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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Linagliptin is an oral, highly selective

dipeptidyl peptidase-4 (DPP-4) inhibitor that
was approved in the United States, Europe
and elsewhere in 2011 for the treatment of
type 2 diabetes mellitus.

• The elimination of linagliptin is primarily
non-renal. Therefore, a potential effect of
hepatic impairment on the elimination of
linagliptin may have important implications
for dosing recommendations.

WHAT THIS STUDY ADDS
• This study shows that mild, moderate or

severe hepatic impairment did not result in
an increase in linagliptin exposure after
single and multiple dosing as compared
with normal hepatic function.

• No linagliptin dose adjustment is required in
patients with any degree of hepatic
impairment.

AIM
To investigate whether hepatic impairment affects linagliptin
pharmacokinetics, pharmacodynamics and tolerability.

METHOD
This open label, parallel group, single centre study enrolled patients
with mild (n = 8), moderate (n = 9) or severe (n = 8) hepatic impairment
and healthy subjects (n = 8). Groups were matched with regard to age,
weight and gender. Primary endpoints were linagliptin exposure
following 5 mg linagliptin once daily for 7 days in patients with mild
and moderate hepatic impairment vs. healthy subjects or after a single
5 mg dose for patients with severe hepatic impairment vs. healthy
subjects.

RESULTS
In mild hepatic impairment, steady-state linagliptin exposure was
slightly lower than in healthy subjects [AUCt,ss geometric mean ratio
(GMR) 75.5%, 90% confidence interval (CI) 61.6%, 92.5%, and Cmax,ss GMR
64.4%, 90% CI 43.2%, 96.0%]. Exposure also tended to be lower in
moderate hepatic impairment (AUCt,ss GMR 85.5%, 90% CI 70.2%,
104.2% and Cmax,ss GMR 92.3%, 90% CI 62.8%, 135.6%). After a single
dose, AUC(0,24 h) in patients with severe hepatic impairment was
similar to that in healthy subjects (GMR 100.4%, 90% CI 75.0%, 134.3%)
and Cmax was lower (GMR 77.0%, 90% CI 44.9%, 132.3%). Accumulation
based on AUC or Cmax and renal excretion of unchanged linagliptin
(�7%) were comparable across groups. Median plasma DPP-4
inhibition was similar in healthy subjects (91%), and patients with mild
(90%) and moderate (89%) hepatic impairment at steady-state trough
concentrations, and in patients with severe hepatic impairment 24 h
after a single dose (84%). Linagliptin was well tolerated.

CONCLUSION
Mild, moderate or severe hepatic impairment did not result in an
increase in linagliptin exposure after single and multiple dosing
compared with normal hepatic function. Dose adjustment with
linagliptin is not required in patients with hepatic impairment.
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Introduction

The global prevalence of diabetes, and in particular type 2
diabetes mellitus (T2DM), is rising rapidly, from an esti-
mated 366 million in 2011 (8.3% of the world’s adult popu-
lation) to a predicted 552 million by 2030 [1].Therefore, the
incidence and prevalence of diabetes complications will
also increase over the coming decades.

Renal impairment is common among subjects with
T2DM. Thus, there is a need for novel drugs that address
the specific issues of this large patient group, including
the development of new drugs with non-renal elimina-
tion. Drugs that are mainly excreted through routes other
than the kidneys are predominantly eliminated through
the entero-hepatic pathway. Therefore, their metabolism
in subjects with impaired liver function must be thor-
oughly clarified to provide solid, safe and reliable dosing
recommendations.

Subjects with T2DM frequently suffer not only from
impaired renal function,but also from various forms of liver
disease. In fact, approximately 70% of patients with T2DM
have non-alcoholic fatty liver disease, which is character-
ized by insulin resistance and hepatic fat accumulation in
the absence of other causes, such as alcohol abuse, or viral
or autoimmune hepatitis [2]. Furthermore, cirrhosis is
potentially both a cause and consequence of diabetes [3]
and approximately 30% of patients with cirrhosis have
diabetes [4].

Linagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibi-
tor with a xanthine-based structure that differs from those
of other agents in its therapeutic class [5]. Similar to other
DPP-4 inhibitors, linagliptin is an effective oral antidiabetic
drug with a low risk of hypoglycaemia and no association
with weight gain [6]. Linagliptin exhibits non-linear phar-
macokinetic characteristics [7]. It is assumed that this is
due to target-mediated drug disposition resulting from
high affinity, concentration dependent and saturable
binding of linagliptin to DPP-4. Plasma protein binding of
linagliptin decreased from about 99% at 1 nmol l-1 to
75%–89% at �30 nmol l-1 and 70%–80% at >100 nmol l-1

[8]. Thus, at low plasma concentrations, linagliptin is pre-
dominantly bound to its target DPP-4 and there is a low
free fraction that can be eliminated. With increasing
plasma concentrations, linagliptin readily saturates DPP-4.
Its free fraction then increases, and consequently its
volume of distribution and clearance increase. Therefore,
the pharmacokinetic parameters, which remain constant
regardless of dose for drugs with linear pharmacokinetics
(e.g. clearance, volume of distribution and fraction
excreted renally), increase with higher doses in the case of
linagliptin. As a result, the terminal half-life of linagliptin is
long (>100 h) since it mainly reflects the slow release of
linagliptin from the DPP-4 enzyme. Despite this long ter-
minal half-life, time to steady-state is usually reached
within 2–4 days and the accumulation ratio is usually
around 1.3 for a 5 mg dose [9].

