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ABSTRACT

Introduction: Teneligliptin, a dipeptidyl pepti-
dase 4 inhibitor, was approved for the treatment
of type 2 diabetes mellitus (T2DM) in Japan in
2012. However, clinical trials of teneligliptin
involved limited numbers of elderly patients.
Therefore, we investigated the safety and effi-
cacy of teneligliptin in elderly patients with
T2DM.

Methods: This 3-year follow-up RUBY surveil-
lance registered patients with T2DMwho started
treatment with teneligliptin between May 2013
and February 2015 in Japan. Collected data
included demographics, treatments, adverse
drug reactions (ADRs), and laboratory variables.
Data were analysed for patients in three age
subgroups (\ 65,C 65 to\ 75, orC 75 years old).
Safety was assessed as the incidence of ADRs and
efficacy was assessed in terms of glycaemic con-
trol, for up to 3 years.
Results: The ADRs and serious ADRs occurred
in 3.35% and 0.65% of 4596 patients aged
\65 years, in 4.42% and 1.22% of 3371
patients aged C 65 to\75 years, and in 3.99%
and 1.69% of 2729 patients aged C 75 years.
The most common ADRs in patients aged C 65
to\75 years and C 75 years were gastrointesti-
nal disorders, but the incidence of these ADRs
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did not show an age-dependent increase.
Hypoglycaemia occurred in 0.24%, 0.56%, and
0.29% of patients in each age subgroup,
respectively. The least-squares mean changes in
glycosylated haemoglobin (HbA1c) adjusted for
baseline were - 0.66 ± 0.02% (n = 2177),
- 0.72 0.02% (n = 1689), and - 0.77 ± 0.03%
(n = 1161) at 3 years.
Conclusion: There was no clear difference in
the number of ADRs among the three age sub-
groups, although the incidence of serious ADRs
was higher in elderly patients than in patients
aged\ 65 years. We found no additional safety
or efficacy concerns among elderly patients
beyond those already described in the package
insert. The present results support the use of
teneligliptin in elderly patients with T2DM in
real-world clinical practice.
Trial Registration: Japic Clinical Trials Infor-
mation identifier, Japic CTI-153047.

PLAIN LANGUAGE SUMMARY

Teneligliptin is an oral drug taken once daily to
manage blood glucose levels in people with
type 2 diabetes. A number of studies of tene-
ligliptin have investigated its safety and effi-
cacy, but these studies included limited
numbers of elderly people, aged 75 years or
older. Following the approval of teneligliptin in
Japan, post-marketing surveillance was started
to monitor its safety and efficacy when pre-
scribed by doctors to people in actual clinical
practice. We analysed data from the surveil-
lance to check if the safety and efficacy of
teneligliptin differ in younger and older people
separately. We found that there was no clear
difference in the number of adverse drug reac-
tions among three age subgroups: \65 years,
C 65 to\75 years, or C 75 years, although the
incidence of serious adverse drug reactions was
higher in elderly patients than in patients aged
\65 years. Treatment with teneligliptin also
lowered blood glucose levels in all three age
subgroups, and the changes were maintained
for up to 3 years in many individuals in each age
subgroup. We found no additional safety or
efficacy concerns among elderly patients
beyond those already described in the package

insert. The present results support the use of
teneligliptin for the treatment of elderly
patients with type 2 diabetes mellitus in real-
world clinical practice.

Keywords: Diabetes; Dipeptidyl peptidase 4
inhibitor; Elderly patients; Post-marketing
surveillance; Real-world; Teneligliptin; Type 2
diabetes mellitus

Key Summary Points

Why carry out this study?

The number of elderly patients with type 2
diabetes mellitus (T2DM) is increasing
worldwide and in Japan.

Teneligliptin is a dipeptidyl peptidase 4
inhibitor that was approved for the
treatment of T2DM in Japan in 2012.

Clinical trials are often limited in terms of
their duration, number of patients, and
the background characteristics of patients,
notably elderly patients.

We examined the long-term, real-world
safety and efficacy of teneligliptin in
elderly patients (C 65 to\ 75, and C 75
years old) using data from a 3-year post-
marketing surveillance of teneligliptin in
Japan.

What was learned from this study?

We found no additional safety or efficacy
concerns among elderly patients beyond
those already described in the package
insert. The present results support the use
of teneligliptin for the treatment of
elderly patients with T2DM in real-world
clinical practice.

