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ABSTRACT

Introduction: Teneligliptin/canagliflozin com-
bination tablets, which combine a dipeptidyl
peptidase-4 (DPP-4) inhibitor (teneligliptin) and
a sodium-glucose cotransporter 2 (SGLT2)
inhibitor (canagliflozin), are a treatment option
for type 2 diabetes mellitus (T2DM) in Japan.
This post-marketing surveillance evaluated the
real-world safety and effectiveness of tene-
ligliptin/canagliflozin combination tablets, and
changes in self-reported adherence to oral
antihyperglycaemic agents.

Methods: Japanese patients with T2DM who
were prescribed the combination tablets for the
first time between December 2017 and June
2018 were registered and followed up for
12 months. Safety and effectiveness were asses-
sed in terms of adverse drug reactions (ADRs)
and the changes in haemoglobin A1c (HbA1c)
and body weight from baseline to 12 months
with the last observation carried forward,
respectively. Adherence was assessed using the
Morisky Medication Adherence Scale 8.
Results: Overall, 821 patients were eligible for
the analyses, including 733 who were prescribed
the combination tablets for 12 months. ADRs
and serious ADRs were reported in 4.38% and
0.85% of patients, respectively. Gastrointestinal
disorders (0.97%) were the most common class
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of ADRs. No new safety concerns were identified
beyond those described in the Japanese package
insert. The changes in HbA1c and body weight
from baseline to 12 months were - 0.43 ±

0.93% and - 1.29 ± 5.57 kg, respectively. The
reductions in HbA1c at 12 months tended to be
greater among patients who switched from
either DPP-4 inhibitors (- 0.71 ± 0.89%) or
SGLT2 inhibitors (- 0.51 ± 1.00%) relative to
patients who switched from both (- 0.22 ±

0.88%). The decrease in body weight was
greatest among patients who switched from
DPP-4 inhibitors. An improvement in self-re-
ported adherence to oral antihyperglycaemic
agents occurred after switching to the combi-
nation tablets.
Conclusion: Teneligliptin/canagliflozin combi-
nation tablets were effective and associated with
an improvement in adherence without new
safety concerns in Japanese patients with T2DM
in real-world clinical practice.
Trial Registration: JapicCTI-173778.

PLAIN LANGUAGE SUMMARY

Teneligliptin/canagliflozin combination tablets
are used as an option for the treatment of type 2
diabetes mellitus in Japan. We performed this
surveillance to obtain data on the frequency of
side effects (adverse drug reactions) and effec-
tiveness (in terms of changes in haemoglobin
A1c and body weight) in Japanese patients
treated with teneligliptin/canagliflozin combi-
nation tablets in real-world clinical practice. We
also asked patients to evaluate their adherence
to oral antihyperglycaemic agents as part of
their prescribed therapies. We collected data for
up to 12 months. We detected no new safety
concerns, other than those already described in
the Japanese package insert for the combination
tablets. In terms of effectiveness, we observed
improvements in both haemoglobin A1c and
body weight over 12 months of treatment. Fur-
thermore, self-reported adherence to oral anti-
hyperglycaemic agents improved after
treatment with the combination tablets.

Keywords: Adherence; Canagliflozin; Combi-
nation tablets; Japan; Post-marketing surveil-
lance; Real-world; Teneligliptin; Type 2 diabetes

Key Summary Points

Why carry out this study?

Teneligliptin/canagliflozin combination
tablets were recently approved in Japan
for the treatment of type 2 diabetes
mellitus (T2DM), but there are limited
data regarding the safety and effectiveness
of these combination tablets when
prescribed in real-world settings.

We performed this post-marketing
surveillance to obtain information
regarding the real-world safety,
effectiveness, and adherence among
Japanese patients with T2DM who
switched to these combination tablets.

What was learned from the study?

There were no new safety concerns for the
teneligliptin/canagliflozin combination
tablets, other than those already described
in the Japanese package insert. Switching
to the combination tablets was associated
with improvements in HbA1c, body
weight, and adherence to the prescribed
antihyperglycaemic therapies.

