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ABSTRACT

Thrombin plays a key role in thrombosic events, and therefore thrombsn hibition represents 3 thempentc farget for numserons
thromboembalic dissasss. Thrombin is responsible for the conversmon of sotuble fibrinogan to fibrin; clet stabilizateon throagh sctivetion of
factor XM and the formaton of aoss-linkage ameong fibrm molecrles: ad the generation of additional thrombin throwgh actmation of
factors W, VIIL aoed X1 Dhwect foonpbin filabitors  are an moovative class of snticoagulants that Biaed dorectly o thranbin s mbilar s
actions snd imgede the clotting process. Dabigatysay o the fiso deecr thioinbn inhibdeor. orally avadlable firs appeoval by U5 Food and
Dhugs Adasinestration g3 20100 Specifically and deversbly mhabits loombin, so the duration of acton 15 predictalde. The aaticoagulant effect
correlates well with plasma diug coscentrations, which impliss an effecfove anticoagulation with low Meeding sk witlout wajor problems
of interactions with ofher dregs. The predictable phammacokinetics ard phannacedywamics chamdteristics of dabigasmn miay ficilitate dental
mamagement of patisnts whoe wntil new bave been in reatmen? with traditional anticopgulants, grven that it doesn't require rontmes Inboratory

montoring in the vast magority of patients treated. They also present o profile of drug mterachons very faovorabie
KEY WORDS; Thyomboesnbalizsm, Anticoagulants, Direct throomban inbildters, Daldgatran,

INTRODUCTION

Thrombm plavs a key role m thrombotic events, and
therefore thrombin mhibition represents a therapentic
target  for  ommerous  thrombeembolic  diseases.’!
Thrombin has been identified as an essentinl target of
therapy becanse of its pvotal role in the coapulation
process. Thrombin is responsible for the conversion of
soluble fibrimogen to fibrim, clot stabilization throwgh
activation of factor XIII and the formation of cross-
linkage among fibrin molecules; and the generation of
additional thrombm throngh activation of factors V. VIIIL.
al XI7 Dwect thrombin mhibitors (DTIs) are an
mnovative class of anticoagulants that bind directly to
thrombin to mlubi is actions and impede the clommg
process.  Although climcally available DTIs are
patenteral agents, efforts are being concentrated i the
development of an oral DTL’

Current  anficoagulant therapy mclndes unfractionated
and fracteonated heparms amd, for oral treatment.
warfarin, vitamin K antapomst. However, the clinical nse
of these agents has several drawbacks." Heparins need to
be adiministered parenterally. whereas the use of warfarin
requires freguent mongorme, with dmeg and food

Warfarin (Coumadin. Bristol-Mvers Squibb), an oral
vitamin K antagonist. has been the primary agent utilized
in long-term anticoagulation therapy, Despite its ability
to reduce and freat thromboembolic events, warfasin
therapy has several hmatations, melnding a slow onset of
action; @ narow therapeutic range; variable patient
responses; and mumerons interactions with dmgs, herbal
medications. and foods contaimine vitamm K.' As a
resull of this apent’s pharmacokinets (PK)  and
pharmacedynamic (PDY) limitations, patients receiving
warfarin often require frequent monitormg to ensure
optimal efficacy and safety. In recent years. etforts have
been focused on the development of new oral
agticoagulants with further predictable PE and PD
profiles, which may reduce the need for vigilant
moitoring.”