INTRODUCTION

The burden of type 2 diabetes mellitus (T2DM)
is rapidly growing worldwide [1] and in Japan
[2]. The number of elderly patients with dia-
betes is also increasing because of the aging of
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society [1–3]. Societal aging also introduces
difficulties when treating patients with diabetes
because elderly people are more likely to have
clinically significant comorbidities that may
need to be managed more intensively or require
multiple drugs, increasing the risk of drug–drug
interactions with any antidiabetic drugs. Addi-
tionally, elderly patients may be at greater risk
of adverse events (AEs) or adverse drug reactions
(ADRs), especially hypoglycaemia, in part due
to impaired renal function and comorbidities
[4, 5].

In Japan, dipeptidyl peptidase 4 (DPP4)
inhibitors are the most widely prescribed drugs
for treating T2DM [6]. Clinicians may favour
DPP4 inhibitors in Asian and Japanese patients
owing to the pathophysiology of T2DM that is
characterised by b-cell dysfunction, less adi-
posity, and less insulin resistance compared
with non-Asian patients [7, 8]. These factors, as
well as differences in genetic makeup and diet,
may contribute to a greater efficacy of DPP4
inhibitors in Japanese patients, and encourage
their use for the treatment of T2DM [8].

Teneligliptin, a DPP4 inhibitor, is currently
approved in Japan and Korea for the treatment
of T2DM [9–11]. In Japan, it is prescribed at a
starting dose of 20 mg once daily, but its dose
can be increased to 40 mg once daily if the
glucose-lowering effect of 20 mg once daily is
insufficient. In addition, teneligliptin can be
administered to patients with impaired renal
function, including patients on dialysis, without
the need for dose adjustment [9–11]. Clinical
trials showed teneligliptin to be effective and
well tolerated in Japanese patients when admin-
istered as monotherapy [12, 13] or in combina-
tionwithother oral antidiabetic agents or insulin
[14–19].

Long-term treatment is invariably necessary
for patientswith T2DM, but prior clinical trials of
teneligliptin were limited to 1 year in duration.
Additionally, most of the trials in Japan enrolled
patients aged 20–75 years. Therefore, longer-
term and elderly patients’ data are needed. Post-
marketing surveillance provides an opportunity
to evaluate the efficacy and safety of recently
approved drugs in real-world settings over a
longer term than in clinical trials, and

surveillance can include elderly patients who are
often underrepresented in clinical trials [20].

The RUBY (ExploRing the long-term efficacy
and safety including cardiovascUlar events in
patients with type 2 diaBetes treated bY tene-
ligliptin in the real-world) surveillance was
therefore performed to examine the long-term
(3 years) safety and efficacy of teneligliptin in
more than 10,000 patients with T2DM in real-
world settings [21, 22]. The results at 3 years
were recently obtained [23], and we performed
the present analyses to evaluate the long-term
safety and efficacy of teneligliptin in elderly
patients (C 65 to\ 75, and C 75 years).

METHODS

The design and results of the study have been
published [21–23]. As previously described,
RUBY was approved by the Ministry of Health,
Labour and Welfare of Japan and was performed
by Mitsubishi Tanabe Pharma Corporation in
accordance with the Japanese ministry directive
on Good Post-marketing Study Practice (GPSP).
The surveillance used anonymous data collected
in clinical practice in Japan. In accordance with
Japanese regulations for post-marketing surveil-
lance, it is not necessary to obtain informed
consent from patients. RUBY was registered on
the Japan Pharmaceutical Information Center
clinical trials database (Japic CTI-153047).

Patients who were first prescribed tene-
ligliptin between May 2013 and February 2015
were registered and followed for up to 3 years
through to August 2018. All treatments,
including teneligliptin and combination thera-
pies, were at the prescribing physician’s discre-
tion according to the package insert [10, 11] or
regimen. Teneligliptin was administered with
an option to increase to 40 mg once daily from
20 mg once daily if the prescribing physician
thought that the hypoglycaemic effect of 20 mg
once daily was insufficient.

Data were collected electronically and the
database was locked in January 2019 [23]. Lab-
oratory test data, including glycosylated hae-
moglobin (HbA1c), fasting blood glucose (FBG),
and lipids, were recorded at fixed intervals.
Safety was assessed in terms of the incidence of
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ADRs, and efficacy was assessed in terms of
glycaemic control, such as HbA1c and FBG, up
to 3 years.

