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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Linagliptin (BI 1356) is an oral, highly

selective dipeptidyl peptidase-4 inhibitor
which is under development for the
treatment of type 2 diabetes mellitus and
for which the pivotal phase III programme
has recently been completed.

• There have been no observed
electrocardiogram changes in a linagliptin
single rising dose study with up to 600 mg,
and no preclinical signals for QT liability.

WHAT THIS STUDY ADDS
• This manuscript describes the findings of a

thorough QT study for linagliptin conducted
according to the ICH E14 guideline, with a
therapeutic dose (5 mg) and a 20-fold
therapeutic dose (100 mg).

• Linagliptin does not cause clinically relevant
changes of the corrected QT interval with a
therapeutic dose and a 20-fold therapeutic
dose.

• The 20-fold therapeutic dose of linagliptin
was safe and well tolerated.

AIM
To evaluate the potential effects of therapeutic and supratherapeutic
doses of linagliptin (BI 1356) on the QT/QTc interval in healthy subjects.

METHODS
The study was a randomized, double-blind, placebo-controlled,
four-period crossover study using single oral doses of linagliptin (5 mg
and 100 mg), moxifloxacin (400 mg) and placebo. Electrocardiogram
(ECG) profiles using triplicates of 12-lead 10-s ECGs were digitally
recorded pre-dose and after drug administration. The mean change
from baseline (MCfB) of the individually heart rate corrected QT
interval (QTcI) between 1 and 4 h postdrug administration was the
primary end point. Blood samples to measure plasma concentrations of
linagliptin and its main metabolite were also obtained.

RESULTS
Forty-four Caucasian subjects (26 male) entered the study and 43
subjects completed the study as planned in the protocol. Linagliptin
was not associated with an increase in the baseline-adjusted mean
QTcI, at any time point. The placebo-corrected MCfB of QTcI was -1.1
(90% CI -2.7, 0.5) ms and -2.5 (–4.1, –0.9) ms for linagliptin 5 mg and
100 mg, respectively, thus within the non-inferiority margin of 10 ms
according to ICH E14. Linagliptin was well tolerated; the assessment of
ECGs and other safety parameters gave no clinically relevant findings at
either dose tested. Maximum plasma concentrations after
administration of 100-mg linagliptin were ~24-fold higher than those
observed previously for chronic treatment with the therapeutic 5-mg
dose. Assay sensitivity was confirmed by a placebo-corrected MCfB of
QTcI with moxifloxacin of 6.9 (90% CI 5.4, 8.5) ms.

CONCLUSIONS
Therapeutic and significantly supratherapeutic exposure to linagliptin
is not associated with QT interval prolongation.
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Introduction

Linagliptin (BI 1356) is an oral, xanthine-based, potent and
highly selective dipeptidyl peptidase-4 (DPP-4) inhibitor
that is being developed for the treatment of type 2 diabe-
tes mellitus (T2DM) [1]. Its pharmacokinetic and pharma-
codynamic profile permits once-daily dosing without the
need for dose titration [2, 3]. DPP-4 inhibitors act by inhib-
iting the degradation of glucagon-like peptide-1 (GLP-1)
and glucose insulinotropic peptide (GIP) by the plasma
DPP-4 enzyme [4–6]. The increased availability of these
hormones stimulates glucose-dependent insulin release
[7, 8].

We performed a‘thorough QT study’(TQTS) for linaglip-
tin to investigate the effect of linagliptin on the QT interval
based on the International Conference of Harmonization
(ICH) E14 guidance [9]. QT prolongation has been associ-
ated with arrhythmias, the most characteristic of which is
the potentially fatal polymorphic tachycardia also known
as torsade de pointes [10].

The importance of establishing the cardiac safety of
any antidiabetic drug is particularly emphasized because
of the target population of T2DM patients having an
increased risk for cardiovascular disease, therefore making
these individuals more susceptible to the effects which any
drug may have on heart function.

Clinical trials of single rising oral doses (SRD) and mul-
tiple rising oral doses (MRD) of linagliptin involving healthy
subjects and patients with T2DM [1, 11] have indicated that
linagliptin is well tolerated at single doses up to 600 mg
and multiple doses up to 10 mg once daily, with no clini-
cally relevant changes observed in any of the electrocar-
diogram (ECG) parameters [12]. In both studies, digital 10-s
ECGs were obtained and centrally measured using a semi-
manual approach, both pre-dose and multiple times post-
dose. The statistical analyses of ECGs in these studies
suggested the absence of a QT-prolonging effect with
linagliptin. Additional information was provided by the
absence of electrocardiographic findings in preclinical
investigations; these included the lack of interaction on
human ether-a-go-go-related gene (hERG)-mediated
potassium current, the lack of a prolonging effect on the
myocardial action potential in the guinea pig papillary
muscle and beagle dog telemetry data for both linagliptin
and its main metabolite, CD 1790 (unpublished data). The
once-daily 5-mg dose studied in the present study is sup-
ported by the finding that >80% inhibition of plasma
DPP-4 activity is maintained over a 24-h interval after drug
intake at this dose [11]. Furthermore, the once-daily 5-mg
dose produced and maintained significant improvements
in glycaemic control in both a 12-week phase II study [13]
and recently completed 24-week pivotal phase III studies
[14–17].

