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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Dabigatran etexilate is an oral prodrug that

is rapidly converted to dabigatran, a direct
and reversible thrombin inhibitor.

• Dabigatran etexilate and dabigatran are not
metabolized by the cytochrome P450
system, and dabigatran does not affect the
metabolism of other drugs that utilize this
system, leading to a low potential for
drug–drug interactions.

• Dabigatran etexilate, but not dabigatran, is a
P-glycoprotein (P-gp) substrate, and the
bioavailability of dabigatran may be altered
by P-gp inhibitors or inducers.

WHAT THIS STUDY ADDS
• Administration of rifampicin (a strong P-gp

inducer) for 7 days before a single dose of
dabigatran etexilate resulted in a significant
reduction in the bioavailability of
dabigatran compared with administration of
dabigatran etexilate alone.

• Within 7 days following the cessation of
rifampicin administration, the bioavailability
of dabigatran returned almost to baseline
values.

• Rifampicin is not recommended for use with
dabigatran etexilate because of the
potential for reduced systemic exposure to
dabigatran.

AIMS
This study examined the effects of the CYP3A/P-glycoprotein inducer,
rifampicin, on the pharmacokinetics of dabigatran following oral
administration of the prodrug, dabigatran etexilate.

METHODS
This was an open-label, fixed-sequence, four-period study in healthy
volunteers. Subjects received a single dose of dabigatran etexilate
150 mg on day 1, rifampicin 600 mg once daily on days 2–8, and single
doses of dabigatran etexilate on days 9, 16 and 23.

RESULTS
Twenty-four subjects were treated, of whom 22 received all treatments.
Relative to the reference (single dose of dabigatran etexilate alone;
treatment A), administration of dabigatran etexilate following 7 days of
rifampicin (treatment B) decreased the geometric mean (gMean) area
under the concentration–time curve (AUC0–•) and maximal plasma
concentration (Cmax) of total dabigatran by 67 and 65.5%, respectively.
The time to peak and the terminal half-life were not affected. The
gMean ratio for the primary comparison (treatment B vs. treatment A)
was 33.0% (90% confidence interval 26.5, 41.2%) for AUC0–• and 34.5%
(90% confidence interval 26.9, 44.1%) for Cmax, indicating a significant
effect on total dabigatran exposure (total pharmacologically active
dabigatran represents the sum of nonconjugated dabigatran and
dabigatran glucuronide). After a 7 day (treatment C) or 14 day washout
(treatment D), the AUC0–• and Cmax of dabigatran were reduced by 18
and 20%, and by 15 and 20%, respectively, compared with treatment A,
which was considered not clinically relevant. The overall safety profile
of all treatments was good.

CONCLUSIONS
Administration of rifampicin for 7 days resulted in a significant
reduction in the bioavailability of dabigatran, which returned almost to
baseline after 7 days washout.
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Introduction

Dabigatran etexilate is an oral prodrug that is rapidly con-
verted via two intermediates, BIBR 1087 SE and BIBR 951
BS, to the active moiety, dabigatran, a direct and reversible
thrombin inhibitor. Dabigatran is partly conjugated with
activated glucuronic acid to form a pharmacologically
equipotent glucuronide. Free dabigatran and total dabiga-
tran (sum of free and glucuronidated dabigatran) reach
peak plasma concentrations after approximately 1.5 h,
have a half-life of 12–17 h and are predominantly excreted
(>80%) via the kidneys [1–6].

Dabigatran etexilate is licensed for the prevention of
venous thromboembolic events following total hip or
knee replacement and has more recently been approved
and marketed for stroke prevention in patients with atrial
fibrillation [7–9]. Dabigatran etexilate is administered
orally, is not associated with clinically relevant food inter-
actions and has dose-proportional and linear pharmacoki-
netics (PK) and pharmacodynamics (PD) [2, 3, 10–13].

Dabigatran etexilate and dabigatran are not metabo-
lized by the cytochrome P450 (CYP) system, and dabigat-
ran does not affect the metabolism of other drugs that
utilize this system [2, 14–16]. However, preclinical and clini-
cal studies have shown that dabigatran etexilate (but not
dabigatran) is a P-glycoprotein (P-gp) substrate, and
therefore the bioavailability of dabigatran following oral
administration of dabigatran etexilate may be altered by
P-gp inhibitors [17, 18]. For example, its bioavailability is
increased in patients taking strong P-gp inhibitors, such as
quinidine, verapamil and amiodarone.

