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ABSTRACT

Introduction: An estimated 4.3 million people
aged > 65 years with diabetes live in Japan. We
evaluated the efficacy and safety of linagliptin
in older Japanese patients with poorly con-
trolled type 2 diabetes (T2DM).

Methods: In this phase 4, randomised, placebo-
controlled national study (part of a global
study) conducted in Japan over a period of
52 weeks, 102 patients on stable treatment with
basal insulin £ metformin/alpha-glucosidase
inhibitors were randomised (1:1) to receive
linagliptin 5 mg qd or placebo. The primary end
point was the change in glycated haemoglobin
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(HbAlc) after 24 weeks of treatment, with
additional analyses at 52 weeks.

Results: Mean age and HbAlc of the study
population were 71 years and 8.1%, respectively.
Approximately two-thirds of participants were
aged > 70 years, two-thirds had macrovascular
complications, approximately half had a
baseline  estimated glomerular filtration
rate < 60 ml/min/1.73 m?, and two-thirds had a
time since diagnosis of diabetes > 10 years. Sig-
nificant HbAlc reductions with linagliptin vs.
placebo were observed at 24 weeks, — 0.71%
(95% CI — 0.96, — 0.45, p < 0.0001), and main-
tained at 52 weeks, — 0.58% (95% CI — 0.82,
—0.34, p <0.0001). Linagliptin improved the
chances of achieving a categorical HbAlc target
(< 8.0% and < 7.0%) at 24 and 52 weeks in
patients who were not at their respective target
at the beginning of the study. Addition of lina-
gliptin to insulin was associated with a numeri-
cal increase in the risk of any hypoglycaemia,
but not in the risk of clinically significant
hypoglycaemia, severe hypoglycaemia or recur-
ring hypoglycaemia.

Conclusion: Linagliptin was effective in
improving glucose control in Japanese patients
aged > 60 years with T2DM on stable glucose-
lowering therapy with basal insulin. Linagliptin
was well tolerated and no new safety concerns
were raised. The results presented here are
highly consistent with the results from the
global study, which was conducted over a
24-week period.
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INTRODUCTION

Patients in East Asian countries with type 2
diabetes mellitus (T2DM) comprise approxi-
mately one-quarter of the global diabetes pop-
ulation [1]. Recent estimates indicate that 12
million people with diabetes live in Japan, of
whom 4.3 million are aged > 65 years, placing
Japan in the top six countries in the world with
the largest absolute number of older people
with diabetes [2]. Therefore, there is an imper-
ative for treatments that provide safe and
effective control of glycated haemoglobin
(HbA1c) levels in these patients and that also
reduce the risk of diabetes-related complica-
tions, which would place a huge burden on
future healthcare resources.

It has been recognised since the 1970s that,
compared with Caucasians, Japanese people
with either normal or impaired glucose toler-
ance or with T2DM exhibit higher insulin sen-
sitivity and reduced beta-cell function [1, 3, 4].
Such pathological differences in these popula-
tions have a major bearing on the best approach
to T2DM treatment [4].

The Japan Diabetes Society (JDS) recom-
mends an individualised approach for the
treatment of T2DM; in the case of most patients
the HbAlc target level is set to < 7.0%, with the
aim of preventing microvascular complications.
However, when treatment intensification is
difficult, as in the case of patients at high risk of
hypoglycaemia, a less stringent target of
HbA1lc < 8.0% is recommended [5, 6]. In elderly
patients, the JDS and the Japan Geriatrics Soci-
ety advise care when treatment with insulin,
sulphonylureas (SUs) or glinides is used. Hypo-
glycaemia in the elderly is a particular concern
of modern clinical care, and widely used thera-
pies such as insulin and SUs have a known risk

of hypoglycaemia. These medical societies
advise that particular attention be paid to pre-
vention of hypoglycaemia and recommend less
stringent glycaemic targets in the case of
patients with multiple comorbidities and
reduced cognitive and physical function [5, 7].

Clinical practice guidelines for diabetes in
Japan recommend insulin therapy as an option
for patients with T2DM with inadequate gly-
caemic control despite diet, exercise and oral
glucose-lowering therapy [8]. However, the pre-
cise risks of hypoglycaemia in the elderly, result-
ing from therapy combinations involving SUs
and insulin specifically with dipeptidyl peptidase
4 (DPP-4) inhibitors—which are prescribed in
> 70% of Japanese patients with T2DM [4]—have
not been previously determined in dedicated
clinical trials. Treatment combinations with
insulin and various oral glucose-lowering drugs,
including DPP-4 inhibitors, with their favourable
safety profile and reduced risk of hypoglycaemia,
could improve glycaemic control with a reduced
dose of insulin [8] and, consequently, a lower risk
of insulin-associated side effects.