Introduction of Dabigatran

Research has therefore focused on the idestificaton of
svotbetic,  low-molecular-weight, orall active direct
thrombm inhibitors.” Dabigatran  etexilate (Rendix,
Boehringer Ingelbenmn) is a new aral DTI that 15 current by
beme studied m clinical trils. Several phase 2 studies
have been commpleted with encourazing results. and

interactions I:-&mEmmjmn_‘ rectuitiment s % conducted for several Ehnse 3
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studies. Thiz artecle presemts a review of the currently
available information on this mvestigational ]:lmu:lucrﬁ
Dabigatran etexilate was first approved by US Food and
Dmgs Administration (FDA) m 2010 to reduce the nsk
of stroke and systemic embolism m patients with non-
valvular atrial fibrillation ®

The chemical name for dabigatran etexalate mesylate, a
direct thrombmn  mhibitor, s [FAlanme, N-[[2-][[4-
[[[(hexyloxvicarbomyl]amino | iminemethy]
phenyi]amino]methyT]-1-methyl-1H-benzimidazol-5-

vl carbouyl|-IN-2-pyvridiny]-_etlyl ester.
methanesulfonate. The empirical formmia 15 CyqHyy N.Os.
CHyO:S and the molecular weight is 723.86 (mesyvlate
zalt), 627.75 (fiee base) ™ * * The structoral formula is
shown m figure 1.

Pharmacology / Mechanism of action

Dabigatran is 8 pon-peptidic, synthetic, small molscule
that 15 a potent. specific. competitive and reversible
DTL"** It binds directly to clot-bound and fiee
thrombin with high affinity and specificitv, and can be
achministered omally as the prodrg dabigatran etexilate. It
specifically and reversibly inhibits thicanbin, whech is
the key enzyme of the cascade of the coapnlation
(Figure 2)." In preclmical studies, dabigatran has shown
protise as an anticoagnlant and antithrombotic agent,
with a good safety profile. In studies comducted in
healihy male subjects, dabigaran has demonsirated
predictable  phammacokimeric  and  phanmacodynamic
II:Eﬁ'a-:! ermtics, with good safety and tolerability profiles

FPharmacokinetics

Drabigatran etexilate & rapidly converted o s active
form. dabigatran, after oral sdminstraton %% n
bealiby volaideers, the PE profile is characterized by a
time to peak plasma (T,,,) concentration withm two
houss, an absolute bioavailability of 3.5% o 5%, a
bl-t:'i]:lmll:]itlﬂl distribastion phase, and a terminal half- llfc
of 14 to 17 bours after multiple dose administration ™ oA
low (34-35%) comcentration-independent  binding of
dabigatran to human plasia protems was observed. The
volume of distribution of dabisatran 5 60 — 70 L which
exceeds the volume of total body water mdicating
moderate tissue distribution of dabigatran '

As with other agents m thas ¢lass of drues dabigatran is
not metabolized by, and does not affect, eytochrome
P450 (CYP) wsoenzvmes, and is therefore unlikely 1o
alter the metabolisim of dmgs metabolized by the CYP
family of enzvimes, reducmg the potential for drg-dg
mteractions, A phase | PK study has also dicated that
food does not affect the bioavailability of dabigarran
Renal excretion of unchanged dabigatan s the
predomimant pathway for the elimination of dabigatran;

abomt 853% of an infravenous dose of dabigatran is
recovered i the urine, as has been demonstrated with
other DTIs. In addition. a metabolic pathway imvolves
cofugation with ghcwone aced, resulting m the
formaton of pharmacedynanically active
glucuronides, *®

Pharmacokinetic and Pharmacodynamic stady

To mvestizate the PK and PD profile of dabigatran study
in healthy elderly subjects was carried om 1o assess the
intra- and inter-individual variability of dabigatran PE
order 10 assess possible gpender differences. and to assess
the effect of pantoprazole co-administration on the
bipavailability of dabigatran Due to this, study was
comducted as open-label, parallel-group, single-centre,
consisting of a baseline screening visit, T-day treatment
period and post-study examination visit.*