The antibacterial agent rifampicin (used primarily in
the treatment of tuberculosis) is a strong inducer of intes-
tinal and hepatic P-gp. It also induces a number of drug-
metabolizing enzymes, having the greatest effects on the
expression of CYP3A in the liver and small intestine [19,20].

The primary objective of the trial was to determine
whether, and to what extent, the P-gp inducer, rifampicin,
affects the plasma exposure of dabigatran by investigating
the effect of multiple doses of rifampicin 600 mg once
daily on the PK parameters of dabigatran following a single
dose of 150 mg dabigatran etexilate. The study also evalu-
ated the time course of a return to normal availability of
dabigatran, which could be interpreted as normal activity
levels of P-gp after induction by rifampicin. The doses
selected for investigation reflect standard clinical doses of
rifampicin and dabigatran etexilate, and were expected to
allow an adequate determination of the PK parameters of
dabigatran after P-gp induction. The induction by rifampi-
cin was to be confirmed further by measurement of a sur-
rogate end-point, the urinary 6b-hydroxycortisol/cortisol
ratio. This ratio is thought to reflect the CYP3A activity and
has proved to be a good marker for CYP3A induction [21].

The secondary objectives were to determine the safety
and tolerability of dabigatran and rifampicin coadministra-
tion, and to determine the duration of the effect of P-gp

induction after cessation of rifampicin treatment. If an
interaction between rifampicin and dabigatran was
observed, it was expected that this would lead to
decreased dabigatran exposure.

Methods

Study design and treatments
This study was an open-label, four-period, fixed-sequence
trial performed in healthy male and female subjects to
investigate the relative bioavailability of dabigatran etexi-
late given as single doses, either alone or after multiple
doses of rifampicin,or after cessation of rifampicin.Twenty-
four subjects were to be enrolled, with at least eight of
each sex. The trial was conducted at CRS Clinical Research
Services Mannheim GmbH (Mannheim, Germany) in accor-
dance with the Declaration of Helsinki and the Interna-
tional Conference on Harmonisation Harmonised Tripartite
Guideline for Good Clinical Practice (GCP), after approval
by the local independent ethics committee (IEC). The trial
was sponsored by Boehringer Ingelheim Pharma GmbH &
Co. KG, Ingelheim, Germany.

Dabigatran etexilate (Pradaxa®; Boehringer Ingelheim
Pharma GmbH & Co. KG) was administered as 150 mg
hydroxypropyl methylcellulose capsules. Rifampicin was
administered as the commercially available Rifa® 600 mg
coated tablets (Grünenthal GmbH, Aachen, Germany).

The subjects received single oral doses of dabigatran
etexilate (150 mg), always in the morning at 08.00 h, during
the following four treatment periods (Figure 1): period 1
(treatment A), dabigatran etexilate 150 mg administered
on day 1 (reference); period 2 (treatment B), rifampicin
600 mg once daily administered for 7 days (days 2–8) in the
evening at 20.00 h, with the last dose of rifampicin given
12 h before dabigatran etexilate 150 mg administered on
day 9 (test 1); period 3 (treatment C), a single dose of
dabigatran etexilate 150 mg administered on day 16 after
7 days of rifampicin washout (test 2); and period 4 (treat-
ment D), a single dose of dabigatran etexilate 150 mg
administered on day 23 after 14 days of rifampicin
washout (test 3).

A screening examination (visit 1) was performed
between days -21 and -1. Washout periods between
subsequent dabigatran etexilate doses were included
between the study days (days 1, 9, 16 and 23). The end-of-
trial examination was scheduled between days 25 and 28
(time window).

Subjects
Healthy male and female subjects [based upon complete
medical history, physical examination, vital signs (blood
pressure and pulse rate), 12-lead electrocardiogram (ECG),
clinical and laboratory tests], aged �18–45 years, with a
body mass index between �18.5 and �29.9 kg m-2, were
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included in the trial. Participants gave their written
informed consent in accordance with GCP and local
legislation.

