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Dabigatran etexilate is a direct thrombin inhibitor that offers potential advantages over
existing anticoagulants for the prevention and treatment of venous and arterial
thrombosis. It is administered orally, has a rapid onset of action, a predictable
anticoagulant effect and does not require laboratory monitoring. Trial results indicate that
dabigatran etexilate has similar efficacy, risk of bleeding and tolerability compared with
currently used anticoagulants. Dabigatran etexilate is approved in Europe and Canada for
the prophylaxis of venous thromboembolism in patients undergoing hip- and knee-
replacement surgery. Trials involving more than 40,000 patients are evaluating the safety
and efficacy of dabigatran etexilate for the treatment of deep-vein thrombosis and
pulmonary embolism, primary and secondary prevention of venous thromboembolism,
prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation,
and prevention of cardiac events in patients with acute coronary syndromes. The drug may
have its greatest impact in providing a much-needed and attractive alternative to
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vitamin K antagonists.

Thrombotic disorders are a major cause of mor-
tality and morbidity. Recent data from North
America indicates that in 2005, over 1.4 million
cases of acute coronary syndrome (ACS),
250,000 cases of venous thromboembolism
(VTE) and 780,000 cases of stroke were encoun-
tered [1]. Effective antithrombotic therapy may
treat or prevent these disorders, but all of the
presently available agents have limitations. For
over 60 years, vitamin K antagonists (VKAs) such
as warfarin have been the only orally available
compounds for long-term anticoagulation.
Although effective, these compounds are chal-
lenging to use because of their slow onset and off-
set of action, narrow therapeutic window,
multiple dietary and drug interactions and
unpredictable anticoagulant effect [2]. Several new
oral anticoagulants that target either thrombin or
activated factor X (factor Xa) and have the poten-
tial to replace VKAs are presently in advanced
stages of clinical development (3,4]. Designed to
be administered in fixed doses with little or no
coagulation monitoring, these drugs are certainly
likely to be more convenient than VKAs.

Unmet needs in the prevention of
venous thromboembolism after hip &
knee replacement

The need for thromboprophylaxis after major
orthopedic surgery is well documented. It is also
recognized that the risk of VTE in orthopedic
surgery patients extends beyond the usual period
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of hospitalization (currently 3—4 days), and cur-
that
patients undergoing knee or hip replacement sur-

rent guidelines therefore recommend
gery receive thromboprophylaxis, such as low-
molecular-weight heparins, VKAs or penta-
saccharide, for at least 10 days after surgery,
extending to 28-35 days for hip-replacement sur-
gery [5,6,101]. Epidemiological data also show that
the risk of developing VTE extends for at least
3 months after joint-replacement surgery [7-9).
While this risk is greatest in the first days after
surgery, a second peak occurs several weeks after
surgery, after most patients have been discharged
from hospital. Despite these data and the availa-
bility of effective thromboprophylaxis options,
therapy is often discontinued following hospital
discharge due to complexities and inconvenience
in administration [9]. As a result, VTE is one of
the most common causes of hospital readmission
following orthopedic surgery [10-12]. Oral agents
that are effective without the need for monitoring
could play an important role in increasing the

uptake of prophylaxis beyond hospital discharge.

Oral direct thrombin inhibitors as a
therapeutic approach for the prevention
of venous thromboembolism

Thrombin plays a central role in blood coagula-
tion and thrombus (clot) formation, by convert-
fibrin. Thus,
anticoagulation can be achieved via thrombin
inhibition 13]. Direct thrombin inhibitors

ing fibrinogen to effective
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(DTIs) directly neutralize thrombin by occupy-
ing its catalytic binding sites, its fibrinogen bind-
ing sites or both [13. DTIs have a predictable
mechanism of anticoagulation. They inhibit
thrombin in both its inactive fluid phase and its
stabilized fibrin-bound state, as well as any
thrombin already bound to surfaces, and neutral-
ize further progression of thrombus growth [14].
Two oral DTIs have been tested: ximelagatran
and dabigatran etexilate.

Numerous trials, involving approximately
30,000 patients, evaluated the use of ximela-
gatran in deep-vein thrombosis (DVT) proph-
ylaxis and treatment, stroke prevention in
patients with atrial fibrillation (AF) and sec-
ondary prevention of recurrent ischemia after
acute myocardial infarction. Phase III trial
results indicated that ximelagatran had similar
efficacy and risk of bleeding compared with
currently used anticoagulants [15]. Ximelagat-
ran was approved in Europe in 2004 for proph-
ylaxis of VTE in patients undergoing hip or
knee surgery. However, an adverse effect of
ximelagatran is liver enzyme elevation, which
was observed in approximately 8% of patients
who were treated for at least 35 days. Although
initially felt to be transient in nature, subse-
quent data suggested a small but real risk of
significant hepatotoxicity. Following a further
report of serious liver injury in early 2006 dur-
ing longer-term treatment [16], ximelagatran
was withdrawn in countries where it had been
approved, and further development elsewhere
ceased [17,102]. In several studies, a higher
number of cardiovascular events was also
observed after ceasing ximelagatran treatment,
raising the possibility of a ximelagatran-
induced rebound effect on the coagulation sys-
tem after drug discontinuation [18]. Ximelagat-
ran did, however, have many desirable
properties, validating thrombin as an appropri-
ate therapeutic target and demonstrating that
an oral anticoagulant specifically targeting
thrombin without routine monitoring could
be highly effective, with bleeding rates compa-
rable with those seen with low-molecular-
weight heparins and VKAs. Recently, dabigat-
ran etexilate, another synthetic small-molecule
oral DTI, seemingly devoid of the limitations
of ximelagatran, was approved in the EU for
the primary prevention of VTE in patients
having undergone elective total hip- and knee-
replacement surgery [103]. The properties of
this new agent and its clinical trial results are
reviewed here.
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Dabigatran etexilate chemistry

Dabigatran is a benzamidine-based thrombin
inhibitor that binds reversibly to the active site of
the thrombin molecule and inhibits this protease
with an inhibition constant of 4.5 nM [19.20].
Addition of a hydrophobic side chain led to the
orally absorbed prodrug dabigatran etexilate.
The molecular weight of dabigatran etexilate is
628, whereas dabigatran has a molecular weight

of 471 [20].