DPP-4 inhibitors appear to have better glu-
cose-lowering efficacy in Asian vs. non-Asian
populations with T2DM. In a meta-analysis of
55 randomised, controlled trials, DPP-4 inhibi-
tors lowered HbAlc levels to a greater extent in
studies comprising more than half of Asian
patients vs. trials with less than half of Asian
patients [9]. Dietary habits in East Asians may
be a contributory factor, as studies show that
the increased HbAlc-lowering effects of DPP-4
inhibitors correlated with intake of fish in
patients with T2DM [4].

Over half of the patients with T2DM in Japan
who initiate DPP-4 inhibitors are drug naive [4].
A number of DPP-4 inhibitors are currently
available in Japan, including linagliptin, which
was launched in 2011. Linagliptin has been
demonstrated to have a good safety profile and
established efficacy in international clinical tri-
als [10, 11]. Consistent with these results, studies
in Japanese populations confirmed the impor-
tance of linagliptin in the glucose-lowering drug
armamentarium [12-14]. The prescribing infor-
mation for linagliptin recommends reducing the
dose of insulin and SUs when used in combina-
tion with linagliptin [15, 16].
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Studies undertaken with other DPP-4 inhi-
bitors in the treatment of Japanese patients with
T2DM show that these agents also exhibit good
efficacy and safety profiles [17-23].

Older patients with a long-term history of
diabetes often suffer from impaired renal func-
tion, which limits their therapy choices. Lina-
gliptin has a predominantly non-kidney route
of excretion and is one of the few DPP-4 inhi-
bitors that do not require dose adjustments
even in the case of impaired renal function [15].
A meta-analysis that included participants from
phase 3 clinical trials showed that linagliptin
was effective and well tolerated in patients with
T2DM and chronic kidney disease (CKD) on
background treatment with insulin [24].

While the clinical efficacy of linagliptin has
been shown in Japanese patients with T2DM
across a broad age range, the effects of lina-
gliptin specifically in older Japanese patients
have not been determined. We present here
novel results of a dedicated phase 4 clinical trial,
investigating the efficacy, safety and tolerability
of linagliptin, added as intensification of glu-
cose-lowering therapy (i.e., according to inves-
tigator judgement of the need to improve
glycaemic control based on individualised
HbA1c targets), in older individuals from Japan,
with insufficiently controlled T2DM while on
stable background treatment with basal insulin.

METHODS

Study Overview

This local study conducted in Japan was part of a
global study (Clinical Trials.gov: NCT02240680)
investigating the efficacy and safety of lina-
gliptin in older patients on stable treatment
with insulin [25]. The global study was con-
ducted over a 24-week period, while the study
in Japanese participants was extended to
52 weeks.

Ethics

The trial protocol was reviewed by the Inde-
pendent Ethics Committees and/or

Institutional Review Boards of the trial partici-
pating study sites. The study was conducted in
accordance with the principles of the Declara-
tion of Helsinki, the ICH GCP, the Japanese
GCP regulations and Good Post-Marketing
Study Practice. All patients provided written
informed consent.

Inclusion Criteria

Male and female  Japanese  patients
aged > 60 years with a clinical diagnosis of
T2DM treated with basal insulin maintained at
a stable dose for > 4 weeks prior to randomisa-
tion, with HbAlc levels of 7.0-10.0% and a
body mass index < 45 kg/m?, were included in
the study. Permitted insulin formulations
included long- and intermediate-acting insulins
only. The only permitted oral glucose-lowering
drugs were metformin and/or alpha-glucosidase
inhibitors (used at a stable dose for > 12 weeks
prior to randomisation).

Exclusion Criteria

Individuals could not be enrolled if they were
being treated with any glucose-lowering thera-
pies not included in the permitted list (SUs,
thiazolidinediones, meglitinides, bromo-
criptine, sodium glucose cotransporter-2 inhi-
bitors, DPP-4 inhibitors or glucagon-like
peptide-1 analogues) or any anti-obesity medi-
cation, were depressed (assessed using the
Patient Health Questionnaire) or cognitively
impaired (assessed using the Saint Louis
University Mental Status Examination), or had
acute coronary syndrome, indication of liver
disease, history of cancer or bariatric surgery.