Safety was assessed as the incidence of ADRs
classified using the Medical Dictionary for Reg-
ulatory Activities (MedDRA)/Japanese ver-
sion 21.1. ADRs were defined as AEs for which a
causal relationship with teneligliptin could not
be excluded, i.e. related or unknown, as previ-
ously reported [21–23]. ADRs of special interest

were those related to hypoglycaemia, skin and
subcutaneous tissue disorders (including pem-
phigoid), gastrointestinal disorders (including
pancreatitis and intestinal obstruction), hepatic
impairment, renal impairment, cardiovascular
events, and malignant tumours [22, 23]. Serious
hypoglycaemia was defined as blood glucose
level of B 50 mg/dL or diagnosis by the pre-
scribing physician. The incidences of

Table 1 Patient characteristics at baseline

< 65 years old
(n = 4596)

‡ 65 to < 75 years old
(n = 3371)

‡ 75 years old
(n = 2729)

Sex

Male 3141 (68.3%) 1954 (58.0%) 1344 (49.2%)

Female 1455 (31.7%) 1417 (42.0%) 1385 (50.8%)

Age (years) 53.9 ± 8.4 69.3 ± 2.9 80.2 ± 4.3

Duration of T2DM (years) 5.53 ± 5.84 (n = 3288) 8.35 ± 8.40 (n = 2313) 9.70 ± 9.51 (n = 1737)

BMI (kg/m2) 26.44 ± 4.76 (n = 3158) 24.52 ± 3.79 (n = 2258) 23.95 ± 3.84 (n = 1707)

HbA1c (%) 8.15 ± 1.75 (n = 4223) 7.57 ± 1.32 (n = 3118) 7.31 ± 1.14 (n = 2480)

FBG (mg/dL) 157.9 ± 57.6 (n = 1641) 147.6 ± 46.9 (n = 1188) 145.7 ± 48.1 (n = 890)

eGFR* (mL/min/1.73 m2) 83.91 ± 23.11 (n = 3979) 71.31 ± 19.79 (n = 2982) 61.07 ± 20.02 (n = 2421)

Diet therapy 3586 (78.0%) 2585 (76.7%) 1968 (72.1%)

Exercise therapy 2912 (63.4%) 2032 (60.3%) 1346 (49.3%)

Diabetic complications

Any 1057 (23.0%) 899 (26.7%) 840 (30.8%)

Retinopathy 449 (9.8%) 370 (11.0%) 256 (9.4%)

Neuropathy 379 (8.2%) 353 (10.5%) 331 (12.1%)

Nephropathy 722 (15.7%) 642 (19.0%) 636 (23.3%)

Other complications

Hypertension 2477 (53.9%) 2208 (65.5%) 2020 (74.0%)

Dyslipidaemia 3127 (68.0%) 2211 (65.6%) 1687 (61.8%)

Heart disease 425 (9.2%) 615 (18.2%) 809 (29.6%)

Values are n (%) of patients or mean ± standard deviation
T2DM type 2 diabetes mellitus, BMI body mass index, HbA1c glycosylated haemoglobin, FBG fasting blood glucose, eGFR
estimated glomerular filtration rate
*Patients not on dialysis at baseline
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cardiovascular- and malignant tumour-related
AEs were also evaluated.

Data were analysed for patients divided into
three age subgroups (\65, C 65 to \75, and
C 75 years). The safety analysis set comprised all

registered patients who underwent safety
assessments and the efficacy analysis set com-
prised all patients in whom efficacy outcomes
were evaluated. Continuous data were sum-
marised as descriptive statistics, and discrete

Table 2 Teneligliptin administration and concomitant therapies

< 65 years
(n = 4596)

‡ 65 to < 75 years
(n = 3371)

‡ 75 years
(n = 2729)

Duration of treatment (days) 1096 (477–1096)

821.48 ± 391.63

(n = 4309)

1096 (625–1096)

855.34 ± 370.93

(n = 3126)

1096 (427–1096)

799.59 ± 391.81

(n = 2550)

Daily dose (mg) 20.50 ± 2.98

(n = 4309)

20.40 ± 2.79

(n = 3126)

20.34 ± 2.64

(n = 2550)

Discontinuation/withdrawal for any

reason

1581 (34.4%) 1059 (31.4%) 1040 (38.1%)

Did not return to the hospital* 601 (38.0%) 318 (30.0%) 289 (27.8%)

Transfer to another hospital* 329 (20.8%) 251 (23.7%) 335 (32.2%)

Insufficient/ineffective response* 315 (19.9%) 175 (16.5%) 114 (11.0%)

Cure/symptom improvement* 122 (7.7%) 81 (7.6%) 67 (6.4%)

AE/ADR* 78 (4.9%) 109 (10.3%) 121 (11.6%)

Other* 176 (11.1%) 155 (14.6%) 150 (14.4%)

Not reported* 0 (0.0%) 0 (0.0%) 1 (0.1%)

Concomitant antidiabetic agents

Monotherapy 2076 (45.2%) 1653 (49.0%) 1397 (51.2%)

Sulfonylureas 1126 (24.5%) 868 (25.7%) 691 (25.3%)