Linagliptin is predominantly non-renally excreted. In
people with normal hepatic function, <10% of the linaglip-
tin dose undergoes renal clearance [9]. In contrast, 80–85%
of sitagliptin and vildagliptin are excreted via the renal
route, whereas saxagliptin is excreted by both renal and
hepatic routes [10–13]. Because linagliptin is only renally
excreted to a minor extent, the major route of elimination
is via the entero-hepatic system. Hepatic metabolism of
linagliptin is minimal and its metabolites, including its
main metabolite CD1790, are pharmacologically inactive
[14, 15]. Linagliptin is not a clinically relevant inhibitor or
inducer of cytochrome P450 isoenzymes (although it is a
weak inhibitor of CYP3A4) [15]. It is also a substrate and a
weak inhibitor (that is not of clinical significance at thera-
peutic doses) of P-glycoprotein [14, 15].

Given the predominantly non-renal route of elimina-
tion, it is particularly important to characterize the phar-
macokinetics of linagliptin in patients with hepatic
impairment, in order to clarify potential risks and dosing
implications. Thus, the primary objective of this study was
to investigate the influence of hepatic impairment on the
pharmacokinetics and pharmacodynamics of linagliptin
after single or multiple oral administration of 5 mg
linagliptin.

Methods

Subjects
Subjects, aged 18–70 years, with normal liver function or
mild, moderate or severe hepatic impairment were eligible
for this study. The participants, enrolled from the pool of
subjects at IFE Human Pharmacology SRL, Timisoara,
Romania, were matched with regard to gender, age �10
years and weight �20%. The body mass index of the par-
ticipants was 18.5–29.9 kg m-2. As recommended in the
guidance for clinical trials in patients with impaired
hepatic function from the United States Food and Drug
Administration (FDA), this study included patients from all
three Child-Pugh categories (mild, moderate and severe)
as well as control subjects with normal hepatic function
[16].Hepatic impairment was classified as mild (Child-Pugh
class A score 5 or 6 points), moderate (Child-Pugh class B
score 7–9 points) or severe (Child-Pugh class C score 10–15
points) [17]. Using the Cockcroft-Gault formula to calcu-
late creatinine clearance, the minimum creatinine clear-
ance for inclusion was �80 ml min-1 for healthy controls
and patients with mild or moderate hepatic impairment
and �40 ml min-1 for patients with severe hepatic
impairment.

Other exclusion criteria included abdominal surgery
(except appendectomy and oesophageal varices), diseases
of the central nervous system, psychiatric and neurological
disorders (except hepatoportal encephalopathy), history
of relevant orthostatic hypotension, fainting spells or
blackouts,chronic or relevant acute infections (except non-
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progressive chronic hepatitis), relevant allergy or hyper-
sensitivity, use of drugs that might influence the results,
smoking >10 cigarettes, three cigars or three pipes per day
and consuming >60 g alcohol per day.

Alcohol consumption throughout the study period and
smoking on study days was prohibited. Caffeine, theobro-
mine and methylxanthine-containing food or drink (coffee,
tea, chocolate, cola, energy drinks), certain fruit juices
(apple, orange, grapefruit), vegetables in the mustard
green family (kale, broccoli, watercress, kohlrabi, Brussels
sprouts) and charbroiled meat were not permitted on the
main study days and for 4 h after drug intake on other
days. Citrus fruits, in particular grapefruit and Seville
oranges and their juices, were not permitted from 5 days
before the first intake of study drug until after the last
sample from each period had been collected. Fruit juices
were not permitted since these have been known to inter-
fere with transporters potentially involved in drug disposi-
tion [18].

Study design
This open label, phase I, parallel group comparison, single
centre study evaluated 5 mg linagliptin once daily (the
licensed therapeutic dose in T2DM) in healthy subjects and
patients with mild, moderate and severe hepatic impair-
ment. After a 28 day screening period, eligible subjects
underwent a baseline evaluation (day -1) and received a
5 mg oral dose of linagliptin on day 1 (all groups), followed
by a further six doses at 24 h intervals (healthy subjects
and patients with mild and moderate hepatic impairment
only). Participants were admitted to the study centre at
least 14 h prior to the first linagliptin administration and
were discharged no earlier than 25 h after administration
of the final dose. Following an overnight fast of at least
10 h, linagliptin tablets were administered with 240 ml of
water while subjects were in a standing position. All doses
of study medication were witnessed. Since there was a
theoretical risk of a prolonged plasma half-life of linaglip-
tin in patients with severe hepatic impairment, these sub-
jects received a single dose of 5 mg linagliptin on day 1
only.