INTRODUCTION

The initial treatment of type 2 diabetes mellitus
(T2DM) involves diet and exercise therapies;
however, patients with inadequate glycaemic
control require antihyperglycaemic agents. The
individual patient’s condition, complications,
mechanisms of action of the agents and other
factors are considered when choosing the anti-
hyperglycaemic agent [1, 2]. If blood glucose
levels cannot be sufficiently controlled with one
oral antihyperglycaemic agent, a combination
of drugs with different mechanisms of action is
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necessary. However, the resulting pill burden in
patients taking multiple drugs may impact their
treatment adherence and may contribute to
their inability to maintain glycaemic control
[3]. Fixed-dose combination tablets, which
comprise two antihyperglycaemic agents, pro-
vide a simplified treatment regimen and may
improve medication adherence [4–6].

Dipeptidyl peptidase-4 (DPP-4) and sodium-
glucose cotransporter 2 (SGLT2) inhibitors are
two classes of drugs for T2DM. DPP-4 inhibitors,
such as teneligliptin, are widely used in Japan. It
was estimated that DPP-4 inhibitors were pre-
scribed to about 57% of patients with T2DM in
Japan in 2019 [7]. This high use of DPP-4
inhibitors is at least partly related to the
metabolic/genetic characteristics of Asian
patients, which include impaired b-cell func-
tion without marked insulin resistance [8, 9].
SGLT2 inhibitors such as canagliflozin have
been marketed for several years. They lower
glucose levels and exert pleiotropic effects,
including weight loss, reduction in blood pres-
sure, improvement in liver function, and
cardioprotective and renoprotective effects
[10, 11].

Because DPP-4 inhibitors and SGLT2 inhibi-
tors lower blood glucose levels via independent
mechanisms, they are well suited for adminis-
tration in combination [12–14]. Indeed, several
clinical trials have demonstrated the efficacy
and safety of co-administering canagliflozin and
teneligliptin as separate tablets [15–17]. Impor-
tantly, no pharmacokinetic interactions were
observed when administering both drugs as
separate tablets [18]. Thus, combination tablets
comprising 20 mg teneligliptin and 100 mg
canagliflozin (CANALIA� Combination Tablets;
Mitsubishi Tanabe Pharmaceutical Corpora-
tion/Daiichi Sankyo Company, Ltd.; hereafter,
the combination tablets) were developed and
approved in Japan in 2017. The combination
tablets are expected to provide a treatment
option for T2DM with a lower pill burden
compared with the individual drugs, and
improve glycaemic control and adherence.

In real-world clinical practice, the combi-
nation tablets are likely to be administered to
T2DM patients across a diverse range of back-
ground characteristics. However, the clinical

trials of combined teneligliptin and canagli-
flozin therapy enrolled relatively small num-
bers of patients with narrow eligibility criteria.
Furthermore, the trials did not evaluate the
effects of switching to the combination tablets
on adherence to oral antihyperglycaemic
agents because they did not use the combina-
tion tablets; instead, patients took teneligliptin
and canagliflozin as separate tablets. In con-
sideration of these factors, this Japanese post-
marketing surveillance (PMS) was designed to
evaluate the safety and effectiveness of the
combination tablets prescribed in real-world
clinical practice, across a broader patient pop-
ulation than was eligible for clinical trials, with
a follow-up of up to 12 months. In addition,
we investigated the effects of switching to the
combination tablets on self-reported adherence
to oral antihyperglycaemic agents.

METHODS

Ethics

This PMS was approved by the Ministry of
Health, Labour and Welfare of Japan and was
conducted by Mitsubishi Tanabe Pharma Cor-
poration in compliance with Good Post-Mar-
keting Study Practice in Japan, which does not
require the collection of informed consent or
ethical approval from participating institutions.
All patients who participated in this PMS pro-
vided written informed consent. All data were
collected anonymously. The PMS was registered
on Japic Clinical Trials Information (JapicCTI-
173778).