The exclusion criteria included any of the following:
gastrointestinal, hepatic, renal, respiratory, cardiovascular,
metabolic, immunological or hormonal disorders, risk of
bleeding, previous use of rifampicin or other P-gp or
CYP450 inhibitors/inducers within 4 weeks prior to the
start of treatment.

Study end-points
The primary PK end-points were area under the
concentration–time curve (AUC0–•) and maximal plasma
concentration (Cmax) of total dabigatran (free plus conju-
gated). The primary comparison was between treatment B
(single dose of dabigatran etexilate 150 mg after multiple
doses of rifampicin 600 mg) vs. reference treatment A
(single dose of dabigatran etexilate 150 mg before any
rifampicin treatment), with a-adjustment of the 90% con-
fidence intervals (CIs) of AUC0–• and Cmax to account for
multiple testing of two correlated primary end-points [22].

Further comparisons were performed between treat-
ment C (single dose of dabigatran etexilate 150 mg after 7
days of washout since last intake of rifampicin 600 mg) and
reference treatment A, and between treatment D (single
dose of dabigatran etexilate 150 mg after 14 days washout
after the last intake of rifampicin 600 mg) and reference
treatment A.

The secondary PK end-points included AUC0–• and Cmax

of free dabigatran, and Cmax and time from dosing to
maximal plasma concentration (tmax) of total dabigatran.
The ratio of urinary concentrations of 6b-hydroxycortisol
to cortisol as a marker of induction of CYP3A4 by rifampi-
cin and an evaluation of safety were other secondary
end-points.

Pharmacokinetic determinations
Blood samples for dabigatran PK measurements were col-
lected before (-0.5 h) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24
and 34 h after administration of a single dose of 150 mg
dabigatran etexilate in each treatment period. Plasma
concentrations of free, nonconjugated dabigatran, total
dabigatran [sum of free and conjugated dabigatran (mea-
sured after alkaline cleavage of conjugates)], the prodrug,
dabigatran etexilate, and the intermediate metabolites,
BIBR 1087 SE and BIBR 951 BS, were determined by a vali-
dated high-performance liquid chromatography tandem
mass spectrometry (HPLC-MS/MS) method at AAI Pharma
Deutschland GmbH & Co. KG, Neu-Ulm, Germany.

Briefly, plasma was prepared from EDTA blood (at 2000g–
4000g for 10 minutes); for the determination of free dabigat-
ran, 50 ml of plasma was aliquoted, diluted with 50 ml 0.2 M

ammonium formate buffer (pH 3.5),spiked with 40 ml internal
standard solution (100 ng ml-1 [13C6]dabigatran), mixed and
centrifuged. For the determination of total dabigatran, 50 ml
of plasma was aliquoted, spiked with 40 ml internal standard
solution and mixed with 20 ml 0.2 M sodium hydroxide. After
2 h of incubation at 37°C, the samples were acidified with
30 ml 0.2 M hydrochloric acid, mixed and then centrifuged.

For each determination, an aliquot of the resulting
supernatant was transferred into autosampler vials. The
analytes were extracted by column switching and were
chromatographed on an analytical C18 reversed phase
HPLC column with gradient elution.

The lowest limit of quantification of free or total
dabigatran was 1 ng ml-1, the inaccuracy was at maximum
-5.37% (at 3 ng ml-1 nominal dabigatran concentration),
and the imprecision was always <9%. The limit of quantifi-
cation was also 1 ng ml-1 for the prodrug (dabigatran etexi-
late) and the intermediate metabolites, BIBR 1087 SE and
BIBR 951 BS.The inaccuracy was highest with BIBR 1087 SE

Screening

Screening
Day –21 to day –1

Rifampicin
D+R D+R

Dabigatran Dabigatran Dabigatran

72 h

72 h

72 h 72 h

Washout P2 Washout P3 Post-study

D150
Day 1

08:00 h
Day 9

08.00 h
Day 16
08.00 h

Day 23
08.00 h

D150

Day 2–8
20:00 h

R600

D150 D150

End of study visit
Day 25 to day 28

Figure 1
Administration of trial medication (upper half of the diagram) and definition of treatment periods for safety analyses (lower half of the diagram). Dabigatran
etexilate was always given in the morning at 08.00 h. Rifampicin was always administered in the evening at 20.00 h, with the last dose given 12 h before the
dabigatran etexilate test treatment on day 9. D150, dabigatran etexilate 150 mg; R600, rifampicin 600 mg; D+R, dabigatran etexilate + rifampicin; P2, P3,
period 2, period 3.
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(–16.23 and -7.75% at 3 and 9 ng ml-1 spike concentra-
tions, respectively); imprecision was always <10%.