All subjects were kept under close medical surveillance
until 25 h after drug administration and were not allowed
to lie down during the 2 h following drug administration
except for medical examination or electrocardiogram
(ECG) recording.The observation time after the last admin-
istration of drug was at least 4 days.

The primary pharmacokinetic objective was to
compare linagliptin exposure in patients with mild and
moderate hepatic impairment with healthy subjects. The
exposure was based on the area under the concentration–
time curve (AUC) at steady-state over a uniform dosing
interval (AUCt,ss) and the maximum plasma concentration
at steady-state (Cmax,ss). Additionally, the study compared
linagliptin exposure in patients with severe hepatic impair-
ment with healthy subjects based on AUC over the 24 h

period after dosing (AUC(0,24 h)) and the maximum
plasma concentration (Cmax) after a single dose. The AUC
over a 24 h period was selected over longer time periods
such as 72 h, as linagliptin has a long terminal half-life due
to its slow dissociation rate from DPP-4. Linagliptin’s tight
target binding results in effects on clearance that are more
visible in the first hours, due to initial rapid clearance of
non-DPP-4 bound drug, whereas beyond 24 h the pharma-
cokinetics of linagliptin mainly reflect the binding to DPP-4
and slow dissociation of the linagliptin/DPP-4 complex.
Therefore AUC(0,24 h) was considered a more sensitive
parameter to detect any effect of severe hepatic impair-
ment on linagliptin exposure. Secondary endpoints com-
prised additional pharmacokinetic parameters. Steady-
state pharmacokinetic parameters were measured only in
healthy subjects and patients with mild and moderate
hepatic impairment, and were predicted using a popula-
tion pharmacokinetic model in patients with severe
hepatic impairment.

The study was conducted according to the principles of
the Declaration of Helsinki and in adherence to the prin-
ciples of Good Clinical Practice. Signed, written, informed
consent was obtained from all participants.The trial proto-
col and other relevant study documents were reviewed
and approved by the local independent ethics committee
(the National Ethics Committee for Drug Clinical Trials,
Bucharest, Romania) and by the national competent
authority (National Medicine Agency, Bucharest, Romania).
This trial was registered in the European Clinical Trials
Database (EudraCT), registration number 2008-000922-38.

Pharmacokinetic and pharmacodynamic
methods
Blood samples for the measurement of plasma concentra-
tions of linagliptin and CD1790 (the pharmacologically
inactive main metabolite of linagliptin [14]) were taken pre
dose and at regular intervals post dose (0.25, 0.5, 0.75, 1,
1.5, 2, 3, 4, 6, 8 and 12 h) on day 1 for all groups, and for the
control, mild and moderate hepatic impairment groups on
day 7. Samples were also taken at 24 h intervals on the
intervening days 2 to 6 (pre dose for the control, mild and
moderate hepatic impairment groups) and on days 8 to 12
after the last dose. For subjects with severe hepatic impair-
ment, samples were taken at 24 h intervals on days 2 to 6.
For pharmacokinetic assessments, approximately 5 ml of
blood was collected in ethylenediaminetetraacetic acid
(EDTA) tubes and centrifuged immediately at 2000–4000 g
for 10 min at 4–8°C. The plasma was collected and frozen
immediately at approximately -18°C.

Urine collections for determination of urinary linaglip-
tin and CD1790 concentrations were obtained after the
first dose on day 1 and at steady-state on day 7 at the
following time points: 0.25 h pre dose and 0–4, 4–8, 8–12,
12–24 and 24–48 h post dose. Urine collected during each
time period was pooled and 1 ml aliquots were frozen.

Linagliptin in hepatic impairment
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Plasma and urine concentrations of linagliptin and
CD1790 were analyzed by fully validated methods using
high performance liquid chromatography coupled to
tandem mass spectrometry with [13C3]linagliptin and
[13C3]CD1790 as internal standards as described previously
[14]. No interference of endogenous compounds was
observed in blank human plasma or urine. The calibration
curves of undiluted plasma samples (150 ml) were linear
over the range of concentrations from 0.100 to 20 nmol l-1

for linagliptin and from 0.050 to 10 nmol l-1 for CD1790.
The calibration curves of undiluted acidified urine (40 ml)
were linear over the range of concentrations from 1.00 to
1000 nmol l-1 for linagliptin and from 0.50 to 500 nmol l-1

for CD1790. In-study assay validation for linagliptin at three
nominal concentrations yielded assay inaccuracy of 0.7%
to 4.8% (plasma) and 0.3% to 5.6% (urine), and imprecision
of 4.9% to 5.5% (plasma) and 1.9% to 5.1% (urine). For the
CD1790 assay validation, three nominal concentrations
resulted in assay inaccuracy of -1.5% to 4.0% (plasma) and
-0.2% to 5.6% (urine), and imprecision of 2.4% to 3.5%
(plasma) and 2.6% to 5.1% (urine).