Study Design

Following screening and a 1-week placebo run-
in, participants were randomised to receive
either linagliptin 5mg qd or placebo for
52 weeks. For the global study, a sample size of
300 patients (150 per study arm) was calculated
to provide at least 99% power at the two-sided
significance level of 5% to show superiority for
HbA1lc reduction from baseline [25]. In Japan,
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the randomisation of at least 100 patients was
planned; a proportion of 33% (Japanese popu-
lation vs. total population of the global study)
was considered sufficient to assess consistency
of the results of the primary end point between
the Japanese sub-population and total popula-
tion according to the MHLW guidance ‘Basic
principles on Global Clinical Trials’ [26].

The randomisation, study procedures and
statistical analysis have previously been repor-
ted for the global study [25]. Briefly, patients
were randomly assigned to one of the two
treatment arms; linagliptin 5 mg qd or placebo,
in a 1:1 ratio. Randomisation was stratified
based on an HbAlc at screening (< 8.5% vs.
> 8.5%) and insulin dose at the beginning of
the run-in period (< 401U vs. > 40 [U). Study
visits were scheduled at randomisation and at
the end of weeks 6, 12, 18, 24, 25, 30, 36, 42, 48
and 52. Rescue medication was initiated if
increasing the permitted glucose-lowering
therapy was unsuccessful in reducing fasting
plasma glucose (FPG) to < 270mg/dl after
6 weeks. DPP-4 inhibitors and glucagon-like
peptide 1 receptor agonists were not permitted
as rescue medication. After week 24, the per-
mitted glucose-lowering therapy could be
increased or adjusted at the discretion of the
investigator even if the above criteria were not
met, when the investigator considered such an
adjustment to be optimal for the patient’s
welfare.

All adverse events (AEs) were classified based
on the Medical Dictionary for Regulatory
Activities (MedDRA), version 20.0. Adverse
events of special interest (AESI) were: hyper-
sensitivity reactions (such as angioedema,
angioedema-like events and anaphylaxis), skin
lesions (such as exfoliative rash, skin necrosis or
bullous dermatitis), hepatic events [such as > 3-
fold upper limit of normal (ULN) of aspartate
aminotransferase and/or alanine aminotrans-
ferase in combination with an elevation of total
bilirubin > twofold ULN measured in the same
blood draw sample], renal adverse events (such
as acute renal failure), pancreatitis and pancre-
atic cancer.

End Points and Statistical Analysis

The primary end point was defined as the
change in HbAlc from baseline after 24 weeks
of treatment. Secondary end points were the
proportion of patients achieving HbAlc targets
of < 7.0% and < 8.0% after 24 and 52 weeKks,
the proportion of patients experiencing > 1
hypoglycaemic event accompanied by a pre-
specified glucose value during 24 and 52 weeks,
the change from baseline in HbAlc and FPG at
6, 12, 18, 30, 36, 42, 48 and 52 weeks, and
change from baseline in FPG at 24 weeks, the
incidence rate of hypoglycaemia accompanied
by a prespecified glucose value > 24 and
52 weeks, the proportion of patients with
HbAlc < 7.0% and < 8.0% and no hypogly-
caemia accompanied by a prespecified glucose
value after 24 and 52 weeks, and the basal
insulin dose change over 24 and 52 weeks.

Hyperglycaemia and hypoglycaemia were
reviewed based on data collected from self-
monitoring blood glucose (SMBG) devices and
on-site FPG values. Investigators could, at their
discretion, advise lifestyle modifications or
therapy adjustments consisting of dose changes
of the permitted drugs—the criteria for adjust-
ing the background insulin therapy dose or
permitted glucose-lowering drugs (metformin
or alpha-glucosidase inhibitors) were
FPG > 270 mg/dl during weeks 0-12,
FPG > 240 mg/dl during weeks 12-24 and
FPG > 180 mg/dl after week 24.

Hypoglycaemia accompanied by a prespeci-
fied glucose value was defined as any investi-
gator- reported hypoglycaemia with blood
glucose (BG) < 54 mg/dl (< 3.0 mmol/l) or any
symptomatic hypoglycaemic event with
BG < 70 mg/dl (< 3.9 mmol/l) or any severe
hypoglycaemic event (defined as requiring
third-party assistance to administer carbohy-
drate or glucagon). Clinically significant hypo-
glycaemia has been recently defined in the ADA
statement as glycaemia with a BG
value < 54 mg/dl [27]. BG was measured by the
central laboratory (FPG) or SMBG device.

The changes from baseline in HbAlc and
FPG were analysed using mixed models for
repeated measurements (MMRM) using the full
analysis set (FAS; defined as all randomised
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patients who received one dose of study drug
and had a baseline and > 1 on-treatment
HbA1lc value), using observed cases (OC). For
HbA1lc the model included treatment, baseline
HbAlc, baseline insulin dose, week, week by
baseline HbAlc interaction and week by treat-
ment interaction. For FPG the model included
treatment, baseline HbA1lc, baseline FPG, base-
line insulin dose, week, week by baseline FPG
interaction and week by treatment interaction.

