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Background: Newer therapies, such as dipeptidyl peptidase-IV inhibitors, are increasingly
being used in the treatment of type 2 diabetes mellitus (T2DM). Teneligliptin, a DPP4 inhibitor,
currently commonly used as monotherapy or as add-on therapy, was generally well tolerated in
patients with T2DM during clinical trials. No AEs related to QT prolongation were detected with
40 mg/day of teneligliptin, but were seen at a supratherapeutic dose of 160 mg/day.

Aims and objective: To evaluate the safety of teneligliptin in type 2 diabetes patients with
respect to QTc prolongation.

Methodology: This was an open-label, prospective, multi-centric trial conducted in patients
with T2DM aged >18 to <65 years with a hemoglobin Alc (HbAlc) >7.0% and gliptin naive.
Teneligliptin 20 mg once a day was added to the standard treatment. The dose of teneligliptin
was increased to 40 mg once a day if required, on the basis of glycemic parameters. Twelve-
lead ECG was recorded at baseline and follow-up visits. The QTc was calculated by using
the Bazett’s formula (QTc=QT/VRR).

Results: The mean QT interval at screening (Visit 1, Day 0, baseline ECG) was 0.33+£0.07
seconds, while at visit 2 (Day 1, post 2 hours of Teneligliptin dosing) it was 0.32+0.04 seconds,
at visit 3 (Day 15) it was 0.32+0.04 seconds, and at visit 4 (Day 90) it was 0.32+0.03 seconds.
The mean QTc interval at baseline was 0.37+0.04 seconds, while at visit 2 it was 0.37+0.04
seconds, at visit 3 it was 0.37+0.03 seconds, and at visit 4 it was 0.37+0.03 seconds. There was
a significant reduction in fasting blood glucose (P=0.002), postprandial blood glucose
(P<0.001), and HbAlc (P<0.001) at the end of the 3 months as compared to baseline.
Conclusion: Teneligliptin at a therapeutic dose of 20 mg/day or 40 mg/day improved
glycemic parameters significantly and did not cause QT/QTc interval prolongation.
Keywords: diabetes, teneligliptin, QT prolongation

Introduction

Diabetes mellitus (DM) is a complex disease characterized by chronic hyperglyce-
mia, metabolic abnormalities, and long-term macro- and microvascular complica-
tions. It is one of the leading global health issues of the 21st century.' India is one
of the countries with the largest number of people having DM. In 2017, ~73 million
people were diagnosed with DM in India. The rapid shift in the Indian economy is
one of the factors behind the increase in the prevalence of DM. If this trend
continues, by 2045, almost 134 million people will have diabetes.”
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Standard therapies for the treatment of type 2 diabetes
mellitus (T2DM) include metformin, sulfonylureas, megliti-
nides, thiazolidinediones, and insulin. Newer therapies, such as
dipeptidyl peptidase-1V inhibitors, are increasingly being used
in the treatment of type 2 diabetes. But, a major question that
arises is whether these newer therapies can also be used safely
and effectively across the spectrum of T2DM patients. The
latest ADA-EASD joint statement released in October 2018
recommends usage of the newer cardio-friendly drugs for
treatment of T2DM. Usage of DPP-4 inhibitors has consis-
tently increased in India since the introduction of teneligliptin.3

Teneligliptin, a DPP4 inhibitor, was approved for the
management of type 2 diabetes mellitus in Japan (2012), in
South Korea (2014), and in India (2015).* In addition to
effective glycemic control, results of various clinical trials
also suggested that teneligliptin, as monotherapy or add-on
therapy, was generally well tolerated in patients with T2DM.*
Teneligliptin is orally administered at a dosage of 20 mg once
daily, which can be increased up to 40 mg per day. According
to a strict QT/QTc evaluation study and clinical studies for
type 2 diabetes conducted in Japan and other countries, no
adverse events (AEs) related to QT prolongation were detected
with 20 mg/day or with 40 mg/day of teneligliptin, which is
the maximal dosage used in clinical practice.” But, teneliglip-
tin at 160 mg/day dose, during initial safety studies, was
associated with changes in QT interval.® The importance of
establishing the cardiac safety of any antidiabetic drug is
particularly important since diabetic patients have an increased
risk for cardiovascular disease, and this makes these patients
more susceptible to the effects which any drug may have on
heart function. There is no published data regarding the safety
of teneligliptin, with therapeutic doses, in Indian type 2 dia-
betic patients with respect to QTc prolongation.

