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ABSTRACT
Objective: The objective of this study was to deter-

mine the relative bioavailability of the dipeptidyl-pepti-
dase-4 (DPP-4) inhibitor linagliptin when administered
with and without food, in accordance with regulatory
requirements to support dosing recommendations for
patients.

Methods: This was a randomized, open-label, cross-
over study involving 32 healthy white male and female
subjects. All subjects received a single dose of 5 mg
linagliptin after an overnight fast of at least 10 hours,
or immediately after ingestion of a high-fat, high-calo-
rie breakfast. These treatments were separated by a
period of 5 weeks. Plasma samples for pharmacoki-
netic analysis were collected before dosing and at pre-
specified time points after dosing. The concentration of
linagliptin in these samples was analyzed by high-perfor-
mance liquid chromatography coupled to tandem mass
spectrometry. Relative bioavailability was assessed by the
total area under the curve between 0 and 72 hours
(AUC0–72) and maximum measured plasma concentra-
tion (Cmax) of linagliptin. Tolerability was also assessed.

Results: In 32 subjects (mean age, 34.8 years;
weight, 74.3 kg; male, 53%; white race, 100%), intake
of a high-fat meal resulted in comparable bioavailabil-
ity with regard to AUC0–72 (geometric mean ratio
[GMR] between the fed and fasted group means was
103.5%; 90% CI, 98.1%–109.2%). Individuals’ re-
sponses to food ranged from a maximum increase in
exposure of 38% to a decrease of 32% relative to the
fasted state. The concurrent intake of food increased
the time to reach maximum plasma concentration
(Tmax) by approximately 2 hours and reduced Cmax by
bout 15% (GMR 84.7%; 90% CI, 75.9%–94.6%).
ince adequate drug exposure for inhibition of DPP-4

as still given for the entire 24-hour dosing interval,
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his result was considered to be of no clinical relevance.
inagliptin was well tolerated during the study.

Conclusions: Intake of a high-fat meal reduced the
ate of linagliptin absorption but had no influence on
he extent of absorption; this finding suggests that food
as no relevant influence on the efficacy of linagliptin.
Clin Ther. 2011;33:1096–1103) © 2011 Elsevier HS
ournals, Inc. All rights reserved.
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INTRODUCTION
Linagliptin is a structurally novel dipeptidyl-pepti-
dase-4 (DPP-4) inhibitor currently in late-stage devel-
opment for the treatment of type 2 diabetes,1,2 with
high selectivity for DPP-4 relative to other dipeptidyl-
peptidases.1 In an extensive multinational program of
Phase III studies, linagliptin was well tolerated and im-
proved glycemic control in patients with type 2 diabe-
tes as monotherapy or in combination with other an-
tihyperglycemic agents.3–9

Linagliptin has nonlinear pharmacokinetics owing
to the high-affinity binding of linagliptin to DPP-4 in
plasma and tissues.10,11 The high affinity of linagliptin
for DPP-4 is also responsible for the long terminal half-
life (t½) of the drug, at �130 hours.10,12 However,
these binding sites are present at low concentrations
(5–6 nM in human plasma) and are therefore readily
saturated at human therapeutic dose levels.13–16 Once the

Results from this study have been presented as Poster PI-64 at the 111th
Annual Meeting of the American Society for Clinical Pharmacology and
Therapeutics (ASCPT), March 17–20, 2010, Atlanta, Georgia.
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DPP-4 binding sites have been saturated, the unbound
linagliptin is eliminated quickly (t½ of 11.1 h).16 This
eads to an accumulation t½ of linagliptin of
pproximately 11 hours, minimal accumulation of the
rug, and a less-than-proportional increase in drug expo-
ure with increasing doses.12,17 Linagliptin has a predom-
nantly nonrenal route of excretion; �90% of an oral
ose is excreted unchanged, primarily in feces.18 Metab-
lism of the drug has been reported to be minimal, with
harmacologically inactive metabolites.18

The present study investigated whether exposure to
linagliptin would be affected by food intake, in accor-
dance with regulatory requirements to support dosing
recommendations for patients with type 2 diabetes.
Depending on the characteristics of the drug, food may
either increase or decrease the drug’s exposure, or it
may have no effect at all.19 Because linagliptin is char-
acterized by high aqueous solubility at physiologic pH
values (pH 7.4, �5 g/L),20 it was not expected that
food would increase or accelerate absorption, but ef-
fects associated with a food-related delay in gastric
emptying could not be ruled out. Therefore, the objec-
tive of this study was to investigate the effects of food
on the pharmacokinetics of single doses of linagliptin
in healthy male and female subjects.

