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. UCHIYAMA ET AL

a view to reducing the risk of stroke with new oral anticoagulants, including facior
Xa inhibitors in AF patients. Key Words: Atrial fibrillation—cardicembotic stroke——

dabigatran—~factor Xa inhibitors—stroke.
& 2012 by National Stroke Association

Stroke is a major health problem worldwide, and is of-
ten fatal or associated with poor long-term outcomes.” In
Japan, although the mortality rate associated with stroke
appears to be decreasing, the overall incidence of stroke
has not decreased; in fact, the number of stroke patients
has even increased because of the rapid growth of the
elderly population.™®

Atrial fibrillation (AF} is & common cause of stroke and is
responsible for at least 15% to 20% of all strokes.” In a gen-
eral Japanese population z40 years of age, the overall prev-
alence of A¥ in men and women was 1.35% and 0.43%,
respectively. ¥ Among men and women =80 years of age,
the prevalence of AF was 4.4% and 2.2%, respectively,'®
indicating that the prevalence of AF increases with age.

Considering these findings in the general population,
an analysis of the Japanese Stroke Databank (n =
35,414), which included 32,799 patients with acute ische-
mic stroke and 2,615 patients with transient ischemic at-
tack (TTA), revealed that 21.8% of men and 254% of
women had AE® As in the general population, the preva-
lence of AF in stroke patients also increased with age,
with 32.3% of men and 35.6% of women =80 years of
age having AE® Notably, 72.3% of patients with cardicem-
bolic stroke (CES) had AF It is worrisome that the
National Institutes of Health Stroke Scale scores on ad-
mission were substantially higher among patients with
CES than among those with other types of ischemic stroke
{Fig 14), as were modified Rankin scale scores at dis-
charge (Fig 18).°

Warfarin is recommended by the Japanese Guidelines
for the Management of Stroke'! for stroke prevention in
patients with nonvalvular AF (NVAF). Despite these rec-
ommendations, according to the Japanese Stroke Data-
bank, warfarin is underused, with only 38.0% of NVAF
patients receiving warfarin before the onset of stroke or
TIA. In addition, only 12.9% received warfarin despite in-
dications for its use as primary prevention (Fig 10).8

The underuse of warfarin in particular may be related
to its Mmitations, which include a narrow therapeutic
window, variable and unpredictable pharmacokinetic
and pharmacodynamic properties, interactions with
other drugs and vitamin K-rich foods, a slow onset and
offset of action, and the need for regular anticoagulation
monitoring and dose adjustments (Table 1). Another fac-
tor that may limit the use of warfarin is the higher risk
of intracranial hemorrhage (ICH) among Asian patients
with AF compared with white patients with AR

Several anticoagulants with novel pharmacologic tar-
gets have recently been approved for clinical use or are

currently under clinical evaluation. These novel drugs
include direct thrombin inhibitors {(eg, dabigatran} and
factor Xa inhibitors {eg, rivaroxaban, apixaban, and
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STROKE PREVENTION IN PATIENTS WITH AF
’ Table 1. Limitations of warfarin use

Narrow therapeutic window

Variable and unpredictable pharmacokinetic and
pharmmacodynamic properties

Interactions with other drugs and foods rich in vitamin K

Slow onset and offset of action

‘Need for regular anticoagulation monitoring and dose
adjustments

High incidence of intracranial bleeding, especially among
Asian patients

edoxaban; Table 2).!* Their pharmacologic targets in the
coagulation cascade are summarized in Fig 2. Dabigatran,
rivaroxaban, apixaban, and edoxaban are orally active
drugs administered either once daily (rivaroxaban and
edoxaban) or twice daily (dabigatran and apixaban).
Although the half-lives of these drugs vary, they reach
maximum concentrations within approximately 1 to 4
hours.

Dabigatran was recently approved in Japan for the pre-
vention of ischemic stroke and/or systemic embolism in
patients with NVAF, Considering the results of recently
published and ongoing trials, such as Rivaroxaban-once
Daily, Oral, Direct Factor Xa Inhibition Compared with
Vitamin K Antagonism for Prevention of Stroke and Em-
bolism Trial in Atrial Fibrillation (ROCKET-AF),!* Apixa-
ban Versus Acetylsalicylic Acid to Prevent Strokes
(AVERROES),** Apixaban for the Prevention of Stroke
in Subjects With Atrial Fibrillation (ARISTOTLE),'®and
Clobal Study to Assess the Safety and Effectiveness of
DU-176b Versus Standard Practice of Dosing with Warfa-
rin in Patients with Atrial Fibrillation (ENGAGE-AF; on-
going, NCT00781391), it is likely that these factor Xa
inhibitors for the prevention of ischemic stroke and sys-
temic embolism will also be applicable.