This randomized, double-blind, crossover TQTS was
conducted to confirm the cardiac safety of therapeutic
and supratherapeutic doses of linagliptin. A crossover

study design was used to demonstrate that the influence
of linagliptin on the QTc interval was comparable with
placebo. The 100-mg supratherapeutic dose of linagliptin
used in this study is 20-fold that of the proposed thera-
peutic dose of 5 mg. For a TQTS, the use of suprathera-
peutic doses of the new agent up to 10-fold that of the
proposed therapeutic dose has been suggested [18].
However, only a few QT safety studies have tested to this
magnitude. An eightfold therapeutic dose of the DPP-4
inhibitor sitagliptin[19] was tested in a TQTS, and studies
of the effects of antihistamines have used doses close to
the suggested therapeutic range [20]. A single-dose
design was appropriate as linagliptin shows low potential
for accumulation and exposure does not rise substantially
under steady-state conditions after multiple dosing [11].
The fluoroquinolone antibiotic moxifloxacin, which is
known to prolong the QTc interval in a reproducible way,
was used as a positive control to confirm the assay sen-
sitivity of this study [21].

Methods

Study design
This was a single-centre, randomized, double-blind,
placebo-controlled, four-period crossover study where
subjects were exposed to single doses of each of the
following four treatments on four different study days:
linagliptin 5 mg, linagliptin 100 mg, moxifloxacin
(Avelox®;Bayer Vital, Leverkusen, Germany) 400 mg and
placebo. All treatments were administered after a light
standard breakfast with 240-ml water and subjects were
monitored for 24 h postdose.

The study involved double-blind administration of lina-
gliptin and placebo, but the administration of moxifloxacin
was open-label. The four treatments were formed to 12
sequences based on three orthogonal Latin Squares
(Figure 1C).This design is variance-balanced and it ensures
that each ordered combination of two treatments is given
at regular intervals. The design has enough degrees of
freedom to assess direct-by-carry-over effects, as well as to
adjust treatment effects for potential carry-over [22, 23].
Moreover, this design ensures double-blind conditions of
placebo and linagliptin treatments despite the open-label
moxifloxacin. This is because the administration of moxi-
floxacin in each period is combined with all treatments in
each of the periods. Other than the moxifloxacin adminis-
tration and the absence of pharmacokinetic blood sam-
plings (which were carried out for the linagliptin arms
only), the experimental conditions in all study arms were
kept the same.

Each study day lasted for 24 h, during which ECG and
pharmacokinetic assessments were made (Figure 1B).

Because of the long terminal half-life of linagliptin of
131 h [11], treatment periods were separated by washout
periods of 6 weeks to ensure that no pharmacokinetic
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carry-over was present in any subject (Figure 1A). An end-
of-study examination was performed within 14 days after
the last drug administration.

Subjects
Forty-four healthy male and female subjects were
recruited from the volunteers’ pool of the Human Pharma-
cology Centre, Boehringer Ingelheim Pharma GmbH & Co.,
Biberach, Germany. Screening examinations were per-
formed to confirm the health status and eligibility of the
subjects.

Every subject provided written informed consent prior
to participation in the study. The protocol was approved
by the local ethics committee, Ethik-Kommission der
Landesärztekammer Baden Württemberg, and by the
German Competent Authority.The study was conducted in
compliance with both the Good Clinical Practice and the
ethical standards established by the Declaration of Hels-
inki (2004 version), as well as in accordance with applicable

regulatory requirements.This study is included in the Euro-
pean Clinical Trials Database (EudraCT) as record number
2007-004220-21.

Electrocardiogram assessment
On each treatment day, three consecutive triple 12-lead
10-s ECGs were recorded 1 h prior to administration of
study drug and 10 triple ECGs were recorded to assess the
ECG profile at predefined time points after drug adminis-
tration (0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h). Triplicate ECGs
were recorded 30–120 s apart to account for intrinsic vari-
ability of the ECG intervals. All ECGs were recorded digitally
with 500 Hz, after the subject had been resting in the
supine position for at least 10 min, using a Corina Cardio-
soft Electrocardiograph and the MUSE CV Cardiology
System (General Electric Medical Systems, Freiburg,
Germany).

The digital ECG recordings were transmitted electroni-
cally to a specified ECG core laboratory for semi-manual
measurement of the ECG intervals (RR,PR,QRS and QT).The
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Figure 1
Elements of the study design: (A) Schedule of the visits, (B) timing of the electrocardiogram (ECG) and pharmacokinetic (PK) measurements and (C)
randomization sequences, based on three orthogonal Latin squares
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over-read was conducted by a single specialized techni-
cian for all ECGs in the study. As a result, the quality of ECG
recordings was high and the QT interval was not measur-
able in only one of 6825 ECGs.Measurement of intervals for
each session was performed on four consecutive ECG com-
plexes from lead II. All 12 waveform measurements of the
triple ECGs were averaged to obtain the ECG parameters at
each time point.

One ECG of each triplicate was randomly selected for a
cardiology assessment by a board-certified cardiologist.
Additional ECG traces could have been performed for
safety reasons at any time point, based on the judgement
of the investigator. All ECGs complied with the Food and
Drug Administration (FDA) guidance documents for anno-
tated digital ECGs [9].

The baselines for the ECG end points were derived from
three pre-dose triple ECGs in each study period. This has
been shown to be a statistically efficient design, as the
overall number of ECGs is lower compared to the use of a
full baseline day prior to the treatment days [24, 25].

The study participants received a light breakfast after
the pre-dose ECGs, a light lunch 4 h postdose, a snack at 6 h
postdose, a dinner at 10 h postdose and a snack at 12 h
postdose. All meals were taken after the samplings for ECG
and PK were taken.