For the assessment of plasma DPP-4 activity, blood
samples (approximately 3.0 ml) were taken at the same
time points and plasma was obtained in the same way as
for the pharmacokinetic samples. Activity of DPP-4
in EDTA-plasma was analyzed by a validated semi-
quantitative enzyme activity assay with fluorescence
detection based on the reaction with H-alanine-proline-7-
aminoamido-4-trifluoromethylcoumarin, as described pre-
viously [9]. The in-study assay precision using in-house
controls was 4.4% to 9.4% (accuracy was not assessed
since no international standards with known concentra-
tion exist for DPP-4 activity).

For the determination of protein binding of linagliptin
and CD1790, on day 1 before drug administration, 27 ml of
blood was collected in three vials coated with EDTA. Blood
was centrifuged at ~2500 g for 10 min at 4°C. Plasma
samples obtained were frozen at -20°C. In vitro protein
binding was determined by equilibrium dialysis using
radiolabelled compounds [8].

Pharmacokinetic analysis –
non-compartmental analysis
The non-compartmental pharmacokinetic analysis of the
linagliptin and CD1790 plasma/urine concentration–time
data was carried out using WinNonlin® software (Profes-
sional, version 4.1, Pharsight Corporation; Mountain View,
CA, USA) and standard non-compartmental methods as
described previously [9]. As the pre dose analyte concen-
tration was generally below the limit of quantification, the
concentration at time zero was assumed to be zero.

Pharmacokinetic analysis – model-based
analysis
In addition, a model-based analysis was performed to
predict the linagliptin exposure at steady-state in patients

with severe hepatic impairment. The analysis was con-
ducted using the non-linear mixed effect modelling soft-
ware NONMEM V (GloboMax LLC, Hanover, Maryland). A
population pharmacokinetic model, developed previously
to describe the non-linear pharmacokinetics of linagliptin
in patients with T2DM after a single dose and at steady-
state, served as the basis for the current analysis [19]. The
model parameters were adjusted for the current analysis
using linagliptin plasma concentrations after a single dose
(from healthy subjects and patients with mild, moderate
and severe hepatic impairment) and at steady-state (from
healthy subjects and patients with mild and moderate
hepatic impairment only). The individual linagliptin AUCt,ss

and Cmax,ss values for patients with severe hepatic impair-
ment were predicted using their individual model esti-
mates as derived in the population analysis and the same
sampling scheme as applied for healthy subjects and
patients with mild and moderate hepatic impairment.

Safety
Safety and tolerability were evaluated on the basis of
adverse events, blood pressure and pulse rate, 12-lead
ECGs, clinical laboratory tests (haematology, clinical chem-
istry and urinalysis), medical examination and investigator
assessment of global tolerability. All subjects who received
at least one dose of study drug were included in the safety
evaluation.

Statistical analysis
The pharmacokinetic parameters for linagliptin were com-
pared between groups using an analysis of variance
(ANOVA) model. These parameters were natural log trans-
formed before fitting this model. The difference between
the expected means for log(test) - log(reference) was estimated
by the difference in the corresponding least square means,
and two-sided 90% confidence intervals (CI) based on the
t-distribution were computed. The results were back-
transformed to derive the geometric mean (gMean) and
interval estimates for the median inter-subject ratio
between responses under test and reference.

The study planned to recruit 32 subjects (eight per
group). This sample size was not based on a formal power
calculation, but was judged adequate to achieve the study
objective and is in agreement with regulatory guidance
from the FDA for evaluable subjects in the control and the
moderate-impairment arms of such studies [16].

Results

Subject disposition
Thirty-three subjects were treated (eight each in the
healthy, mild and severe hepatic impairment groups and
nine with moderate hepatic impairment).The safety analy-
sis included all 33 subjects who received at least one dose
of linagliptin (Table 1). Two patients in the moderate
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hepatic impairment group had creatinine clearance values
�80 ml min-1 (60 ml min-1 and 69 ml min-1) and, therefore,
violated the renal function inclusion criterion. Pharmaco-
kinetic analyses were performed with and without inclu-
sion of these two patients. Since results were comparable,
data are shown for the entire cohort including these
patients. One patient in the mild hepatic impairment
group had no detectable linagliptin plasma or urine con-
centrations on day 1, but concentrations were in the
expected range on subsequent days.Therefore, there were
seven evaluable plasma profiles in this group after single
doses but eight after multiple doses of linagliptin. For
another patient from this group, no urine samples were
available for day 1, resulting in assessment of six patients
after single dose and eight patients at steady-state for
urine pharmacokinetic parameters. One patient in the
moderate hepatic impairment group withdrew informed
consent after the sixth dose.Therefore, in this group, single
dose data are available from nine patients and multiple
dose data from eight patients.