Patients and Treatments

Patients who were prescribed the combination
tablets for the first time between December
2017 and June 2018 were to be registered and
observed for up to 12 months in real-world
clinical practice, with a follow-up period of
December 2017 to December 2019. The regis-
tration and follow-up of patients in the PMS
were conducted at the discretion of the physi-
cians at 197 institutions in Japan.
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The combination tabletswere to be prescribed
to patients who were deemed candidates for
treatment with teneligliptin and canagliflozin in
accordancewith the Japanesepackage insert [19],
usually once daily before or after breakfast. The
combination tablets could be administered
together with other antihyperglycaemic agents.
The dose of the combination tablets could not be
adjusted due to the formulation (20 mg tene-
ligliptin/100 mg canagliflozin), but the admin-
istration of other antihyperglycaemic agents
could be adjusted by the physician at any time, in
accordance with their approved labels. All treat-
ment decisions, including the prescription of the
combination tablets and concomitant agents,
and lifestyle modifications, were at the physi-
cian’s discretion.

Data Collection

Electronic case report forms were used to col-
lect patient data at 3 months (including base-
line data/patient characteristics and data at
1 month), 6 months and 12 months after
starting the combination tablets and at the
time of discontinuation. The data included
patient characteristics, treatment status,
adverse events (AEs), haemoglobin A1c
(HbA1c), body weight, blood pressure, labora-
tory tests (e.g. aspartate aminotransferase,
alanine aminotransferase, c-glutamyl
transpeptidase, and serum creatinine), and self-
reported adherence to oral antihyperglycaemic
agents [Morisky Medication Adherence Scale 8
(MMAS-8)] [20–23]. The estimated glomerular
filtration rate (eGFR) was retrieved from medi-
cal records or calculated using serum creatinine
levels, age and sex [24]. All AEs were recorded
by the physicians by referring to their patients’
reports, medical records, interviews, and labo-
ratory test data.

Data Analysis

Safety was evaluated in terms of adverse drug
reactions (ADRs). ADRs were defined as AEs for
which a causal relationship with the combi-
nation tablets could not be ruled out, i.e.

related or unknown. Furthermore, ADRs or
AEs that have previously been associated with
the use of DPP-4 inhibitors or SGLT2 inhibi-
tors [19, 25–28] were defined and evaluated as
ADRs or AEs of special interest, as follows:
hypoglycaemia-related ADRs, genital infec-
tions, urinary tract infections, ADRs associated
with polyuria or pollakiuria, ADRs associated
with volume depletion (thrombosis/embolism,
including dehydration and cerebral infarc-
tion), ADRs associated with ketone body
increased, ADRs associated with lower limb
amputation (including venous thromboem-
bolism), renal disorders, hepatic disorders,
gastrointestinal disorders (including intestinal
obstruction and pancreatitis acute), skin and
subcutaneous tissue disorders (including pem-
phigoid), fracture, ADRs associated with body
weight decreased, QT prolongation, and
interstitial pneumonia. Malignant tumours
that were reported as AEs were denoted as AEs
of special interest. All AEs and ADRs were
classified according to Medical Dictionary for
Regulatory Activities/Japanese edition (Med-
DRA/J) version 22.1.

The effectiveness of the combination tablets
was evaluated in terms of HbA1c and body
weight, including changes from baseline to
each visit for patients with available data, and
from baseline to 12 months, with missing data
imputed using the last observation carried for-
ward (LOCF) method.

Self-reported adherence to multiple medi-
cations was evaluated using Morisky Widget
MMAS-8� Software comprising the MMAS-8
[20–23]. This is an eight-item questionnaire
where items 1–7 are recorded as yes/no
responses and item 8 is recorded on a five-
point scale. The maximum score is 8 points,
and adherence is classified into three cate-
gories: low (\6 points), medium (C 6 to\8
points) or high (= 8 points). The change in
adherence score from baseline to 12 months
with LOCF was classified as worsened (the
adherence score decreased by at least one cat-
egory), no change (no change in the adherence
score category) or improved (adherence score
increased by at least one category).

