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ABSTRACT

Introduction: A post-marketing surveillance
(PMS) study was conducted to confirm the long-
term risk–benefit profile of sitagliptin adminis-
tered to Japanese patients with type 2 diabetes
mellitus (T2DM) under real-world conditions.
Methods: This prospective, multicentre, open-
label PMS collected data from 3326 patients
receiving sitagliptin according to the approved
indication during the case registration period
(July 2010–June 2012; observation period,
3 years). Safety was assessed via collection of
data on adverse drug reactions (ADRs), esti-
mated glomerular filtration rate (eGFR) and
cardiovascular events whereas efficacy was

assessed via changes in glycated hemoglobin
(HbA1c).
Results: In 3265 patients evaluated for safety,
270 ADRs occurred in 207 (6.3%) patients
overall. Metabolism and nutrition disorders
were the most common class of ADRs, occurring
in 58 patients overall (53 non-serious, 5 serious)
with hypoglycaemia (17 patients, 0.52%) the
most common ADR. In patients with eGFR[
90 mL/min/1.73 m2 at baseline (mean ± SD,
106.42 ± 18.11mL/min/1.73 m2, n = 584), eGFR
declined by 11.83 ± 17.53 mL/min/1.73 m2

(P\0.0001; n = 360) over the observation per-
iod whereas eGFR appeared to be relatively
maintained in patients with lower baseline
eGFR levels. Cardiovascular events were infre-
quent [occurring in 4 of 84 (4.76%) patients at
high cardiovascular risk] with no distinct fea-
tures in this Japanese population and the
cumulative incidence [8.42% (3.12–21.70) at
36 months; n = 32] was similar to that noted in
previous studies involving sitagliptin. In
patients evaluated for efficacy, the overall
change in HbA1c from baseline to final evaluation
was mean ± SD - 0.68 ± 1.34% (P\0.0001,
n = 2070). Reductions in HbA1c tended to be
greater in younger patients and patients with
higher bodymass index (BMI) and HbA1c values
at the start of administration.
Conclusion: Long-term sitagliptin administra-
tion in the routine clinical practice setting is
associated with good efficacy, including as
monotherapy,withno additional safety concerns.
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Key Summary Points

Why carry out this study?

In Japan, post-marketing surveillance
studies (PMS) are required to verify the
safety and efficacy of agents in clinical
practice settings over long-term periods.

This prospective, open-label PMS was
designed to confirm the long-term
risk–benefit profile of sitagliptin
administered to Japanese patients with
type 2 diabetes mellitus under real-world
conditions.

What was learned from this study?

In Japanese patients, sitagliptin maintains
effective glycaemic control while reducing
the number of concomitant medications
in association with a low rate of drug-
related adverse reactions.

The real-world safety of sitagliptin is
consistent with the known safety profile
noted in clinical studies of Japanese
patients, and there is no apparent
increased risk of cardiovascular events
compared with non-Japanese patients.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is becoming
increasingly prevalent in Japan with recent
Japanese Ministry of Health, Labour and Wel-
fare (MHLW) estimates indicating that the
prevalence of T2DM in Japan increased from
approximately 9.5 million in 2012 to 10.0 mil-
lion in 2016 [1, 2]. Primarily as a result of an
aging population, but also in response to greater
adoption of Western dietary patterns, the
prevalence of diabetes is predicted to continue
to increase in Japan [3, 4]. Evidence strongly

indicates that the risk of both microvascular
and macrovascular complications increases
with the duration and severity of hypergly-
caemia [5, 6]. Such complications have been
repeatedly shown to be instrumental in reduc-
ing the quality of life and, especially in the case
of cardiovascular disease, life expectancy of
patients with T2DM [7, 8].

Several studies have established the impor-
tance of tight glycaemic control in reducing
microvascular complications of T2DM [9].
However, findings from several large-scale
studies have suggested a more nuanced view of
the benefits of intensive blood glucose lowering
in reducing macrovascular complications
[9–13]. For this reason, latest guidance has
stressed the importance of a patient-centred
approach to balance the benefits of glycaemic
control with potential risks and consider the
safety profile of glucose-lowering medications
against patient-specific characteristics, includ-
ing age and health status [14].