A logistic regression was conducted (FAS,
OC) for the proportion of patients who experi-
enced at least one hypoglycaemia event during
24 or 52 weeks. The model included treatment
as a fixed effect with baseline HbAlc and base-
line daily basal insulin dose as linear covariates.
The proportion of patients with HbAlc < 7.0%
and < 8.0% after 24 and 52 weeks of treatment
were analysed on the FAS, using the appoach
where non-completers are considered failure
(NCF; patients who do not complete 24 and
52 weeks of treatment are considered non-re-
sponders), by determining the percentage of
patients that fulfilled the responder criteria by
treatment. A logistic regression model with
treatment as fixed effect and baseline HbAlc
and baseline daily basal insulin dose as linear
covariates was applied.

Safety end points were analysed descrip-
tively; standard safety analyses were performed
based on the treated set (TS), which comprised
all patients treated with at least one dose of
randomised study medication. The safety anal-
yses were based on data collected up to
52 weeks; any AEs occurring within 7 days of
last study medication (residual period) were
considered on-treatment. All AEs up to and
including day 175 were included in the 24-week
analysis; for the patients that prematurely dis-
continued prior to or at day 175, an additional
residual period of 7 days was added.

RESULTS

Patients

Out of 108 participants screened, 102 were
randomised 1:1 to linagliptin and placebo (52
and 50 patients, respectively). During the study

period, seven participants in the linagliptin
group and eight in the placebo group discon-
tinued the trial (Supplementary Fig. 1).
Approximately two-thirds of the participants
were aged > 70 years, confirming the relevance
of the study for an elderly population (Table 1).
In addition, over two-thirds of the participants
had a history of diabetes > 10 years, while
< 10% had a history of diabetes of < 5 years at the
beginning of the study (Table 1). Approximately
half of the participants had a baseline estimated
glomerular filtration rate (eGFR) < 60 ml/min/
1.73 m?, and with one exception all participants
had a baseline eGFR < 90 ml/min/1.73 m?
(Table 1).

Microvascular disease, hypertension and
hyperlipidaemia were highly prevalent in this
trial population, each being diagnosed at base-
line in two-thirds of the participants or more.
Conversely, complications associated with
advanced stages of T2DM, such as macrovascu-
lar disease (excluding hypertension) and dia-
betic foot, had lower prevalence rates
(Supplementary Table 1).

More than 95% of the participants were
treated with long-acting insulins, while over
half of the participants were treated at baseline
with oral glucose-lowering drugs (metformin
and alpha-glucosidase inhibitors) in addition to
insulin (Supplementary Table 2).

Efficacy

The treatment difference in HbAlc reductions
for linagliptin vs. placebo was -0.71% at
24 weeks [95% confidence interval (CI) — 0.96,
—0.45, p <0.0001] and — 0.58% at 52 weeks
(95% CI —0.82, — 0.34, p < 0.0001), as shown
in Fig. 1a, b. The corresponding difference in
FPG reductions for linagliptin vs. placebo was
-15.0 mg/dl at 24 weeks (95% CI — 26.6, — 3.3,
p=0.0123) and — 3.4 mg/dl at 52 weeks (95%
CI — 158.8, 9.1, p = 0.5916), as shown in Fig. 1c.

The treatment effect on HbAlc levels was
consistent across subgroups, the point estimate
for the overall Japanese population being
within the confidence intervals of all subgroups
analysed. An interaction p value < 0.10 was
observed only for age and gender categories
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Table 1 Bascline demographics and clinical characteristics

Table 1 continued

Linagliptin  Placebo Linagliptin  Placebo

Patients (treated set’), N 52 50 > 10 to < 15 years 13 (255) 12 (24.0)

Male 34 (654) 36 (72.0) > 15 years 24 (47.1) 22 (44.0)
Age, years, mean (SD) 71.1 (5.5) 71.5 (5.6)

> 60 to < 65 years, # (%) 7 (13.5) 4 (8.0)
> 65 to < 70 years, z (%) 10 (19.2) 14 (28.0)
> 70 to < 75 years, n (%) 24 (46.2) 19 (38.0)
> 75 years, n (%) 11 (21.2) 13 (26.0)
BMI kg/m™? mean (SD) 239 (3.3) 229 (3.0)
¢GFR (MDRD), ml/min/ 599 (140) 62.7 (11.1)
1.73 m?, mean (SD)
> 90 ml/min/1.73 m?%, 1(1.9) 0 (0.0)
n (%)
> 60 to <90 ml/min/ 22 (423) 31 (62.0)
1.73 m* 7 (%)
> 45 to < 60 ml/min/ 22 (42.3) 16 (32.0)
173 m% 7 (%)
> 30 to < 45 ml/min/ 7 (13.5) 3 (6.0)