The safety analysis set (comprising case
report forms collected from patients in whom
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safety was assessed, excluding those with a
contract violation, enrolment violation, dupli-
cate cases, unevaluated AEs, or administration
of the combination tablets was not confirmed)
was used for analyses of patient demographics,
AEs, ADRs and laboratory test data. The effec-
tiveness analysis set (excluding patients in
whom effectiveness outcomes were not evalu-
ated or patients administering the combination
tablets for unapproved purposes) was used for
analyses of HbA1c, body weight and adherence
to oral antihyperglycaemic agents. Data were
analysed descriptively as the mean ± standard
deviation or number and percentage of
patients, as appropriate. The statistical tests
were conducted for reference purposes. Paired
t tests were used to evaluate the changes in
HbA1c, body weight, laboratory test data,
blood pressure and eGFR from baseline to
12 months. Missing data were inserted using
the LOCF method. The Wilcoxon signed-rank
test was used to compare the changes in
adherence categories between baseline and
12 months with LOCF. SAS v.9.4 (TS1M2; SAS
Institute, Cary, NC, USA) was used for all
analyses.

RESULTS

Patients

Among the 847 patients initially registered, 821
were included in the safety analysis set and 808
in the effectiveness analysis set (Fig. 1). Overall,
733 of 821 patients were prescribed the combi-
nation tablets for C 12 months. The observation
was discontinued in 89 patients for various
reasons, including an AE/ADR (n = 19), the
patient stopped visiting the clinic (n = 19), the
patient transferred to another clinic (n = 16),
the patient’s decision (n = 11), ineffective/in-
sufficient effect (n = 10), recovered/improved
symptoms (n = 7), or other reasons (n = 11);
multiple reasons were possible.

Among 821 eligible patients, 66.6% were
male and 33.4% were female, and the mean age,
duration of T2DM, body mass index (BMI) and
eGFR prior to starting the combination tablets
were 61.8 years, 9.83 years, 26.82 kg/m2 and
75.86 mL/min/1.73 m2, respectively (Table 1).
Comorbidities included diabetic complications
in up to 20.3% of patients, hypertension in
56.2% and dyslipidaemia in 49.3% (Table 1).

Fig. 1 Patient disposition. *Multiple reasons may apply

1646 Adv Ther (2022) 39:1642–1658



Adherence to oral antihyperglycaemic agents
before starting the combination tablets was
classified as low in 22.5%, medium in 30.3%,
and high in 25.0% of patients.

The prior medications including DPP-4
inhibitors, SGLT2 inhibitors, and other con-
comitant antihyperglycaemic agents are sum-
marised in Table S1 (Supplementary Material).
DPP-4 inhibitors, SGLT2 inhibitors, or both
were used in 29.7%, 16.7%, and 44.3% of
patients, respectively, before starting the com-
bination tablets. Biguanides were the most
commonly prescribed concomitant antihyper-
glycaemic agents during the surveillance
period, followed by sulfonylureas. In patients
previously treated with both DPP-4 inhibitors
and SGLT2 inhibitors, the prior treatment was
switched to the combination tablets ‘to improve
adherence’, ‘to reduce drug costs’ and ‘to reduce
the number of drugs taken’ in[50% of patients
(Fig. 2). Among patients who were previously
treated with DPP-4 inhibitors or SGLT2 inhibi-
tors, the prior therapy was switched to the
combination tablets ‘to improve glycaemic
control’ in C 80% of patients. For one-fourth or
one-fifth of patients who switched from DPP-4
inhibitors or SGLT2 inhibitors, the purpose of
switching to the combination tablets was ‘to
improve adherence’ or ‘to reduce the number of
drugs taken’.

Table S2 (Supplementary Material) presents
the patient characteristics according to prior use
of DPP-4 inhibitors and/or SGLT2 inhibitors.
Among these patients, the subgroup of patients
who switched from SGLT2 inhibitors had the
highest percentage of patients aged\65 years
and the highest mean BMI.

Table 1 Patient characteristics

Variable Overall patients (n5 821)

Sex

Male 547 (66.6)

Female 274 (33.4)

Age (years)

Mean ± SD (n) 61.8 ± 12.0 (821)

\65 453 (55.2)

C 65 to\75 249 (30.3)

C 75 119 (14.5)

Body weight (kg)

Mean ± SD (n) 71.77 ± 15.71 (712)

BMI (kg/m2)

Mean ± SD (n) 26.82 ± 4.83 (656)

Duration of T2DM (years)

Mean ± SD (n) 9.83 ± 7.96 (680)

Diabetic complications

Diabetic neuropathy 81 (9.9)

Diabetic nephropathy 167 (20.3)