Dipeptidyl peptidase 4 (DPP4) inhibitors
prolong the effect of incretin hormones [espe-
cially glucagon-like peptide 1 (GLP-1) and glu-
cose-dependent insulinotropic polypeptide
(GIP)] in stimulating insulin release and
decreasing glucagon secretion in a blood glu-
cose-dependent manner. DPP4 inhibitors have
demonstrated sufficient efficacy in lowering
blood glucose with a lower risk of hypogly-
caemia compared with other insulin secreta-
gogues such as sulfonylureas [15]. Owing to
their well-balanced benefit to risk characteris-
tics, DPP4 inhibitors are currently the most
commonly prescribed oral hypoglycaemic
agents in Japan [16].

Sitagliptin (Januvia�, MSD K.K., Tokyo,
Japan; Glactiv�, Ono Pharmaceutical Co., Ltd,
Osaka, Japan) was the first DPP4 inhibitor to be
approved in Japan. To support the marketing
authorisation of sitagliptin in Japan, multiple
phase II/III clinical studies have been submitted
to the Japanese Pharmaceuticals and Medical
Devices Agency (PMDA). These studies have
verified the effectiveness of sitagliptin for each
indication [17–23], and are supported by sus-
tained improvements noted in open-label
extension studies over periods of 40 weeks. In
terms of safety, sitagliptin has shown an
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incidence of adverse events similar to that of
placebo throughout these studies. These posi-
tive efficacy and safety results have been sub-
sequently confirmed in large-scale
observational studies conducted in Japanese
patients with T2DM [24, 25]. However, the
typical duration of clinical and observational
studies does not permit assessment of certain
events (e.g. cardiovascular events, malignan-
cies) that often require longer periods to
become apparent and more recent data further
to that from studies are currently available.
Hence, the MHLW in Japan requires marketing
authorisation holders to submit post-marketing
surveillance studies (PMS) and other surveil-
lance activities to the PMDA during the re-ex-
amination period to verify safety and efficacy of
agents in clinical practice settings over periods
that allow assessment of long-term events [26].

As part of the commitment to demonstrate
that sitagliptin has continued to maintain a
good benefit to risk profile in clinical practice
settings, MSD K.K., Tokyo, Japan and Ono
Pharmaceuticals conducted various drug use
results surveys, including a large, long-term
survey of Japanese patients with T2DM rou-
tinely treated with sitagliptin in clinical prac-
tice. Here, we report the results of 3-year
observations including over 3000 patients with
T2DM treated with sitagliptin under real-world
conditions in Japan.

METHODS

Study Design and Patients

This prospective, multicentre, open-label PMS
was designed to investigate the long-term safety
and efficacy of sitagliptin in Japanese patients
with T2DM over an observation period of
3 years. From July 2010 to June 2012, patients
were registered using a prospective central reg-
istration method. The total surveillance period
for the drug-use results surveys was from July
2010 to March 2016 (investigation period,
5.75 years).

According to the approved indication,
patients were included if they were receiving
sitagliptin because of insufficient response to

dietary therapy and/or exercise therapy only or
dietary/exercise therapy in conjunction with
one of the following antihyperglycaemic
agents: sulfonylureas, thiazolidinediones,
biguanides, a-glucosidase inhibitors, or insulin
preparations. In contrast, patients were exclu-
ded if they had poor prognosis diseases (e.g.
malignant tumours), developed stroke or
myocardial infarction within a month before
initiation of sitagliptin therapy, or were con-
sidered inappropriate for long-term observation
by the physician.

This PMS activity was conducted in accor-
dance with Good Post-Marketing Study Practice,
MHLW Ordinance Number 171, December 20,
2004 [27]. The study protocol was reviewed and
approved by the Japanese regulatory authority
prior to study initiation. Accordingly, informed
consent and institutional review board approval
were not required.

Safety Outcome Measures

For the safety evaluation, adverse events (AEs)
were collected and classified according to the
ICH Medical Dictionary for Regulatory Activi-
ties Japanese edition (MedDRA), Japanese Ver-
sion 20.0. We mainly reported adverse drug
reactions (ADRs) that were evaluated from AEs
and that were coded using the same MedDRA
preferred term (PT), according to lowest level
terms, and that occurred multiple times in the
same patient were tabulated as one reaction per
patient. ADRs of special interest, which include
ADRs considered as serious in the Japanese
approved package insert and broadly corre-
spond to those listed under the Warnings and
Precautions section of the US package insert,
were considered separately. In relation to most
of these ADRs, Standardised MedDRA Queries
(SMQs) were used in the identification and
retrieval of potentially relevant reactions,
including acute pancreatitis and bowel
obstruction. However, for musculoskeletal dis-
orders, gastrointestinal disorders (excluding
acute pancreatitis and bowel obstruction) and
infectious diseases, the MedDRA SOC category
was used whereas, for cases of pemphigoid, the
MedDRA PT was used to extract events.
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For evaluation of cumulative incidence, car-
diovascular events noted as serious AEs in the
high-risk population were assessed. Information
regarding the cardiovascular events was also
evaluated and described from a population
selected using criteria similar to those used in
the Trial Evaluating Cardiovascular Outcomes
with Sitagliptin (TECOS) study [28]. Specifically,
patients selected for the cardiovascular event
assessment were over 50 years of age with a
glycated hemoglobin (HbA1c) level of 6.5–8.0%
as well as a history of antidiabetic medication
use before administration of sitagliptin and
myocardial infarction, angina or cerebral
haemorrhage.