Biguanides 1303 (28.4%) 652 (19.3%) 339 (12.4%)

a-GIs 487 (10.6%) 422 (12.5%) 342 (12.5%)

Thiazolidines 426 (9.3%) 289 (8.6%) 230 (8.4%)

Insulin 353 (7.7%) 272 (8.1%) 196 (7.2%)

Glinides 229 (5.0%) 206 (6.1%) 161 (5.9%)

SGLT2 inhibitors 304 (6.6%) 89 (2.6%) 36 (1.3%)

Other concomitant therapies

Antihypertensive drugs 1908 (41.5%) 1806 (53.6%) 1658 (60.8%)

Antidyslipidaemic drugs 1844 (40.1%) 1474 (43.7%) 1118 (41.0%)

Values are n (%) of patients, median (25th–75th percentile), or mean ± standard deviation
AE adverse event, ADR adverse drug reaction, a-GI a-glucosidase inhibitor, SGLT2 sodium–glucose cotransporter 2
*The denominator is the number of patients in each subgroup who discontinued the study for any reason
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Table 3 Incidence of adverse drug reactions of special interest and adverse events related to cardiovascular disorders and
malignant tumours

< 65 years (n = 4596) ‡ 65 to < 75 years (n = 3371) ‡ 75 years (n = 2729)

All ADRs 154 (3.35%) 149 (4.42%) 109 (3.99%)

Serious ADRs 30 (0.65%) 41 (1.22%) 46 (1.69%)

ADRs/AEs of special interest

Hypoglycaemia-related events

All ADRs 11 (0.24%) 19 (0.56%) 8 (0.29%)

Per 100 patient-years 0.10 0.23 0.13

IRR (95% CI) 1 2.27 (1.08–4.77) 1.25 (0.50–3.10)

Serious 2 (0.04%) 3 (0.09%) 3 (0.11%)

Skin and subcutaneous disorder-related events

All ADRs 15 (0.33%) 15 (0.44%) 14 (0.51%)

Per 100 patient-years 0.14 0.18 0.22

IRR (95% CI) 1 1.31 (0.64–2.69) 1.60 (0.77–3.32)

Serious 1 (0.02%) 1 (0.03%) 4 (0.15%)

Pemphigoid 1 (0.02%) 0 4 (0.15%)

Gastrointestinal disorder-related events

All ADRs 25 (0.54%) 32 (0.95%) 16 (0.59%)

Per 100 patient-years 0.23 0.39 0.25

IRR (95% CI) 1 1.68 (1.00–2.84) 1.10 (0.59–2.06)

Serious 3 (0.07%) 4 (0.12%) 5 (0.18%)

Pancreatitis 0 1 (0.03%) 0

Intestinal obstruction (ileus) 0 2 (0.06%) 2 (0.07%)

Hepatic impairment-related events

All ADRs 25 (0.54%) 13 (0.39%) 9 (0.33%)

Per 100 patient-years 0.23 0.16 0.14

IRR (95% CI) 1 0.68 (0.35–1.33) 0.62 (0.29–1.32)

Serious 3 (0.07%) 0 (0%) 1 (0.04%)

Renal impairment-related events

All ADRs 16 (0.35%) 13 (0.39%) 5 (0.18%)

Per 100 patient-years 0.15 0.16 0.08

IRR (95% CI) 1 1.07 (0.51–2.22) 0.54 (0.20–1.46)

Serious 4 (0.09%) 1 (0.03%) 2 (0.07%)
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data were summarised as the number and per-
centage of patients for each category. For ADRs
or AEs of special interest, the risk ratio of their
incidence and the 95% confidence interval (CI)
were calculated for each age subgroup, and the
uniformity of the incidence rate was evaluated.
Paired t tests were used to compare changes in
continuous variables from baseline. A p-value
less than 0.05 was considered to be significant.

The change in HbA1c was also evaluated as the
least-squares (LS) mean change and standard
error (SE) by analysis of covariance with the
baseline value as a covariate. The last observa-
tion carried forward method was used to impute
missing data at the final time point. All analyses
were performed using SAS statistical software
version 9.1.3 or later.