Considering the current status of these drugs, the ob-
jective of this review is to discuss opportunities to pre-
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vent ischemic stroke and systemic embolism in patients
with AF, focusing on dabigatran, and therefore to pro-
vide a practical update for clinicians treating these pa-
tients.

Pharmacologic Characteristics of Dabigatran

Thrombin is a plasma serine protease that plays a major
role in coagulation and hemostasis (Fig 2). In vivo, throm-
bin is produced by the cleavage of prothrombin and
catalyzes the conversion of fibrinogen to fibrin, which pro-
motes thrombus formation. Therefore, thrombin was se-
lected as a therapeutic target because it is a key molecule
that plays an essential role in the coagulation cascade.
Accordingly, dabigatran, by targeting thrombin, signifi-
cantly disrupts the coagulation cascade and prevents the
formation of fibrin.

In terms of its mechanism of action, dabigatran compet-
itively inhibits thrombin in a concentration-dependent
manner.”” Its binding to thrombin is highly selective
and occurs rapidly, but is reversible. The general pharma-
cologic characteristics of dabigatran, a nonpeptide direct
thrombin (factor IIa) inhibitor,)® are summarized in
Table 2. Briefly, after oral administration, dabigatran etex-
ilate is absorbed via the gastrointestinal (GI) tract and
rapidly hydrolyzed by esterase to its active form, dabiga-
tran.!® Dabigatran reaches a peak plasma concentration
approximately 0.5 to 2 hours after administration. It has
a terminal half-life of approximately 12 to 17 hours®
and an absolute bioavailability of 6.5%. Approximately
80% of dabigatran is excreted by the kidney.'®"
Dabigatran is not metabolized by nor does it affect the
activity of the cytochrome P450 system.'? As a result, it
has few drug interactions and does not necessitate diets
with low vitamin K content.?® However, dabigatran etex-
ilate is a substrate of P-glycoprotein, and its absorption is
influenced by a number of P-glycoprotein inhibitors and
inducers.?!

Table 2. Profiles of novel oral anticoagulants*

Dabigatran Rivaroxaban Apixaban Edoxaban
Target Thrombin Xa Xa Xa
‘Administration Twice daily Once daily Twice daily Once daily
Prodrug Yes No No No
Half-life (hrs)  12-14 9-13 8-15 611
tmax (1S) 0.5-2 24 14 1-L5
Bioavailability 6.5% (humans) 67-86% (animals) 49% (humans) 60% (animals)
Protein binding 35% 92-95% 87% 40-59%
Renal excretion 80% 33% 25% 35-39%
‘Phase Ml trials  RE-LY (published)***®> ROCKET-AF (published)'® AVERROES (published)!> ENGAGE-AF (ongoing;
(status) NCT00781391)
J-ROCKET (completed;  ARISTOTLE (published)'®
NCT00494871)

*Data from Ogawa et al."



Wartarin

fvaroxabian
Apixaban
Edoxaban

Figure 2. Sife of ackion of oral anticoagudanis.

Dabigatran exhibils dose-proportional and near-linear
increases in activated partial thromboplastin time (aPTT),
at least with the concentrations of dabigatran applied in
clinical practice, prothrombin time (PT), thrombin time
{TT), and ecarin clotting time (ECT).*%In addition, the vari-
ability in pharmacokinetic and pharmacodynamic proper-
ties was generally low or moderate, indicating predictable
pharmacokinetic and pharmacodynamic characteristics.