In addition, total dabigatran urine concentrations were
measured. The calibration range was between 20 and
1000 ng ml-1, and the analyses were performed with high
accuracy (inaccuracy <2%) and precision (imprecision <7%).

The 6b-hydroxycortisol/cortisol ratio, an established
marker of human hepatic CYP450 3A induction (but not a
marker for P-gp activity), was assessed in morning spot
urine samples collected within 4 h after the complete first
morning voids, but before drug administration at the latest
(typically 30 min before). Samples were taken in the
morning after subjects had received three doses of
rifampicin during treatment B and before administration
of dabigatran in each respective treatment period. Thus,
morning spot urine samples were collected at baseline,
day 1 (period 1), days 5 and 9 (period 2), day 16 (period 3)
and day 23 (period 4).

Urinary concentrations of cortisol and 6b-
hydroxycortisol were analysed by an HPLC-MS/MS method
at SGS Cephac Europe, St Benoît, France. The calibration
curves for 6b-hydroxycortisol and cortisol ranged between
1–1000 and 10–3000 ng ml-1, respectively. The assay had
a low interday inaccuracy and imprecision of <11 (6b-
hydroxycortisol) and 13% (cortisol) at all spiked concentra-
tions. Induction of CYP3A by rifampicin was assessed by
the change in the ratio of 6b-hydroxycortisol/cortisol after
a 7 day treatment of 600 mg rifampicin once daily and after
cessation of rifampicin,compared with the ratio at baseline
before the administration of rifampicin.

Safety
Safety was assessed by medical examination, pulse rate,
blood pressure, 12-lead ECG, laboratory parameters, and
the occurrence and severity of adverse events (AEs). The
investigator assessed tolerability based on AEs and the
laboratory evaluation according to the categories ‘good’,
‘satisfactory’, ‘not satisfactory’ and ‘bad’.

Statistical methods
Point estimators (geometric means;gMeans) of the median
intrasubject ratios of AUC0–• and Cmax were calculated. The
statistical model was an analysis of variance model on log-
transformed parameters, including effects for ‘subject’ and
‘treatment’. However, a confidence interval for the relative
bioavailability that does not contain the value 100% is
equivalent to an effect significantly different from zero.
Confidence intervals were based on the residual error from
the investigated treatment comparison. Descriptive statis-
tics for all other parameters were calculated.

Results

Study population
A total of 24 healthy volunteers entered the study and
were treated; 10 (41.7%) were male and 14 (58.3%) female.

All subjects were Caucasian.Their mean age was 32.9 years
(range 22–44 years), with a mean body mass index of
25.1 kg m-2. Two subjects discontinued treatment prema-
turely (withdrew consent due to personal reasons);
however, these subjects underwent the end-of-trial visit.
The 22 subjects who completed treatment as planned
received dabigatran etexilate 150 mg for 4 days (1 day in
each treatment period) and rifampicin 600 mg for 7 days
(period 2); the other two subjects received dabigatran
etexilate 150 mg for 2 days (1 day in the first two treatment
periods) and rifampicin 600 mg for 7 days (period 2).

Pharmacokinetic parameters
The shapes of the plasma concentration–time profiles of
free and total dabigatran were highly comparable, as
shown in Figure 2. The PK parameters of total dabigatran
after administration of dabigatran etexilate 150 mg, with
and without rifampicin, are shown in Table 1.

Relative to the reference treatment (dabigatran etexi-
late alone), the administration of the P-gp inducer, rifampi-
cin, over 7 days (treatment B) resulted in a significant
reduction in the exposure to total dabigatran (67% reduc-
tion in AUC0–• and 65.5% reduction in Cmax) on day 9 (treat-
ment B) in comparison with day 1 (treatment A; Table 2).
The gMean ratio for the primary comparison was 33.0%
(90% CI 26.5, 41.2%) for the AUC0–• and 34.5% (90% CI 26.9,
44.1%) for the Cmax. After adjustment of the CIs for multiple
comparisons, the lower and upper limit of the CIs were 25.9
and 42.1%, respectively, for the AUC0–•, and 26.2 and 45.2%,
respectively, for Cmax. Results indicated a statistically signifi-
cant (P < 0.05) effect of rifampicin on the total dabigatran
exposure.