Plasma concentration–time profiles
Linagliptin plasma concentration–time profiles were
broadly similar across all groups (Figure 1). Linagliptin con-
centrations following a single dose increased rapidly. The
median times to maximum plasma concentration (tmax)
were 1.5, 1.5, 1.0 and 0.9 h in the healthy, mild, moderate
and severe hepatic impairment groups, respectively, and
the profiles showed at least biphasic disposition. Visual
inspection suggested that steady-state trough concentra-
tions were reached after the second dose. Linagliptin
showed a long terminal half-life after the last dose. Plasma
concentrations 24 h after dosing in patients with mild,
moderate and severe hepatic impairment were almost
congruent. Healthy subjects showed higher exposure
during the first 6 h after dosing than patients with hepatic
impairment, after which exposure was comparable.

Following single doses of 5 mg linagliptin, plasma con-
centrations of the inactive metabolite CD1790 were
generally detected between 15 and 30 min after dosing,
reaching Cmax after 0.75–4 h. Plasma concentrations of
CD1790 were highest in healthy subjects, followed by
patients with mild hepatic impairment. CD1790 exposure
was comparable in patients with moderate and severe
hepatic impairment (Figure 1). Plasma concentrations of
CD1790 24 h post dosing were almost congruent in all
cohorts. After multiple dosing, plasma concentrations of
CD1790 were higher in healthy subjects than in patients
with mild or moderate hepatic impairment, where concen-
trations were comparable.

Pharmacokinetic analysis
Following a single oral dose of 5 mg linagliptin, the rate
and extent of absorption and exposure as indicated by
AUC(0,24 h), Cmax and tmax in patients with different degrees
of hepatic impairment and healthy subjects showed no
trend to increase with more severe hepatic impairment
(Table 2). The AUC(0,24 h) and Cmax tended to be lower in
patients with mild and moderate hepatic impairment than
in healthy subjects. Pharmacokinetic parameters in
patients with moderate hepatic impairment were compa-
rable with and without inclusion of the two patients with
abnormal renal function (AUC(0,24 h) 148 nmol l-1 h vs.
155 nmol l-1 h and Cmax 12.1 nmol l-1 vs. 12.0 nmol l-1). The
severe hepatic impairment and healthy groups exhibited
similar AUC(0,24 h) and Cmax. The geometric mean ratio
(GMR) for AUC(0,24 h) was 100.4% (90% CI 75.0%, 134.3%)
and for Cmax was 77.0% (90% CI 44.9%, 132.3%).

The inter-individual variability in single dose pharma-
cokinetic parameters was highest among patients with
severe hepatic impairment. Concentrations 24 h after the
first dose were comparable in all groups and showed no
trend to greater exposure with increasing severity of
hepatic impairment. Renal excretion was <1.4% within the

Table 1
Demographics and baseline characteristics of healthy subjects and patients with different degrees of hepatic impairment

Healthy (n = 8)
Hepatic impairment group
Mild (n = 8) Moderate (n = 9) Severe (n = 8)

Gender [n (%)]
Male 5 (62.5) 5 (62.5) 5 (55.6) 5 (62.5)
Female 3 (37.5) 3 (37.5) 4 (44.4) 3 (37.5)

Age (years)
Mean � SD 49.5 � 6.7 51.8 � 3.9 55.9 � 7.5 52.9 � 7.1
Range 41–59 44–57 43–66 44–66

White race [n (%)] 8 (100) 8 (100) 9 (100) 8 (100)
Height (cm)

Mean � SD 168.9 � 7.3 168.5 � 8.4 165.9 � 10.3 168.4 � 11.6
Range 160–179 152–180 153–186 152–188

Weight (kg)
Mean � SD 72.8 � 9.9 71.4 � 14.1 72.2 � 10.5 74.5 � 17.8
Range 56–88 56–92 56–94 55–105

Linagliptin in hepatic impairment
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first 24 h after dosing in all groups and was independent of
the degree of hepatic impairment.

Steady-state pharmacokinetic parameters were gener-
ally comparable between patients with mild and moderate
hepatic impairment and healthy subjects (Table 3). Indi-
vidual steady-state AUCt,ss and Cmax values showed a large
overlap between patients with mild and moderate hepatic
impairment and healthy subjects. In patients with mild
hepatic impairment, the linagliptin exposure at steady-
state tended to be lower than in healthy controls.The GMR
for AUCt,ss was 75.5% (90% CI 61.6%, 92.5%) and the GMR
for Cmax,ss was 64.4% (90% CI 43.2%, 96.0%). In patients with
moderate hepatic impairment, exposure at steady-state

was comparable with that in the healthy controls. The
GMR for AUCt,ss was 85.5% (90% CI 70.2%, 104.2%) and for
Cmax,ss was 92.3% (90% CI 62.8%, 135.6%). In patients with
moderate hepatic impairment, steady-state pharmacoki-
netic parameters were generally comparable with and
without the two patients with abnormal renal function
(AUCt,ss 217 nmol l-1 h vs. 207 nmol l-1 h and Cmax,ss