Clinical Efficacy of Dabigatran in Patients
with Atrial Fibrillation

Ouverall Efficacy

The clinical efficacy and safety of dabigatran were
assessed in the Randomized Evaluation of Long Term An-
ticoagulant Therapy (RE-LY) study, in which 18,113 pa-
tients with NVAF were treated with either 110 mg or
150 mg dabigatran twice daily, or with adjusted-dose war-
farin for approximately 2 years. The primary endpoint of
the study was stroke or systemic embolism.** The overall
rate of stroke and systemic embolism was 1.71% in
patients treated with warfarin versus 1.54% for 110 mg
dabigatran (relative risk vs warfarin 0.90; 95% confidence
interval [CI] 0.74-1.10; P < .001 for noninferiority and P =
230 for superiority) and 1.11% for 150 mg dabigatran (rel-
ative risk vs warfarin 0.63; 95% CI 0.52-0.8; P < 001 for
noninferiority and P < .001 for superiority; Fig 3).7%
Collectively, these results showed that both doses of
dabigatran were noninferior to warfarin, and that 150 mg
dabigatran showed superiority to warfarin for the
prevention of stroke and systemic embolism in pationts
with NVAFE The rates of major bieeding, hemorrhagic
stroke, and mortality tended to be lower in patients
ireated with 110 mg or 150 mg dabigatran than in
patients treated with warfarin. ™ As shown in Fig 4, da-
bigatran also significantly reduced the risk of intracranial
hemorrhage, with risk reductions of 59% with 150 mg da-
bigatran and 70% with 110 mg dabigatran.

5. UCHIYAMA ET AL
Efficacy in Patients with Previous Stroke or TIA

Because the RE-LY study also included patients with
previous stroke or TIA, the investigators compared the ef-
ficacy of dabigatran with that of warfarin in this sub-
group.® The results of this subanalysis showed the
same trend as those seen in the overall study population;
the risk reductions for stroke or systemic embolism with
110 mg and 150 myg dabigatran relative to warfarin were
16% and 25%, respectively (Fig 3), although these differ-
ences were not statistically significant because of the
small number of patients.” On the other hand, as shown
in Fig 4, both doses of dabigatran significantly reduced
the risk of intracranial hemorrhage in patients with previ-
ous stroke or TIA, by 80% and 59% for 110 mg and 150 mg
dabigatran, respectively, compared with warfarin®

Positioning of Dabigatran

The Congestive heart failure, Hypertension, Age, Dia-
betes mellitus, and Prior Stroke or TIA (CHADS,) score
is a tool to estimate the risk of stroke in patients with
AF and help determine whether anticoagulant therapy
is needed.® To date, warfarin has been used in patients
at higher risk (CHADS, score 22). Among subgroups of
patients in the RE-LY study stratified by CHADS; scores
of0tol, 2, and 3 to 6,3(* dabigatran was associated with
lower rates of stroke, systemic embolism, and major
bleeding in all stratified subgroups, indicating that dabi-
gatran is applicable to all of these risk groups.

In summary, the results of the RE-LY study indicate
that, overall, dabigatran is associated with a reduced
risk of stroke or systemic embolism compared with war-
farin. Therefore, as shown in Fig 5, dabigatran is strongly
recommended for patients with CHADS; scores of 1.7
For patients with CHADS; scores =2, dabigatran and
warfarin are equally appropriate, and dabigatran is pre-
ferred considering the results of the RE-LY study.

in terms of dosage of dabigatran for the prevention of
stroke and systemic embolism in patients with AF, 150 mg
is recommended, while 110 mg could be considered in
patients with higher dabigatran concentrations or pa-
tients who are at an increased risk for bleeding™

Precautions for Usage and Coniraindications
of Dabigatran

in the RE-LY study, the rate of major bleeding was
Jower than or similar lo that in warfarin-treated patients,
and the rate of intracranial bleeding was much lower in
dabigatran-treated  patients  than In warfarin-treated
patients.”* However, considering that thrombin is a
key molecule in the coagulation cascade, patients using
dabigatran should be aware that increased bleeding is
possible with this drug. Therefore, dabigatran should be
used with care taken to reduce the risk of bleeding. The
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There was a significant treatment by age interaction,
such that dabigatran 110 my twice daily was associnted
with a lower risk of major bleeding in patients <75 years
of age and a similar risk in those =75 vears of age com-
pared with warfarin, whereas dabigatran 150 mg twice
daily was associated with a lower risk of major bleeding
in those <73 years of age and a trend toward higher
risk of major bleeding in those 275 years of age compared
with warfarin®®

On the other hand, the incidence of GI bleeding, partic-
ularly lower GI bleeding, is higher among dabigatran-
treated  patients than warfarin-treated  patients.”
Eikelboom et al® proposed several mechanisms to de-
seribe the increase in major Gl bleeding, particularly
among patients >75 vears of age. First, they suggested
that because dabigatran has a low bioavailability after
oral ingestion, the mefabolism of dabigatran etexilate
may lead to higher concentrations of the active drug dux-
ing transit of the G tract, leading to local effects. In addi-
tion, elderly individuals are more likely to have GI tract

dabigatran are

pathologies, increasing their risk for bleeding.™ In con-
Overall
RR0.41

trast, warfarin is aclivated after hepatic metabolism;
therefore, unabsorbed warfarin cannot be activated in
the Gl tract, reducing the risk for GI bleeding,.