Hence, the current prospective study was intended to
evaluate the safety of teneligliptin in type 2 diabetes
patients with respect to QTc prolongation.

The primary objective of the study was to evaluate
change in HbAlc and the percentage of patients with
ECG changes of QT/QTc prolongation. The secondary
objectives were to evaluate the safety and tolerability of
teneligliptin in patients with type 2 diabetes. The effect of
teneligliptin on fasting blood sugar (FBS) and post pran-
dial blood sugar (PPBS) was also evaluated.

Methodology

The study was an open-label, prospective, multi-centric study.
A total of 66 patients were enrolled in the study. The study was
conducted in accordance with the principles of International

Conference on Harmonization (ICH) guidelines for Good
Clinical Practice (GCP). Independent Ethics Committee
(Suraksha Ethics committee. Reg No: ECR/644/Inst/MH/
2014) approval was obtained prior to commencement of the
study. After the patients gave written informed consent they
underwent screening procedures, which included complete
general and systemic examination. The comprehensive physi-
cal examination included the respiratory system and cardio-
vascular system, per abdomen, and neurological examination.
The patients included in the study were male or female
patients with uncontrolled Type 2 diabetes mellitus, aged >18
to <65 years, with a hemoglobin Alc (HbAlc) >7.0%, and
were gliptin naive. The exclusion criteria were: patients with
type 1 diabetes, severe diabetic complications such as ketoa-
cidosis, marked baseline prolongation of QT/QTc interval
(eg, repeated demonstration of a QTc interval >450 millise-
conds (ms), history of additional risk factors for Torsade de
pointes (TdP), eg, heart failure, hypokalemia, family history
of Long QT Syndrome, the use of concomitant medications
that have the potential to prolong the QT/QTc interval, liver
dysfunction, pregnant or nursing women and those who
might be pregnant, patients with a history of seizures, history
of stroke, and cardiovascular events, and any patient whom
the investigator judged to be inappropriate for this study.

Sample size calculation

A literature survey was done prior to sample size calcula-
tion to study the reported reduction in HbAlc in earlier
clinical trials of teneligliptin and other gliptins. Gliptins at
a therapeutic dose are reported to have no effect on QT
interval. We considered papers for similar molecules and
similar end point. We checked the reduction in the HbAlc
from baseline to end point. While published papers have
spoken of HbAlc reduction of >1%, we have considered
an HbAlc reduction of 1%. Therefore, with a 95% con-
fidence level, 90% power, and 10% drop out rate, a sample
size of 66 (~70) subjects would be sufficient to determine
the teneligliptin safety trial.

Calculation is based on the formula:

n=f(0/2, B)x2%xc2/(nl—pu2)2

where pl and p2 are the mean outcome in the control and
experimental group, respectively, and ¢ is the standard
deviation.

Study procedure
Patients who satisfied the inclusion and exclusion criteria were
enrolled into the study. Teneligliptin 20 mg once a day was
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added to the standard treatment. The dose of teneligliptin was
increased to 40 mg once a day if required, on the basis of
glycemic parameters. At each visit the patients underwent
comprehensive systemic examination where vitals and 12-
lead ECG were recorded. The normal ECG at screening was
considered as baseline ECG. The 12-lead ECG recording on
each follow-up visit was performed 2 hours after the dosing of
teneligliptin. Fasting blood glucose and postprandial blood
glucose were estimated at each visit.