173 m% 7 (%)
Patients (full analysis set®), N 51 50

HbAlc, % mean (SD) 8.1 (0.8) 8.0 (0.7)
<7.0, n (%) 2 (3.9) 1(2.0)
>7.0t0 <7.5, 1 (%) 10 (19.6) 9 (18.0)
> 7.5 to < 8.0, 7 (%) 14 (275) 14 (28.0)
> 8.0 to < 9.0, 7 (%) 17 (333) 22 (44.0)
>9.0, 7 (%) 8 (15.7) 4 (8.0)

FPG, mg/dl, mean (SD) 130.8 (31.4) 127.6 (37.6)

Time since diagnosis of diabetes, 7 (%)

< 1year 2 (3.9) 0 (0.0)
> 1 to < 5 years 4 (7.8) 3 (6.0)
>5 to < 10 years 8 (15.7) 13 (26.0)

BMI body mass index, eGFR estimated glomerular filtra-
tion rate, FPG fasting plasma glucose, HbAlc glycated
haemoglobin, SD standard deviation

* All patients who were treated with > 1 dose of study
medication

b All patients who were treated with > 1 dose of study
medication and had a baseline and > 1 on-treatment
HbAIc measurement

(Supplementary Fig. 2). There was an increase in
the chance of achieving a categorical HbAlc
target of <7.0% (in patients with baseline
HbAlc > 7.0%) and < 8.0% (in patients with
baseline HbAlc > 8.0%), as shown in Supple-
mentary Fig. 3. Similarly, a trend was observed
towards improved chances of achieving cate-
gorical HbAlc targets without hypoglycaemia
accompanied by a prespecified glucose value
(Fig. 2).

During the study, more patients in the pla-
cebo group had their insulin dose increased
compared with patients in the linagliptin
group. Conversely, more patients receiving
linagliptin vs. placebo had their insulin dose
reduced during the study. These trends were
consistent at 24 and 52 weeks (Supplementary

Fig. 1 Change in HbAlc from baseline at weeks 24 and™
52 (a); change over time in HbAlc (b) and FPG (c).
"MMRM analysis, FAS (OC), model includes baseline
HbAlc, baseline daily basal insulin, baseline HbAlc by
week interaction as linear covariates, treatment, week,
treatment by week interaction as fixed effects and patient
as random effect. "MMRM analysis, FAS (OC), model
includes treatment, week and treatment by week interac-
tion as fixed categorical effects and baseline FPG, baseline
HbA]Ic and baseline daily basal insulin dose as fixed linear
covariates as well as baseline FPG by week interaction. CI
confidence interval, FAS full analysis set—all patients who
were treated with > 1 dose of study medication and had a
baseline and > 1 on-treatment HbAlc measurement.
HbAlc glycated haemoglobin, MMRM mixed model

repeating measurements, OC observed cases
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p=0.5916
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(a) HbA1c <8.0%
Odds ratio®: 1.60 M Linagliptin M Placebo
60.0 - 95% Cl: 0.51, 5.03
p=0.4210
50.0 - ' Odds ratio®: 1.37
o % 95% Cl: 0.40, 4.69
&8 400 - p=0.6131
g £  —
]
= S 300 4
T o
2 g 48.0
K E 20.0 4 385
58
10.0 -
0.0 -
Week 24 Week 52
n¢ 25 26 25 26
(b) HbA1c <7.0%
Odds ratio®: 2.26
30.0 5 95% Cl: 0.67, 7.62
p=0.1838 Odds ratio®: 3.20
o 95% Cl: 0.76, 13.54
& & 20.0 p=0.1147
T E —
[T]
88
bl
© b0
28
§ Z 100+
58
0.0 -
Week 24 Week 52
n¢ 49 49 49 49

Fig. 2 Proportion of patients with HbAlc < 8.0%
(a) and < 7.0% (b) and no hypoglycaecmia accompanied
by a prespecified glucose value® after 24 and 52 weeks, FAS
(NCF). "Any hypoglycaemia with BG < 54 mg/dl
(3.0 mmol/l) as measured by the central laboratory
(FPG) or SMBG  device, any symptomatic
event < 70 mg/dl (3.9 mmol/l) or severe hypoglycaemia
(requiring third-party assistance to administer carbohy-
drate or glucagon). bLogistic regression model includes
continuous baseline HbAlc and baseline daily basal insulin

Table 3) and mirror the results from the global
study [25].