Pharmacokinetics & metabolism of
dabigatran etexilate

Dabigatran etexilate was developed to overcome
the limited oral bioavailability of dabigatran; it is a
prodrug of dabigatran with absolute bioavailability
of 6.5% in the fed and fasting state (Table 1) [21-23].
To further facilitate gastrointestinal absorption,
dabigatran etexilate is presented in capsules con-
taining multiple pellets with a tartaric acid core [24].

Following rapid absorption, dabigatran etexi-
late is converted into its active metabolite,
dabigatran, with a maximum plasma concentra-
tion (C,,,) of dabigatran being reached 1.5-3 h
after administration [21,25]. Food prolongs the
time to peak plasma levels by approximately 2 h
without any effect on C_, or overall exposure,
measured as the area under the plasma concen-
tration curve (AUC) [23]. For patients under-
going hip-replacement surgery, absorption of
dabigatran etexilate is reduced for 24 h after sur-
gery (C,,, at ~4 h), but this has no impact on
the overall exposure [26]. This pharmacokinetic
profile immediately after surgery, with slow and
prolonged absorption, the absence of a high C
yet an unchanged total exposure, may help to
reduce the risk of bleeding, even when the drug
is administered very early after surgery (Figure 1).
With subsequent doses after the day of surgery,
dabigatran absorption is prompt, with C__,
occurring at approximately 2.5 h. Overall drug
exposure (C_ .. and AUC) is reduced by 20-25%
if dabigatran-treated patients are administered
proton pump inhibitors; however, this is not
considered to be clinically relevant [23,25].

The conversion of dabigatran etexilate to
dabigatran occurs in various sites in the body by
rapid esterase-catalyzed hydrolysis, and is neither
dependent on the cytochrome P450 (CYP)
enzyme system nor localized to the liver [22].
Dabigatran is not metabolized [22] and does not
inhibit CYP isoenzymes in vitro [22); therefore, it
has a low potential for interactions with other
drugs [23,25,27,28]. The mean plasma terminal half-
life of dabigatran is 12-14 h in healthy young
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Table 1. Pharmacokinetic and pharmacodynamic features of dabigatran etexilate.

Characteristic Value Ref.
Absolute bioavailability 6.5% [21-23]
Relative bioavailability ~85% [43]
Time to peak drug level” 1.5-3 h in healthy volunteers, 3.7-4.5 h on day of surgery, [21,25,26]
2.3-2.9 h at steady state after surgery
Food effect No clinically relevant interactions [23]
Apparent volume of distribution 60-70 | [103]
Half-life* 12-14 h [21,24,25]
Apparent total oral clearance 71-144 1/h [21,29]
Biliary excretion ~20% [21]
Renal excretion 80% [21]
Plasma protein binding 35% [22]
Cytochrome P450 metabolism No [22]
Maximum increase in pharmacodynamic parameters$  aPTT. 2.3-times baseline, ECT. 5.2-times baseline, [21]

INR: 1.8-times baseline, TT: 27-times baseline

*Median
*Mean

SAt steady-state with dose of 200 mg three-times daily for 7 days.
aPTT: Activated partial thromboplastin time; ECT: Ecarin clotting time; INR: International Normalized Ratio; TT: Thrombin clotting time.

and elderly subjects [21,24,25]. Dabigatran etexilate
is largely excreted unchanged in the urine (80%);
the remaining 20% is conjugated with glu-
curonic acid to form acylglucuronides, which are

predominantly excreted via the bile [21].

Figure 1. Plasma concentration curve of the first postoperative
dose (150 mg) of dabigatran etexilate compared with that

observed in healthy volunteers.
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Based on data from the Boehringer Ingelheim Study in Thrombosis (BISTRO Ib)
study [23], a slow and steady absorption profile on the day of surgery was
noted, with reduced and delayed peak plasma concentrations occurring
approximately 6 h following drug administration (8 h following surgery). On
subsequent postoperative days, absorption was more rapid, with peak plasma

concentrations occurring 2 h after drug administration.
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Exposure to dabigatran in healthy subjects is
not substantially affected by age, weight and
gender [23,2529], or by moderate impairment in
hepatic function (Child-Pugh B) (30, and
appears to depend only on renal function [29].
Subjects with moderate renal impairment (creat-
inine clearance [CLqg] 30-50 ml/min) have
slower excretion rates and elevated plasma con-
centrations of dabigatran [103], indicating that
dose reduction may be necessary in patients with
renal insufficiency. For patients undergoing hip-
or knee-replacement surgery, the licensed dose of
dabigatran etexilate is 220 mg once-daily, with a
half dose on the day of surgery [103]. For those
with moderate renal impairment, a lower
150 mg daily dose is recommended, with a half
dose on the day of surgery. Dabigatran etexilate
is contraindicated in patients with severe renal
impairment (CL~z <30 ml/min) [103]. In healthy
volunteers, variations in plasma concentrations
and pharmacokinetic parameters were low to
moderate (overall interindividual coefficient of
variation [CV] 30-40%) after administration
of dabigatran etexilate [21,23.25], with low
intraindividual variability (CV <30%) [25].

Dabigatran etexilate is a substrate for the
efflux transporter P-glycoprotein (P-gp). When
coadministered with amiodarone, a potent P-gp
inhibitor, the overall exposure (C, ., and AUC)
of dabigatran is increased by approximately 50
and 60%, respectively [103. The mechanism
responsible for this interaction has not been

max
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completely elucidated, and a reduced dose of
dabigatran etexilate is recommended when it is
administered in conjunction with this drug.
Quinidine, a strong P-gp inhibitor, is contrain-
dicated for use in conjunction with dabigatran
etexilate [103]. /n vivo studies with healthy volun-
teers show no interaction between dabigatran
and the P-gp inhibitors/substrate transporters
atorvastatin [27], digoxin [31] and the NSAID
diclofenac [28. Further investigations are ongo-
ing to clarify the significance of a P-gp interac-
tion. In addition, dabigatran etexilate has no
additive effects on platelet aggregation when
coadministered with aspirin or diclofenac [28].