A total of 36 healthy elderly subjects (aged =65 vears)
with a body mass index of 185299 ke'm’ were
randomized (o receive dabigatran erexilate esther with or
withowt co-administration of pantoprazele. Dabigatran
efexilate was administered as capsules of 150 mg twice
daily over & davs and omnce o the morminge of day 7.
Pantoprazole was administered at 40 mg twice daily,
starting 2 days prior o dabigatran  etexilate
adnunistration and endmg on the morming of day 7. The
primary  pharmacokinetic measurements meluded the
aren under the plasma concentrafion-time curve af stemdy
state (AUC,), msasinnineny (O ) a0d mimismiiin (O )
plasma concentrations at steady state, termmal half-life
(fpz)h time to réach Chgee  and renal clearance of
dabigatran  and the secondary  pharmacokinetic
parmneters inchwded the mean residence tine, total oral
clearance and volume of distribution ®

The PD parameters measured were the blood coagnlation
parameters ecarin clofting tane (ECT) and activated
partial tlhromboplastin time (aPTT). Fmal outcomes
observed Dke, after twice-daily admmistration of
dabiparran etexilate, plrsma concentrations of dabigarran
reached steady state within 2-3 davs, which s consisten
with a ty2 of 12-14 hours. The mean + 8D peak plasma
concentrations on day 4 of treatment in malke and female
elderfy subjects were 236+ 21.8 ng'ml and 255 + 34.0
ng/ml. respectively. The peak plasma  concentrarions
were reached after 8 median of 3 howrs (rapge 2.0-4.0
bours). Co-adiministration witls tazole decressed
the average bioavailability of dabagatran (the AUC,,) by
24% (day 4; %% CT 7.4, 37.8) and 20% (day T; 90% CI
5.2, 33.3) Intra- and inter-mdividual pharmacokinetic
variability in the overall population was low [<30%
eoefficient of variation), indicatmg that dabigatran has a
predictable PK profile.®
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Prolongation of the ECT and aPTT comrelated with, and
paralieled, the plasma concentration-time profile of
dabigatran, which demonstrates a rapul onset of action
without a time delay, and also illnstrates the direct mode
of action of the drug on thrombmm i plasma. The ECT
mcreased in direct propomtion to  the plasma
concentration. and the aPTT displayed a linear
relationship with the square root of the plasma
comcemtration. The mean AUC, was 3-19% higher m
female subjects than in male subjects, which was likely
due to gender differences i creatmne clearance ®

The safety profile of dabigatran was acceptable, with and
without pantoprazole co-admimistration. Fmally author
conchuded that the dabigatran demonstrated reproducible
and predictable pharmacokinetic and pharmacodynamic
characterstics. together with a good safety profile, when
adininistered to healthy elderly subjects, Minor gender
differences were not considered clinically relevant. The
effects of pamtoprazole  co-admnustration on  the
bioavailabilitv of dabigatran were considered acceprable,
and dose adjustment s nol considered ILEEHHHI}'.U'
CLINICAL TRIALS

An open label, mmiticenter. sequential dose escalating
trial, was conductad in 314 patients undesgoig total hip
replacement m Sweden and Norway (BISTRO T). The
primary objective of this smdy was to investigate the
therapeutic range of dabigatran etexilate to defermine
oplimal dosing for fulure stodies.

The primary safety outcome was the mate of major
bleeding events during the treatment phase. In this
multicenter, open-label, dose-escalating smdy, 314
patients received oral doses of dabigatran etexilate (1205,
25, 50, 100, 150, 200 and 300 me rwice daily or 150 and
300 me once daily) admimisterad 4-8 hour after surgery.
for 610 days."!