Pharmacokinetic evaluation
Blood samples for pharmacokinetic measurements were
collected at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h after linaglip-
tin administration, at the same time as the ECG measure-
ments, on each of the treatment days. Sample and data
analyses were conducted as previously reported [1]. The
calibration curves of undiluted plasma samples were
linear over the range of concentrations from 0.100 to
100 nmol l–1 for linagliptin and from 0.0500 to 50.0 nmol l–1

for CD 1750 using a plasma volume of 150 ml. In-study
assay validation at nominal concentrations of 0.25, 1.0, 5
and 80.0 nmol l–1 yielded an assay inaccuracy and impreci-
sion for linagliptin of -5.5 to 2.4% and 6.0 to 8.3% respec-
tively.For CD 1790,nominal concentrations of 0.125,0.5,2.5
and 40.0 nmol l–1 resulted in assay inaccuracy and impreci-
sion of 0.0 to -8.0 and 5.3 to 9.0% respectively.

Non-compartmental pharmacokinetic analyses were
used to derive pharmacokinetic parameters, including
observed maximum plasma concentration (Cmax), time
to observed Cmax (tmax) and area under the plasma
concentration–time curve over a 24-h dosing period
[AUC(0,24 h)], for linagliptin and its main metabolite, CD
1790. As the pharmacokinetics of both analytes had been
characterized previously, pharmacokinetic samples were
obtained only up to 24 h postdrug administration.Thereby,
it was ensured that an exposure–response analysis could
be performed, while pharmacokinetic parameters were
only to be derived for this time frame [e.g. AUC(0,24 h)
instead of AUC(0,•)]. Geometric mean (gMean) and geo-

metric coefficient of variation (gCV) values were deter-
mined for the pharmacokinetic parameters.

Safety evaluation
Adverse events were recorded throughout the study. Vital
signs (pulse rate, systolic and diastolic blood pressure)
were recorded after the subject had been at rest in a
supine position for at least 10 min at screening and at the
end-of-study evaluation. Clinical laboratory parameter
assessments and pregnancy testing of female subjects
were conducted after a fasting period of at least 10 h at
screening, pre-dose and at end-of-study evaluations.Toler-
ability was assessed by the investigator and was based on
adverse event reporting and laboratory evaluations on
completion of the study assessment. Tolerability was
assessed using the categories ‘good’, ‘satisfactory’, ‘not
satisfactory’ or ‘bad’.

Statistical analysis
Primary and secondary end points The primary end point
was derived as the mean of the baseline-adjusted subject-
specific heart rate-corrected QT interval (QTcI) over 1 to 4 h
postdose, where baseline values were derived as the mean
of three ECGs obtained pre-dose in the same study period.
In this 3-h post-dose time window, the plasma concentra-
tions of both linagliptin and moxifloxacin were expected
to be at least 75% of their peak plasma concentrations,
ensuring the most relevant levels of exposure to study
drug.

Secondary end points included the change from mean
baseline of the QTcI at any point within the complete
profile time interval of 30 min to 24 h after dosing. In addi-
tion, the occurrence/non-occurrence of at least one
notable change in QTcI, QTcN, QTcF, QTcB (for explanations
of these symbols, please see below) or the uncorrected QT
interval in any non-baseline value was recorded. Notable
changes were determined using the following parameters
in accordance to ICH E14: new onset of QTcI greater than
500, 480 or 450 ms postbaseline, or change from baseline
of QTc greater than 60 or 30 ms based on the mean values
of each triplicate ECGs.

Statistical models The inferential analysis of the ECG inter-
vals consisted of four parts. First, the individual and the
population heart rate corrections of the QT interval were
determined using a multi-level model. The analysis of the
primary end point (mean QTcI change from baseline
between 1 and 4 h posttreatment) was carried out using
an analysis of covariance (ANCOVA) taking into account the
effects of baseline, treatment, period and sequence. The
analysis of the QTcI change from baseline over time was
performed using a repeated measurements approach.
Finally, the linear exposure–response analysis was based
on an ANCOVA, with covariate pharmacokinetic concentra-
tion. All four analyses are specific examples of mixed-
effects models.

A. Ring et al.
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The heart rate correction was performed on log-
transformed QT- and RR-interval data using a mixed model
accounting for subject and subject by slope interaction as
fixed effects, as well as period and time points as random
effects with compound symmetry covariance structure
[26, 27]. Similarly, the study population heart rate-
corrected QT interval (QTcN) was derived using a multi-
level model accounting for subject as intercept. The heart
rate correction was derived on all pre-dose data, and the
validity of the correction was checked by a correlation
analysis of on-treatment QTc and RR interval data. QTcI was
chosen as the primary parameter instead of a fixed heart
rate correction, such as the Fridericia correction (QTcF), as
the latter ones can lead to biased estimations of QTc effects
if the QT–RR relationship of the study subjects deviates
substantially from that assumed by the fixed correction
approach [27, 28].

The primary objective of this study was addressed by
testing the following null hypothesis: the difference
between treatment with linagliptin (5 mg and 100 mg) and
placebo in the mean change from baseline for the QTcI
interval was greater than or equal to 10 ms using one-
sided testing at the 5% significance level, based on two-
sided 90% confidence intervals. The conclusion that
linagliptin (5 mg and 100 mg) was not inferior to placebo
was to be based on the rejection of the null hypothesis for
each of the doses. The non-inferiority margin was chosen
at 10 ms in accordance with the ICH E14 guideline [9].

The statistical model for the secondary end points ‘QTcI
at any point in time’ was a repeated-measurements model,
with similar effects as the primary analysis but also
accounting for the covariance between the time points
(unstructured covariance matrix). From this analysis, the
largest time-matched difference between drug and
placebo was also determined as a requirement of the ICH
E14 guideline.

The relationship between plasma linagliptin (5 mg and
100 mg) and placebo-adjusted QTcI change from baseline
was investigated in an exploratory way using a linear
mixed-model approach with subjects as random intercept
effect to estimate the QTcI change from baseline and its
90% CI at the gMean of the Cmax of both doses of linagliptin.