Pharmacodynamics of

dabigatran etexilate

The antithrombotic properties of dabigatran
have been demonstrated in several venous and
arterial thrombosis models in animals (32-35. In a
rabbit venous thrombosis model [33], oral
dabigatran etexilate reduced thrombus forma-
tion in a dose-dependent fashion; maximum
inhibition was achieved within 1 h of adminis-
tration of a 10-mg/kg dose, suggesting a rapid
onset of action. Dabigatran etexilate prolongs
conventional coagulation assays, including pro-
thrombin time (PT), activated partial thrombo-
plastin time (aPTT) and thrombin clotting time
(TT) [21,25.36]. In Phase I studies, a linear rela-
tionship was observed between the plasma con-
centration of dabigatran and TT, indicating that
this global test may be useful if information on
the anticoagulant effect is needed. A curvilinear
relationship exists between dabigatran plasma
concentrations and aPTT, reaching a plateau
with high doses (see Table 1) [21,25.36). While the
measurement of aPTT may provide a qualitative
indication of anticoagulant activity, it is not suit-
able for the precise quantification of anti-
coagulant effect, especially at high plasma
concentrations of dabigatran.

Dabigatran has little effect on PT at clini-
cally relevant plasma concentrations [21]. The
ecarin clotting time (ECT) and TT, which are
particularly sensitive to the effects of DTTs, display
a linear dose—response relationship with concen-
tration of dabigatran within the therapeutic range.
TT exhibits a 50-fold or greater increase and is
probably too sensitive for emergency monitoring.
By contrast, the ECT is less sensitive, with the
ECT ratios increased fivefold after a single 200-mg
dose of dabigatran etexilate [21]. The variability in
these parameters is low, with CV generally less
than 10% after single or multiple doses.
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Clinical studies with

dabigatran etexilate

Owing to the significant clinical and economic
burden imposed by VTE in wide groups of
patients, and the rising incidence of AF and ACS
in the elderly population, there are several potential
patient populations and indications for novel, safe
and effective oral anticoagulants, such as dabigat-
ran etexilate. Therefore, a broad range of clinical
trials has been designed to evaluate the safety and
efficacy of dabigatran etexilate in patients at risk for
arterial and venous thrombosis. In the following
sections, the completed, ongoing and planned clin-
ical trials of dabigatran etexilate, according to the
corresponding clinical indications, are discussed.

Prophylaxis of venous thromboembolism
after hip- or knee-replacement surgery
Proof of principle for the use of dabigatran etexilate
in the prevention of VTE was first demonstrated in
a Phase Ila study (Boehringer Ingelheim Study in
ThROmbosis [BISTRO I]) of 314 patients under-
going total hip replacement (THR) [371. In this
open-label, dose-escalation study, patients received
one of nine oral doses of dabigatran etexilate (12.5,
25, 50, 100, 150, 200 and 300 mg twice-daily or
150 and 300 mg once-daily) administered 4-8 h
after surgery, for 6-10 days until mandatory bilat-
eral venography was performed. This was primarily
a safety study, with dose escalation based on clinical
and pharmacokinetic data. The primary safety end
point was major bleeding; the primary efficacy end
point included venographic DVT and sympto-
matic VTE during the treatment period. No major
bleeding events were observed, while a dose
response was demonstrated for minor bleeding.
The DVT rates were relatively low, confirming the
antithrombotic ~ potential of the drug. No
dose—response relationship was apparent, but the
study was not powered for such an analysis. Two
patients receiving the highest dose experienced
bleeding from multiple sites, suggesting a wide
therapeutic window between the lowest and high-
est doses (12.5 and 300 mg twice-daily). While
successful, this study was limited by the open-label
design and inadequate power to compare efficacy
between enoxaparin and individual dabigatran
etexilate doses.

BISTRO Ib was a small, single-dose (150 mg)
study evaluating a new capsule formulation of
dabigatran etexilate with improved pharmaco-
kinetic properties compared with the tablet used
in BISTRO I [23]. The capsule was administered
1-3 h following surgery and proved to be effec-
tive, with prompt absorption and peak plasma
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Table 2. Safety and efficacy of dabigatran etexilate in a Phase llb study of venous thromboembolism

prophylaxis following total hip- or knee-replacement surgery (BISTRO II) 26].

Total VTE* (%)
(95% CI)*

p-value vs enoxaparin

Major VTES (%)

Major bleeding" (%)

(95% Cl)

Dabigatran etexilate groups

Enoxaparin 40 mg o.d.

50 mg b.i.d 150 mg b.i.d 300 mgo.d. 225 mg b.i.d

28.5 17.4 16.6 13.1 24.0
(23.5-33.9) (13.1-22.3) (12.5-21.5) (9.5-17.5) (19.3-29.2)
0.25 0.04 0.02 0.0007

5.0 4.0 2.1 1.7 5.6

0.3 4.1 4.7 3.8 2.0
(0.0-1.4) (2.4-6.6) (2.8-7.3) (2.2-6.2) (0.9-4.0)

*Total VTE = composite of any DVT (symptomatic or asymptomatic detected by venography) and PE during treatment.
*p-value for dabigatran etexilate dose response < 0.0001.

$Major VTE = composite of proximal DVT, nonfatal PE and VTE-related death.
TMajor bleeding events (including those at the wound site) were defined as clinically overt bleeding associated with >20 g/l fall in hemoglobin;
clinically overt leading to transfusion of >2 units packed cells or whole blood; fatal, retroperitoneal, intracranial, intraocular or intraspinal bleeding;
bleeding warranting treatment cessation or leading to reoperation.

b.i.d.: Twice-daily; DVT: Deep-vein thrombosis; o.d.: Once-daily; PE: Pulmonary embolism;
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concentrations of dabigatran occurring 6 h after
administration. Peak plasma concentrations and
systemic exposure of dabigatran using this new
capsule formulation were approximately 85% of
those seen at steady-state using the tablet formula-
tion. These characteristics confirmed its suitability
for use in future clinical trials.