Dose escalation was based on clinical and PK data. The
primary cfficacy outcome incleded venographic decp
vein thrombesis (DVT), symptomatie DVT  amd
pubmonary embalism, during the reatment period.
Resubts of this mubicentre trial explored that no major
bleeding event was observed in any group, but 2 patients
at the highest dose (300 mg wice daily) suffered
bleeding from muliiple sies assocwfed with redoced
renal clearamce and prolonged PD parameters. A dose
response was demonstrated for minor bleeding events.
OF the 289 treated patients. 225 patients had evaluable
venograms, The overall mcidence of DVT was only
12.4%. There were no consistent relationship between
the dosa and meidence of DVT, the highest incidence in
any group being 20 8%, The lowest dose (125 myg twice
daily] showed a lngh rate of proxaimal DVT (12.5%) and
no inerease in PD parameters. Peak and trough plasma

concenttations, AUC and PD parameters also increased
in proportion with the dose. Higher dabigatran plasma
colcentrations were associated with lower DVT rates."
It was concluded that the dabigatran etexilate
demonstrates an acceptable safety profile, with a
therapeutic window above 12.5 mg and below 300 mg
twice dailv. The low mumber of venous thrombo embolic
evemis (VTE) events withm each treatment group
indicares a satisferory antithrembotic potential, although
the study was not powered for an efficacy analysis.
Addmional studies are ongoing fo optumize  oral
absorption and the efficacy/safety balance.'

Phase 1 Trials

The phase 1 PK study was performed in 18 healthy
vohmtesrs m a three-way crossover study that inchided
males between 18 to 35 vears of age with a body mass
imdex (BMI) between 185 1w 30 kp/ /' Treatment
sequences consisted of a dabizatran 150me capsale.
administered after an overmight fBsting pericd.  m
comunction with pantoprazole 40 mg twice dailv, started
wo days before admimnistration of the LTLII.'} drug and
tollowing a high-fat, high-calorie breakfast !

PK  parameters were determined wia  plasma
concentiation versus time curves obtained fom serial
blood sampling over a 72-bowr perind  aftes
admunstration of the study dosg.

Eemlts were analvzed for all 18 subjects who were
randomly assigned o ireatment and who completed the
trinl  Co-admmistration with food demonstrated a
delaved absorption of dabigatran etexilate, with the
median Ty, inereasing from 2 to 4 howrs. This delay did
nol result in decreased drug exposire, as expressed by o
relatvely imchanged AUC (fast-904 ng hours'mL; fed-
B05 np howrs/ml) and Cp (fast- 111 me'ml; fod- 106
ng/ml). In contrast to these findmes, co-adminstration
with pantoprarole resulted m both a lower AUC (fast-
o4 ng.hours'ml., fed-705 ng.hoursémL) and Cee (fast-
111 me'ml; fed- 745 np/ml). The T, remained
unchanged The mean 1y was decreased in both the
pantoprazobe and the fed patients, compared with the
fasted patients; 7.8 hows (panfoprazoled. 7.7 hours (fed).
and &.7 hours {fasted).!

Adverse Drug Events (ADEs) were mild 1o moderate m
infensity, The most common ADE was headache, None
af the ADEs were thought to be associated with the study
drug.

FPhase 2 Trials

The Phase I trial was an uncontrolled, open-label,
multicenter PK study (BISTRO Tb) which was comnducted
m a total 62 consecutive patients scheduled for total hip
replacement surgery m 11 sites in Sweden and Norway
Patients recerved a smgle oral dose of 150 mg of
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dabizatran etexilate 1 to 3 hours after surgery, All
concomitant medicaions prescribed and given at the
investigator’s discretion were considered acceptable. All
patients received a dose of epoxaparm 40 mg
subcutaneously m the evening or early momming prior to
surgery, Continued VTE prophylaxis was given at the
discretion of the investigator, and subsequent doses were
grven for 4 mmummum of 10 howrs after administration of
the smdy drug The investigators determined PK
parameters by nsing plasma concenfration versus time
curves obtamed from sersal blood samphng over a
24-hour penod after the study drug was admmistered
There were 4 pre-determined PK acceptance criteria for
firture use of the capsule formulation m the postoperat ive
pﬂ.-m_dl