As part of the safety assessment, changes in
estimated glomerular filtration rate (eGFR) were
recorded at regular (generally 3-monthly)
intervals throughout the administration period
and these changes were further considered for
stratifications based on both eGFR and age at
baseline.

Efficacy Outcome Measures

For the efficacy evaluation, changes in HbA1c
throughout the observation period were exam-
ined for the overall population as well as in
subgroups based on body mass index (BMI) and
age. In addition, changes in HbA1c from before
the start of administration (baseline) to
36 months after administration were calculated
for patients with available data according to
HbA1c level at the start of administration
(\6.0%, 6.0% to \ 7.0%, 7.0% to \8.0%,
C 8.0%).

Statistical Analysis

Summary statistics were developed for baseline
characteristics, frequency of ADRs, eGFR and
HbA1c levels. In general, categorical data were
summarized by frequency and percentage, and
continuous data were summarized using
descriptive statistics. Assessments were con-
ducted before the start of the administration
period (baseline) and at 1 month, 3 months and
then 3-monthly intervals until 36 months after
the start of administration and at the time of

final evaluation. For changes in eGFR and
HbA1c, significance levels were calculated at
each assessment for patients with correspond-
ing data at the predose assessment and at each
assessment time point via the paired t test, with
statistical significance set at P\ 0.05. The
cumulative incidence of ADRs and cardiovas-
cular events was shown using Kaplan–Meier
plots. Statistical analysis was performed using
SAS 9.3 (SAS�, Cary, NC, USA).

RESULTS

Patient Disposition and Characteristics

The disposition of survey patients during the
observation and data collection period is shown
in Fig. 1. Overall, from a total of 3492 registered
patients, the survey collected information rela-
ted to long-term use for a total of 3326 patients
from 886 facilities. Data were evaluated for 3265
patients in the safety analysis set and 2776
patients in the efficacy analysis set.

Baseline characteristics of included patients
are shown in Table 1. Approximately 60% of
patients were male and the mean age was
approximately 64 years in both the safety and
efficacy analysis set. Overall, hyperlipidaemia
and hypertension were the most common
complications, occurring in 58.7% and 54.3% of
patients, respectively. At the start of adminis-
tration, 67.9% of patients were receiving one or
more agents for diabetes. In terms of the rela-
tionship between sitagliptin and previous
agents for diabetes, 31.6% of patients were
treatment-naı̈ve, 29.8% of patients had swit-
ched therapy from a pretreatment agent and
38.1% of patients received sitagliptin in addi-
tion to pretreatment agent(s). Sitagliptin was
initially used as a single agent in 40.6% of
patients and as part of a combination in 59.0%
of patients. However, the number of patients
receiving concomitant drugs decreased from as
early as the first month after sitagliptin admin-
istration and this continued over the course of
observation such that, at 36 months, 98.1% of
patients were receiving sitagliptin alone for
diabetes (Fig. 2). Sulfonylureas and biguanides
were the most commonly used concomitant
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medications during the course of sitagliptin
treatment (sulfonylureas, 44.3% of patients;
biguanides 32.6% of patients; Table 1). In the
safety analysis set, sitagliptin was administered

for a median (IQR) period of 1034.5 days
(372.5–1111.0) and 41.8% of patients were
treated for more than 3 years.