BISTRO II was a large, multicenter, parallel-
group, Phase IIb double-blind study that
enrolled 1973 patients undergoing either THR
or total knee replacement (TKR) [26]. Patients
received one of four dabigatran etexilate doses
(50 or 150 mg twice-daily; 300 mg once-daily;
or 225 mg twice-daily), starting 1-4 h after sur-
gery, or enoxaparin (40 mg once-daily) initiated
the evening before surgery, for 6-10 days. There
was a significant dose-dependent decrease in
total VTE with higher doses of dabigatran etexi-
late (13.1-28.5 vs 24% for enoxaparin). Major
bleeding (including wound-site bleeding) was
significantly lower with the lowest (50 mg twice-
daily) dose of dabigatran etexilate (0.3 vs 2.0%;
p = 0.047) compared with enoxaparin, with an
increase at the higher, more effective doses
(3.8-4.7%) (Table2). Based on the same total
daily dose, once-daily dosing of dabigatran etexi-
late was equally as effective compared with
twice-daily dosing, with comparable rates of
bleeding. Using a logistic regression model,
plasma concentration data were combined with
clinical outcomes of clinically relevant bleeding
(major plus clinically significant) and VTE
events to determine the optimal efficacy—safety
balance for dabigatran etexilate doses to be eval-
uated in subsequent Phase IIT trials. Using this
model, the optimal efficacy—safety involved

www.futuremedicine.com

VTE: Venous thromboembolism. Data from [26].

administration of a half dose of dabigatran etexi-
late immediately after surgery, with full doses
commenced thereafter.

Three large, noninferiority Phase III studies
have been completed and reported (Table 3) (38-40].
All three studies compared two doses of dabigat-
ran etexilate (150 and 220 mg once-daily) with
the approved enoxaparin regimen for that region;
in all three studies the first dose of dabigatran
etexilate was given as a half dose on the day of sur-
gery. Two studies, conducted in Europe (RE-
MODEL and RE-NOVATE) showed dabigatran
etexilate 150 and 220 mg once daily to be non-
inferior to enoxaparin (40 mg once-daily, presur-
gery) for the prevention of the composite of total
VTE and all-cause mortality after TKR or THR
38,39]. In both studies, the efficacy results in the
220-mg dose group were numerically slightly bet-
ter than in the 150-mg group (Table 4). The rates
of major bleeding (which included surgical-site
bleeding) were low (1.3-2.0%) and similar
between the treatment groups in both studies.
However, in a third study of 2615 patients con-
ducted in North America (RE-MOBILIZE),
which compared 12-15 days of dabigatran etexi-
late commenced 6-12 h after surgery or enoxa-
parin 30 mg twice-daily started 12-24 h post
TKR surgery, both doses of dabigatran etexilate
missed the prospectively defined criteria for non-
inferior efficacy compared with enoxaparin for the
prevention of the composite of total VTE and all-
cause mortality (40]. Differences in the efficacy
outcome between the treatments were predomi-
nantly due to asymptomatic distal DVTs, since
clinically relevant major VTE events (composite

of proximal DVT, nonfatal PE and VTE-related
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Table 3. Study design of Phase lll trials of dabigatran etexilate for the prevention of VTE after hip- and

knee-replacement surgery.

Target population
Study location
Time of randomization

Time to first dose of
dabigatran etexilate

Enoxaparin dose regimen

Treatment duration
Primary end point

No. patients randomized

RE-MOBILIZE

Total knee replacement
North America, UK
Postoperative

RE-MODEL

Preoperative
6-12 h postoperative

30 mg b.i.d., initiated 12-24 h

Total knee replacement
Europe, South Africa, Australia

1-4 h postoperative

40 mg o.d., initiated evening

RE-NOVATE

Total hip replacement

Europe, South Africa, Australia
Preoperative

1-4 h postoperative

40 mg o.d., initiated evening

postsurgery before surgery before surgery

12-15 days 6-10 days 28-35 days

Total VTE plus all-cause Total VTE plus all-cause Total VTE plus all-cause
mortality mortality mortality

2615 2076 3494

b.i.d.: Twice-daily; o.d.: Once-daily; VTE: Venous thromboembolism.
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death) occurred at similar rates in all treatment
groups. Major bleeding events occurred in 0.6%
of patients treated with either dose of dabigatran
etexilate, and in 1.4% of those administered
enoxaparin. Although not statistically signifi-
cant, major bleeding was more than 50% lower
with either dose of dabigatran etexilate (p = 0.14
for 220 mg and p = 0.09 for 150 mg).

Although the study designs of these three tri-
als were very similar, significant differences in
practice patterns between Europe and North

Table 4. Safety and efficacy of
dabigatran etexilate in Phase Il studies

of venous thromboembolism
prophylaxis following total hip- or
knee-replacement surgery.

Dabigatran Enoxaparin
etexilate
220 mg 150 mg

Total VTE, all-cause mortality (%)
RE-MODEL 36.4 40.5 37.7
RE-NOVATE 6.0 8.6 6.7
RE-MOBILIZE 31.1 33.7 253
Major VTE (%)
RE-MODEL 2.6 3.8 3.5
RE-NOVATE 3.1 4.3 3.9
RE-MOBILIZE 3.4 3.0 2.2
Major bleeding”™ (%)
RE-MODEL 1.5 1.3 1.3
RE-NOVATE 2:0 13 1-6
RE-MOBILIZE 0.6 0.6 1.4

*Major bleeding included wound-site bleedings.
VTE: Venous thromboembolism.
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America (shown in Table3), including differ-
ences in the registered doses of comparator
drugs (enoxaparin 40 vs 60 mg total daily dose)
and differing recommendations for the initia-
tion of dabigatran ectexilate (1-4 h in RE-
MODEL and RE-NOVATE vs 6-12 h in RE-
MOBILIZE) probably contributed to the
divergent findings observed.

Based on the results described above, a new
study (RE-NOVATE II) has therefore been initi-
ated in North America, comparing 220 mg of
dabigatran etexilate (commenced 14 h after sur-
gery) with enoxaparin (40 mg o.d., approved for
long-term use in North America) for an extended
treatment period of 28-35 days in patients under-
going THR ([104}; identifier: NCT00657150).

Treatment & secondary prevention of
venous thromboembolism

No Phase II trials have been performed with
dabigatran etexilate for the treatment of VTE.
Nonetheless, the drug is being studied for initial
treatment of VI'E (RE-COVER trial) and sec-
ondary prevention (RE-MEDY and RE-
SONATE) of VTE at a dose of 150 mg twice-
daily, a dose that has been evaluated in a Phase I1
trial for stroke prevention in AF (Prevention of
Embolic and ThROmbotic events in patients
with persistent AF [PETRO]) (41] and has been
carried forward into a large Phase IIT trial (Rand-

omized Evaluation of Long-term anticoagulant
therapy [RE-LY]) for this indication.