The results of a total 59 patients were analvzed and
reported. In the majority of ewrolled patients. the onset
was mnmediate. with plsma levels of dabigatran
measurable withm 1 Bour of administration. However.
absorption was delaved by 4 to & hours following
acministration in two pafients. The Cow (ean, 758
pefml) occwred ab a median Ty of 6 hours. althowels
the mvestizators noted that the T m 13 patients
excecded 10 bours. The mean AUC was comparable to
that of healthy vohmteers (962 ng hows'ml and 904
ne bours‘ml. respectively). Inter-mdvidual varability
was also lizh m this study, with coefficients of variation
greater than 65% for both the €, and ALIC, 54"

The most common ADEs were nausea and vomiting,
although the investigators considered these ADEs 1o be
related o the surgical procedure. One  patient
experienced moderate bypolension and a severe drop
hemoglobin, necessitating a blood transfusion, but these
evenits were nof cotsidered to be relafed to the stedy
drug. No patsents died during the study. As a result of
both phase 1 and phase 2 studies. the inwvestipators
conchided that oral administration of a capsule
fornmbation of dabigatran etexilate resulted i an
acceptable PK profile in healthy vohmteers and m
patients undergoing total hip replacement.’

Another nmlticenter, parallel-group. double-blind study
of dabigatran etexilate was conducted in a total 1973
patients undergomy total hp o1 koee  replacement.
randomized to 610 davs of oral dabigatran etexilate (50,
150 myg twice daily, 300 me once daily, 225 mp twice
daaly), starting 1 to 4 hour after surgery, or subculansomis
enoxaparm (40 mg once daily) starting 12 hour prior to
surgery. The primary efficacy ouwtcome was the incidence
of VIE (detected by bilateral wvenographic of
symiplormatic events) during reatment Of the 1049
treated patients, 1464 (75%) patients were evaluable for
the efficacy analysis. VTE ocewred m 28.5%, 17.4%,

16.6%, 13.1% and 24% of patients assipned 1o
dabigatran etexilate 50, 150 mg twice daily, 300 mg once
daily, 225 mg twice daily and enoxaparin, respectively.
A sipnificant dose-dependent decrease in VTE oceumed
with inereasimg doses of dabigatran etexalate (P <
0.0001). Compared with epoxaparim, VTE was
stgmficantly lower i patients recerving 150 me twice
daily [odds ratio (OR) 0.65, ' = 0.04). 300 mg once daly
(OR 0.61, P = 0.02) and 225 me rwice daily (OR (.47, P
= 0.0007). Compared with enoxaparin, major bleeding
was significantly lower with 50 me twice dailv {0.3% vs.
2.07%, P=0.047) but elevated with higher doses, nearly
reaching statistical significance with the 300 mg once-
daily dose (4 7%, P=0.051) Fmally, concluded that the
oral admunistration of dabigatran etexilate, cominenced
early m the postoperative period, was effective and safe
actoss 8 range of doses, Fumther optimization of the
efficacy/safety balance should be addressed m future
studies.

ADVERSE DELUG REACTIONS

Adverse drog everds reported during above memioned
stadies are already discussed and concluded. In another
stody of a total 22,126 patients, the safety of dabigatran
etexilare has been evaluated A total of 10,084 patients
were exposed to at least 1 dose of dabigatran as study
medication m  four active-comtrolled  clinacal toals
coducted to evaluate the safety and effectiveness of
dabigatran erexilate m the prevention of VTE following
major elective orthopedic surgery, OF these, a total 5.419
were treated with 130 mg or 220 meg daily of dabigatran
efewilate, while a tofal 339 received doses of less than
150 mg daily, and a total 1.168 received doses m excess
of 220 mg daily. Bleedmeg is the most relevant side effect
of dabisatran etexilate’” Blesding of any type of
severity occurrad i approximately 14 % of patients
treated shoriterm for elective hip or knee replacement
surgery and in bong-term treatment in 16.5 %0 of paticnts
with atrial fibrillation treated for the prevention of stroke
anl systemic embolism. ™ Although rare in frequency n
clinical trials, major or severe bleedmg nay ocowr and.
recprdless of locatbon, may lead to disabling, life-
threatening or even fatal oulcomes. As shown from
previows clinieal expenence with xinelagairan, another
safefty concerm with dabigatran  ctexilate s
hepatotoxicity. Elevations m liver enzymes have been
observed in patients during clinical trals. Although these
elevations have been considered mild, fimther studies are
required to determme the climical sigmficance of this
kind of events '*