All analyses were also performed for the uncorrected
QT interval, the RR interval and the heart rate, as well as
other quantitative QTc intervals: the population correction
QTcN, the Fridericia correction (QTcF) and the Bazett correc-
tion (QTcB). Sensitivity of the study to detect moxifloxacin-
induced changes in QTcI was assessed using the same
ANCOVA models.

Sample size Based on the absence of QT effects in pre-
clinical investigations and in the single and multiple dose
safety trials, an expected difference of about 1 ms between
linagliptin and placebo was used for the sample size cal-
culation. The standard deviation for the primary end point
was expected with a value of 9.5 ms based on previous

trials at Boehringer Ingelheim in a healthy subject popula-
tion. To achieve a power of 90% of concluding non-
inferiority of the primary end point using the regulatory
margin of 10 ms, data for 40 evaluable subjects needed to
be obtained. Therefore forty-four subjects were entered
into the study to account for potential dropouts. Further-
more, a sample size of 40 evaluable subjects was consid-
ered sufficient to permit detection of a mean QTcI change
from baseline of moxifloxacin, which is significantly larger
than 0 ms with a power of 90% using a t-test with a
0.05 one-sided significance level, based on a placebo-
adjusted effect size for moxifloxacin of greater than or
equal to 9 ms.

Results

Subject demographics and disposition
Forty-four healthy subjects (26 male, 59.1%) with a mean
(range) age of 36.4 (22–48) years, mean weight of 72.2
(51–99) kg and mean body mass index (BMI) of 23.6 (19.0–
28.9) kg m–2 were entered into this study. Forty-three sub-
jects completed the study, while one female subject was
withdrawn from the study because of a serious adverse
event (detection of breast cancer) which was not consid-
ered to be related to the study drug.This subject had com-
pleted three of the four study periods: linagliptin 100 mg,
placebo and moxifloxacin 400 mg.

Individually heart rate-corrected QT interval
(QTcI)
The primary end point, the mean QTcI change from base-
line between 1 and 4 h postdose of linagliptin was -1.1 ms
(90% CI -2.7, 0.5 ms) for the 5-mg dose and -2.5 ms (90%
CI -4.1,-0.9 ms) for the 100-mg dose,when compared with
placebo. The 90% confidence intervals of this end point
were well below the pre-defined standard non-inferiority
margin of 10 ms (Table 1).

The mean changes in the QTcI at any point in time com-
pared with placebo ranged from -2.0 to 0.2 ms for lina-
gliptin 5 mg and -4.7 to -0.9 ms for linagliptin 100 mg.The
ICH E14 guideline focuses on evaluating whether QT/QTc

Table 1
Adjusted means and confidence intervals for the mean QTcI change from
baseline between 1 and 4 h postdose

Treatment n

Adjusted mean
DQTcI (ms)

DQTcI difference
from placebo (ms)

Mean Mean
90% CI
(lower, upper)

Placebo 44 –5.6
Linagliptin 5 mg 43 –6.7 –1.1 –2.7, 0.5

Linagliptin 100 mg 44 –8.1 –2.5 –4.1, -0.9
Moxifloxacin 400 mg 44 1.3 6.9 5.4, 8.5

Linagliptin does not prolong the QT interval
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interval prolongation occurs [9], for linagliptin 5 mg, the
largest placebo-adjusted change from baseline towards
QTcI prolongation was observed at 1 h postdose with
0.2 ms (90% CI -2.0, 2.4 ms), and for linagliptin 100 mg at
6 h postdose with -0.9 ms (90% CI -3.8, –2.0 ms; Figure 2,
Table 2). All values were below the pre-defined standard
non-inferiority margin of 10 ms. A subgroup analysis with
respect to gender showed very similar results and no dif-
ferences between the genders.

Mean QTcI change from baseline between 1 and 4 h
postdose of the positive control moxifloxacin 400 mg was
significantly prolonged compared with placebo. The
placebo-adjusted difference was 6.9 ms (P = 0.02), with a
lower 90% CI limit of 5.4 ms (Table 1). The largest increase
was observed at 3 h, with a placebo-adjusted difference of
10.4 ms (lower 90% CI limit = 8.1 ms; Figure 2, Table 2).
These results confirm the assay sensitivity of the study, i.e.
the ability to detect existing QT prolongation.

Other ECG parameters of interest
In addition to the primary parameter QTcI, the same
repeated-measurements analysis was also carried out for
the other QTc and heart rate end points.The results of other
heart rate corrections (QTcN, QTcF and QTcB) were similar to
those of QTcI, although the mean of individual slopes of the
logarithmic QT–RR relationship was 0.20, in agreement
with the population slope, i.e. much smaller than the 0.333
of the Fridericia correction. This finding is in agreement
with previous studies carried out at Boehringer Ingelheim
[26].

No new onset of QTcI greater than 500, 480 or 450 ms
postbaseline and no changes of more than 30 ms with
respect to baseline were observed in the QTcI, QTcN or QTcF

intervals for linagliptin 5 mg, linagliptin 100 mg or placebo.
After moxifloxacin 400-mg administration, one subject
exceeded the QTcF change from baseline threshold of
30 ms, while another subject exceeded the 450-ms thresh-
old for the QTcI interval.

There was a small increase of heart rate following the
100-mg dose of linagliptin. The maximum increase was
seen at 1 h postdose with a value of 4 beats min–1 com-
pared with placebo. Notably, the heart rate was already
increased in all dose groups until 1.5 h postdose, e.g. the
mean heart rate increase following placebo compared
with the pre-dose baseline was between 4.8 and 5.1
beats min–1 in this time frame, and 5.3–5.9 beats min–1 fol-
lowing moxifloxacin. There was, however, no increase of
the QTcI in this time frame, because the decrease of the QT
interval compensated for this increase in the heart rate
(Table 2).