Stroke prophylaxis in nonvalvular

atrial fibrillation

Results from the dose-finding PETRO study [41]
in patients with AF suggested that dabigatran
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etexilate (150 mg twice-daily) had similar effi-
cacy and safety to warfarin. Twice-daily dosing
rather than once-daily dosing was selected for
the Phase III AF trial based on the premise that
maintained trough levels and low peak:trough
ratios with twice-daily dosing are important for
efficacy to reduce the stroke rate in AE and for
safety to reduce the bleeding rate. Blinded doses
of dabigatran etexilate 110 and 150 mg twice-
daily were chosen for the Phase III trial (RE-LY)
evaluating its efficacy and safety for the preven-
tion of stroke in patients with AF, versus warfa-
rin. This study has completed enrolment of
more than 18,000 patients and results are
expected in early 2009.

Secondary prevention of recurrent
coronary events after acute

coronary syndrome

The RandomizEd Dabigatran Etexilate dose
finding study in patients with acute coronary
syndromes post index Event With additional risk
factors for cardiovascular complications also
receiving aspirin and clopidogrel (RE-DEEM)
trial is a Phase II placebo-controlled, randomized
study designed to evaluate the safety of dabigat-
ran etexilate in more than 2200 patients with
recent ACS (1104]; identifier: NCT00621855).
The trial will enrol patients who have symptoms
suggestive of ACS, a diagnosis of ST-segment
elevation or non ST-segment elevation myocar-
dial infarction within the past 7 days and at least
one additional high-risk feature. Patients are
being randomized to placebo, or one of four
twice-daily doses of dabigatran etexilate in addi-
tion to standard dual antiplatelet treatment. The
primary end point is a composite of major and
clinically relevant minor bleeding events during
6 months of treatment. Indicators of efficacy
include changes in markers of coagulation
activity and cardiovascular mortality/morbidity
clinical end points.

Safety & tolerability

Over 10,000 patients have completed Phase II
and III trials to date, with dabigatran etexilate
exhibiting a good safety profile. Given the
hepatotoxicity observed with ximelagatran, par-
ticular attention has been focused on surveillance
of liver function in patients receiving dabigatran
etexilate. In all completed Phase III trials,
patients were frequently monitored and assessed
for liver enzyme elevations by an independent
data safety monitoring committee. In the
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RE-NOVATE trial [39], patients randomized to
4 weeks’ treatment of dabigatran etexilate had a
lower incidence of liver enzyme aminotransferase
(ALT) levels greater than three-times the upper
limit of normal (3 vs 5%; p < 0.01) compared
with those receiving enoxaparin. Similar obser-
vations were noted in the RE-MODEL and RE-
MOBILIZE trials. In 360 patients with AF at
high risk for stroke or systemic embolism, treat-
ment with dabigatran etexilate for approximately
1 year demonstrated transaminase elevations in
1.5% of patients [42]. While there is no evidence
of increased hepatotoxicity with dabigatran etex-
ilate in multiple Phase II studies, or in Phase II1
studies of VTE prophylaxis, intensive safety sur-
veillance is ongoing in the longer treatment
duration trials. To date, the RE-LY study has not
been associated with any specific safety concerns,
and the planned reduction in frequency of
hepatic monitoring was endorsed by the inde-
pendent study safety committee. Enrolment in
this study of over 18,000 patients was completed
at the end of December 2007; patients rand-
omized to dabigatran etexilate have received at
least 6 months of treatment (involving more
than 9000 patient-years), supporting the long-
term safety profile for this compound.

In Phase III VTE prophylaxis trials [38-40],
the incidence of acute coronary events was low,
particularly in the 3-month follow-up period.
In RE-MODEL and RE-NOVATE, adjudi-
cated acute coronary events (confirmed unsta-
ble angina, myocardial infarction and cardiac
death) during follow-up were observed in none,
one and five patients in the 220 mg, 150 mg
and enoxaparin groups, respectively. This sug-
gests no rebound activation of coagulation after
drug discontinuation. A favorable tolerability
profile, comparable with enoxaparin, was also
reported, with a low number of adverse events
leading to treatment discontinuation.

Regulatory affairs

In Europe and Canada, dabigatran etexilate
(marketed as Pradaxa®) is approved for use in
the prevention of VTE in patients undergoing
hip- and knee-replacement surgery [103,105]. The
licensed dose of dabigatran etexilate is 220 mg
once-daily, with a half dose on the day of sur-
gery [103]. For those patients with moderate
renal impairment, over 75 years of age, or
receiving amiodarone, a lower 150-mg daily
dose is recommended, with a half dose on the
day of surgery [106].
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Executive summary

Mechanism of action

active form, dabigatran

healthy volunteers.

Clinical efficacy

Safety & tolerability

hepatic safety.

adverse events, leading
Drug interactions

efficacy—safety balance.

¢ Dabigatran etexilate is an oral direct thrombin inhibitor that specifically and selectively inhibits both free and clot-bound thrombin
to prevent thrombus formation.
Pharmacokinetic properties

¢ Dabigatran etexilate offers once-daily fixed oral dosing regardless of age, weight, gender and ethnicity, and provides a predictable
and consistent anticoagulant effect with no requirements for coagulation monitoring.

Following oral administration, the prodrug dabigatran etexilate is rapidly converted by rapid esterase-catalyzed hydrolysis to its
Dabigatran has a predictable and consistent pharmacokinetic profile that is not significantly affected by interactions with food.
Dabigatran etexilate has a rapid onset of action, with peak plasma concentration achieved within 2 h of administration in

¢ The half-life of dabigatran etexilate is 12—-14 h in healthy young or elderly subjects, independent of dose.
e Dabigatran etexilate is eliminated mainly via the kidneys (up to 80%).

¢ In Phase Il trials reported to date, dabigatran etexilate has been proven to be effective in preventing venous thromboembolic
events after hip- and knee-replacement surgery.

¢ In completed Phase Il trials, dabigatran etexilate demonstrated a low incidence of major bleeding events (including those
occurring at the surgical site), similar to enoxaparin.

e Rates of liver enzyme alanine aminotransferase elevations greater than three-times the upper limit of normal with dabigatran
etexilate in completed Phase lll trials were low and comparable with enoxaparin at any time post baseline, supporting

¢ Dabigatran etexilate displayed a favorable cardiac safety profile; a low number of cases of adjudicated acute coronary events were
reported during 3 months’ follow-up in completed Phase Il trials, suggesting no rebound activation of coagulation once
treatment ends. A favorable tolerability profile, comparable with enoxaparin, was also reported following a low number of

to treatment discontinuation.