Fig. 1 Number of cases collected from questionnaires. *Including 6 unregistered cases (questionnaires collected without
registration). �If there were multiple reasons for exclusion, the results were tabulated for each reason
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Table 1 Baseline characteristics of registered patients
evaluated for safety and efficacy

Background

characteristic

Safety

(N = 3265)

Efficacy

(N = 2776)

Sex, male/female, n 1934/1331 1643/1133

Age, years,

mean ± SD

64.1 ± 12.2 64.0 ± 12.1

BMI, kg/m2,

mean ± SD

25.19 ± 4.45a 25.18 ± 4.41b

HbA1c before start

of

administration,

%, mean ± SD

7.96 ± 1.47c 7.92 ± 1.46d

Blood pressure, mmHg, mean ± SD

Systolic 133.7 ± 16.5e 133.8 ± 16.4f

Diastolic 76.0 ± 11.0g 76.1 ± 11.0h

LDL cholesterol,

mg/dL,

mean ± SD

115.6 ± 31.6i 115.7 ± 31.3j

eGFR before

administration,

mL/min/

1.73 m2,

mean ± SD

77.75 ± 22.22k 78.21 ± 21.16l

Complication, n

Hypertension 1773 1508

Hyperlipidaemia 1915 1643

Hyperuricemia 265 218

Diabetic

nephropathy

518 428

Diabetic

retinopathy

258 211

Diabetic

neuropathy

276 224

Pretreatment drugs for T2DM, n

None 1033 879

1 drug 1008 874

2 drugs 750 636

C 3 drugs 459 373

Unknown 15 14

Table 1 continued

Background

characteristic

Safety

(N = 3265)

Efficacy

(N = 2776)

Type of pretreatment drugs for T2DM, n

None 1033 879

Sulfonylurea 1350 1144

Biguanide 915 783

a-Glucosidase

inhibitor

638 541

Thiazolidinedione 581 478

Fast-acting insulin

secretagogue

195 166

Insulin

preparation

177 136

DPP4 inhibitor 46 31

SGLT2 inhibitor 6 5

GLP-1 receptor

agonists

3 2

Unknown/

unlisted

15 14

Initial daily sitagliptin dose, n

\ 50 mg 314 291

50 mg 2848 2485

[ 50 mg 102 0

Total sitagliptin

dose, mg,

mean ± SD

40,888.6 ± 24,935.4m 41,386.8 ± 23,016.4

Duration of administration, overall/monotherapy, n

\ 3 years 1896/633 1503/497

C 3 years 1364/413 1273/398

Unknown/

unlisted

5/2 0/0

Duration of

administration,

days,

mean ± SD

772.5 ± 404.0n 808.3 ± 395.2

Relationship between sitagliptin and pretreatment agent for

T2DM, n

Naı̈ve 1033 879

Switch 974 802
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Safety

In the 3265 patients evaluated for safety, a total
of 270 ADRs occurred in 207 (6.3%) of patients
overall. The numbers of patients with serious
and non-serious ADRs according to MedDRA
SOC categories are shown in Fig. 3. According to
SOC categories, metabolic and nutritional dis-
orders were the most common category of
ADRs, occurring in 58 patients overall (53 non-

serious, 5 serious). The most common serious
ADRs occurred in the SOC categories of nervous
system disorders and benign, malignant and
unspecified neoplasms (8 patients each).

The incidence of ADRs of special interest are
detailed in Table 2. Gastrointestinal disorders
(40 patients, 1.23%), hypoglycaemia (17
patients, 0.52%) and acute renal injury (16
patients, 0.49%) were the most common of
these ADRs, with hypoglycaemia and acute
renal injury considered serious in two patients
each. In the two serious cases of hypoglycaemia,
one patient had received two concomitant
antidiabetic agents and the other patient had
received three or more concomitant antidia-
betic agents at the time of onset. Of note, there
were no cases of pemphigoid, severe skin dis-
orders, acute pancreatitis, rhabdomyolysis,
interstitial pneumonia and thrombocytopenia
within the ADRs of special interest. Concomi-
tant antidiabetic agents were sulfonylureas
(both patients), as well as a biguanide, thiazo-
lidinedione and insulin preparation (one
patient each). Among these ADRs, cardiovascu-
lar events and various malignant tumours were
the most common type of ADRs that were
considered as serious [8 patients (0.25%) for
each]. Other types of serious ADRs occurred at
low frequency (\0.25%). It should be noted
that there were no reported cases of acute pan-
creatitis, which is one of the more significant
ADRs of special interest.