The other ECG intervals (PR and QRS) remained virtually
unchanged. The descriptive mean change from baseline
of the PR intervals did not exceed 1.5 ms for both doses
of linagliptin and placebo at any point in time, while
the mean change from baseline of the QRS intervals did
not exceed 0.5 ms. Hence, this study also showed that
there was no increased risk of AV block with linagliptin
administration.

Pharmacokinetic results
Pharmacokinetics samples were obtained in parallel with
the ECG measurements. Because of the long terminal half-
life of linagliptin, several subjects demonstrated small pre-
dose concentrations despite a washout phase between
periods of 6 weeks. As all pre-dose concentrations of lina-
gliptin were below 5% of the Cmax after administration of
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5 mg in each subject, this pharmacokinetic carry-over was
considered to have no relevant pharmacodynamic effect
in the respective treatment period.

The pharmacokinetic findings are summarized in
Table 3. Maximum observed plasma concentration
increased 38-fold, presenting a non-proportional increase
which could be because of the non-linear pharmacokinetic
properties that have previously been observed with lina-
gliptin [1]. This Cmax result occurred with a 20-fold increase
in dose of linagliptin (5 mg and 100 mg) and total expo-
sure over 24 h increased approximately 17-fold. After
administration of linagliptin 5 mg, the primary metabolite
CD 1790 accounted for 7% of parent exposure in plasma.
This value increased to 28% after administration of lina-
gliptin 100 mg. Plasma concentrations of linagliptin

generally declined in a biphasic manner after Cmax

(Figure 3), as did those of CD 1790.

Pharmacokinetic–pharmacodynamic evaluation
Time points with the highest individual QTcI change from
baseline did not correspond to time points close to either
the linagliptin or CD 1790 maximum plasma concentra-
tions. The pre-defined exposure–response analysis
between linagliptin plasma concentrations (5 mg and
100 mg) and placebo-adjusted QTcI changes from baseline
resulted in a slope of –0.0076 ms (nmol l–1)-1 (with 90% CI
–0.016, 0.0005).

The estimated intercept at concentration 0 was -1.6 ms
(small effects on heart rate and QT interval may occur
in subjects receiving a blinded placebo under study

Table 2
Comparison of the outcome (mean, 90% CI) of the placebo-corrected QTc (as well as uncorrected QT interval and heart rate) change from baseline for
linagliptin 5 mg and 100 mg, and moxifloxacin 400 mg over time

Linagliptin 5 mg (n = 43)
Time (h) QTcI (ms) QTcN (ms) QTcF (ms) QT (ms) HR (beats min–1)

0.5 0.0 (–2.0, 2.0) 0.3 (–1.5, 2.1) 0.8 (–1.2, 2.8) –0.3 (–2.8, 2.2) 0.6 (–0.7, 1.8)
1 0.2 (–2.0, 2.4) 0.1 (–1.9, 2.2) 1.3 (–0.8, 3.4) –1.4 (–4.3, 1.5) 1.3 ( 0.0, 2.6)

1.5 –0.4 (–2.7, 1.9) –0.1 (–2.3, 2.1) –0.1 (–2.2, 1.9) 0.1 (–3.2, 3.4) 0.0 (–1.3, 1.4)
2 –2.0 (–4.3, 0.3) –2.4 (–4.5, -0.2) –1.6 (–3.8, 0.6) –3.3 (–6.4, -0.2) 0.9 (–0.4, 2.1)

3 –1.0 (–3.4, 1.3) –1.2 (–3.4, 1.1) –0.9 (–3.0, 1.2) –1.4 (–4.6, 1.8) 0.4 (–0.7, 1.4)
4 –1.8 (–4.4, 0.7) –1.8 (–4.2, 0.7) –1.9 (–4.1, 0.3) –1.4 (–5.0, 2.1) –0.3 (–1.4, 0.9)

6 –0.9 (–3.8, 2.0) –0.3 (–2.6, 2.1) 0.9 (–1.2, 3.0) –1.8 (–5.5, 1.9) 1.2 (–0.4, 2.8)
8 –0.7 (–3.3, 1.9) –0.6 (–2.9, 1.6) 0.4 (–1.7, 2.5) –2.0 (–5.4, 1.5) 1.1 (–0.4, 2.7)

12 –0.6 (–3.3, 2.0) –0.6 (–3.1, 1.8) –0.4 (–2.6, 1.7) –0.7 (–4.3, 2.9) 0.1 (–1.3, 1.6)
24 –1.8 (–3.9, 0.2) –1.7 (–3.8, 0.4) –1.8 (–3.7, 0.2) –1.5 (–4.6, 1.6) 0.0 (–1.3, 1.2)

Linagliptin 100 mg (n = 44)
Time (h) QTcI (ms) QTcN (ms) QTcF (ms) QT (ms) HR (beats min–1)

0.5 –1.2 (–3.2, 0.8) –0.9 (–2.7, 0.9) 1.6 (–0.4, 3.6) –4.2 (–6.7, -1.7) 3.1 ( 1.9, 4.3)
1 –1.8 (–3.9, 0.4) –1.4 (–3.4, 0.6) 1.8 (–0.3, 3.8) –5.7 (–8.6, -2.9) 4.0 ( 2.7, 5.3)

1.5 –1.4 (–3.7, 0.8) –1.1 (–3.3, 1.2) 1.0 (–1.1, 3.0) –3.8 (–7.0, -0.5) 2.7 ( 1.3, 4.1)
2 –2.0 (–4.3, 0.3) –1.6 (–3.7, 0.6) 1.1 (–1.1, 3.2) –5.3 (–8.3, -2.2) 3.2 ( 1.9, 4.5)