19.2 nmol l-1 vs. 17.9 nmol l-1). However, accumulation
half-life and accumulation factors based on AUCt,ss and
Cmax tended to be higher when these two patients
were included. Steady-state renal excretion was �7%
during the 24 h dosing interval and comparable in all
cohorts.
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Figure 1
Arithmetic mean plasma concentration–time profiles of linagliptin 5 mg after single oral doses (A) and at steady-state (B), and of CD1790 after single oral
doses of linagliptin (C) and at steady-state (D) in healthy subjects (normal hepatic function) and patients with mild, moderate or severe hepatic impairment.
(A and C) Normal hepatic function (n = 8) ( ); Mild hepatic impairment (n = 8) ( ); Moderate hepatic impairment (n = 9) ( ); Severe hepatic impairment
(n = 8) ( ); (B and D) Normal hepatic function (n = 8) ( ); Mild hepatic impairment (n = 8) ( ); Moderate hepatic impairment (n = 8*) ( ); Severe
hepatic impairment (median prediction†) ( ); Severe hepatic impairment (5th percentile prediction†) ( ); Severe hepatic impairment (95th percentile
prediction†) ( ). *Eight patients only completed the multiple dosing period in the moderate impairment group. †Distribution of predicted arithmetic
mean steady-state profiles for severe hepatic impairment group (1000 simulated studies with n = 8)
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After single oral doses of 5 mg linagliptin, CD1790
exposure appeared to be lower in subjects with hepatic
impairment compared with healthy subjects (Table S1). In
the severe hepatic impairment vs. healthy group, the GMR
for AUC(0,24 h) was 43.1% (90% CI 21.1%, 88.2%) and for
Cmax was 32.3% (90% CI 14.2%, 73.5%).

At steady-state for linagliptin, there were some
decreases in CD1790 exposure in patients with mild and
moderate hepatic impairment compared with healthy
subjects (Table S2). In the mild hepatic impairment vs.
healthy group, the GMR for AUCt,ss was 62.0% (90% CI
39.1%, 98.0%) and for Cmax was 50.7% (90% CI 25.3%,

101.7%). In the moderate hepatic impairment vs. healthy
group,the GMR for AUCt,ss was 49.9% (90% CI 27.8%,89.4%)
and for Cmax was 53.0% (90% CI 26.6%, 105.3%).

Model analysis
Based on the individual parameter estimates from the
population pharmacokinetic analysis, steady-state predic-
tions were performed for patients with severe hepatic
impairment (Figure 1). The predicted gMean was
233 nmol l-1 h (gCV 33%) for AUCt,ss and 19 nmol l-1 (gCV
67%) for Cmax,ss. Thus, the prediction of the linagliptin

Table 2
Non-compartmental pharmacokinetic parameters of linagliptin after single oral doses of 5 mg linagliptin in patients with different degrees of hepatic
impairment compared with healthy subjects

Healthy (n = 8)
Hepatic impairment group
Mild (n = 7†) Moderate (n = 9) Severe (n = 8)

gMean gCV gMean gCV gMean gCV gMean gCV

AUC(0,24 h) (nmol l-1 h) 189 27.8 164 33.3 148 21.3 190 39.4
Cmax (nmol l-1) 17.3 56.9 11.9 45.2 12.1 31.2 13.3 77.8

tmax (h)* 1.50 0.50–3.00 1.50 0.25–3.00 1.00 0.25–2.00 0.875 0.50–6.00
C24 (nmol l-1) 6.26 24.5 6.45 26.9 5.28 27.0 6.67 23.7

fe(0,24 h) (%) 1.31 148 0.705‡ 336 0.483 162 0.923§ 275
CLR,(0,24 h) (ml min-1) 12.2 123 7.31‡ 215 5.75 145 8.74§ 161

t1/2 (h) – – – – – – 124 61.2

*For tmax, the median and range (min–max) is given. †Plasma linagliptin concentrations only available throughout day 1 for seven patients in the mild impairment group. ‡Urine
linagliptin concentrations only available for whole of day 1 for six patients in the mild impairment group. §Urine linagliptin concentrations only available for whole of day 1 for seven
patients in the severe impairment group. gMean geometric mean, gCV geometric coefficient of variation, AUC(0,24 h) area under the plasma concentration–time curve over the
time interval 0 to 24 h, Cmax maximum plasma concentration, tmax time from dosing to the maximum plasma concentration, C24 plasma concentration at 24 h, fe(0,24 h) fraction
excreted unchanged in urine in the time interval 0 to 24 h, CLR(0,24 h) renal clearance in the time interval 0 to 24 h, t1/2 terminal half-life in plasma.