Diabetic retinopathy 90 (11.0)

Comorbidities

Hypertension 461 (56.2)

Dyslipidaemia 405 (49.3)

eGFR (mL/min/1.73 m2)

Mean ± SD (n) 75.86 ± 21.81 (537)

HbA1c (%)

Mean ± SD (n) 7.68 ± 1.15 (811)

FBG (mg/dL)

Mean ± SD (n) 148.5 ± 45.9 (506)

Adherence (MMAS-8) scorea

Low (\6) 185 (22.5)

Medium (C 6 to\8) 249 (30.3)

High (8) 205 (25.0)

Missing 182 (22.2)

Table 1 continued

Values are n (%) unless otherwise specified
SD standard deviation, BMI body mass index, T2DM type
2 diabetes mellitus, eGFR estimated glomerular filtration
rate, HbA1c haemoglobin A1c, FBG fasting blood glucose,
MMAS-8 Morisky Medication Adherence Scale 8
aAdherence to antihyperglycaemic agents prior to starting
the combination tablets
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Safety

Among 821 patients prescribed the combina-
tion tablets, 36 (4.38%) experienced a total of
46 ADRs, which included eight serious ADRs

in seven patients (0.85%) (Table 2). There
were no clear differences in the incidences of
ADRs and serious ADRs among patients who
switched from DPP-4 inhibitors, SGLT2 inhi-
bitors, or both (Table 2). The most common
ADR was constipation, which occurred in four
patients (0.49%), followed by blood creatinine
decreased in three patients (0.37%) and hep-
atic function abnormal, renal impairment and
blood pressure decreased in two patients
(0.24%) each (Table S3 in the Supplementary
Material). Serious ADRs were hypoglycaemia,
decreased appetite, lacunar infarction, cardiac
failure congestive, diverticulum intestinal
haemorrhagic, vomiting, pemphigus, and
patella fracture in one patient each. The out-
comes of the 46 ADRs were classified as
recovered in 26 (56.52%), recovering in 12
(26.09%), not recovered in 6 (13.04%) and
unknown/not recorded in 2 (4.35%); no
deaths or sequelae were reported. There were
no unresolved serious ADRs.

Fig. 2 Reasons for switching to the combination tablets in
overall patients and in patients who switched from DPP-4
inhibitors and/or SGLT2 inhibitors. DPP-4 dipeptidyl

peptidase-4, n number of patients, SGLT2 sodium-glucose
cotransporter 2

Table 2 Overall incidence of ADRs

Group ADRs Serious
ADRs

Overall patients (n = 821) 36 (4.38) 7 (0.85)

Prior antihyperglycaemic agents

DPP-4 inhibitors ? SGLT2

inhibitors (n = 364)

16 (4.40) 4 (1.10)

DPP-4 inhibitors (n = 244) 13 (5.33) 1 (0.41)

SGLT2 inhibitors (n = 137) 5 (3.65) 2 (1.46)

Values are n (%)
ADR adverse drug reaction, DPP-4 dipeptidyl peptidase-4,
SGLT2 sodium-glucose cotransporter 2
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The ADRs and AEs of special interest are lis-
ted in Table 3. The most common ADRs of
special interest were gastrointestinal disorders
(n = 8), such as constipation, followed by renal
impairment (n = 6) and skin and subcutaneous

tissue disorders (n = 5). For patients who swit-
ched from DPP-4 inhibitors, SGLT2 inhibitors,
or both, the numbers of patients with these
ADRs were as follows: gastrointestinal disorders
(n = 1, 2, and 5, respectively), renal impairment
(n = 3, 0, and 3, respectively), and skin and
subcutaneous tissue disorders (n = 2, 1, and 1,
respectively). The gastrointestinal disorders
were constipation (n = 1) among patients who
switched from DPP-4 inhibitors, and constipa-
tion and bowel movement irregularity (n = 1,
each) among patients who switched from
SGLT2 inhibitors; and constipation (n = 2),
diverticulum intestinal haemorrhagic, vomit-
ing, and diarrhoea (n = 1, each) among patients
who switched from both DPP-4 inhibitors and
SGLT2 inhibitors.