3 –2.0 (–4.3, 0.3) –1.5 (–3.7, 0.8) 0.8 (–1.3, 2.9) –4.6 (–7.8, -1.4) 2.6 ( 1.6, 3.7)
4 –4.7 (–7.2, -2.1) –4.2 (–6.7, -1.8) –2.8 (–5.0, -0.6) –6.2 (–9.7, -2.7) 1.7 ( 0.5, 2.8)

6 –0.9 (–3.8, 2.0) 0.0 (–2.4, 2.3) 1.4 (–0.6, 3.5) –2.0 (–5.7, 1.7) 1.9 ( 0.3, 3.5)
8 –2.6 (–5.2, 0.0) –1.7 (–3.9, 0.5) 0.8 (–1.2, 2.9) –5.2 (–8.7, -1.7) 3.2 ( 1.7, 4.8)

12 –2.5 (–5.1, 0.1) –1.6 (–4.0, 0.8) –0.9 (–3.1, 1.2) –2.4 (–5.9, 1.2) 1.0 (–0.4, 2.4)
24 –1.8 (–3.8, 0.3) –1.4 (–3.5, 0.7) –0.2 (–2.1, 1.8) –3.0 (–6.1, 0.1) 1.4 ( 0.2, 2.7)

Moxifloxacin 400 mg (n = 44)
Time (h) QTcI (ms) QTcN (ms) QTcF (ms) QT (ms) HR (beats min–1)

0.5 0.0 (–2.0, 2.0) 0.1 (–1.7, 1.9) 0.6 (–1.3, 2.6) –0.4 (–2.9, 2.1) 0.5 (–0.7, 1.7)
1 2.6 ( 0.4, 4.7) 2.1 ( 0.1, 4.1) 3.0 ( 0.9, 5.1) 1.0 (–1.8, 3.9) 1.0 (–0.3, 2.3)

1.5 5.5 ( 3.2, 7.7) 5.4 ( 3.1, 7.6) 5.9 ( 3.9, 7.9) 4.8 ( 1.5, 8.0) 0.5 (–0.9, 1.9)
2 6.7 ( 4.4, 9.0) 6.3 ( 4.2, 8.5) 8.1 ( 6.0, 10.3) 3.9 ( 0.8, 7.0) 1.8 ( 0.6, 3.1)

3 10.4 ( 8.1, 12.7) 10.5 ( 8.3, 12.8) 11.5 ( 9.4, 13.6) 9.4 ( 6.2, 12.6) 0.9 (–0.1, 2.0)
4 10.3 ( 7.7, 12.8) 10.1 ( 7.6, 12.5) 11.0 ( 8.8, 13.2) 8.9 ( 5.4, 12.5) 1.0 (–0.2, 2.1)

6 7.3 ( 4.4, 10.2) 7.8 ( 5.4, 10.2) 8.3 ( 6.2, 10.4) 7.2 ( 3.6, 10.9) 0.4 (–1.2, 2.0)
8 6.7 ( 4.1, 9.3) 7.0 ( 4.8, 9.3) 8.8 ( 6.7, 10.8) 4.8 ( 1.3, 8.2) 1.8 ( 0.3, 3.4)

12 6.7 ( 4.1, 9.4) 7.0 ( 4.6, 9.5) 7.6 ( 5.5, 9.7) 6.5 ( 2.9, 10.1) 0.4 (–1.0, 1.8)
24 2.5 ( 0.5, 4.6) 2.2 ( 0.1, 4.3) 2.4 ( 0.5, 4.3) 2.1 (–0.9, 5.2) 0.0 (–1.3, 1.2)
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conditions). The estimated placebo-adjusted QTcI change
from baseline at maximum concentrations of linagliptin
was -1.6 ms for the 5-mg dose and -3.6 ms for the 100-mg
dose (Table 4), which agrees with the primary and second-
ary analyses.

An exposure–response analysis was also carried out for
the heart rate. The outcome of this analysis (Table 4) was
similar to the E14-type analysis (Table 2). For the Cmax of the
linagliptin 5-mg therapeutic dose, the change was esti-
mated with a value of 0.9 beats min–1 (90% CI 0.0, 1.7
beats min–1), while for the Cmax of the 100-mg suprathera-
peutic dose,this change was 3.7 beats min–1 (90% CI 2.5,4.9
beats min–1) compared with placebo. As the change was
only affecting the supratherapeutic dose, this was not
considered clinically relevant for therapeutic exposure of
linagliptin.

A similar investigation for the metabolite CD 1790 indi-
cated that there was no association between systemic

exposure of CD 1790 and placebo-adjusted QTcI changes
from baseline.

Safety and tolerability
Linagliptin 5-mg and 100-mg doses were well tolerated
when administered as single doses. The drug-related
adverse event most commonly reported was headache,
which was observed in all treatment groups [five subjects
on linagliptin 100 mg (11.4%), three subjects on linagliptin
5 mg (7.0%), two subjects on moxifloxacin (4.5%), two sub-
jects on placebo (4.5%)]. One female subject was with-
drawn from the study after the diagnosis of breast cancer.
The subject had completed three of the four study periods
(linagliptin 100 mg, placebo and moxifloxacin 400 mg)
prior to diagnosis. Breast cancer was reported as a serious
adverse event and was considered unrelated to study
medication by the investigator.