ADRs occurred most frequently within
12 months (121 patients, 3.7%), of which 61
patients (1.9%) experienced ADRs within
3 months. According to analysis by the
Kaplan–Meier method, the cumulative inci-
dence (95% confidence interval) of patients
with ADRs during the observation periods of
within 12 months, within 24 months and
within 36 months were 4.19% (3.53–4.97),
6.58% (5.70–7.59) and 7.59% (6.62–8.70),
respectively. As shown in the Kaplan–Meier
curve of the cumulative incidence of patients
with ADRs, there was no apparent tendency for
the onset of ADRs to be concentrated at a
specific time or to increase over time (Fig. 4).
The total listing of patients with ADRs in the
safety analysis set according to time of onset is

Table 1 continued

Background

characteristic

Safety

(N = 3265)

Efficacy

(N = 2776)

Add-on 1243 1081

Unknown 15 14

Usage at the start of administration, n

Single agent 1326 1135

Combination 1926 1630

Unknown 13 11

Concomitant T2DM medication during treatment with sitagliptin, n

None 1048 895

Sulfonylurea 1447 1230

Biguanide 1063 909

Thiazolidinedione 522 438

a-Glucosidase

inhibitor

451 386

Insulin

preparation

164 123

Fast-acting insulin

secretagogue

72 63

SGLT2 inhibitor 21 19

DPP4 inhibitor 18 15

GLP-1 receptor

agonists

5 5

Unknown/

unlisted

13 11

BMI body mass index, eGFR estimated glomerular filtration rate,

HbA1c glycated haemoglobin, T2DM type 2 diabetes mellitus

N values are those of overall safety or efficacy analysis set unless noted

as follows: a2601; b2220; c2983; d2534; e2671; f2283; g2664; h2277;
i2254; j1906; k2399; l2024; m3259; n3260
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shown in Table 1 of the electronic supplemen-
tary material.

The overall incidence of cardiovascular
events in the total of 84 patients identified to be
at high risk of prespecified cardiovascular events
(cerebral infarction, subarachnoid haemorrhage
or transient ischaemic attacks) was 4.76% (4/84
patients). The cumulative incidence of patients
with cardiovascular events throughout the
observation period is shown in Fig. 5. Accord-
ingly, the proportion of patients (95% confi-
dence interval of number at risk) with
cardiovascular events at 12, 24 and 36 months
was 1.20% (0.17–8.25; n = 60) at 12 months,
3.18% (0.77–12.62; n = 46) at 24 months and
8.42% (3.12–21.70; n = 32) at 36 months,

respectively. The frequency of cardiovascular
events with sitagliptin administered during
routine clinical practice in selected Japanese
patients was not greater than with long-term
addition of sitagliptin to usual care in patients
with T2DM and established cardiovascular dis-
ease from outside of Japan [28].

Changes in eGFR for the overall population
and according to eGFR category at the start of
administration and by age for relevant patients
are shown in Fig. 6. Patients with eGFR
C 90 mL/min/1.73 m2 had the greatest absolute
decline in eGFR [mean ± SD change from eGFR
level before the start of administration
(106.42 ± 18.11 mL/min/1.73 m2, n = 584) to
the time of evaluation, - 11.83 ± 17.53 mL/

Fig. 2 Proportion of patients receiving concomitant antihyperglycaemic agents throughout observation period
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min/1.73 m2; P\0.0001; n = 360]. eGFR
appeared to be relatively maintained in patients
with eGFR\ 30 mL/min/1.73 m2 [mean ± SD
change from eGFR level before the start of
administration (24.57 ± 5.64 mL/min/1.73 m2,
n = 21) to the time of evaluation,
?0.30 ± 20.00 mL/min/1.73 m2; P = 0.9491;
n = 19]. However, the relative decline in eGFR
from start of administration to the time of
evaluation was similar among the age groups
(approximately 6.0–6.5% relative decrease).

Efficacy

Among patients included in the efficacy analy-
sis set, HbA1c decreased from 1 month after the
start of administration and the effect continued
throughout and after the administration period
of 36 months to the final evaluation (Fig. 7a).
For the whole population, the change in HbA1c
from baseline level (mean ± SD, 7.92 ± 1.46%;

n = 2534) to final evaluation was mean ± SD
- 0.68 ± 1.34% (P\0.0001, n = 2070).
Patients who received sitagliptin as monother-
apy showed a similar change in HbA1c from
baseline level (mean ± SD, 7.60 ± 1.43%;
n = 1003) to final evaluation (mean ± SD
change - 0.66 ± 1.27%, P\0.0001, n = 801).
Similarly, HbA1c decreased in all patients who
were stratified according to BMI and age albeit
to different degrees (Fig. 7b, c). The change in
HbA1c at the final evaluation tended to be
greater among patients with medium (18.5 to
\25.0 kg/m2) or high (C 25.0 kg/m2) BMI val-
ues compared with patients with low BMI
(\18.5 kg/m2). The changes in HbA1c from
baseline levels of 7.79 ± 1.40% (n = 1055),
8.11 ± 1.51% (n = 954) and 7.55 ± 1.15%
(n = 74) were mean ± SD - 0.69 ± 1.27%
(n = 879), - 0.72 ± 1.49% (n = 796) and
- 0.39 ± 1.13% (n = 56) for patients with
medium, high and low BMI values, respectively.