¢ Dabigatran etexilate is not metabolized by cytochrome P450 and does not affect the metabolism of other drugs that utilize this
system, leading to a low potential for drug interactions.
Dosage & administration

¢ For thromboprophylaxis after hip- or knee-replacement surgery, dabigatran etexilate is available as a fixed oral dose of 220 mg
once-daily. A single capsule of 110 mg (half dose) is administered 1-4 h following surgery, continuing with two capsules once-
daily thereafter for a total of 10 days in total knee-replacement patients and 28-35 days in total hip-replacement patients.

¢ A dosage of 150 mg administered as two 75-mg capsules is recommended for specific patient populations, including patients
aged over 75 years and those with moderate renal impairment, which enables patient-specific dosing to obtain the best
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Conclusion & future perspective
In summary, the clinical need for new oral anti-
coagulants is well recognized. While efficacy is
paramount, so too is safety, given the morbidity
and mortality associated with bleeding, espe-
cially in the predominantly elderly population in
whom oral anticoagulants are prescribed. In
addition, close observations of potential hepatic
dysfunction and cardiovascular events are essen-
tial areas of interest in assessment of the
benefit:risk ratio of new anticoagulant therapies.
Dabigatran etexilate is a new novel oral anti-
coagulant recently approved in Europe for the
prevention of VTE after elective hip- and knee-
replacement surgery. Dabigatran etexilate pre-
vents thrombus formation by specifically and
selectively inhibiting thrombin, the central and

Therapy (2008) 5(5)

essential enzyme that enables the conversion of
fibrinogen into fibrin during the coagulation
cascade, and therefore prevents the development
of a thrombus. Dabigatran also acts on clot-
bound thrombin and may be effective in the
treatment of acute venous thrombi. Dabigatran
etexilate has a rapid onset and offset of action
and predictable anticoagulation effect, avoiding
the need for coagulation monitoring. It exhibits
no drug—food interactions and has a low poten-
tial for drug—drug interactions. Following clini-
cal investigation in thousands of patients,
dabigatran etexilate appears to have no signifi-
cant hepatotoxicity and a bleeding risk compara-
ble with other conventional anticoagulants.

An extensive clinical trial program (known as

RE-VOLUTION) is evaluating the efficacy and

fsg
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safety of dabigatran etexilate in five major thera-
peutic areas: primary prevention of VTE (trials
complete in the EU and ongoing in North
America), treatment of acute VTE (recruitment
ongoing), secondary prevention of VTE (recruit-
ment ongoing), prevention of stroke in AF
(recruitment complete) and prevention of car-
diac events in patients with ACS (recruitment
ongoing). By the time all the currently enrolling
trials have concluded, more than 40,000 patients
will have been evaluated in all randomized, con-
trolled trials of dabigatran etexilate.

In addition to dabigatran etexilate, enormous
clinical development programs are ongoing with
different compounds targeting other specific
coagulation pathways. The majority of these
compounds are targeted against factor Xa, with
rivaroxaban and apixaban being agents at the
most advanced stage of clinical development.
Whether thrombin generation is attenuated (by
factor Xa inhibitors) or thrombin activity is
suppressed (by DTIs), these new oral com-
pounds are promising alternatives to traditional

Dabigatran etexilate: an oral direct thrombin inhibitor - DRUG EVALUATION

anticoagulants for the prevention and treatment
of VTE and for stroke prevention in AE Since
head-to-head trials comparing factor Xa inhibi-
tors with DTTs are unlikely to be conducted in
the next 5-10 years, we will see parallel develop-
ment of these two therapeutic strategies.
Dabigatran etexilate is the only one of these novel
oral anticoagulants that is currently approved for
clinical use, and is at an advanced stage in clinical
development for various indications targeting the
replacement of VKAs.

Financial & competing interests disclosure
Dr Dabhl has acted as a consultant to AstraZeneca, Bayer, Boe-
hringer Ingelheim, Pfizer and Sanofi-Aventis. However, the
author has no conflicts of interest that are directly relevant to
the content of this paper. The author has no other relevant
affiliations or financial involvement with any organization
or entity with a financial interest in or financial conflict
with the subject matter or materials discussed in the manu-
script apart from those disclosed.

No writing assistance was utilized in the production of

this manuscript.

Bibliography
Papers of special note have been highlighted

as of interest (*) or of considerable interest (*®)

to readers.

1.

fsg

Rosamond W, Flegal K, Furie K ez al.:
Heart disease and stroke statistics — 2008
update: a report from the American Heart
Association Statistics Committee and Stroke
Statistics Subcommittee. Circulation
117E(4), E25-E146 (2008).

Hirsh J, O’Donnell M, Eikelboom JW:
Beyond unfractionated heparin and
warfarin: current and future advances.
Circulation 116(5), 552-560 (2007).

Gross PL, Weitz JI: New anticoagulants for
treatment of venous thromboembolism.
Arterioscler. Thromb. Vasc. Biol. 28(3),
380-386 (2008).

Weitz J1, Hirsh J, Samama MM:

New antithrombotic drugs: American
College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8th Edition).
Chest 133(Suppl. 6), $234-S256 (2008).
Up-to-date review of new anticoagulants in
development.

Nicolaides AN, Fareed J, Kakkar AK ez al.:
Prevention and treatment of venous
thromboembolism International Consensus

Statement (guidelines according to scientific

evidence). Int. Angiol. 25(2), 101-161 (2006).

Geerts WH, Bergqvist D, Pineo GF et al.:
Prevention of venous thromboembolism:
American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines

future science group

*e  Latest update of guidelines for 12.  Pellegrini VD Jr, Donaldson CT,
the prevention of venous Farber DC, Lehman EB, Evarts CM:
thromboembolism. The Mark Coventry Award: Prevention of

7. White RH, Romano PS, Zhou H, Rodrigo J, readmission for venous thromboembolism
Bargar W: Incidence and time course of after total knee arthroplasty. Clin. Orthop.
thromboembolic outcomes following total Relat. Res. 452, 21-27 (2006).
hip or knee arthroplasty. Arch. Intern. Med. 13.  di Nisio M, Middeldorp S, Buller HR: Direct
158(14), 1525-1531 (1998). thrombin inhibitors. N. Engl. J. Med.