SUBJECTS AND METHODS
Study Participants

Subjects were recruited from the pool of volunteers
at the Human Pharmacology Center, Department of
Clinical Research, Boehringer Ingelheim Pharma
GmbH & Co. KG, Biberach, Germany, depending on
their availability. Participants were compensated ac-
cording to inconvenience, discomfort, and loss of time,
as approved by the Independent Ethics Committee.
The study aimed to recruit 32 healthy male and female
subjects aged 18 to 50 years with a body mass index of
18.5 to 29.9 kg/m2. Subjects were in good general
health according to routine medical history, physical
examination, vital signs (blood pressure and pulse
rate), and laboratory data (clinical chemistry, hematol-
ogy, urinalysis, drug screening, and serology for hepa-
titis B and C, and HIV). Female subjects were required
to use appropriate birth control measures until
2 months after completion of the study.

All subjects gave written informed consent. The study
was conducted in compliance with the guidelines on good
clinical practice and with ethical standards for human

experimentation established by the Declaration of Hel- a
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sinki (1996 version) and in accordance with applicable
regulatory requirements. Approval was obtained from
the local Independent Ethics Committee (Ethik-Kommis-
sion bei der Landesärztekammer Baden-Württemberg,
Stuttgart, Germany) and the Federal Institute for Drugs
and Medical Devices (Bundesinstitut für Arzneimittel
und Medizinprodukte, Bonn, Germany). On-site moni-
toring was performed by the Clinical Research Organiza-
tion, CenTrial GmbH, Tübingen, Germany.

Study Design
This was a single-center, open-label, 2-way cross-

over study conducted in healthy male and female sub-
jects. Following a 21-day screening period and baseline
evaluation, subjects were randomized in a 1:1 ratio to
1 of 2 study period sequences: fed–fasted or fasted–fed.
In the “fed” study period, subjects received a single
oral dose of 5 mg linagliptin following a high-fat, high-
calorie breakfast (test treatment). In the “fasted” study
period, dosing occurred after an overnight fast of at
least 10 hours (reference treatment). The randomiza-
tion list was generated using a validated pseudo-
random number generator and a supplied seed number
so that the allocation of medication numbers would
be both reproducible and not predictable. In each
case, linagliptin was administered between 8 AM and

AM with 240 mL of water. Subjects randomized to
eceive linagliptin in the fed state took the drug im-
ediately after consuming a standard US Food and
rug Administration high-fat breakfast of approxi-
ately 945 Kcal.21 This consisted of 2 eggs (120 g),
strips of bacon (30 g), 2 slices of toast (60 g), butter

30 g), hash brown potatoes (120 g), and whole milk
240 mL). Subjects in both treatment arms were re-
uired to fast for a further 4 hours after administra-
ion of the drug.

A period of 5 weeks separated the treatments when
o medication was taken. The subjects then crossed
ver to the alternate treatment regimen. The crossover
esign removes intersubject variability of the treatment
omparisons, since each subject served as his or her
wn control. End-of-study medical evaluations were
erformed within 7 to 14 days after the final treatment
ith linagliptin. Subjects admitted to the study center
ere not permitted to smoke or consume any food or
rink other than that provided by the staff, and had to

void excessive physical activity.
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Pharmacokinetic Sampling
Blood samples for pharmacokinetic analysis of lina-

gliptin were taken before dosing on Day 1 and at set time
points (0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 72, and 96 h)
after dosing. Day 1 samples were obtained using an in-
dwelling catheter (Optiva 2, 32-mm, 18-gauge; Medex
Medical GmbH, Klein-Winternheim, Germany) without
flushing, so no blood had to be discarded. After sampling,
the cannula was locked using a mandrin obturator for
Optiva 2 indwelling cannulae (Medex Medical GmbH,
Klein-Winternheim, Germany). At ambulatory visits,
blood was collected using a Safety-Multifly 21-gauge can-
nula (Sarstedt AG & Co, Nümbrecht, Germany). Blood
samples (4.9 mL) were taken from a forearm vein into an
EDTA anticoagulant blood-drawing tube and immedi-
ately chilled in an ice bath. Samples were then centrifuged
at 2500 � g for 10 minutes at 4°C. Plasma was collected
in 2 aliquots of at least 1 mL and frozen at or below
�18°C. Centrifugation and freezing steps were per-
formed within 60 and 90 minutes of sampling, respec-
tively. Each subject provided a total of approximately
200 mL of blood for study purposes.