Table 3 continued

< 65 years (n = 4596) ‡ 65 to < 75 years (n = 3371) ‡ 75 years (n = 2729)

Cardiovascular events

All AEs 14 (0.30%) 29 (0.86%) 42 (1.54%)

Per 100 patient-years 0.13 0.35 0.66

IRR (95% CI) 1 2.73 (1.44–5.17) 5.16 (2.82–9.45)

All ADRs 4 (0.09%) 7 (0.21%) 7 (0.26%)

Per 100 patient-years 0.04 0.08 0.11

IRR (95% CI) 1 2.30 (0.67–7.86) 3.00 (0.88–10.26)

Serious AEs 11 (0.24%) 25 (0.74%) 40 (1.47%)

Serious ADRs 1 (0.02%) 6 (0.18%) 7 (0.26%)

Malignant tumours*

All AEs 22 (0.48%) 48 (1.42%) 41 (1.50%)

Per 100 patient-years 0.20 0.58 0.65

IRR (95% CI) 1 2.88 (1.74–4.77) 3.21 (1.91–5.39)

All ADRs 8 (0.17%) 9 (0.27%) 10 (0.37%)

Per 100 patient-years 0.07 0.11 0.16

IRR (95% CI) 1 1.48 (0.57–3.83) 2.15 (0.85–5.44)

Pancreatic carcinoma, AE 1 (0.02%) 6 (0.18%) 8 (0.29%)

Pancreatic carcinoma, ADR 1 (0.02%) 3 (0.09%) 1 (0.04%)

Dizziness

All ADRs 2 (0.04%) 5 (0.15%) 4 (0.15%)

Serious 0 0 0

ADRs were defined as AEs for which a causal relationship with teneligliptin could not be excluded (i.e. causal or unknown)
Values are n (%) of patients, incidence rate per 100 patient-years, or incidence rate ratio (95% CI) versus the\ 65-year-old
subgroup
ADR adverse drug reaction, IRR incidence rate ratio, CI confidence interval, AE adverse event
*All tumours were classified as serious
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RESULTS

Patients

As previously described [23], 11,677 patients
were initially registered, of which 10,696 and
10,249 were included in the safety and efficacy
analysis sets, respectively. The 10,696 patients
in the safety analysis set were divided into three
subgroups (\ 65, C 65 to\75, and C 75 years),
which comprised 4596 (43.0%), 3371 (31.5%),
and 2729 (25.5%) patients, respectively. There
were some differences in patient characteristics
at baseline among the three age subgroups,
particularly the percentage of male/female
patients, the duration of diabetes mellitus, the
rates of diabetic and non-diabetic complica-
tions, the rate of exercise therapy, and the
estimated glomerular filtration rate between
elderly patients and patients aged \65 years
(Table 1). HbA1c and FBG tended to be higher
in younger patients.

Teneligliptin and Combination Therapy

Teneligliptin was administered for a median of
1096 days (i.e. 3 years) in each subgroup at
mean daily dose of 20.34–20.50 mg (Table 2).
Administration of teneligliptin was discontin-
ued in 34.4%, 31.4%, and 38.1% of patients
aged \65, C 65 to \ 75, and C 75 years,
respectively, primarily as a result of the patient
stopping hospital visits, transfer to another
hospital, or an insufficient/ineffective treat-
ment response (Table 2). The dose of tene-
ligliptin was increased to 40 mg once daily in
100 (2.2%), 71 (2.1%), and 49 (1.8%) patients
aged \65, C 65 to \ 75, and C 75 years,
respectively. The median time to the first dose
escalation was 182, 226, and 141 days in
patients aged \ 65, C 65 to \ 75, and
C 75 years, respectively, and the median period
of administration of the higher dose was 645,
585, and 552 days, respectively.

Teneligliptin was administered as
monotherapy for T2DM in about half of the
patients. Sulfonylureas, biguanides, and a-glu-
cosidase inhibitors were the main combination
therapies in all three subgroups. The use of

metformin and SGLT2 inhibitors was lower in
patients aged C 65 to\75 years and C 75 years
than in patients aged\65 years. The concomi-
tant use of antihypertensive drugs was higher in
elderly patients than in patients aged
\65 years: 41.5% in patients aged \65 years,
53.6% in patients aged C 65 to\75 years, and
60.8% in patients aged C 75 years.

Safety

ADRs occurred in a similar proportion of
patients in each age subgroup, with 176 ADRs in
154 (3.35%) patients aged\ 65 years, 184 ADRs
in 149 (4.42%) patients aged C 65 to\75 years,
and 129 ADRs in 109 (3.99%) patients aged
C 75 years (Table 3). There was a tendency for a
higher incidence of serious ADRs in elderly
patients than in patients aged\65 years, with
31 serious ADRs in 30 (0.65%) patients aged
\65 years, 46 serious ADRs in 41 (1.22%)
patients aged C 65 to\75 years, and 56 serious
ADRs in 46 (1.69%) patients aged C 75 years.