8.  Bjornara BT, Gudmundsen TE, Dahl OE: 353(10), 1028-1040 (2005).

Frequency and timing of clinical venous 14.  Weitz JI, Leslie B, Hudoba M: Thrombin
thromboembolism after major joint surgery. binds to soluble fibrin degradation products
J. Bone Joint Surg. Br. 88(3), 386-391 where it is protected from inhibition by
(2006). heparin-antithrombin but susceptible to

9. Warwick D, Friedman R], Agnelli G ez al.: inactivation by antithrombin-independent
Insufficient duration of venous inhibitors. Circulation 97(6), 544-552 (1998).
thromboembolism prophylaxis after total 15.  Testa L, Andreotti E, Biondi Zoccai GG,
hip or knee replacement when compared Burzotta E Bellocci E Crea F:
with the time course of thromboembolic Ximelagatran/melagatran against
events: findings from the Global conventional anticoagulation: a meta-analysis
Orthopaedic Registry. /. Bone Joint Surg. Br. based on 22,639 patients. Inz. J. Cardiol.
89(6), 799-807 (2007). 122(2), 117-124 (2007).

10.  Seagroatt V, Tan HS, Goldacre M, 16.  Agnelli G, Eriksson BI, Cohen AT ez al.:
Bulstrode C, Nugent I, Gill L: Elective total Safety assessment of new antithrombotic
hip replacement: incidence, emergency agents: lessons from the EXTEND study on
readmission rate, and postoperative ximelagatran. Thromb. Res.
mortality. BMJ 303(6815), 1431-1435 DOI:10.1016/j.thromres.2008.02.017
(1991). (2008) (Epub ahead of print).

11.  Pellegrini VD Jr, Donaldson CT, 17. Kindmark A, Jawaid A, Harbron CG ez al.:

(8th Edition). Chest 133(Suppl. 6),
S$381-S453 (2008).

Farber DC, Lehman EB, Evarts CM:
The John Charnley Award: prevention of

readmission for venous thromboembolic

www.futuremedicine.com

disease after total hip arthroplasty. Clin.
Orthop. Relat. Res. 441, 56-62 (2005).

Genome-wide pharmacogenetic
investigation of a hepatic adverse event
without clinical signs of immunopathology

suggests an underlying immune

693



DRUG EVALUATION - Dahl

20.

21.

22.

23.

24.

25.

26.

694

pathogenesis. Pharmacogenomics J. 8(3),
186-195 (2008).

Boudes PF: The challenges of new drugs
benefits and risks analysis: lessons from the
ximelagatran FDA Cardiovascular Advisory
Committee. Contemp. Clin. Trials 27(5),
432440 (2006).

Wienen W, Stassen JM, Priepke H, Ries U],
Hauel N: In-vitro profile and ex-vivo
anticoagulant activity of the direct thrombin
inhibitor dabigatran and its orally active
prodrug, dabigatran etexilate. Throméb.
Haemost. 98(1), 155162 (2007).

Hauel NH, Nar H, Priepke H, Ries U,
Stassen JM, Wienen W: Structure-based
design of novel potent nonpeptide thrombin
inhibitors. J. Med. Chem. 45(9), 1757-1766
(2002).

Stangier J, Rathgen K, Stahle H, Gansser D,
Roth W: The pharmacokinetics,
pharmacodynamics and tolerability of
dabigatran etexilate, a new oral direct
thrombin inhibitor, in healthy male
subjects. Br. J. Clin. Pharmacol. 64(2),
292-303 (2007).

Blech S, Ebner T, Ludwig-Schwellinger E,
Stangier ], Roth W: The metabolism and
disposition of the oral direct thrombin
inhibitor, dabigatran, in humans. Drug
Metab. Dispos. 36(2), 386-399 (2008).
Stangier ], Eriksson BI, Dahl OE ez al.:
Pharmacokinetic profile of the oral direct
thrombin inhibitor dabigatran etexilate in
healthy volunteers and patients undergoing
total hip replacement. J. Clin. Pharmacol.
45(5), 555-563 (2005).

Stangier J: Clinical pharmacokinetics and
pharmacodynamics of the oral direct
thrombin inhibitor dabigatran etexilate.
Clin. Pharmacokinet. 47(5), 285-295
(2008).

Concise review of the dabigatran etexilate
pharmacology, pharmacokinetic and
pharmacodynamic profile.

Stangier J, Stahle H, Rathgen K, Fuhr R:
Pharmacokinetics and pharmacodynamics
of the direct oral thrombin inhibitor
dabigatran in healthy elderly subjects.

Clin. Pharmacokinet. 47(1), 47-59

(2008).

Eriksson BI, Dahl OFE, Buller HR ez a/.:

A new oral direct thrombin inhibitor,
dabigatran etexilate, compared with
enoxaparin for prevention of
thromboembolic events following total hip
or knee replacement: the BISTRO II
randomized trial. /. Thromb. Haemost. 3(1),
103-111 (2005).

27.

28.

29.

30.

31.

32.

33.

34,

Stangier J, Stihle H, Rathgen K, Reseski K,
Kornicke T: Coadminstration of the oral
direct thrombin inhibitor dabigatran
etexilate and atorvastatin has little impact on
the pharmacokinetics and
pharmacodynamics of either drug.
Proceedings of the XXIst Congress of the
International Society of Thrombosis and
Haemostasis. Geneva, Switzerland, PT 671,
6-12 July 2007.

Stangier J, Stihle H, Rathgen K, Reseski K,
Kornicke T: Coadministration of the oral
direct thrombin inhibitor dabigatran
etexilate and diclofenac has little impact on
the pharmacokinetics of either drug.
Proceedings of the XXIst Congress of the
International Society of Thrombosis and
Haemostasis. Geneva, Switzerland, PT 677,
6-12 July 2007.