The time to peak (tmax) and the terminal half-life (t1/2)
were not affected by rifampicin administration. The tmax,
t1/2, mean residence time after oral administration values
and the shape of the plasma concentration–time curve
were similar between treatments A and B.

For the single dose of 150 mg dabigatran etexilate after
a 7 day washout after the last dose of rifampicin (treatment
C, day 16), AUC0–• and Cmax values were reduced by 18 and
20%, respectively, compared with the reference, treatment
A. The gMean ratio of treatment C and the reference treat-
ment was 82.3% (90% CI 65.3, 103.9%) for the AUC0–• and
81.4% (90% CI 65.2, 101.5%) for Cmax. Fourteen days after
the last administration of rifampicin (treatment D, day 23),
the AUC0–• and Cmax values were reduced by 15 and 20%,
respectively,compared with the reference.The gMean ratio
of treatment D and the reference treatment was 85.7%
(90% CI 67.7, 108.5%) for the AUC0–• and 81.6% (90% CI
63.1, 105.6%) for Cmax. Intra-individual comparisons of the
exposure parameters, AUC0–• and Cmax, between all treat-
ments are shown in Figure 3.

For reference treatment A (day 1), male subjects had
approximately 76% of the AUC0–• and 67% of the Cmax of
female subjects in the trial. Following the administration of
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Figure 2
Geometric mean (gMean) plasma concentration–time profiles (semi-logarithmic scale) of total (a) and free dabigatran (b) after a single oral dose of 150 mg
dabigatran etexilate on day 1 (reference; treatment A), on day 9 after administration of multiple doses of 600 mg rifampicin (test 1; treatment B), on day 16,
i.e. 7 days after last rifampicin administration (test 2; treatment C) and on day 23, i.e. 14 days after last rifampicin administration (test 3; treatment D). Day 1
(period 1, reference) (N = 24) ( ); Day 9 (period 2, test) (N = 24) ( ); Day 16 (period 3, test) (N = 22) ( ); Day 23 (period 4, test) (N = 22) ( )
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rifampicin over 7 days, the reduction in total dabigatran
exposure was similar in male and female subjects.

The PK parameters of free dabigatran followed the
same trend as those of total dabigatran (Figure 2b), and
the ratio between total and free dabigatran AUC0–• was not
modulated by rifampicin administration. Furthermore, the
prodrug (dabigatran etexilate) and the intermediate
metabolites (BIBR 951 BS and BIBR 1087 SE) were affected
in the same way as dabigatran (Table 3). As the concentra-
tions (only Cmax could be evaluated) were already rather
small in the reference treatment, no quantitative assess-
ment of the extent of reduction was feasible.

6b-Hydroxycortisol/cortisol urine ratios
Compared with day 1, the urinary 6b-hydroxycortisol/
cortisol ratio on day 9 was increased approximately 5.6-
fold, from a gMean (gCV %) 6b-hydroxycortisol/cortisol
ratio of 3.92 (65.3) to 22.0 (48.5), indicating CYP450 3A
induction as a result of rifampicin administration. The

urinary 6b-hydroxycortisol/cortisol ratio was still slightly
elevated on day 16 (~1.2-fold), but had returned to base-
line by day 23, 2 weeks after the end of treatment with
rifampicin.

Safety
All 24 subjects who received at least one dose of study
drug were included in the safety evaluation.

Only two (8.3%) subjects reported any AEs during treat-
ment with dabigatran etexilate alone, four (16.7%) subjects
during treatment with dabigatran etexilate plus rifampicin
and two (8.3%) subjects during treatment with rifampicin
alone (Table 4). In addition, one subject (4.5%; 1 of 22)
reported an AE during the washout period after treatment
period 3.