The changes in blood pressure and labora-
tory test data from baseline to 12 months in the
overall population and according to the prior
use of DPP-4 inhibitors and/or SGLT2 inhibitors
are presented in Table S4 (Supplementary
Material). The reductions in mean values of
systolic and diastolic blood pressures, aspartate
aminotransferase and alanine aminotransferase
were numerically greater in patients who swit-
ched from DPP-4 inhibitors than in the other
groups of patients, except for alanine amino-
transferase at 12 months with LOCF.

Effectiveness

In the overall population, the mean HbA1c
decreased over time from baseline. The mean
change from baseline was - 0.43% at
12 months with LOCF (Fig. 3a). The reductions
in the mean HbA1c from baseline were main-
tained through to 12 months in patients who
switched from DPP-4 inhibitors (- 0.71% at
12 months with LOCF), SGLT2 inhibitors
(- 0.51%), or both (- 0.22%) (Fig. 3b), with a
numerically greater reduction in patients who
switched from DPP-4 inhibitors or SGLT2
inhibitors. The changes in HbA1c among
patients who switched to the combination
tablets from teneligliptin, canagliflozin, or both
as separate tablets are shown in Fig. S1 (Sup-
plementary Material); the results were consis-
tent with those observed by drug class.

Table 3 Incidence of ADRs and AEs of special interest

ADRs and AEs of special interest Patients
(%)

Cases

ADRs

Hypoglycaemia-related 2 (0.24) 2

Genital infections 1 (0.12) 1

Urinary tract infections 0 0

Associated with polyuria or

pollakiuria

2 (0.24) 2

Associated with volume depletion 4 (0.49) 5

Associated with ketone body

increased

0 0

Associated with lower limb

amputation

0 0

Venous thromboembolism 0 0

Renal disorders 6 (0.73) 6

Hepatic disorders 3 (0.37) 3

Gastrointestinal disorders 8 (0.97) 8

Intestinal obstruction 0 0

Pancreatitis acute 0 0

Skin and subcutaneous tissue

disorders

5 (0.61) 6

Pemphigoid 0 0

Fracture 1 (0.12) 1

ADRs associated with body weight

decreased

1 (0.12) 1

QT prolongation 0 0

Interstitial pneumonia 0 0

AEs

Malignant tumours 4 (0.49) 4

Values are n (%) of patients or number of cases
ADR adverse drug reaction, AE adverse event
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In the overall population, the mean body
weight decreased from baseline by - 1.29 kg at
12 months with LOCF (Fig. S2a in the Supple-
mentary Material). The mean changes from
baseline to 12 months with LOCF
were - 1.91, - 1.38, and - 0.98 kg in patients
who switched from DPP-4 inhibitors, SGLT2
inhibitors, and both, respectively (Fig. S2b in
the Supplementary Material). Changes in body
weight after switching to the combination
tablets from teneligliptin, canagliflozin, or both
as separate tablets (Fig. S2c in the Supplemen-
tary Material) were consistent with those
observed by drug class.

Self-Reported Adherence

We investigated the changes in self-reported
adherence measured using the MMAS-8.
Table S5 (Supplementary Material) shows the
characteristics of patients with low (MMAS-8
score\6), medium (C 6 to\8) and high (8)
adherence at baseline. Patients with low adher-
ence tended to be younger and to have higher
HbA1c relative to patients with medium or high
adherence.

Adherence at 12 months with LOCF
showed trends towards an improvement
(Fig. 4a), with an improvement by at least one
category in 47.8% of patients with low
adherence and 32.8% of patients with medium
adherence at baseline. Among patients with
high adherence at baseline, adherence was
maintained for 74.0% and worsened in 24.5%.
Improvements in adherence were also
observed in patients who switched from both
DPP-4 inhibitors and SGLT2 inhibitors to the
combination tablets (Fig. 4b). We further
explored the changes in adherence among
patients who switched from DPP-4 inhibitors
(Fig. 4c) or SGLT2 inhibitors (Fig. 4d) to the
combination tablets. As illustrated in these
figures, adherence also improved among
patients who switched from DPP-4 inhibitors
or SGLT2 inhibitors.