Safety assessments consisted of monitoring and recording
all adverse reactions reported by the patients. The changes in
vitals, ECG, and hematology and biochemistry at the end of
treatment were compared with the findings at baseline.

Calculation of QT and QTc

The QT interval represents the time of ventricular activity,
including both depolarization and repolarization. It is mea-
sured from the beginning of the QRS complex to the end
of the T wave. Normally, the QT interval is 0.36-0.44
seconds (9—11 boxes). The QT interval will vary with
patient gender, age, and heart rate.

The QT interval should be corrected for heart rate to
enable comparison with reference values. Because heart
rate is the principal determinant of repolarization length,
many correction formulae have been developed to calcu-
late a corrected QT interval (QTc) value corresponding to
a QT value normalized at a heart rate of 60 beats/minute.
This allows comparison of QT values over time at differ-
ent heart rates, and improves detection of patients at
increased risk of arrhythmias.

In the present study, the QTc was calculated by using
the Bazett’s formula (QTC=QT/NRR).

Statistical analysis

All characteristics were summarized descriptively. For contin-
uous variables, data were represented using Mean+SD. For
categorical data, the number and percentage were used in the
data summaries. The difference of the means of analysis vari-
ables between the two independent groups was tested by
unpaired #-test. The difference of the means of analysis vari-
ables between two time points in the same group was tested by
paired #-test. The difference of the means of analysis variables
between more than two time points was tested by ANOVA and
F-test of testing of equality of variance.

Results
The present study enrolled 66 patients, which includes 41
(62%) males and 25 (38%) females. The average age of

patients enrolled was 50.249.1 years (Table 1). The aver-
age duration of diabetes was 3—4 years, and average BMI
was 26£3.8. (19-1 to 36.9). Fifty-five (83.33%) patients
received teneligliptin 20 mg once a day, and 11 (16.66%)
patients received teneligliptin 40 mg per day as an adju-
vant therapy along with other oral anti-diabetic drugs.

Table | Basic demographic characteristics and OHAs and other
drug prescribed

Gender Number of patients (%)
Male 41 (62%)
Female 25 (38%)
Total 66 (100%)
BMI (Kg/m?)

Normal (18.5-24.9) 34 (51.5%)
Overweight (25-30.0) 21 (31.8%)
Obese (>30.0) I (16.7)
Total 66 (100%)
OHAs

Metformin 50 (75.75%)
Glimepiride 17 (25.75%)
Gliclazide 7 (10.6%)
Glipizide 2 (3.03%)
Glibenclamide I (1.51%)
Voglibose 5 (7.57%)
Canagliflozin 2 (3.03%)
Dapagliflozin 2 (3.03%)
Insulin

Human insulin I (1.51%)
Antihypertensive drugs

Amlodipine 2 (3.03%)
Benidipine I (1.51%)
Cilnidipine I (1.51%)
Telmisartan I (1.51%)
Losartan I (1.51%)
Olmesartan I (1.51%)
Azilsartan I (1.51%)
Atorvastatin I (1.51%)
Atorvastatin+Aspirin 3 (4.54%)
Aspirin+Clopidogrel I (1.51%)
Aspirin I (1.51%)
Combinations

Glimepiride+Metformin 16 (24.24%)
Glibenclamide+Metformin I (1.51%)
Glipizide+Metformin I (1.51%)
Gliclazide+Metformin 6 (9.09%)
Voglibose+Metformin 5(7.57%)
Voglibose+Metformin+Canagliflozin | 1 (1.51%)
Canagliflozin+Metformin 2 (3.03%)
Dapagliflozin+Metformin 1 (1.51%)

Abbreviations: BMI, body mass index; OHAs, oral hypoglycemic drugs.
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Metformin was the most common drug prescribed in 50
(75.75%) patients (Table 1),
Glimepiride and Metformin was the preferred combination
in 16 (24.24%) patients, along with teneligliptin (Table 1).