After dose escalation to 40 mg, 16 ADRs were
reported in 13 patients, including two ADRs in
two (2.00%) of 100 patients aged \65 years,
seven ADRs in six (8.45%) of 71 patients aged
C 65 to \75 years, and seven ADRs in five
(10.20%) of 49 patients aged C 75 years. The
relationship between teneligliptin and the ADR
was reported to be unknown for six of seven
ADRs in patients aged C 65 to\ 75 years and in
four of seven ADRs in those C 75 years. Of the
other four ADRs that were considered related to
teneligliptin, the prescribing physician reported
that other factors, such as complications or
concomitant agents, could also be involved in
two ADRs. In terms of serious ADRs, there was
one ADR in one patient aged \65 years (lung
neoplasm malignant), none in patients aged
C 65 to \75 years, and three in two patients
aged C 75 years (hepatic function abnormal and
pancreatic carcinoma in one patient, and pem-
phigoid in the other patient). The causal rela-
tionship was unknown for all four serious ADRs.

As indicated in Table 3, the incidence of
hypoglycaemia-related ADRs was higher in
patients aged C 65 to \ 75 years than in
patients aged\65 years, occurring in 0.56% vs
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0.24% of patients with an incidence rate per 100
person-years of 0.23 vs 0.10. However, com-
pared with patients aged \65 years, there was
no clear difference in the incidence of hypo-
glycaemia-related ADRs in patients aged
C 75 years, with an incidence of 0.29% (0.13 per
100 person-years). Serious hypoglycaemia-
related ADRs were reported in three patients
aged C 65 to \75 years and in three patients
aged C 75 years. All of these patients were using
sulfonylurea or insulin.

There was no significant difference in the
incidence of skin and subcutaneous disorder-
related ADRs across the three subgroups
(Table 3). However, pemphigoid was reported in

one patient (0.02%) aged\ 65 years and in four
patients (0.15%) aged C 75 years.

Gastrointestinal disorders were the most
common ADRs of special interest in the elderly
patients (Table 3). There was no increase in the
frequency of age-dependent ADRs related to
gastrointestinal disorders but there tended to be
more serious cases among elderly patients,
occurring in three (0.07%) patients aged
\65 years, four (0.12%) patients aged C 65 to
\75 years, and five (0.18%) patients aged
C 75 years. The serious gastrointestinal ADRs
were intestinal obstruction (ileus) (n = 2),
inguinal hernia (n = 1), and acute pancreatitis
(n = 1) in patients aged C 65 to\ 75 years, and
intestinal obstruction (ileus) (n = 2), gastric

At 3 years <65 years 65 to <75 years

LS mean change in 
HbA1c (%)† (n (n = 1689) (n = 1161)

% of patients achieving 
(n (n (n

18 366 Last visit

Time (months)

11

6

7

8

9
H

bA
1c

 (%
)

<65 years

1765 
1981 
1447 

1689 
1161 

3455 
Number of patients

<65 years
65 to <75 years

***
***
***

***
***
***

***
***
***

***
***
***

***
***
***

Fig. 1 Mean levels and LS mean changes in HbA1c over
time in patients aged\ 65, C 65 to\ 75, or C 75 years.
The graph shows mean ± standard deviation at each time-
point. ***p\ 0.001 vs baseline by paired t test. �LS

mean ± standard error, adjusted for baseline HbA1c.
HbA1c glycosylated haemoglobin, LS mean least squares
mean
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ulcer haemorrhage (n = 1), intestinal ischaemia
(n = 1), and large intestine perforation (n = 1) in
patients aged C 75 years.

There were no age-dependent increases in
the incidences of all or serious hepatic- and
renal-related ADRs (Table 3).

The incidences of cardiovascular- and
malignant tumour-related AEs were signifi-
cantly greater in patients aged C 65 to\ 75 and
C 75 years than in patients aged\ 65 years, but
there was no significant age-related difference
in the rates of these ADRs (Table 3). Pancre-
atic carcinoma was reported as an AE in six
(0.18%) and eight (0.29%) patients aged C 65 to
\75 and C 75 years, respectively.

Dizziness, as an ADR other than those of
special interest, occurred in 0.15% of patients in
each of the C 65 to \75 and C 75 years sub-
groups (Table 3).

HbA1c and FBG

HbA1c decreased significantly at 6 months of
treatment in all three subgroups, and these
reductions were maintained through to 3 years
(Fig. 1). The baseline-adjusted LS mean chan-
ges ± SE at 3 years were - 0.66 ± 0.02%,
- 0.72 ± 0.02%, and - 0.77 ± 0.03%, respec-
tively, with small but significant differences
among the three subgroups (p\0.001). At
3 years, the mean ± standard deviation HbA1c
levels were 7.10 ± 1.01%, 6.92 ± 0.83%, and
6.81 ± 0.89% in patients aged \ 65, C 65 to
\75, and C 75 years, respectively. Among
patients with HbA1c C 7% at baseline and in
whom HbA1c was measured at 3 years, about
half in each age subgroup achieved HbA1c\ 7%
at 3 years (42.6% [701/1644], 50.0% [554/1109],
and 52.0% [357/687], respectively).

