajiyama (Kajiyama Clinic), Takaaki
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pital), Kazuyuki Tobe (Toyama University Hospital), Rika
Usuda (Toyama Prefectural Central Hospital), Yasuro
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Emoto (Yamaguchi University Hospital), Masahiro Mat-
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