The most frequently reported AEs were nervous system
disorders, with headache the most common (dabigatran,
two subjects; rifampicin, one subject; and dabigatran plus
rifampicin, three subjects). No other AEs were reported

Table 1
Pharmacokinetic parameters of total dabigatran after administration of dabigatran etexilate 150 mg, with and without rifampicin

Treatment A: 150 mg
DE day 1 (n = 24)

Treatment B: 150 mg DE
day 9 and multiple doses
of rifampicin (n = 24)

Treatment C: 150 mg DE
day 16, 7 days after
rifampicin (n = 22)

Treatment D: 150 mg DE
day 23, 14 days after
rifampicin (n = 22)

gMean gCV, % gMean gCV, % gMean gCV, % gMean gCV, %

AUC0–24 (ng h ml-1) 813 61.5 265 52.3 668 69.6 690 69.6
AUC0–tz (ng h ml-1) 862 61.8 274 57.2 705 71.5 734 69.8

AUC0–• (ng h ml-1) 899 60.0 297 48.3 736 70.1 767 68.5
%AUCtz–• (ng h ml-1) 3.80 42.0 5.94 65.5 3.92 40.4 3.95 36.8

Cmax (ng ml-1) 110 69.0 37.9 72.0 87.7 68.6 88.4 75.6
tmax (h)* 2.00 1.50–3.00 2.00 1.5–4.00 2.00 1.00–3.00 2.50 1.5–6.00

t1/2 (h) 7.40 10.6 7.76 17.8 7.13 14.0 7.3 11.8
CL/F (ml min-1) 2090 60.0 6320 48.3 2550 70.1 2450 68.5

Ae0–24 (mg) 3350 65.3 1100 67.1 – – – –
fe0–24 (%) 2.97 65.3 0.981 67.1 – – – –

CLR0–24 (ml min-1) 68.6 29.7 69.5 25.5 – – – –

Abbreviations: Ae0–24, amount eliminated in urine; AUC0–•, area under the concentration–time curve; AUC0–tz, area under the concentration–time curve from 0 to last quantifiable
plasma concentration; Cmax, maximal plasma concentration; CL/F, apparent clearance; CLR0–24, 0–24 h renal clearance; DE, dabigatran etexilate; gCV, geometric coefficient of
variation; gMean, geometric mean; fe0–24, fraction of administered drug excreted in urine; tmax, time from dosing to maximal plasma concentration; and t1/2, terminal half-life.
*Median (range).

Table 2
Geometric means (gMeans) and relative bioavailability for intra-individual comparisons of a single dose of dabigatran etexilate 150 mg given alone
(reference; treatment A) and after administration of multiple doses of rifampicin (test 1; treatment B)

Total dabigatran
Treatment B: test
1 (n = 24)

Treatment A:
reference (n = 24) gMean ratio

90% CI
Intra-individual
gCV (%)gMean gMean test/reference (%)

AUC0–• (ng h ml-1) 297 899 33.0 26.5, 41.2* 47.1
Cmax (ng ml-1) 37.9 110 34.5 26.9, 44.1* 53.4

Abbreviations: AUC0–•, area under the concentration–time curve; CI, confidence interval; Cmax, maximal plasma concentration; gCV, geometric coefficient of variation; and gMean,
geometric mean. *Significant, with P < 0.05.
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during treatment with dabigatran alone. Other AEs
reported were vertigo and hyperhidrosis (one subject
each) during the dabigatran plus rifampicin period; dizzi-
ness, nausea, oropharyngeal pain, vomiting and fatigue

(one subject each) during the rifampicin alone period; and
nausea (one subject) during the washout after period 3.

All AEs were of mild or moderate intensity and resolved
by the end of the trial. There were no deaths, other serious
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AEs, other significant AEs, severe AEs or AEs that led to
discontinuation of study treatment.

Vital signs, ECG and safety laboratory assessments did
not indicate any relevant, consistent or treatment-related
untoward reactions. Global clinical tolerability was good in
all subjects.

Discussion

Preclinical investigations have shown that dabigatran
etexilate (but not dabigatran or its intermediate metabo-
lites) is a substrate for the efflux transporter protein P-gp.
Previous investigations suggest that the bioavailability of
dabigatran may be affected by P-gp inhibitors [23]. In this
study, a 1 week course of rifampicin, a potent inducer of
P-gp, decreased exposure to dabigatran by 67%.