DREUG INTERACTIONS

The potential for drnm inferactions i conjuncton with
dabigatran etexalate has not been extensively studied m
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clinical traals. Based om #n vitro evaluation, neither
dabigatran etexilate nor its active moiety, dabigatran, has
been shown to be metabolized by the aunan CYP
system, nor did they exhibil effects on mman CYP
isozymes. Concomitant use of dabigatran with treatment
that merferes with hemostasis or coagulation increases
bleeding risk. In the RELY trial conducted in patients
with afrmial fibnllabion, a two-fold Dcrease m major
bleeding was seen in both dabigatran studv treatment
arms, as well as that of the comparstor, warfarin.® The
concommtant use of dabigatran etexalate with P-
ghvcoprotem {p-gp) mducers (e.g., nfampin} reduces
exposure to dabigatran and should generally be avoided
P-gp inhibstors such as  ketocomazole, verapamil.
amsodarons, quandine. and clarithronyein do not require
dose  adjustmemts. These resulis should not be
extrapolated to other P-gp inhibitors*® On the basis of
the resnlts of the PK study evaluating the effect of co-
administration of pantoprazole on  the  plasma
concentrations and the AUC concentration of dabigatran,
it appears that a high gastric pH decreases dabigatran
exposure. Thus, @ & expected that proton puonp
mhibitors, histamme blockers, and other agents that
ncrease gastric pH would iteract with dabigatran
etexilate

PRECAUTIONS AND WARNINGS

Appropriate precantions required because as with all
anticoagilants, dabigatran efexilate should be usad with
caution m circnmstances assogiated with an ncreased
risk of bleeding. Bleeding can occur af any site during
therapy with dabigatran etexilate. An unexplained fall m
hemoglobin and/or hematocnt or blood pressure shounld
lead to a search for a bleeding site. Use of dabigatran
should be avoided m patients with bleeding diathesis or
other coagulation disorders: trammna; thrombocviopenia; a
hstory of gastric or duedenal ulcers. and the concnrrent
use  of noo-sterowdal  antrmflammatory drugs,
thrombolytic agents. and anfi-plateler apenrs. Patients
with renal insufficiency may raquire dosage adjustments
to decrease the risk of bleedmg®=5"",

DOSAGE AND ADMINISTRATION

The recommended dose of dabigatran etexilate is 220 mao
daily, taken orally as 2 capsules of 110mg once a day in
patients with mtact renal fimction, Addmienal studies are
required 1o deternune the specific dose that will provide
the preatest reduction in thrembo embolic evenls aloug
with a minimal risk for bleeding'**#*
CONCLUSION

In its current stage of clinical development, dabigatran
efexilate shows promise i becoming the next orally
avatlable anticoagulant. Clinical trials have demonstrated
tmely efficacy withowt the safety concerns that have

been  associnted with  xmelagatran  admimstration

Cmgomg research will eventually confirm or refure these

garly findings and determine whether dabigatmam

etexilate has a role i the management of patients who
require anticoagulation therapy and whether o might
replace warfarin as the mainstay of therapy, The

emergence of new oral anticoapnlants, dabizatran has m

recent years generated great expectations m the scientific

comdnuniy due to the similar clinical effectiveness of
warkarin and enoxaparin over to a more predictable PE
and PD and the adverse effects climically less relevant

These new drmgs appear as substitutes of cowmarin

anticoagulants and have the potential to change the

stanclards of clinical practice in the prevention of DVT
amd pubmonary emnbolism.
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