Analytical Methods
Plasma concentrations of linagliptin were analyzed us-

ing high-performance liquid chromatography coupled to
tandem mass spectrometry (HPLC–MS/MS) by Covance
Laboratories Ltd (Harrogate, United Kingdom), as de-
scribed previously.22 The calibration curves for undiluted
plasma samples exhibited linear responses over the range
of concentrations from 0.1 to 20 nmol/L using a plasma
volume of 150 �L. In-study assay validation at nominal
inagliptin concentrations of 0.250, 1.00, and 15.0
mol/L showed an assay inaccuracy and imprecision
rom –6.1% to –8.7% and 6.0% to 7.4%, respectively.

Pharmacokinetic Methods
Pharmacokinetic parameters for linagliptin were de-

termined for each individual by noncompartmental
analysis23 using the WinNonlin software program
(Pharsight Corporation, Cary, North Carolina). Only
concentrations within the validated concentration
range of 0.1 to 20 nmol/L were used to calculate phar-
macokinetic parameters. Actual sampling times were
used. The apparent terminal rate constant (�z) was es-
imated by regression of the terminal log-linear portion
determined by inspection) of the plasma concentra-
ion-time profile using the last 3 available data points;
½ was calculated as the quotient of ln(2) and �z. Cmax

1098
and Tmax values were obtained by inspection of the
lasma concentration data. AUC over a time interval
as calculated using the trapezoid rule and the extra-
r interpolated concentration at that time point. Ow-
ng to the long t½ of linagliptin of �100 hours,12 the
ercentage of the total AUC generated by extrapola-
ion exceeds 20%, despite long sampling periods.
herefore, a truncated AUC over a time interval of 0 to
2 hours was considered more appropriate to assess the
elative bioavailability of linagliptin, which was deter-
ined primarily on the basis of the parameters AUC0–72

and Cmax. This is in line with the US Food and Drug
Administration and European Medicines Agency guide-
lines for bioavailability studies of orally administered
drugs with a long terminal t½.24,25

Safety
Evaluations of routine clinical chemistry (sodium,

potassium, calcium, aspartate transaminase, alanine
transaminase, alkaline phosphatase, �-glutamyltrans-
erase, glucose, total cholesterol, C-reactive protein,
reatinine, bilirubin [total and direct], triglycerides, to-
al protein, and thyroid-stimulating hormone), hema-
ology (hematocrit; hemoglobin; red and white blood
ell counts; platelets; absolute and differential counts
f neutrophils, eosinophils, basophils, lymphocytes,
nd monocytes; prothrombin time; prothrombin time/
nternational normalized ratio; and activated partial
hromboplastin time), urine pH analysis, vital signs
blood pressure and pulse rate), 12-lead ECG, and
hysical examinations were performed prestudy and
oststudy. Tolerability was assessed based on adverse
vents (AEs). The investigator (M.I.) documented the
ime of onset, end time, intensity (mild, moderate, or se-
ere), relationship to study drug, and outcome of each AE
nd any treatment or action required. All AEs persisting
fter trial completion were followed up until the subject
ad recovered or the AE had been sufficiently character-
zed. A serious AE was defined as any AE that (1) resulted
n death, or persistent or significant disability or incapac-
ty, (2) consisted of a congenital anomaly or birth defect,
3) required hospitalization or prolongation of hospital-
zation, (4) was immediately life-threatening, or (5) was
eemed serious for any other reason representing a com-
arably significant hazard.

Statistical Analysis
Data analyses were conducted as described by Pat-
terson and Jones.26 The effect of food on the bioavail-
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ability of linagliptin was determined by comparing the
AUC from 0 to 72 hours (AUC0–72) and Cmax in the fed
nd fasted state. Point estimators (geometric means
gMeans]) of the median intrasubject ratios of
UC0–72 and Cmax and their 2-sided 90% CIs were

calculated. These parameters were logarithmically
transformed to ensure additivity of the model effects
and were then analyzed by an ANOVA model with
effects due to sequence, subjects, period, and regimen
(ie, fasted or fed). CIs were based on the residual error
from ANOVA. Descriptive statistics for all other pa-
rameters were calculated. Safety data were evaluated
descriptively, and AEs were described in their entirety.
All subjects who received at least 1 dose of study drug
were included in the safety evaluation.