Troconiz IF, Tillmann C, Liesenfeld KH,
Schafer HG, Stangier J: Population
pharmacokinetic analysis of the new oral
thrombin inhibitor dabigatran etexilate
(BIBR 1048) in patients undergoing primary
elective total hip replacement surgery. J. Clin.
Pharmacol. 47(3), 371-382 (2007).
Stangier J, Rathgen K, Stahle H,
Shakeri-Nejad K: Pharmacokinetics and
pharmacodynamics of dabigatran etexilate
in subjects with moderate hepatic
impairment. Proceedings of the XXIst Congress
of the International Society of Thrombosis and
Haemostasis. Geneva, Switzerland, PW673,
6-12 July 2007.

Stangier J, Stihle H, Rathgen K, Reseski K,
Kornicke T: No interaction of the oral direct
thrombin inhibitor dabigatran etexilate and
digoxin. Proceedings of the XXIst Congress of
the International Society of Thrombosis and
Haemostasis. Geneva, Switzerland, PW 672,
6-12 July 2007.

van Ryn J, Priepke H, Ries UJ, Hauel N,
Stassen JM, Wienen W: Dabigatran inhibits
arterial thrombosis in a porcine model of
cyclic flow reduction. Proceedings of the 48th
Annual Meeting and Exposition, American
Society of Hematology. Orlando, FL, USA,
906, 9—12 December 2006.

Wienen W, Stassen JM, Priepke H, Ries U],
Hauel N: Antithrombotic and anticoagulant
effects of the direct thrombin inhibitor
dabigatran, and its oral prodrug, dabigatran
etexilate, in a rabbit model of venous
thrombosis. /. Thromb. Haemost. 5(6),
1237-1242 (2007).

Wienen W, Stassen JM, Priepke H, Ries U],
Hauel N: Effects of the direct thrombin
inhibitor dabigatran and its orally active

prodrug, dabigatran etexilate, on thrombus

Therapy (2008) 5(5)

35.

36.

37.

38.

39.

40.

41.

formation and bleeding time in rats.
Thromb. Haemost. 98(2), 333-338 (2007).
van Ryn ], Hauel N, Priepke H, Gerlach K,
Schuler-Metz A, Wienen W: Comparison of
the antithrombotic effectiveness of the direct
thrombin inhibitor, dabigatran etexilate, and
two factor Xa inhibitors in an A-V shunt
model of thrombosis in rabbits. Proceedings of
the 49th Annual Meeting and Exposition,
American Society of Hematology. Adanta, GA,
USA, 3154, 8-11 December 2007.
Liesenfeld KH, Schafer HG, Troconiz IF,
Tillmann C, Eriksson BI, Stangier J:
Effects of the direct thrombin inhibitor
dabigatran on ex vivo coagulation time in
orthopaedic surgery patients: a population
model analysis. Br. J. Clin. Pharmacol.
62(5), 527-537 (20006).

Eriksson BI, Dahl OE, Ahnfelt L ez al.:
Dose escalating safety study of a new oral
direct thrombin inhibitor, dabigatran
etexilate, in patients undergoing total hip
replacement: BISTRO 1. J. Thromb.
Haemost. 2(9), 1573-1580 (2004).
Eriksson BI, Dahl OE, Rosencher N et al.:
Oral dabigatran etexilate vs. subcutaneous
enoxaparin for the prevention of venous
thromboembolism after total knee
replacement: the RE-MODEL randomized
trial. /. Thromb. Haemost. 5(11),2178-2185
(2007).

Phase III trial that evaluated the

efficacy and safety of dabigatran

etexilate in patients undergoing total

knee replacement.

Eriksson BI, Dahl OE, Rosencher N ez al.:
Dabigatran etexilate versus enoxaparin for
prevention of venous thromboembolism
after total hip replacement: a randomised,
double-blind, non-inferiority trial. Lancet
370(9591), 949-956 (2007).

Landmark Phase III trial that evaluated the
efficacy and safety of dabigatran etexilate as
compared with enoxaparin in patients
undergoing total hip replacement.

The RE-MOBILIZE Writing Committee:
The oral thrombin inhibitor dabigatran
etexilate vs the North American enoxaparin
regimen for the prevention of venous
thromboembolism after knee arthroplasty
surgery. J. Arthroplasty DOI:
10.1016/j.arth.2008.01.132 (2008) (Epub
ahead of print).

Ezekowitz MD, Reilly PA, Nehmiz G ez al.:
Dabigatran with or without concomitant
aspirin compared with warfarin alone in
patients with nonvalvular atrial fibrillation
(PETRO Study). Am. J. Cardiol. 100(9),
1419-1426 (2007).

fsg

future science group



42.

43.

fsg

Dabigatran etexilate: an oral direct thrombin inhibitor - DRUG EVALUATION

The PETRO-Ex Investigators: Safety and
efficacy of extended exposure to several
doses of a new oral direct thrombin
inhibitor dabigatran etexilate in atrial
fibrillation. Proceedings of the 15th European
Stroke Conference. Brussels, Belgium, 16-19
May 2006.

Stangier ], Rathgen K, Stachle H:
Bioavailability of BIBR 953 after 50 mg
administered in 4 experimental formulations
relative to drinking solution, with and without
pantoprazole, in healthy subjects [Boehringer
Ingelheim clinical study report]. Boehringer
Ingelheim Pharma GmbH and Co KG,
Biberach, Germany (2002).

future science group

Websites
. NICE Clinical Guidelines 46. Venous

thromboembolism: reducing the risk of
venous thromboembolism (deep vein
thrombosis and pulmonary embolism) in
inpatients undergoing surgery
www.nice.org.uk/guidance/index.jsp?action
byID&o11006

. AstraZeneca Press Release, 14th February

2006. AstraZeneca decides to withdraw
Exanta (online)
www.astrazeneca.com/pressrelease/
5217 .aspx.

www.futuremedicine.com

103.

104.

105.

106.

Pradaxa. European Public

Assessment Report
www.emea.europa.cu/humandocs/Humans/
EPAR/pradaxa/pradaxa.htm
ClinicalTrials.gov

www.Clinical Trials.gov

Health Canada, Register of

Innovative Drugs
www.hc-sc.ge.ca/dhp-mps/prodpharma/
applic-demande/regist/reg_innov_
dr-eng.php

European Medicines Agency. Pradaxa.
Summary of Product Characteristics
www.emea.europa.cu/humandocs/PDFs/

EPAR/pradaxa/H-829-PI-en.pdf

695




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