The proportion of patients experiencing > 1
hypoglycaemic event accompanied by a

as linear covariates and treatment as a fixed effect. © Only
participants who were not at the HbAlc target of < 8.0%
and < 7.0% at the beginning of the trial (HbAlc > 8.0%
and > 7.0%, respectively) were included in the analysis. CT
confidence interval, FAS full analysis set—all patients who
were treated with > 1 dose of study medication and had a
baseline and > 1 on-treatment HbA 1c measurement. FPG
fasting plasma glucose, Hb.A1c glycated haemoglobin, NCF
non-completers considered failures, SMBG self-monitoring

blood glucose

prespecified glucose value during 24 or 52 weeks
was numerically higher in patients treated with
linagliptin vs. placebo, but this difference was
not statistically significant (Fig. 3a). In addition,
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0Odds ratio®: 1.39
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95% Cl: 0.18, 1.56
p=0.2489
1

0.95

(@ 5004 MWLinagliptin ™ Placebo
40.0 - Odds ratio®: 1.79
2 95% Cl: 0.66, 4.86
€ X
g% p=0.2543
238 30.0 1 1
58
c
2 N 20.0 A
S £
s
o 10.0 ~
0.0
Week 24
n 51 50
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Fig. 3 Hypoglycaemia accompanied by a prespecified
glucose value® over 24 and 52 weeks, FAS (OC): propor-
tion of patients with > 1 episode (a) and recurring
hypoglycaecmia ~ (b).  "Any  hypoglycaecmia  with
BG < 54 mg/dl (3.0 mmol/l) as measured by the central
laboratory (FPG) or SMBG device, or any symptomatic
hypoglycaemic event with BG < 70 mg/dl (3.9 mmol/I)
or any severe hypoglycaemic event (defined as requiring
third-party assistance to administer carbohydrate or
glucagon). I’Logistic regression model includes continuous

a numerical, non-significant decrease was
observed in the incidence of recurring hypogly-
caemia accompanied by a prespecified glucose
level with linagliptin compared with placebo
(Fig. 3b). Moreover, at week 52 linagliptin treat-
ment compared with placebo was associated

Week 52
51 50

baseline HbAlc, baseline daily basal insulin as linear
covariates and treatment as a fixed effect. “Negative
binomial model includes terms for treatment, baseline
HbAlc, baseline daily basal insulin dose and adjusted for
log (days of follow-up). BG blood glucose, CI confidence
interval, FAS full analysis set—all patients who were
treated with > 1 dose of study medication and had a
baseline and > 1 on-treatment HbA1lc measurement. FPG
fasting plasma glucose, OC observed cases, SMBG self-
monitoring blood glucose

with a numerical decrease in both the frequency
and incidence rate of clinically significant
hypoglycaemia (assessed in accordance with the
ADA statement) [27]: hypoglycaemia with a BG
value < 54 mg/ml (3.0 mmol/l) or severe hypo-
glycaemia (Supplementary Fig. 4).
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Safety

Linagliptin as addition to insulin was well tol-
erated in the current study, which is consistent
with findings from previously published stud-
ies. The incidence of severe AEs and AEs leading
to discontinuation of therapy was low (Table 2).
Investigator-defined drug-related AEs were
numerically higher in the linagliptin group, and
this treatment difference was driven entirely by
hypoglycaemia (placebo: 18.0%, linagliptin:
26.9%), which was the only drug-related AE
reported in the linagliptin group (Table 2). The
incidence of any AEs was numerically higher in
the linagliptin group, with the most common
AEs being hypoglycaemia in both groups and
the common cold (viral upper respiratory tract
infection) in the linagliptin group (Table 2). The
incidence of AESI was low and there were no
reported occurrences of skin lesions, acute
pancreatitis or pancreatic cancer (Table 2).

An increase in the risk of any hypoglycaemic
AE was observed with linagliptin vs. placebo
(Supplementary Table 4). However, this imbal-
ance was mainly due to mild, asymptomatic
hypoglycaemia, as there was no clinically
meaningful difference between linagliptin vs.
placebo in the proportion of patients with
clinically important hypoglycaemia (blood glu-
cose < 54 mg/dl or severe hypoglycaemia; Sup-
plementary Table 4). In the case of severe
hypoglycaemia, the incidence did not exceed
2.0% for treatment at either week 24 or 52.
Furthermore, there was no increase in the risk of
recurrent episodes of any hypoglycaemia (2 or
more, for the same patient; Supplementary
Table 4).