Fig. 3 Number of patients with serious and non-serious ADRs according to MedDRA SOC category. SOC system organ
class. *Serious and non-serious cases in the same SOC were counted as serious
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Table 2 Number of patients with ADRs of special interest

Overall,
n (%)

Serious,
n (%)

Type of ADR (MedDRA PT) Overall,
n (%)

Serious,
n (%)

Cardiovascular eventa 8 (0.25) 8 (0.25) Acute myocardial infarction 1 (0.03) 1 (0.03)

Angina pectoris 1 (0.03) 1 (0.03)

Unstable angina 1 (0.03) 1 (0.03)

Cerebral infarction 5 (0.15) 5 (0.15)

Malignant tumoura 8 (0.25) 8 (0.25) Acute myeloid leukaemia 1 (0.03) 1 (0.03)

Cervical cancer 1 (0.03) 1 (0.03)

Colon cancer 1 (0.03) 1 (0.03)

Gastric cancer 2 (0.06) 2 (0.06)

Pancreatic cancer 1 (0.03) 1 (0.03)

Renal cancer 1 (0.03) 1 (0.03)

Malignant lung neoplasm 1 (0.03) 1 (0.03)

Hypoglycaemiaa 17 (0.52) 2 (0.06) Hypoglycaemia 17 (0.52) 2 (0.06)

Hypoglycaemic unconsciousness 1 (0.03) 1 (0.03)

Acute renal injurya 16 (0.49) 2 (0.06) Increased blood creatinine 4 (0.12) 0 (0.00)

Microalbuminuria 1 (0.03) 0 (0.00)

Albuminuria 1 (0.03) 0 (0.00)

Renal failure 1 (0.03) 1 (0.03)

Urine protein positive 4 (0.12) 0 (0.00)

Increased urinary albumin/creatinine
ratio

1 (0.03) 0 (0.00)

Renal dysfunction 5 (0.15) 1 (0.03)

Hepatic dysfunction and jaundicea 7 (0.21) 1 (0.03) Abnormal liver function 5 (0.15) 0 (0.00)

Hepatic disorder 1 (0.03) 0 (0.00)

Drug-induced liver injury 1 (0.03) 1 (0.03)

Anaphylaxis and angioedemaa 1 (0.03) 0 (0.00) Urticaria 1 (0.03) 0 (0.00)

Ileusa 2 (0.06) 1 (0.03) Small bowel obstruction 1 (0.03) 1 (0.03)

Intestinal scar 1 (0.03) 0 (0.00)

Gastrointestinal disordera 40 (1.23) 4 (0.12) Abdominal discomfort 3 (0.09) 0 (0.00)

Abdominal distension 5 (0.15) 0 (0.00)

Abdominal mass 1 (0.03) 1 (0.03)

Abdominal pain 2 (0.06) 0 (0.00)

Constipation 15 (0.46) 0 (0.00)

Diarrhoea 1 (0.03) 0 (0.00)

Duodenal ulcer 1 (0.03) 1 (0.03)

Dysphagia 1 (0.03) 0 (0.00)

Gastric ulcer 1 (0.03) 1 (0.03)

Gastro-oesophageal reflux disease 4 (0.12) 0 (0.00)

Nausea 4 (0.12) 0 (0.00)

Pancreatic cyst 1 (0.03) 0 (0.00)

Small bowel obstruction 1 (0.03) 1 (0.03)

Stomatitis 2 (0.06) 0 (0.00)

Vomiting 3 (0.09) 0 (0.00)

Polyp of colon 1 (0.03) 0 (0.00)

Intestinal scar 1 (0.03) 0 (0.00)
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Elderly patients (age C 75 years) had lower
changes in HbA1c than patients aged 65 to
\75 years and in patients aged 15 to\65 years.
This was reflected in the lower change from
baseline level (7.49 ± 1.09%, n = 514) at final

evaluation in patients with age C 75 years
(mean ± SD change - 0.52 ± 0.89%, P\
0.0001, n = 411) than in patients aged 65 to
\75 years (baseline level 7.76 ± 1.29%,
n = 747; mean ± SD change - 0.61 ± 1.20%,