Consistent trends were seen in patients who
switched from teneligliptin, canagliflozin, or
both as separate tablets to the combination
tablets (Fig. S3 in the Supplementary Material),

with improvements among patients divided
according to their baseline adherence.

DISCUSSION

This PMS was conducted to evaluate the safety,
effectiveness, and adherence among Japanese
patients who switched to teneligliptin/cana-
gliflozin combination tablets in real-world
clinical practice. We detected no new safety
concerns other than those already included in
the Japanese package insert for the combination
tablets. Improvements in glycaemic control and
self-reported adherence were seen in patients
who started the combination tablets. The results
of this PMS indicate that the combination
tablets may be a useful option for the treatment
of T2DM.

In addition to hypoglycaemia, which is a
common ADR for antihyperglycaemic agents,
there are several ADRs requiring special atten-
tion when prescribing teneligliptin or canagli-
flozin: for teneligliptin, these include
gastrointestinal disorders (e.g. constipation),
pemphigoid, and acute pancreatitis, etc.; and
for canagliflozin, these include volume deple-
tion, polyuria and pollakiuria, genital infec-
tions, urinary tract infections, and ketoacidosis,
etc [15–17, 19, 27–36]. Most of the ADRs
reported in this PMS were already listed in the
Japanese package insert [19]. Several ADRs (hy-
perlipidaemia, dysgeusia, cardiac failure con-
gestive, back pain, neck pain, and chest pain)
that had not been reported in prior studies
occurred in one patient each in this PMS. So far,
we have not been able to identify a clear asso-
ciation between these ADRs and the combina-
tion tablets. Therefore, we consider that the
results of this PMS have not identified any new
safety concerns beyond the ADRs already listed
in the Japanese package insert for this product
[19]. Nevertheless, because several known ADRs
were reported in this PMS, the prescribing
physician should pay attention to the occur-
rence of these ADRs by carefully monitoring the
patient’s condition, while considering the
Japanese package insert [19] and recommenda-
tions regarding the proper use of DPP-4 inhibi-
tors and SGLT2 inhibitors [37–40].
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In patients who previously used either DPP-4
inhibitors or SGLT2 inhibitors, HbA1c
decreased over the 12-month period after
switching to the combination tablets. These
results may reflect the glucose-lowering effect of
adding a new component as the combination
tablets. In addition, the magnitudes of the

bFig. 3 Changes in HbA1c over time in overall patients
(a) and in patients who switched from DPP-4 inhibitors
and/or SGLT2 inhibitors (b). Values are mean ± standard
deviation. DPP-4 dipeptidyl peptidase-4, HbA1c haemo-
globin A1c, LOCF last observation carried forward, mo
months, n number of patients, SGLT2 sodium-glucose
cotransporter 2

Fig. 4 Transition in the MMAS-8 adherence score
according to the baseline score in overall patients (a) and
in patients who switched from both DPP-4 inhibitors and
SGLT2 inhibitors (b), DPP-4 inhibitors (c), or SGLT2
inhibitors (d). The numbers of patients are given in
parentheses. Worsened: the adherence score decreased by

at least one category from baseline; unchanged: no change
in the adherence score from baseline; improved: the
adherence score increased by at least one category from
baseline. LOCF last observation carried forward, MMAS-8
Morisky Medication Adherence Scale 8
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decreases in body weight, blood pressure, and
hepatic enzymes were greater in patients who
switched from DPP-4 inhibitors to the combi-
nation tablets relative to the changes in patients
who switched from SGLT2 inhibitors, or from
both SGLT2 inhibitors and DPP-4 inhibitors. It
has been reported that SGLT2 inhibitors have
multifaceted effects, including weight loss,
reduction in blood pressure and hepatoprotec-
tive effects, beyond their established glucose-
lowering effects [10, 11]. Therefore, the changes
seen in patients who switched to the combina-
tion tablets from DPP-4 inhibitors were likely
due to the effect of adding canagliflozin (as part
of the combination tablets) to their treatment
regimen.