The sample size was selected to achieve a desired
precision of the estimate of the test/reference ratio of
the pharmacokinetic end points. Based on an intrain-
dividual geometric coefficient of variation (gCV) for
Cmax of 25% to 30% as seen in previous trials,22,27 the
sample size of 28 evaluable subjects ensured that the
2-sided 90% CI of the test/reference ratio on log scale
should be smaller than 0.1, with a probability of at least
90%. To account for potential dropouts, it was planned
for 32 subjects to be randomized into the study.

RESULTS
The study population comprised 17 male and 15 fe-
male subjects, aged between 21 and 49 years. All sub-
jects were white (reflecting the local, general popula-
tion), with a mean body mass index of 24.21 kg/m2.
Five subjects were smokers, and 26 subjects drank al-
cohol but at a level that was deemed a priori to be
insufficient to affect the study (�10 cigarettes, �3 ci-
gars, or �3 pipes/day; average alcohol consumption
�30 g/day in males and �20 g/day in females). There
were no concomitant diagnoses and no concomitant
therapies that were considered relevant to the analyses.

Data from all subjects were included in the pharma-
cokinetic set, since all predose concentrations of lina-
gliptin were lower than 5% of Cmax. One subject in the
ed–fasted sequence discontinued the study after the
ed treatment owing to an AE (severe acute tonsillitis,
ot considered by the investigator to be related to study
edication). He did not complete the fasted treatment
eriod of the study; therefore, the pharmacokinetic
nalysis is on the remaining 31 subjects.

The arithmetic mean plasma concentration-time

rofiles of linagliptin after fed and fasted conditions

August 2011
re shown in Figure 1. Under fasted conditions, lina-
liptin was rapidly absorbed and reached Cmax about 1

hour after dosing. The intake of food prolonged the
Tmax by approximately 2 hours. The prolonged ab-
orption seen after the high-fat meal resulted in lower

max but higher plasma concentrations compared with
the fasted state beyond 8 hours after dosing. The de-
cline in plasma concentrations during the terminal
phase was similar under fasted and fed conditions.

The pharmacokinetic parameters of linagliptin for
both treatment conditions are shown in the Table. In-
ferential analysis of bioavailability based on the
ANOVA model for AUC0–72 revealed no difference
under fed and fasted conditions; the gMean ratio
(GMR) was 103.5, and the 90% CIs of 98.1% to
109.2% met the standard bioequivalence criteria of
80% to 125%. The Cmax of linagliptin was reduced
from 7.04 to 5.97 nmol/L (GMR 84.7%; 90% CI,
75.9%–94.6%). The percentage of total AUC that was
obtained by extrapolation exceeded 25% in both treat-
ment arms, supporting the selection of a truncated
AUC0–72 for the primary analysis. In accordance with
the lowered Cmax but comparable AUC observed in fed
subjects, the concentrations of linagliptin �12 hours
after administration were found to be slightly higher
than those in fasted subjects. Overall, administration of
linagliptin with a high-fat meal did not influence the ex-
tent of exposure to linagliptin. Figures 2A and 2B show
the intraindividual comparisons of AUC0–72 and Cmax;
intraindividual variability, gCV, was 12.4% for AUC0–72

Figure 1. Arithmetic mean plasma concentration-
time profiles of linagliptin after single
oral administration of linagliptin under
fed and fasted conditions.
and 26.1% for Cmax, respectively.
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Seventeen subjects experienced at least 1 AE dur-
ing the study, and 11 of these subjects experienced
an AE during a treatment period (the 7-day period
starting with treatment). The same number of sub-
jects experienced an AE whether linagliptin was ad-
ministered with food (7/32 subjects) or without food
(7/31 subjects). The most common AEs were head-
ache (9 subjects), nasopharyngitis (4 subjects), and
vomiting (2 subjects, experienced at 10 hours and 12
hours after dosing, respectively). Three subjects had

Table. Geometric mean (gMean) and geometric coeffi
linagliptin 5 mg administered in fed and faste
fed–fasted) and 90% CIs are given.