Table 2 continued

Overall,
n (%)

Serious,
n (%)

Type of ADR (MedDRA PT) Overall,
n (%)

Serious,
n (%)

Musculoskeletal and connective tissue
disordersb

4 (0.12) 0 (0.00) Backache 1 (0.03) 0 (0.00)

Inguinal pain 1 (0.03) 0 (0.00)

Osteoporosis 1 (0.03) 0 (0.00)

Stenotic tenosynovitis 1 (0.03) 0 (0.00)

Infectious diseaseb 7 (0.21) 3 (0.09) Bronchitis 1 (0.03) 0 (0.00)

Diverticulitis 1 (0.03) 1 (0.03)

Gastroenteritis 1 (0.03) 0 (0.00)

Osteomyelitis 1 (0.03) 1 (0.03)

Otitis externa 1 (0.03) 1 (0.03)

Otitis media 1 (0.03) 0 (0.00)

Periodontitis 1 (0.03) 0 (0.00)

Pneumonia 1 (0.03) 1 (0.03)

Urinary tract infection 1 (0.03) 0 (0.00)

PT Preferred Term, SOC System Organ Class (MedDRA/J version 20.0)
a Standardised MedDRA Queries (SMQs) were used in the identification and retrieval of potentially relevant reactions
b MedDRA SOC category was used in the identification and retrieval of potentially relevant reactions (excluding acute pancreatitis and bowel obstruction)

Fig. 4 Cumulative incidence of patients with ADRs over the 36-month observation period in the safety analysis set by
Kaplan–Meier method
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P\ 0.0001, n = 638) and patients aged 15 to
\65 years (baseline level 8.19 ± 1.61%,
n = 1273; mean ± SD change - 0.79 ± 1.56%,
P\ 0.0001, n = 1021). Finally, the reduction in
HbA1c was statistically significant among
patients with HbA1c levels at baseline of 7.0% to
\8.0% and C 8.0% (P\0.0001 for both;
n = 287 and n = 266, respectively) compared
with the group of patients with HbA1c levels
6.0% to \7.0% (P = 0.1034; n = 214) and
\6.0% (P = 0.0424; n = 18), in which a small
increase in HbA1c was noted.

DISCUSSION

In accordance with Japanese regulatory
requirements, this PMS evaluated the ongoing
safety and efficacy of sitagliptin treatment in
Japanese patients with T2DM in a real-world
condition. Patients enrolled in this long-term
survey were generally older, with elevated
HbA1c, reduced eGFR levels and frequent
comorbidities, particularly hypertension and
hyperlipidaemia, and can thus be considered

representative of Japanese patients with T2DM
in routine clinical practice. Despite the fact that
T2DM is a progressive disease, the proportion of
patients treated with one or more concomitant
antihyperglycaemic agents reduced substan-
tially as early as 1 month after the start of sita-
gliptin administration from 59.2% of patients at
baseline and continued to decrease throughout
the observation period to 1.9% of patients at
final evaluation. Accordingly, the potentially
confounding effects of other antihypergly-
caemic medications on these results can be
considered to be relatively limited.

The results of the safety analysis demonstrate
that sitagliptin is generally well tolerated with
routine long-term use. Overall, ADRs occurred
at a relatively low frequency in this PMS and the
overall frequency of ADRs of special interest
during the observation period (0.86% of
patients) is consistent with the results of previ-
ous clinical trials of sitagliptin in Japanese
patients, in which the frequency of serious
ADRs was typically less than 1.0%
[15, 17–19, 22, 23]. In accordance with the
known safety profile of sitagliptin,

Fig. 5 Kaplan–Meier plot of cumulative incidence of patients with cardiovascular events (high-risk population). Only
serious adverse events shown
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hypoglycaemia was the most common specific
ADR noted with long-term use. ADRs were
generally either not concentrated at a specific
time or tended to occur most frequently early in
the administration period after which the inci-
dence did not increase over time. Data in rela-
tion to cardiovascular events is also a
particularly important aspect of this long-term

survey given that Japanese patients were not
included in studies, such as the large-scale
TECOS study [28], in which sitagliptin did not
appear to increase the risk of major adverse
cardiovascular events, including hospitalization
for heart failure, compared with placebo during
median follow-up of 3 years. Using selection
criteria similar to TECOS, these long-term