18 366 Last visit

Time (months)

dL
)

<65 years

946
678

554
378

591
446

491
385618 946

678

Number of patients
<65 years

***
***
***

***
***
***

***
***
***

***
***
***

***
***
***

At 3 years <65 years

Change in FBG 
† (n = 491) (n = 385) (n

Fig. 2 Mean levels and mean changes in FBG over time in
patients aged \ 65, C 65 to \ 75, or C 75 years. The
graph shows mean ± standard deviation at each time

point. ***p\ 0.001 vs baseline by paired t test.
�Mean ± standard deviation. FBG fasting blood glucose
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The changes in FBGover time followed similar
trends to those observed for HbA1c, with signif-
icant reductions in FBG from baseline at each
time point (Fig. 2). There were no clear differ-
ences in themean changes ± standard deviation
in FBG at 3 years among the three subgroups
(- 22.3 ± 53.2 mg/dL, - 17.9 ± 43.0 mg/dL,
and - 17.6 ± 45.1 mg/dL, respectively).

Body Weight and Lipids

Supplemental Fig. 1 shows the changes in body
weight and lipids at each time point in the
three age subgroups. There were small but
significant reductions in body weight over
3 years in each age subgroup (Supplemental
Fig. 1a). In terms of lipid levels during the
observation period, there were small reductions
in triglycerides and low-density lipoprotein
cholesterol in each age subgroup, but there
were no obvious changes in high-density
lipoprotein cholesterol in the three subgroups
(Supplemental Fig. 1b–d).

DISCUSSION

This subgroup analysis of the RUBY surveillance
was performed to provide insight into the long-
term safety and efficacy of teneligliptin in
elderly patients. Of note, we found no age-
dependency on the overall incidences of ADRs,
which occurred in about 3–4% of patients in
each age subgroup, although the incidence of
serious ADRs was higher in the elderly patients
(C 65 to\75 and C 75 years subgroups) than in
patients aged \65 years. Needless to say, it is
important to recognize that elderly patients are
at risk of serious ADRs. The incidence of ADRs
after a dose increase to 40 mg teneligliptin was
numerically higher among elderly patients, but
the causal relationship was unclear for many of
the ADRs in those patients.

Interim results of the RUBY surveillance have
been published, including the safety and effi-
cacy for up to 2 years among elderly patients
treated with teneligliptin [21]. The results of the
present 3-year analysis are generally consistent
with these earlier findings in terms of patient
background, incidence and type of ADRs, and

efficacy outcomes. The current findings extend
those findings by showing that the safety profile
of teneligliptin is maintained for up to 3 years
of treatment with stable glycaemic control over
this longer period.

In a 2-year real-world surveillance of ana-
gliptin in Japan [24], the incidence of ADRs was
6.9% (146/2110) in patients aged \65 years,
8.2% (117/1424) in patients aged C 65 to
\75 years, and 10.2% (106/1039) in patients
aged C 75 years. Similarly, in a 78-week interim
analysis of surveillance of linagliptin [25, 26],
the incidence of ADRs was 8.58% (81/944) in
patients aged\ 65 years and 12.28% (172/1401)
in patients aged C 65 years when prescribed as
monotherapy, and 9.01% (134/1488) and
9.76% (234/2398), respectively, when pre-
scribed as combination therapy. Recently, the
final results of this post-marketing surveillance
based on data up to 156 weeks were reported for
patients who started linagliptin monotherapy,
with an incidence of ADRs of 8.9% (80/902) in
patients aged\65 years and 12.0% (160/1333)
in patients aged C 65 years [27]. In general,
elderly patients are at increased risk for seri-
ous and non-serious AEs for many reasons, such
as renal and/or hepatic function impairment,
comorbidities, and multiple drug use [4, 528].
As stated in the package insert for teneligliptin
[10, 11], it is important to administer it with
care while closely monitoring the patient’s
condition.

We found no increase in the frequency of
age-dependent ADRs in terms of ADRs of special
interest, but the incidence of serious ADRs ten-
ded to be higher in elderly patients, particularly
those aged C 75 years.