DISCUSSION

We report here the results of a phase 4 clinical
study conducted in Japan over a 52-week per-
iod, which investigated the efficacy and safety
of linagliptin compared with placebo in older
patients with T2DM and inadequate glycaemic
control while on stable background therapy
with insulin with or without additional glucose-
lowering drugs. Linagliptin was effective in
improving the glycaemic control in this trial

population, without increasing the risk of clin-
ically significant hypoglycaemia.

In terms of glycaemic control and risk of
hypoglycaemia, the results from the Japanese
study at 24 and 52 weeks were consistent with
the results from the global study, which was
only conducted for 24 weeks [25]. In line with
the results from the global study, linagliptin vs.
placebo was effective in helping participants in
the Japanese study population to achieve sig-
nificantly lower levels of HbAlc; this finding
was confirmed at both 24 and 52 weeks. In
addition, more patients treated with linagliptin
compared with placebo achieved categorical
HbAlc targets and categorical HbAlc targets
without hypoglycaemia; similar results were
observed in the global study [25].

Subgroup analysis indicated that the efficacy
of linagliptin was generally consistent across
subcategories. Nevertheless, no definite con-
clusions should be drawn from these data,
considering the low number of patients in each
subgroup. In the global study, the treatment
effect was consistent across age subcategories in
respect to HbAlc changes achieved [25].

The data presented here provide an indica-
tion that the addition of linagliptin might help
reduce the required dose of basal insulin, thus
alleviating the risk of hypoglycaemia. However,
as the number of patients with modified insulin
dose throughout the course of this trial was too
small to provide sufficient statistical power,
future studies are warranted to confirm the
effects of linagliptin in a larger cohort of older
Japanese patients and investigate this aspect in
more detail.

In the current study, there was no increase in
the risk of clinically significant hypoglycaemia
(hypoglycaemia with a glucose value < 54 mg/
dl or hypoglycaemia requiring third-party
assistance) and no increase in the incidence of
recurring hypoglycaemia with linagliptin vs.
placebo. However, there was a trend for a higher
risk of any hypoglycaemia, mainly driven by
asymptomatic hypoglycaemia, associated with
linagliptin. These results mirror the observa-
tions from the global study [25].

Linagliptin is a glucose-lowering drug with a
good safety profile established across multiple
clinical trials [11]. Meta-analyses that included
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Table 2 Summary of adverse events

24 weeks 52 weeks
Linagliptin Placebo Linagliptin Placebo
Patients (treated set®) 52 50 52 50
Any AE 35 (67.3) 27 (54.0) 47 (90.4) 38 (76.0)
Severe AE 4 (7.7) 3 (6.0) 8 (15.4) 5 (10.0)
Drug-related AE (investigator-defined) 14 (26.9) 4 (8.0) 14 (26.9) 10 (20.0)
AF leading to discontinuation 4(7.7) 3 (6.0) 7 (13.5) 5 (10.0)
Serious AE® 8 (15.4) 5 (10.0) 13 (25.0) 7 (14.0)
AEs with > 2% incidence 35 (67.3) 27 (54.0) 47 (90.4) 38 (76.0)
Ear and labyrinth disorders 0 (0.0) 0 (0.0) 2 (3.8) 0 (0.0)
Eye disorders 4(7.7) 0 (0.0) 5 (9.6) 2 (4.0)
Gastrointestinal disorders 9 (17.3) 1(2.0) 11 (21.2) 2 (4.0)
Infections and infestations 11 (21.2) 4 (8.0) 22 (42.3) 9 (18.0)
Investigations 1(1.9) 3 (6.0) 3 (5.8) 5 (10.0)
Metabolism and nutrition disorders 17 (32.7) 9 (18.0) 21 (40.4) 16 (32.0)
Diabetes mellitus 0 (0.0) 1 (2.0) 0 (0.0) 2 (4.0)
Hypoglycaemia 16 (30.8) 8 (16.0) 20 (38.5) 14 (28.0)
Musculoskeletal and connective tissue disorders 2 (3.8) 6 (12.0) 8 (15.4) 8 (16.0)
Reproductive system and breast disorders 3 (5.8) 0 (0.0) 3 (5.8) 0 (0.0)
Skin and subcutaneous tissue disorders 4 (7.7) 3 (6.0) 7 (13.5) 5 (10.0)
Vascular disorders 0 (0.0) 1 (2.0) 2 (3.8) 1 (2.0)
Hypertension 0 (0.0) 1(2.0) 2 (3.8) 1 (2.0)
AEs of special interest
Hypersensitivity reactions 3 (5.8) 1 (2.0) 5 (9.6) 1 (2.0)
Dermatitis allergic 0 (0.0) 0 (0.0) 1(19) 0 (0.0)
Dermatitis contact 2 (3.8) 0 (0.0) 2 (3.8) 0 (0.0)
Eczema 0 (0.0) 0 (0.0) 2 (3.8) 0 (0.0)
Rash 0 (0.0) 1 (2.0) 0 (0.0) 1 (2.0)
Urticaria 1(1.9) 0 (0.0) 1(1.9) 0 (0.0)
Skin lesions 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Hepatic events 1(19) 0 (0.0) 2 (3.8) 1 (2.0)
Alanine aminotransferase increased 0 (0.0) 0 (0.0) 1(19) 1 (2.0)
Hepatic steatosis 1(1.9) 0 (0.0) 1(1.9) 0 (0.0)
Renal AEs 1(19) 0 (0.0) 1(1.9) 0 (0.0)
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Table 2 continued