Fig. 6 Change in eGFR over the administration period a overall and for populations stratified by b eGFR at baseline and
c age
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results in Japanese patients did not demonstrate
any additional concerns in relation to increased
risk of cardiovascular events. In terms of renal
function, eGFR at baseline was generally main-
tained throughout the 3-year observation per-
iod of this PMS, including in patients with
lower eGFR levels at baseline. An apparent ini-
tial decrease in eGFR was seen after the start of

sitagliptin administration and this was particu-
larly noticeable among the subgroup of patients
with higher eGFR levels at baseline. Glomerular
hyperfiltration has been commonly noted in
patients with T2DM, especially early in the
course of disease when patients most likely have
at least near-normal renal functional reserves.
The pathogenesis of glomerular hyperfiltration

Fig. 7 HbA1c over administration period for a overall efficacy analysis set and stratified by b BMI and c age
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is complex although hyperglycaemia is thought
to play a prominent role, especially in early
diabetes [29]. In terms of specific mechanisms,
the tubular theory proposes that enhanced
proximal tubular sodium/glucose reabsorption,
associated with upregulation of sodium-glucose
cotransporters and sodium/hydrogen exchan-
ger reduces afferent arteriolar resistance and the
increase in single-nephron GFR through inhi-
bition of tubuloglomerular feedback (TGF).
Although hypothetical, an initial reduction in
eGFR seen in patients overall and particularly
those with eGFR [ 90 mL/min/1.73 m2 in this
PMS may relate to redress of glomerulus
hyperfiltration associated with improvement in
hyperglycaemia and possibly direct effects of
DPP4 enzyme inhibition on TGF, which have
been proposed in the literature [29]. Overall, the
safety results of this PMS provide reassurance
that sitagliptin, when used in routine clinical
practice in Japanese patients, concurs with
expectations and raises no additional safety
concerns.

In terms of efficacy, results from this PMS are
also generally consistent with results noted in
previous clinical trials and in longer-term obser-
vational studies. In a number of comparative
clinical trials conducted in Japan, sitagliptin
administered at standard doses led to reductions
in HbA1c of approximately 0.7–0.9% compared
with placebo when added to diet and exercise
either alone or in combinationwith other agents
(e.g. insulin monotherapy, pioglitazone, glime-
piride) [19, 21, 22]. Of greater relevance, reduc-
tions in HbA1c in this PMS are similar to those
noted in longer-term observational studies. For
example, in anopen-label, observational studyof
164 outpatients with T2DM, HbA1c reduced by
0.8% at 3 months and 6 months [30]. In the
previously mentioned retrospective, cohort
study of 3427 outpatients, addition of sitagliptin
to diet and exercise, oral hypoglycaemic agents
and/or insulin therapy led to reductions in
HbA1c of approximately 0.7% at 6 months [25].
This result is highly consistent with that of the
overall population in the present PMS, in which
HbA1c reduced by 0.68% over 36 months. As
noted previously, it is worthwhile noting that
these positive results were obtained despite sita-
gliptin being used as antihyperglycaemic

monotherapy in the majority of patients from
1 month after the start of administration
onwards. From another perspective, sitagliptin
was able to maintain glycaemic control while
greatly reducing the number of concomitant
medications in this population.

Limitations of this non-interventional,
observational PMS include the lack of an inde-
pendent control group of non-sitagliptin-trea-
ted patients and inclusion of a relatively small
number of parameters compared with those
utilized in clinical studies and some observa-
tional studies. On the other hand, the study
population in this PMS was large and also
reflects that seen in clinical practice with a rel-
ative lack of selection bias compared with other
trial types. A specific limitation of this PMS
relates to the small number of patients with low
eGFR values (\30 mL/min/1.73 m2) or low BMI
(\18.5 mg/kg2), in which these results should
be interpreted more cautiously.

CONCLUSION

Results of this long-term and large-scale PMS
indicate that sitagliptin usage patterns as well as
expected safety and efficacy are similar between
real-world treatment conditions and those
associated with previous clinical trials and
observational studies. Further, sitagliptin was
able to maintain effective glycaemic control
while reducing the number of concomitant
medications in association with a low frequency
of drug-related adverse reactions. In particular,
concerns related to potential risks associated
with long-term use, such as pancreatitis, car-
diovascular events and decreased renal func-
tion, did not emerge, which demonstrates the
safety and tolerability of long-term use of sita-
gliptin in Japanese patients with T2DM.
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