Self-reported adherence was also evaluated in
this PMS. At baseline, the proportion of patients
aged\65 years and the mean HbA1c level were
numerically greater among patients with low
adherence compared with patients with med-
ium or high adherence. In earlier studies,
adherence was lower in patients aged B 54 years
[41] or\65 years old [42] than in the corre-
sponding subgroups of older patients. Further-
more, HbA1c levels are generally higher in
patients with low adherence [43, 44]. Support-
ing those earlier studies, we found that low
adherence is associated with younger age and
worse glycaemic control. Regarding the associ-
ation between adherence and age, in particular,
it is possible that working outside may be asso-
ciated with a higher frequency of missed doses
in younger patients, and that greater adherence
in older patients may be driven by the support
from family members or caregivers [45].

Combination tablets with multiple active
ingredients can improve adherence by virtue of
reducing the number of drugs taken at the same
time [4–6]. Results of this PMS indicate that
adherence improved in patients who switched
from both DPP-4 inhibitors and SGLT2 inhibi-
tors to the combination tablets. Unexpectedly,
the improvement in adherence in patients who
switched from either DPP-4 inhibitors or SGLT2
inhibitors was comparable with that in patients
who switched from both DPP-4 inhibitors and
SGLT2 inhibitors. Changes in the number of
concomitant agents or the frequency of
administration, either when starting the

combination tablets or during the observation
period, may have influenced patient adherence.
In fact, some patients discontinued another
concomitant agent or required a lower daily
dosing frequency after switching from twice-
daily DPP-4 inhibitors. Other possible reasons
could be the improvement in glycaemic control
after switching from DPP-4 inhibitors or from
SGLT2 inhibitors to the combination tablets, or
a decrease in body weight attributable to cana-
gliflozin in patients who switched from DPP-4
inhibitors to the combination tablets; these
factors may have contributed to greater patient
awareness of diabetes treatment [46, 47]. As a
factor unique to this PMS, it is also feasible that
periodic interviews on adherence may have
increased the physician–patient communica-
tion, which may have helped motivate the
patients to adhere to their medications [48, 49].
Thus, the improvement in adherence was likely
due to multiple factors, not just to a reduction
in the number of medications taken.

Trends for improvements in HbA1c and body
weight were found in patients who switched
from concomitant use of both DPP-4 inhibitors
and SGLT2 inhibitors. These phenomena
can not be explained by the addition of a new
component as part of the combination tablets.
Instead, we suspect that the improvement in
adherence observed in these patients may con-
tribute to these findings, as explained in the
paragraph above. Thus, switching to the com-
bination tablets may provide additional benefits
to patients in terms of the therapeutic effect,
not just greater convenience.

We must also consider a possible association
between adherence and the occurrence of ADRs.
Although these relationships could not be
evaluated due to the limited number of patients
who experienced ADRs in this PMS, we cannot
exclude the possibility that greater drug expo-
sure due to improved adherence increases the
likelihood of ADRs. Moreover, it has been
reported that the occurrence of ADRs may
decrease adherence [50]. Therefore, these pos-
sibilities should be considered when prescribing
the combination tablets.

There are several limitations of this PMS that
should be acknowledged. Particular limitations
were the absence of a control group, missing
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data, and differences in the numbers of patients
in the subgroup analyses by prior therapy/ad-
herence. We cannot exclude the possibilities
that there were unreported ADRs/serious ADRs,
changes in concomitant therapies, lifestyle
modifications and changes in family or social
support during the observation period. These
factors may introduce some bias and should be
considered when interpreting the results. Clin-
ically unreasonable values were entered for
some patients, which may skew some results.
Furthermore, we cannot exclude the possibility
that the changes in some parameters were
related to the previous medications, including
the duration of prior therapy before starting the
combination tablets. In addition, MMAS-8,
which was used in this PMS, is not an objective
assessment of adherence because it does not
count the remaining number of tablets. Fur-
thermore, the MMAS-8 assesses adherence to
antihyperglycaemic agents; the individual items
are not specific to the teneligliptin/canagliflozin
combination tablets. It is possible that different
results would have been obtained if we had used
alternative questionnaires to evaluate adher-
ence or if the number of prescriptions/pills dis-
pensed had been counted.

In conclusion, teneligliptin/canagliflozin
combination tablets were effective and associated
with an improvement in self-reported adherence
to the prescribed antihyperglycaemic agents,
without new safety concerns in Japanese patients
with T2DM in real-world clinical practice.
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