Pharmacokinetic Parameter

gM

Linagliptin 5 mg (fas
(n � 31)

AUC0–72 (nmol · h/L) 229 (25.9)
Cmax (nmol/L) 7.04 (34.0)
C24 (nmol/L) 3.52 (24.7)
Tmax* (h) 1.02 (0.52–8.00
t1/2 (h) 59.4 (16.1)

*Median and range are shown for Tmax; AUC0–72, area under
measured plasma concentration; C24, plasma concentratio
plasma concentration; t1/2, terminal half-life of linagliptin

Figure 2. (A) Intraindividual comparisons of single-
conditions. (B) Intraindividual comparison
fasted conditions.
1100
an AE classed as severe, 1 subject experienced nau-
sea 12 hours after dosing, and 1 subject had a joint
sprain. The third subject had severe acute tonsillitis
29 days after the first treatment with linagliptin, and
this led to the subject discontinuing the study. No
serious AEs were reported, and the investigator did
not consider any AEs to be related to the study med-
ication. Overall, single oral doses of linagliptin were
well tolerated, whether administered with or with-
out food.

of variation (gCV) of pharmacokinetic parameters of
ditions. For AUC0–72 and Cmax, gMean ratios (GMR;

gCV [%])

GMR (90% CI)
Linagliptin 5 mg (fed)

(n � 32)

236 (20.0) 103.5 (98.1,109.2)
5.97 (19.5) 84.7 (75.9, 94.6)
4.28 (18.9)
2.99 (0.50–8.00)
55.4 (16.0)

ncentration-time curve from 0 to 72 hours; Cmax, maximum
4 hours post-dose; Tmax, time from dose to reach maximum
sma.

AUC0–72 values of linagliptin, given in fed or fasted
ingle-dose Cmax values of linagliptin, given in fed or
cient
d con

ean (

ted)

)

the co
n at 2
in pla
dose
s of s
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DISCUSSION
The objective of this study was to investigate the effect
of food on the bioavailability of single doses of lina-
gliptin in healthy male and female subjects. The simi-
larity of plasma concentration-time profiles for fasted
and fed subjects indicated no clinically relevant
changes in the pharmacokinetics of linagliptin.

Administration of linagliptin 5 mg with a high-fat
meal had no influence on the extent of exposure as
determined by the AUC over various time intervals
compared with administration of the drug in the fasted
state. However, intake of food caused an increase in
the median Tmax (from 1.02 h fasted to 2.99 h fed)
ssociated with a reduction in Cmax (from 7.04 nmol/L
o 5.97 nmol/L). This suggests that food delayed the
bsorption, and thus the rate of absorption was de-
reased, which is in line with the observation that, al-
hough maximum concentrations were lower in the fed
tate, linagliptin plasma concentrations beyond 12
ours after dosing were slightly higher with food. The
5% reduction in Cmax observed in this study is not
xpected to influence the efficacy of linagliptin. Since
timulation of glucagon-like peptide-1 secretion occurs
everal times per day (after each intake of food), ade-
uate inhibition of DPP-4 is necessary for the entire
4-hour dosing interval. The linagliptin concentration
hat results in �80% DPP-4 inhibition (EC80; the clin-
cally effective concentration) was reported to be 5.6
M.11 Under multiple-dose conditions, linagliptin

trough concentrations measured 24 hours after last
dosing following 24 weeks of 5 mg linagliptin mono-
therapy treatment were about 8 nM.4 Therefore, a
15% reduction in Cmax is not considered to be of clin-
cal relevance. In turn, no effect of food on tolerability
ssociated with a reduction in Cmax would be expected.

Consequently, based on the results from this small
group of healthy white volunteers, it is anticipated that
linagliptin can be taken with or without food. Linagliptin
was well tolerated in this study, and there were no AEs
related to medication. These results are in line with the
safety and tolerability profile of linagliptin observed in the
global Phase III program, in which the overall safety profile
of linagliptin was comparable to that of placebo.3–9

CONCLUSIONS
Linagliptin was well tolerated in this study. Intake of a
high-fat meal reduced the rate of absorption but had no
influence on the extent of absorption; therefore, it is

expected that food will have no clinically relevant

August 2011
influence on the efficacy or tolerability of linagliptin.
This suggests that linagliptin tablets can be adminis-
tered without regard to meals.
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