The approved dabigatran etexilate dose for stroke pre-
vention in patients with atrial fibrillation is 150 mg twice
daily for most patients [7,8].The present study investigated

dabigatran etexilate 150 mg with or without rifampicin
600 mg once daily. These doses were selected because
they reflected standard clinical doses, and the plasma con-
centrations of dabigatran and rifampicin in this trial repre-
sent clinically relevant drug exposure. The selected dosing
regimen for rifampicin (7 day treatment with cessation of
treatment the evening, i.e. 12 h, before administration of
dabigatran etexilate) allowed for a test of maximal induc-
tion of P-gp without interference of inhibiting effects,
because rifampicin was stopped after the last dose given
in the evening before dabigatran administration. A single
dose of dabigatran etexilate was considered to be repre-
sentative of the effect following multiple dosing, poten-
tially overestimating, rather than underestimating, the
effect. In conclusion, the selected doses were expected to
allow adequate determination of the PK parameters of
dabigatran after P-gp induction.

In this study, the administration of rifampicin for 7 days
resulted in a significant and relevant reduction in the bio-
availability of total dabigatran (67 and 65.5% reduction in
AUC0–• and Cmax values of total dabigatran, respectively)
after administering a single oral dose of 150 mg dabigat-
ran etexilate in healthy volunteers. Within 7 days following
the cessation of rifampicin administration, the bioavailabil-
ity of total dabigatran returned almost to baseline values.
Pharmacokinetic parameters of free dabigatran were influ-
enced in a similar fashion.

In the present trial, rifampicin administration also
induced CYP3A, as shown by an elevated urinary
6b-hydroxycortisol/cortisol ratio [24]. Such induction has
been documented to dissipate in about 2 weeks after dis-
continuation of rifampicin [25]. Indeed, in this trial, the
urinary 6b-hydroxycortisol/cortisol ratio was found to be
only 1.2-fold higher than baseline values after 1 week and
had returned to baseline levels 2 weeks after discontinua-
tion of treatment with rifampicin.The effect on dabigatran
was highly comparable, which seems physiologically rea-

Table 3
Pharmacokinetic parameters of prodrug (dabigatran etexilate) and intermediate metabolites (BIBR 1087 SE and BIBR 951 BS) after administration of
dabigatran etexilate 150 mg, with and without rifampicin

Treatment A: 150 mg
DE day 1

Treatment B: 150 mg
DE day 9 and multiple
doses of rifampicin

Treatment C: 150 mg
DE day 16, 7 days
after rifampicin

Treatment D: 150 mg
DE day 23, 14 days
after rifampicin

gMean gCV, % gMean gCV, % gMean gCV, % gMean gCV, %

Dabigatran etexilate
Cmax (ng ml-1) 3.64 72.0 2.32 43.7 3.38 59.3 3.58 60.3
tmax (h)* 1.00 0.500–2.00 0.500 0.500–1.50 1.00 0.500–1.50 1.00 0.500–2.00

BIBR 1087 SE
Cmax (ng ml-1) 2.07 40.7 – – 1.67 35.6 1.93 37.0
tmax (h)* 1.00 1.00–2.00 – – 1.00 0.500–1.50 1.50 0.500–2.00

BIBR 951 BS
Cmax (ng ml-1) 2.75 67.2 – – 1.86 44.6 2.14 28.1
tmax (h)* 1.50 1.00–3.00 – – 1.50 1.00–2.00 1.50 1.00–2.00

Abbreviations: Cmax, maximal plasma concentration; DE, dabigatran etexilate; and tmax, time from dosing to maximal plasma concentration. *Median (range).

Table 4
Number (%) of subjects with adverse events reported during treatment
with dabigatran etexilate (excluding washout periods)

Treatment periods

DE alone
DE plus
rifampicin Rifampicin

Number of subjects (%) 24 (100) 24 (100) 24 (100)
Any AE 2 (8.3) 4 (16.7) 2 (8.3)

Severe AEs 0 0 0
Drug-related AEs 0 0 1 (4.2)

Other significant AEs 0 0 0
AEs leading to discontinuation 0 0 0

Serious AEs 0 0 0

Abbreviations: AE, adverse event; and DE, dabigatran etexilate.
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sonable because both CYP3A4 and P-gp share the same
induction pathway via the transcription factor pregnane X
receptor [26].