The mean QT interval at screening visit 1( Day 0, base-
line ECG) was 0.33+0.07 seconds, while at visit 2 (Day 1,
post 2 hours of Teneligliptin dosing) it was 0.32+0.04 sec-
onds, at visit 3 (Day 15) it was 0.32+0.04 seconds, and at visit
4 (Day 90) it was 0.32+0.03 seconds. The average change in
the mean QT interval from baseline ECG, on visit 2 (Day 1,

and combination of

post 2 hour of Teneligliptin dosing) was —0.01+0.03 seconds,
on visit 3 (day 15) it was —0.01+0.03 seconds, and on visit 4
(day 90) it was —0.014+0.04 seconds. No significant differ-
ence was seen in the QT interval at each visit subsequent to
the baseline visit (Table 2).

The mean QTc interval at baseline was 0.37+0.04 seconds,
while at visit 2 it was 0.37+0.04 seconds, at visit 3 it was 0.37
+0.03 seconds, and at visit 4 it was 0.37+£0.03 seconds. The
average change in the mean QTc interval from baseline on
visit 2 was 0 seconds, on visit 3 (day 15) it was 040.01
seconds, and on visit 4 (day 90) it was 0+0.01 seconds.
Therefore, the QTc interval did not change from baseline,
and there was no statistically significant difference in QTc
interval from baseline to any subsequent follow-up visits.

There was no significant change in the QT interval
(P=0.517) and QTc interval (P=0.998) at baseline and the
end of study (Table 2). Among the 11 patients who were
treated with teneligliptin 40 mg per day, no significant change
in the QT (P=0.880) and QTc (P=0.757) interval was seen at
visit 2, visit 3, and visit 4, as compared to baseline (Table 2).

There was a significant reduction in fasting blood glucose
(P=0.002), postprandial blood glucose (P<0.001), and
HbAlc (P<0.001) at the end of the 3 months, as compared
to baseline (Table 3). The average decrease in fasting blood
glucose was 15.75+16.67 mg/dL, that of post prandial blood
glucose was 45.48+25.96 mg/dL, and that of HbA1C was
0.6940.31%. There was also no significant change in the vital
signs at visit 3 or visit 4 as compared to baseline (Table 4).

Hypoglycemia or any other adverse effect was not
reported in any of the patients. The drug was well tolerated
in all patients.

Discussion

The “thorough QT/QTc study” is intended to determine
whether the drug has a threshold pharmacologic effect
on cardiac repolarization.” QT prolongation is quantita-
vely associated with the risk of TdP (polymorphic ven-
tricular tachyarrhythmia). The current threshold set by

Table 2 QT/QTc in patients treated with teneligliptin 20/40 mg per day

QT/QTc in patients treated with teneligliptin 20/40 mg per day in all patients
Parameters Visit | (screening visit, base- Visit 2 (day 1) Visit 3 (day 15) Visit 4 (day 90) P-value
line ECG, Day 0)
MeantSD MeantSD MeantSD MeantSD
QT interval 0.33+0.07 0.32+0.04 0.32+0.04 0.32+0.03 0.517%
QTc interval 0.37+0.04 0.37+0.04 0.37+0.03 0.37+0.03 0.998*
QT and QTc of 11 patients treated with 40 mg per day of teneligliptin
QT 0.33+0.027 0.33+0.02 0.33£0.02 0.33%0.01 0.880*
QTc 0.38+0.04 0.38+0.04 0.38+0.02 0.37£0.02 0.757*

Notes: *Significant at 5% level of significance (P<0.05), baseline vs end of study. At visits 2, 3, and 4 the ECG was recorded after 2 hours of teneligliptin dosing.
Abbreviation: ECG, electrocardiogram.