Table 3
Linagliptin pharmacokinetics after single doses of linagliptin 5 mg and 100 mg

Parameter

Non-compartmental parameters of linagliptin Non-compartmental parameters of CD 1750
Linagliptin 5 mg
(n = 43)

Linagliptin 100 mg
(n = 44)

Linagliptin 5 mg
(n = 43)

Linagliptin 100 mg
(n = 44)

gMean gCV (%) gMean gCV (%) gMean gCV (%) gMean gCV (%)

AUC(0,24 h)
(nmol l–1 h)

101 25.1 1760 59.2 7.0 56.2 484 65.9

Cmax (nmol l–1) 7.05 28.5 267 66.6 1.1 59.7 59.7 57.9

tmax

(h)*
2.00 0.5–3.0 1.52 0.5–6.0 3.0 1.0–4.0 3.0 1.0–6.0

*For tmax, the median and range (min–max) are given. AUC(0, 24 h), Area under the plasma concentration–time curve from 0 to 24 h; Cmax, maximum observed plasma
concentration; tmax, time of maximum observed concentration.
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Figure 3
Drug plasma concentration–time profile of linagliptin and its metabolite CD 1790 after single oral administration of linagliptin 5 mg and 100 mg to healthy
subjects (gMean � gCV are shown on semi-log scale). Following 100-mg linagliptin ( ); CD 1790 following 100-mg linagliptin ( ); following 5-mg linagliptin
( ); CD 1790 following 5-mg linagliptin ( )
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Other observed adverse events were fatigue (one after
100-mg linagliptin and one after placebo), hypersensitivity
(one after 100-mg linagliptin), epistaxis (one after 100-mg
linagliptin), sciatica (one after 5-mg linagliptin) and hae-
matoma (one after 5-mg linagliptin). All adverse events
reported during the study, other than the occurrence of
breast cancer, were rated as either mild or moderate in
intensity.

There were no clinically significant laboratory abnor-
malities reported and no clinically relevant abnormalities
observed in the ECGs of any of the subjects. Vital signs
were normal throughout the study. Tolerability was rated
as‘good’for all subjects and treatments by the investigator.

Discussion

This TQTS was performed to investigate the effect of lina-
gliptin on the QTc interval, based on the ICH E14 guidance.
During the development of linagliptin, no relevant ECG-
related preclinical or clinical findings have previously been
observed.Previous in vitro and animal studies with linaglip-
tin have demonstrated the absence of a relevant interac-
tion between linagliptin and the IKr channel, and no effects
of linagliptin or its main metabolite CD 1790 (neither pro-
longation nor shortening) on the QT interval duration have
been observed (unpublished data, Guth B, unpublished
data, Van Ryn J). Furthermore, a detailed analysis of ECG
recordings from previous clinical studies provided no sug-
gestion that linagliptin might have an effect on ECG
parameters, particularly with regard to the QT interval [1,
11].

In this TQTS, conducted in healthy subjects, neither the
proposed therapeutic dose nor the significantly supra-
therapeutic dose of linagliptin showed any evidence of QT
prolongation or other clinically relevant changes of the
ECG. Taking these observations into account, it appears
that linagliptin has little or no potential to precipitate
arrhythmias associated with a prolongation of the QT
interval.

For both 5-mg and 100-mg doses of linagliptin, there
was no increase in QTcI compared with placebo.The results
for linagliptin appear to be different from those of sitaglip-

tin, another DPP-4 inhibitor. Sitagliptin caused a small but
statistically significant increase in QTcF at an eightfold
supratherapeutic dose (800 mg), with an upper limit of the
one-sided 95% CI of 10.6 ms, exceeding the standard non-
inferiority margin of 10 ms [19]. In contrast, saxagliptin and
its active metabolite have been reported to have no dose-
or concentration-dependent effect on QTcF or QTcI at an
eightfold supratherapeutic dose (40 mg) [29]. Vildagliptin
also has no effect on QTcI but an increased incidence of
first-degree AV block has been reported, although an asso-
ciation between vildagliptin and first-degree AV block has
yet to be confirmed or excluded [30].

At the peak exposure of the therapeutic 5-mg linaglip-
tin dose, no statistically significant change of the QTcI inter-
val was observed. For the 100-mg dose of linagliptin, the
QTcI interval was shortened by up to 4.7 ms (90% CI -7.2,
2.1 ms) compared with placebo at a median time of 4 h
after administration, which was statistically significant.
Because of the small magnitude of the effect, which
occurred only at the dose 20-fold higher than the thera-
peutic dose, this result was not considered to be clinically
significant. Although there is some scientific discussion on
the clinical interpretation of QT shortening, its impact on
clinical outcomes is generally deemed low and intensive
investigations of QTc-shortening drugs do not currently
seem to be warranted for drug approval [31].

The shortening might be attributed by the increase of
heart rate of up to 4.0 beats min–1 (90% CI 2.7, 5.3
beats min–1) compared with placebo, which was compen-
sated by a decrease of the QT interval. Generally, the heart
rates seen on treatment were larger than those at baseline,
which could be explained by the circadian rhythm. Intake
of food might contribute to this effect, although the meals
given during the treatment periods were light. It was not
deemed to be appropriate to maintain fasting conditions
during the whole morning of the study day,as starving also
might lead to substantial changes of ECG parameters.