Table 3
Steady-state non-compartmental pharmacokinetic parameters of linagliptin after multiple oral doses of 5 mg linagliptin in patients with mild or moderate
hepatic impairment compared with healthy subjects

Healthy (n = 8)
Hepatic impairment group
Mild (n = 8) Moderate (n = 8§)

gMean gCV gMean gCV gMean gCV

AUCt,ss (nmol l-1 h) 254 18.9 191 27.2 217 26.0
Cmax,ss (nmol l-1) 20.8 38.6 13.4 55.8 19.2 52.5

tmax,ss (h)* 1.50 0.50–2.00 1.00 0.50–3.00 0.625 0.25–2.00
C24,ss (nmol l-1) 8.41 18.2 6.75 28.2 7.85 18.8

t1/2,ss (h) 77.7 32.6 95.0 18.0 96.1 54.7
fe(0,24 h),ss (%) 7.12 50.3 4.84† 57.8 6.13 51.2

CLR,(0,24 h),ss (ml min-1) 49.5 40.8 44.7† 40.1 49.8 50.8
RA,AUC(0,24 h) 1.34 22.2 1.25‡ 23.9 1.46 28.4
RA, maxC 1.20 53.9 1.22‡ 64.3 1.53 65.8
Accumulation t1/2 (h) 10.9 66.2 8.11‡ 86.8 13.1 61.7

*For tmax, the median and range (min–max) is given. †Urine linagliptin concentrations only available for whole of day 1 for seven patients in the mild impairment group. ‡Single
dose and steady-state pharmacokinetic data only available for seven patients in the mild impairment group. §Eight patients only completed full 7 days of study in the moderate
impairment group. AUCt,ss area under the plasma concentration–time curve at steady-state over the dosing interval t, Cmax,ss maximum plasma concentration at steady-state, tmax,ss

time from last dosing to maximum plasma concentration at steady-state over the dosing interval t, C24,ss plasma concentration at 24 h at steady-state, t1/2,ss terminal half-life in
plasma at steady-state, fe(0,24 h),ss fraction excreted unchanged in urine in the time interval 0 to 24 h at steady-state; CLR(0,24 h),ss renal clearance in the time interval 0 to 24 h
at steady-state, RA,AUC(0,24 h) accumulation ratio based on AUC(0,24 h), RA max,C accumulation ratio based on Cmax, Accumulation t1/2 equals t ¥ ln(2)/ln(RA,AUC(0,24 h)/[RA,AUC(0,24 h) – 1]).
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exposure for patients with severe hepatic impairment was
only slightly lower than those observed in healthy controls.

Protein binding
A concentration-dependent effect of [3H]-linagliptin
binding to plasma proteins in samples from healthy con-
trols and patients with hepatic impairment was observed
in vitro at three concentrations (0.5, 10 and 200 nmol l-1).
Across the groups, mean plasma protein binding ranged
from 73% to 81% at concentrations of 200 nmol l-1, 87% to
91% at 10 nmol l-1 and 98% to 99% at 0.5 nmol l-1.

Pharmacodynamic analysis
Median plasma DPP-4 inhibition 24 h after a single dose
exceeded 80% (the therapeutic threshold) in patients with
mild, moderate and severe hepatic impairment and in
healthy subjects (77%, 80%, 84% and 85%, respectively)
(Figure 2). At steady-state trough concentration, median
DPP-4 inhibition was maintained at high levels in patients
with mild and moderate hepatic impairment
and in healthy subjects (90%, 89% and 91%, respectively).
The pharmacokinetic–pharmacodynamic relationship was
comparable and unaffected by hepatic function (Figure 3).

Safety and tolerability
Linagliptin was well tolerated in this study. Four patients
(44.4%) with moderate hepatic impairment and one
patient (12.5%) with mild hepatic impairment reported at
least one adverse event, compared with three healthy sub-
jects (37.5%). Myocardial ischaemia without clinical symp-
toms was reported in one healthy subject (12.5%). This
adverse event was deemed unrelated to study medication.
The diagnosis was based on T wave inversions observed on

the ECG recorded 2 h after dosing on day 1. No further T
wave inversions were detectable on subsequent ECGs and
there was no further diagnostic or therapeutic follow-up.
After a single dose of 5 mg linagliptin, five patients (62.5%)
with severe hepatic impairment reported at least one
adverse event, one of which the investigator considered
possibly related to the study medication (prolonged QTc

interval). The most frequently reported MedDRA system
organ class was gastrointestinal disorders (in four
subjects).

Discussion

In contrast to all other DPP-4 inhibitors currently approved
or in clinical development for the treatment of diabetes,
the elimination of linagliptin is primarily non-renal. This
unique elimination pathway is likely to be an advantage in
patients with T2DM and renal impairment. However, since
linagliptin is predominantly eliminated via the entero-
hepatic system, it was considered to be of crucial impor-
tance to elucidate its hepatic excretion,not only in subjects
with normal liver function but also in subjects with hepatic
impairment and clarify whether dose reductions would be
necessary in this patient population.

In general, it is expected that the elimination of drugs
primarily excreted via the liver would be influenced by
hepatic impairment. However, as demonstrated in this
study, linagliptin exposure was not increased following
single or multiple doses of 5 mg linagliptin in subjects with
mild, moderate or severe hepatic impairment when com-
pared with controls with normal liver function. Linagliptin
exposure was slightly higher (14–25%) in healthy subjects
than in subjects with various degrees of hepatic
impairment.