Table 3 Effect of teneligliptin added to standard treatment on FBG, PPBG, and HbAIc

Parameters Visit | (screening visit, day 0) Last visit (day 90) P-value Mean change
MeantSD MeantSD

Fasting blood glucose (mg/dL) 133.05+33.58 117.3+16.91 0.002* -15.75+16.67

Postprandial blood glucose (mg/dL) 214.3£52.93 168.82+26.97 <0.001* -45.48+25.97

Glycosylated hemoglobin (HbAIC) 8.41+£0.94 7.72+0.63 <0.001* -0.69+0.31

Note: *Significant at 5% level of significance (P<0.05).
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Table 4 Effects on vital signs
Parameters Visit | Visit 3 Visit 4, P-value
(screening visit, day 0) (day 15) (day 90)
MeantSD MeantSD MeantSD
SBP (mmHg) 133.3£13.52 131.6£10.94 129.17£10.9 0.213*
DBP (mmHg) 82.17+16.27 83.3716.8 80.0£7.33 0.241*
Pulse rate (bpm) 81.32+12.94 81.41+13.58 80.57+13.65 0.928%*
Respiratory rate (per minute) 10.88+0.99 10.57+0.92 10.71+0.94 0.310%
Temperature (°F) 95.82+6.53 95.71+6.54 95.7716.41 0.998*

Note: *Significant at 5% level of significance (P<0.05), screening vs end of study.

USFDA level of regulatory concern for cardiac safety of
any drug that prolongs the mean QT/QTc interval by
around 5 ms or less does not appear to cause TdP, while
drugs that prolong the mean QT/QTc interval by >20 ms
have a substantially increased likelihood of being

proarrhythmic.’

The data on drugs that prolong the
mean QT/QTc interval by more than around 5 and less
than 20 ms are inconclusive, but some of these com-
pounds have been associated with proarrhythmic risk.”
In the present “thorough QT/QTc study”, data from 66
T2DM patients on teneligliptin or combination therapy with
other OADs was analyzed. ECG pattern were recorded at
baseline and at 2 hours post-teneligliptin dosing, on the 15"
and 90" day, to determine changes in the QT/QTc interval.
No significant difference was seen in the QT interval
(P=0.517) and QTc interval (P=0.998) at baseline and the
end of study or any of the follow-up visits. Those on a 40 mg
dose of teneligliptin also showed no significant change in the
QT (P=0.880) and QTc (P=0.757) interval at baseline and
end of study or any of the follow-up visits. Thus, 40 mg and
20 mg doses of teneligliptin were associated with no QT/QTc
prolongation. A thorough QT/QTc evaluation study was also
conducted by Kishimoto, which was a moxifloxacin-
controlled, parallel-group comparative study conducted in
foreign healthy adult males and females, where placebo,
teneligliptin 40 mg, and 160 mg were administered orally
once daily for 4 days (placebo group, 40 mg group, and
160 mg group). Regarding the difference in QTc interval
from baseline, the difference between the teneligliptin
group and the placebo group with its two-sided 90% CI in
the 40 mg group and 160 mg group were 3.9 (0.2-7.6) and
9.3 (5.6-13.0) milliseconds, respectively, at the end of 3
hours, with the upper limit of the one-sided 95% CI exceed-
ing 10 milliseconds. Thus, no AEs related to QT prolonga-
tion were detected with 40 mg/day of teneligliptin, which is
the maximal dosage used in clinical practice. However,

because when 160 mg/day of the drug was administered,
slight prolongation of the QTc interval was detected tempo-
rally at the high concentrations of the drug (around f,.x
level). Similar results were seen with sitagliptin,® where the
clinical dose of sitagliptin 100 mg was not associated with an
increase in QTc interval but the supratherapeutic 800-mg
dose of sitagliptin was associated with minimal, clinically
insignificant prolongation of the QTc interval at concentra-
tions approximately 11-fold higher than maximal concentra-
tions following the 100-mg clinical dose. The PK/QTc model
demonstrated a shallow relationship between the plasma
concentration of sitagliptin and the placebo-subtracted QTc
change from baseline, with a 0.59-millisecond increase in
QTc for every 1000-nM increment in sitagliptin plasma
concentration.”