Mean maximum linagliptin plasma concentrations
obtained in the present study after administration of
linagliptin 100 mg were approximately 38-fold higher
compared with the therapeutic single dose of 5 mg
administered in this study [Cmax 267 nmol l–1, AUC(0,24 h)
1760 nmol l–1 h; Table 3], and approximately 24-fold higher

Table 4
Confidence intervals for the QTcI and HR change effects as predicted by exposure–response relationship of linagliptin, based on the placebo-corrected
QTcI/HR change from baseline vs. concentration of linagliptin at gMean of Cmax

Treatment
gMean of Cmax

(nmol l–1)

Exposure – response analysis for QTcI Exposure – response analysis for Heart Rate

PK-QTcI
intercept
(ms)

PK-QTcI slope
[ms/(nmol l–1)]

Predicted value
of QTcI at Cmax

(90% CI; ms)

PK-HR
intercept
(beats min–1)

PK-HR
slope
[beats min–1/
(nmol l–1)]

Predicted value
of HR at Cmax

(90% CI;
beats min–1)

Linagliptin 5 mg 7
–1.6 –0.008

–1.6 (–2.9, -0.4)
0.8 0.0109

0.9 (0.0, 1.7)
Linagliptin 100 mg 267 –3.6 (–6.0, -1.2) 3.7 (2.5, 4.9)
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compared to steady-state exposure of 5 mg as determined
previously [11]. This non-proportional increase in systemic
exposure was attributed to the non-linear pharmacoki-
netic properties of linagliptin and was known from previ-
ous studies [1]. After administration of linagliptin 100 mg,
the range for Cmax values was 266–1280 nmol l–1 and the
range for AUC(0,24 h) values was 466–4970 nmol l–1 h.
In contrast, the highest individual steady-state Cmax

and AUC(0,24 h) reported so far after administration of
the therapeutic linagliptin 5-mg dose did not exceed
80 nmol l–1 and 400 nmol l–1 h respectively. Regarding the
main metabolite CD 1790, the highest individual steady-
state Cmax and AUC(0,24 h) of CD 1790 observed so far in
clinical studies after administration of 5-mg linagliptin
have remained below 7 nmol l–1 and 50 nmol l–1 h respec-
tively. In comparison, this present study resulted in mean
(range) CD 1790 Cmax and AUC(0,24 h) values of
59.7 nmol l–1 (19.2–166 nmol l–1) and 484 nmol l–1 h (107–
1410 nmol l–1 h), respectively, after administration of
100-mg linagliptin. Therefore, the exposure to linagliptin,
and to its main metabolite CD 1790, achieved in this TQTS
following supratherapeutic dosing of linagliptin, covered
and significantly exceeded steady-state exposure follow-
ing therapeutic linagliptin dosing. These data therefore
provide reassurance for the therapeutic use of linagliptin
in the clinical setting.

The study was performed in a crossover fashion.
Because of the long terminal half-life of linagliptin, a
6-week washout period was used between dosing periods
to ensure that no relevant pharmacokinetic carry-over was
seen and the analysis was designed to take account of
carry-over should this be observed. The disadvantage of
the study duration of 6 months was considered to be out-
weighed by the advantages of intraindividual comparisons
that would be possible using this study design, and the
minimal pharmacokinetic carry-over observed, combined
with the low dropout rate, confirmed the feasibility of this
approach.

The baseline consisted of three triple ECGs in each
treatment period to provide a robust evaluation of the
change from baseline.This approach was later described as
a powerful method to collect baselines in crossover studies
[24] because the individual circadian rhythm can be
accounted for with data from the placebo period.

The heart rate correction was based on baseline data
only. However, it was confirmed that the on-treatment rela-
tionship of QT and RR intervals was similar to the off-
treatment relationship. The slope of the QTcN (as
determined by a multi-level model [26]) was equal to the
mean of the slopes of the QTcI (with a value of 0.20, smaller
than Fridericia), as indicated by the theory [9, 27, 28]. The
reporting of previous disagreements between both
approaches [32] may have been originated by imperfect
application of regression analyses that did not account for
the multi-level structure of the QT/RR data in clinical QT
trials. Notably, the standard errors in the QTcN analyses

were smaller at almost all time points than those of QTcI.
The same was true for the primary end point in this trial,
the mean of the QTc between 1 and 4 h postdose, for which
the standard error of QTcN was about 6% smaller than that
of QTcI. This indicates a better statistical efficiency of the
population correction for the future choice of a primary
parameter, which already has been suggested by various
authors [28, 33, 34].

Because of potential gender differences in QT effects
[35, 36], the present study was performed in both genders.
Mean changes of QTcI interval from baseline as well as
other ECG intervals were similar for both genders.

The ICH E14 guidance recommends that all QT trials
should include a positive control to confirm the sensitivity
of the study to detect changes in QT [9]. Moxifloxacin
400 mg was considered to be an appropriate positive
control for this study as it has previously demonstrated its
ability to effect such changes with this dose in healthy
subjects [21, 37], and the QT effects seen in this study con-
firmed the assay sensitivity.

Linagliptin was well tolerated at the proposed thera-
peutic dose (5 mg) and at the supratherapeutic dose
(100 mg). This tolerability profile was expected based on
the results from a previous trial in which doses of up to
600 mg were investigated [1]. In this randomized, double-
blind, parallel, placebo-controlled within dose groups, SRD
study, 25 subjects received linagliptin at doses of 100 mg
or higher (100 mg n = 8, 200 mg n = 6, 400 mg n = 5 and
600 mg n = 6).Therefore, the inclusion of a 100-mg dose in
this TQTS was based on the actual observed safety profile
for higher dosages of linagliptin.The current study has also
provided additional value by confirming the safety of lina-
gliptin at a supratherapeutic dose level because of its
application in a larger study population. The tolerability
findings agreed with those from multiple dose studies of
linagliptin given once daily for up to 12 weeks at doses of
up to 10 mg [13].

In conclusion, this TQTS, designed and carried out
in accordance with the guidance ICH E14, showed that
linagliptin administered at therapeutic and 20-fold supra-
therapeutic doses did not prolong the QT interval dura-
tion.The present study supports the favourable safety and
tolerability profile of linagliptin observed to date.
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