The reduction of the total dabigatran exposure after
rifampicin pretreatment seen in this trial was of similar
magnitude or only slightly exceeded the effects reported
for digoxin [27], a prototypical P-gp substrate, or aliskiren
[28]. Interestingly, despite a 56% reduction in the AUC0–• of
aliskiren or a 58% reduction in Cmax of digoxin after rifampi-
cin treatment, the renal clearance and half-life of these
drugs always remained unaffected [27, 28]. This is in
perfect agreement with the results reported in this study
for dabigatran.

Dabigatran etexilate is assumed to be absorbed mainly
in the duodenum. The pronounced effect of rifampicin on
dabigatran kinetics might, thus, be due to a remarkable
increase in duodenal P-gp expression (about a threefold
increase) after rifampicin, as reported ex vivo [27] and
in vitro [26]. An approximately 66% reduction in bioavail-
ability by P-gp induction may be physiologically plausible
for dabigatran etexilate, whose absorption (besides solu-
bility limitations) is solely dependent on the efflux trans-
porter P-gp. Moreover, recent in vitro data have clearly
demonstrated that dabigatran has no affinity to any efflux
(P-gp, BCRP and MRP2) or uptake transporter (OAT1, OAT3,
OATP1B1, OATP1B3, OATP2B1, OCT1 and OCT2), and that
among intestinal transporters, P-gp only recognized
dabigatran etexilate as substrate [29]. The reduced bio-
availability of dabigatran after P-gp induction contrasts
with the effect observed (an increase in exposure) when
dabigatran is administered with a P-gp inhibitor. For
example, the administration of the strong P-gp inhibitor
ketoconazole increased the AUC0–• and Cmax of dabigatran
by approximately 150% compared with dabigatran alone
[23].

In the present trial, male subjects receiving reference
treatment A on day 1 had approximately 76% of the AUC0–•

and 67% of the Cmax values of the female subjects investi-
gated. Although there were sex differences in exposure to
total dabigatran, administration of rifampicin for 7 days
resulted in a similar percentage reduction in total dabiga-
tran exposure for male and female subjects.

The overall safety profile of all treatments was favour-
able. Dabigatran etexilate was well tolerated when given
alone and in combination with rifampicin. The results
were in line with the known safety profile of dabigatran
etexilate.

A reduction of two-thirds in dabigatran exposure due
to a 1 week course of rifampicin has clinically relevant con-
sequences. Patients undergoing orthopaedic surgery who
receive dabigatran etexilate for the prevention of venous
thromboembolism may not achieve therapeutic concen-
trations of dabigatran if they have received rifampicin
immediately before surgery. Dabigatran etexilate is also
indicated for stroke prevention in patients with atrial fibril-
lation. As a dose–response in stroke reduction has been

demonstrated for dabigatran etexilate [13], the significant
decrease in dabigatran exposure observed with rifampicin
is likely to decrease the potential for stroke prevention.
Concomitant treatment with rifampicin and dabigatran
should be avoided in these patients.The effect of concomi-
tant administration of dabigatran etexilate with other P-gp
inducers, such as carbamazepine, diphenylhydantoin and
St John’s wort has not been tested. However, it should be
emphasized that vitamin K antagonists, such as warfarin,
show comparable liabilities when coadministered with
compounds increasing warfarin clearance,such as carbam-
azepine, barbiturates, rifampicin and chronic alcohol [30].
Furthermore, the new factor Xa inhibitors rivaroxaban and
apixaban are expected to be affected by inducers of the
rifampicin type because their clearance is dependent to a
large extent on CYP3A4 and partly also on P-gp [18, 31].

In summary, the administration of rifampicin, a P-gp
inducer, for 7 days resulted in a statistically significant and
potentially clinically relevant reduction in the bioavailabil-
ity of a single oral dose of dabigatran etexilate in healthy
volunteers. Within 7 days following the cessation of
rifampicin administration, the bioavailability returned
almost to baseline values. Owing to the potential for
reduced systemic exposure to dabigatran, rifampicin and
other P-gp inducers (e.g. carbamazepine and St John’s
wort) are not recommended for use with dabigatran etexi-
late [32].
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