Several factors may increase the C,,, of teneligliptin,
including renal impairment, hepatic impairment, and con-
comitant use with a CYP3A4/P-gp inhibitor. C,,,,x of tene-
1.04-1.12-fold in
subjects with renal impairment, 1.25—1.38-fold in subjects

ligliptin  increases approximately
in hepatic impairment, and 1.37-fold in subjects adminis-
tered concomitantly with a CYP3A4/P-gp inhibitor.” In
a thorough QT/QTc prolongation study, the Cmax reached
at teneligliptin 160 mg was estimated to be within 4.3-5.2
-times and 2.1-2.6 -times the C,,,, reached following the
administration of teneligliptin at 20 mg and 40 mg in the
presence of multiple factors, respectively, even if the upper
limit of the CI is taken into account.”!® Therefore, at
clinically recommended doses (20 mg and 40 mg), tene-
ligliptin does not seem to cause QTc prolongation, as
shown in the study document submitted to PMDA
(Pharmaceuticals and Medical Devices Agency, Japan)
by the originator in Japan.'? In the teneligliptin data sub-
mitted to PMDA, Japan, it has been shown that there is no
QT/QTc prolongation with a 40 mg dose of teneligliptin
based on the thorough QT/QTc study. It is recommended
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that the coadministration of teneligliptin with drugs known
to cause QT prolongation on their own, such as class IA or
class III antiarrhythmic drugs, should be performed with
caution.® Moreover, hypoglycemia being one of the strong
QTc prolongators, in combination with other hypoglyce-
mic drugs, may need strict pharmacovigilance.'!

In the present study, apart from its favorable effect
on QT/QTc interval, teneligliptin 20 mg and 40 mg
per day showed a significant decrease in the fasting
blood glucose (P=0.002), post prandial blood glucose
(P<0.001), and HbA1C (P<0.001) by the end of the
study. Kutoh et al,"”’ in a 3-month study of 31 drug-na
ive Japanese T2DM patients, evaluated teneligliptin
daily 20 mg as a monotherapy. This study found
a significant reduction in HbAlc (from 10.34£2.06 to
8.3842.23%, P<0.00001) and fasting blood glucose
(from 211.3£68.4 to 167.3£70.2 mg/dL, P<0.0002)
from the baseline. Similar results were reported in the
TREAT INDIA study,'"* where mean HbAlc, FPG, and
PPG were significantly reduced by 1.37%=+1.15%, 51.29
+35.41 mg/dL, and 80.89+54.27 mg/dL, respectively, at
the end of 3 months of teneligliptin therapy. The long-
term efficacy of teneligliptin has also been studied in
two 52-week, open-label, multicenter, interventional
studies.'”” The changes in HbAlc from baseline to
week 52 were —0.63+0.65% in the teneligliptin mono-
therapy group, —0.76+0.70% in the glinide combination
therapy group, —0.78+0.75% in the biguanide combina-
tion therapy group, —0.89+0.64% in the alpha-glucosi-
dase inhibitor combination therapy group, and —0.81
+0.76% in the SU combination therapy group.

Teneligliptin as an add-on therapy to other agents such
as glimepiride, metformin, and pioglitazone, was generally
well tolerated in our study. No hypoglycemia or any other
adverse effect was reported by patients involved in the trial.

Our study was limited by its small sample size and
open label nature, which warrants further need of a large
scale randomized double blinded trial. In addition, taking
into account that there are diabetic patients who have
concurrent diseases such as arrhythmia and ischemia, and
that teneligliptin may be administered to such patients for
a long period of time, a real world evidence study will help
in understanding the drug—drug interaction and factors
which increase the QT/QTc interval, if any.

Conclusion
Teneligliptin at a therapeutic dose of 20 mg/day or 40 mg/
day does not cause QT/QTc interval prolongation. In the

present study it was very well tolerated, with significant
reduction in FBS, PPBG, and HbA1C. The results of the
current study corroborate the findings published in the
literature that teneligliptin at therapeutic doses does not
cause QT/QTc interval prolongation in patients.
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