24 weeks 52 weeks

Linagliptin Placebo Linagliptin Placebo
Renal impairment 1(1.9) 0 (0.0) 1(1.9) 0 (0.0)
Pancreatitis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Pancreatic cancer 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

AE adverse event

* All patients who were treated with > 1 dose of study medication

b . . . -
A patient may be counted in > 1 seriousness criterion

data from participants aged > 65 years have
confirmed that the safety profile of linagliptin
also extends to its use in the elderly population
[28, 29]. In the current study conducted in
Japanese older patients, linagliptin was well
tolerated, and AEs occurred with similar rates in
both the linagliptin and placebo groups. In
particular, the incidence of severe AEs was low
and AESI occurred at the expected rate. No new
safety concerns were reported during the
52 weeks of treatment. Overall, the safety results
observed in this study were consistent with
those observed in the global study [25] and with
the expected results based on previous clinical
trials for linagliptin.

Other DPP-4 inhibitors have been evaluated
in the treatment of Japanese patients with
T2DM and, like linagliptin, have demonstrated
favourable efficacy and safety profiles [17-23].
In the majority of these studies, the mean age
was lower (approximately 60 years) than in the
current study (71 years). However, in a recent
study by Fukuda et al. [21], the efficacy and
safety of sitagliptin were assessed in a 52-week,
observational, single-arm study comprising a
larger (N = 5130) cohort of the elderly Japanese
population (mean age 73.8 £ 6.1 years), with a
focus on hypoglycaemia. Over 52 weeks, sita-
gliptin resulted in a significant reduction from
baseline in HbAlc (- 0.7 £ 1.1%, p < 0.001),
with no increase in the percentage of patients
with hypoglycaemia. However, hypoglycaemia
occurred more frequently with add-on therapy
to SU or when the dose of sitagliptin was
increased in combination therapy and, from
this, the authors concluded that sitagliptin
should be used with caution [21].

The risk of infections is an important consid-
eration in the context of diabetes, especially in
the case of elderly patients or those with associ-
ated comorbidities. Several reports, including
some for linagliptin, have mentioned a higher
risk of infectious AEs with DPP-4 inhibitors
[12, 30-33]. Moreover, the Japanese label infor-
mation for linagliptin lists nasopharyngitis as an
adverse drug reaction reported in > 0.3% of the
patients [16]. In the global study, the infection
and infestation AE prevalence was slightly higher
with linagliptin vs. placebo; these occurred in 34
patients (22.5%) in the placebo group and 38
patients (25.2%) in the linagliptin group [25].
Overall, no new safety finding can be reported
based on the data from the current study for these
types of AEs.

The key strength of the current study was
that it was designed to provide clear and specific
data on the use of linagliptin in an older Japa-
nese population over a 52-week period. The
consequent limitation is that the results may
not be directly extrapolated to other Asian
groups. Furthermore, our analyses of hypogly-
caemia can only be considered exploratory: due
to recruitment difficulties, the initially planned
total number of participants was lowered
through a protocol amendment; thus, the
assessment of hypoglycaemia was no longer
statistically powered.

In a protocol amendment, to further facili-
tate recruitment, the minimum age inclusion
criterion was lowered to 60 years in the global
study; nevertheless, in the Japanese trial, two-
thirds of the participants were aged > 70 years;
consequently, our study results are highly rele-
vant for an elderly population.
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CONCLUSIONS

The results of the present study in Japanese
patients with T2DM conducted over 52 weeks
were highly consistent with the results of the
24-week global study. Linagliptin was effective
in improving glucose control in patients
aged > 60 years on stable glucose-lowering
therapy with basal insulin. Linagliptin was well
tolerated and no new safety concerns were
raised.
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