The relatively lower linagliptin exposure in patients
with hepatic impairment was somewhat surprising, but
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Figure 2
Median DPP-4 inhibition after single oral doses of 5 mg linagliptin in
patients with different degrees of hepatic function. Normal hepatic func-
tion (n = 8) ( ); Mild hepatic impairment (n = 8) ( ); Moderate hepatic
impairment (n = 9) ( ); Severe hepatic impairment (n = 8) ( )
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Figure 3
Correlation between plasma DPP-4 inhibition and plasma linagliptin con-
centrations in patients with different degrees of hepatic function. Normal
hepatic function (�); Mild hepatic impairment (�); Moderate hepatic
impairment (�); Severe hepatic impairment (n = 8) ( )
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there may be several explanations for this observation.
First, it has been reported that P-glycoprotein activity in
the intestine and the liver may be increased/up-regulated
in hepatic impairment [20]. This could then limit the
absorption of linagliptin from the intestine and enhance
biliary excretion, contributing to the lower exposure in the
patient groups with reduced liver function. Secondly, lina-
gliptin exposure in the control group was at the higher end
of the normal distribution when compared with previously
performed linagliptin studies [9], so it cannot be excluded
that the higher exposure in this group may be due to vari-
ability and small sample size. Thirdly, an increase in renal
excretion may have compensated for any deficit in hepatic
excretory capacity. However, no increase in renal excretion
of linagliptin was evident in the hepatic impairment
groups in the current study compared with controls
with normal liver function.Fourthly,direct excretion of lina-
gliptin into the gut may be an alternative excretion route
in the presence of hepatic impairment (unpublished
observations).

However, the most likely reason why linagliptin expo-
sure is not increased in subjects with hepatic impairment
may be related to the pharmacokinetic and pharmacody-
namic properties of the drug. Linagliptin has a very high
affinity for its target, DPP-4, which is present in plasma and
tissues, and it is only released slowly from the enzyme [5],
with unbound, free drug being eliminated quickly [19].
Thus, linagliptin exhibits high, concentration-dependent
plasma protein binding (99% at concentrations below
1 nmol l-1 in in vitro plasma protein binding assays [8]),
which results in very low plasma concentrations of
unbound compound [i.e. the free average linagliptin con-
centration is only approximately 0.7 nmol l-1 (unpublished
data)]. It is only this small unbound plasma fraction that is
directly exposed to hepatic metabolism and excretion. In
liver disease, a potential impairment in drug metabolism
may occur through decreased capacity of the metaboliz-
ing enzymes, decreased liver blood flow or intra/extra-
hepatic shunting. In addition, hepatic impairment may also
affect drug excretion due to increased capacity of hepatic
drug transporters to eliminate linagliptin via the bile. The
metabolites of linagliptin have been shown to play only a
minor role in the overall disposition and elimination of the
drug [14]. Therefore, because linagliptin is predominantly
eliminated without involvement of the hepatic metaboliz-
ing function, we suggest that the high enzyme binding, in
conjunction with a low rate of hepatic metabolism results
in hepato-biliary excretion of predominantly unchanged
linagliptin. The low concentrations of unbound linagliptin
in the circulation suggest that even patients with severe
hepatic impairment may have sufficient residual liver
capacity to meet the limited metabolic and hepatic excre-
tory needs to eliminate this small fraction of unbound
drug efficiently.

The most important observation from this study is that
no linagliptin dose reduction seems to be necessary in

subjects with hepatic impairment, despite the fact that
85% of this DPP-4 inhibitor is excreted non-renally. Plasma
DPP-4 inhibition after single (severe hepatic impairment)
and multiple (mild and moderate hepatic impairment)
dosing was >80%, the level considered to be required for
adequate glycaemic control in T2DM [21]. This may be
because the in vivo efficacy of linagliptin is determined by
the drug concentration bound to the therapeutic target
tissues, and not by the unbound plasma fraction. From a
treatment perspective, these results provide support that
linagliptin has a reassuring safety profile and that the
dosing recommendations should be the same, indepen-
dent of the presence of any degree of hepatic impairment.

The protein binding of [3H]-linagliptin observed in this
study was comparable with previous reports in rat and
human plasma [9, 22]. Thus, the plasma protein binding of
[3H]-linagliptin did not seem to be altered in patients with
different degrees of hepatic impairment.

Linagliptin 5 mg was well tolerated and all adverse
events were of mild to moderate intensity. This is consis-
tent with recently completed pivotal trials in patients with
T2DM receiving up to 24 weeks of linagliptin treatment
[23, 24]. In one subject with severe hepatic impairment, a
prolonged QTc interval was observed. This is a well known
effect in hepatic impairment, which has previously been
observed in patients in Child-Pugh categories from A to C
[25].Thus, it was not considered related to linagliptin treat-
ment, particularly since linagliptin doses up to 20 times the
therapeutic dose have previously been reported not to
influence the QTc interval in a thorough QT study [26].

In conclusion, linagliptin exposure after single and mul-
tiple dosing in patients with mild, moderate or severe
hepatic impairment was comparable with healthy sub-
jects. These results indicate that no dose adjustment is
required in patients with any degree of hepatic impair-
ment and that linagliptin is a suitable treatment alternative
in T2DM, not only in patients with renal impairment, but
also in those with hepatic impairment.
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