Hypoglycaemia-related ADRs were most fre-
quent in patients aged C 65 to \75 years
among the three age subgroups, with an inci-
dence rate ratio of 2.27 versus patients aged
\65 years. Perhaps unexpectedly, the inci-
dence of hypoglycaemia-related ADRs in
patients aged C 75 years was similar to the cor-
responding values in patients aged \65 years.
Some possible factors that might contribute to
these findings are that patients aged C 75 years
might be more likely to develop hypoglycaemia
unawareness or that the physicians involved in
the treatment of elderly patients were more
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cautious when prescribing concomitant drugs.
All of the patients who experienced serious
hypoglycaemia-related ADRs were taking tene-
ligliptin in combination with insulin or sul-
fonylurea, which was associated with increased
risk of hypoglycaemia. Hypoglycaemia con-
tributes to adverse outcomes, such as deterio-
ration of quality of life [29, 30] and increased
fracture risk [31], and severe hypoglycaemia is
an established risk factor for death [32], car-
diovascular disease [32, 33], and dementia
[34, 35]. Therefore, physicians should be par-
ticularly cautious to avoid hypoglycaemia in
elderly patients.

An association between DPP4 inhibitors and
pemphigoid has been reported [36, 37]. As a
consequence, the package inserts for DPP4
inhibitors, including teneligliptin, were revised
to include a precaution regarding pemphigoid
in Japan. In this surveillance, most of the
patients who developed pemphigoid were
elderly, aged C 75 years. Epidemiologically,
pemphigoid has been reported to occur more
frequently in elderly patients, especially those
in their late 70s or older [38]. The findings of
the RUBY surveillance are consistent with these
earlier results.

Gastrointestinal disorders were the most
common types of ADRs, but these occurred in
fewer than 1% of patients in each subgroup.
Although there was no clear age-dependency of
gastrointestinal disorders, the frequency of
serious gastrointestinal ADRs tended to be
higher among elderly patients.

We also found that the incidences of car-
diovascular- and malignant tumour-related AEs,
but not ADRs, tended to increase with age. The
higher incidence of cardiovascular-related AEs
in elderly patients may be due to higher inci-
dences of concurrent heart disease or renal
impairment [39] at the start of teneligliptin
treatment. The incidence of pancreatic carci-
noma, which was the most common malignant
tumour-related AE in RUBY [23], tended to
increase with age. Advanced age and diabetes
were reported to be associated with pancreatic
carcinoma [40, 41]. As we previously reported
[23], the incidence rates of cardiovascular-re-
lated AEs and pancreatic carcinoma were com-
parable with or lower than those observed in

epidemiological surveys. Therefore, the
increased incidence of these AEs after treatment
with teneligliptin was considered to be due to
advancing age.

As a most common ADR other than those of
special interest, dizziness occurred in 0.15% of
patients in each of the C 65 to \ 75 and
C 75 years subgroups, with an incidence similar
to that reported in the prior clinical trials [10].
Therefore, we found no additional safety con-
cerns among older people beyond those already
described in teneligliptin’s package insert.

The efficacy of teneligliptin was evaluated in
terms of the time course of HbA1c and FBG in
each age subgroup. Improvements in glycaemic
control were apparent within 6 months of
starting treatment, and were maintained over
the course of 3 years. There were no marked or
clinically relevant differences in the reductions
of HbA1c or FBG at 3 years across the three age
subgroups. Some 24- or 52-week clinical trials
have revealed that teneligliptin and other DPP4
inhibitors are also effective in elderly patients as
monotherapy or in combination with other
antidiabetic drugs [42–44]. The findings of the
RUBY surveillance are consistent with these
earlier studies. Our results also demonstrate the
long-term efficacy of teneligliptin for the treat-
ment of elderly patients with T2DM in the real
world.

There were almost no changes in body
weight at 3 years after the start of teneligliptin
in all three age subgroups. Elderly patients with
diabetes are prone to sarcopenia [4]. The pre-
vention of sarcopenia is important because it
increases the risk of falls, fractures, and deaths,
and impairs quality of life [45]. Like other DPP4
inhibitors [46], the impact of teneligliptin on
body weight may be neutral.

Limitations

Some possible limitations of this surveillance
deserve mention, and have already been
acknowledged in our prior report [23], espe-
cially the lack of a control group, changes in
concomitant agents or lifestyle modifications,
the possibility of reporting bias, and laboratory
test data being unavailable for a substantial
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number of patients. These limitations should be
taken into account when interpreting the pre-
sent data. Another limitation specific to the
present report relates to the possibility of bias
due to the unequal distribution of patients in
each age subgroup.

CONCLUSIONS

This surveillance provides evidence for the
safety and efficacy of teneligliptin in elderly
patients, and the results reported here are clin-
ically relevant considering the aging of society
and the trend towards increasing prevalence of
T2DM in elderly patients. We found no addi-
tional safety or efficacy concerns among elderly
patients beyond those already described in
teneligliptin’s package insert. The present
results support the use of teneligliptin for the
treatment of elderly patients with T2DM in real-
world clinical practice.
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