Considering the increasing use of antiplatelet drugs,
such as aspirin and dopidogre!, the efficacy and safety
of dabigatran in combination with these drugs s an im-
portant topic of research in terms of siroke prevention
and risk of bleeding evenis. When used concomitantly
with aspirin, dabigatran showed good efficacy in terms
of stroke or systemic embolism, similar to that of dabiga-
tran alone.™ However, because the concomitant use of as-
pirin increases the risk of major bleeding in patients
treated with dabigatran or warfarin, precautions for coad-
ministration are necessary.

Treatment of Bleeding Complications

Because bleeding complications are the main concern
of all anticoagulant drugs, patients should be aware of
the risks and physicians should know how to treat
such complications. Table 4 summarizes the main inter-
ventions that should be considered in anticoagulant-

treated patients who experience bleeding complications.
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Figure 5. Recomumendation of dabigatan for

It is important to treat the bleed as promptly and effi-
clently as possible. Because dabigatran is renally ex-
creted, appropriate intravenous infusion and induction
of diuresis are beneficial. For major bleeds, it is impor-
tant to halt its administration and consider performing
gastric lavage or oral administration of activated char-
coal if the bleed occurs within 2 hours of dabigatran
administration. It is also important to support the circu-
latory system by supplementing endogenous procoagu-
lant factors, such as fresh frozen plasma (FFP), factor
IX complex (prothrombin complex concentrate [PCCH),
which containg factors 1, VI, IX, and X, or recombinant
factor VIL In preclinical studies, it was found that PCC or
recombinant factor VI inhibited the prolongation of
bleeding fime after the administration of dabigatran to
rats. ™ On the other hand, in a clinical study of
healthy voluntesrs, it was reported that PCC did not
reverse the anticoagulant effects of dabigatran on alP'TT,
ECT, or TT™* but there has been no report in which

{Dabigatran is preferable to warfarin.)

tue prevention of stroke sl systemiic embolism
in patiends with nowvwtvndar airial fibrillation.

bleeding time was evaluated. It is therefore necessary
to verify the effects of PCC, recombinant factor VII,
and FFP on bleeding during treatment with the new an-
ticoagulants with accumulating clinical experience. He-
modialysis to remove dabigatran or blopd transfusion
may also be necessary, depending on the severity. Fi-
nally, as discussed in greater detail below, the develop-
ment of antibodies capable of neutralizing dabigatran
may also offer an Imporiant option for patients with se-
vere bleeding.

Future Perspectives

Considering that warfarin requires several days before
the onset of its anticoagulant effects—whereas the effects
of dabigatran are apparent much sooner—it is possible
that the duration of hospitalization for patients with acute
AF-related stroke could be shortened by using dabigatran
instead of warfarin. There are currently no data from the

Table 3. Precautions and comraindications to dabigairan®

Precantions

e Consider administering dabigatran at 110 mg twice daily and carefully administer this product as the blood dabigatran

concentrations may increase in the following patients:

o Patients with moderate renal impairment (with creatinine clearance 30-50 mL/min)
o Patients under treatment with an oral P-glycoprotein inhibitor .
o Dabigatran should be administered with care, with consideration of 110 mg twice daily dosing, in the following patients at

high risk of hemorrhage:
o Patfents =70 years of age

o Patients with a history of gastrointestinal hemorrthage

Contraindications

L3

¢ & %

the last 6 months

& ©

Patients with a history of hypersessitivity to the active ingredients of this product
Patients with severe renal impairment {creatinine clearance <30 mL/min), including those undergoing dialysis

Paticnts with hemondiagic symptoms, hemorrhagic diathesis, or spontancous or pharmacologic impairment of hemostasis
Patients with organic lesions associated with risk of clinfcally significant hemorrhage, including hemorrhagic stroke, within
Patients with an indwelling spinal or opidural catheter and during the first hour after remeoval

Patients uader concomitant treatment with itraconazole (oral)

#Dat from the Prazaxa (dabigatran ctexilaie mesylate) package nsert,

4
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Table 4. Treatment of major bleeding complications*

The following interventions must be performed:
o Stop oral medicationst

* Mechanical compression and/or surgical interventions. Even after hemostasis, interventions to prevent the recurrence of

hemorrhage are necessary

e Maintain circulating blood volume and blood pressure by blocd transfusion, for example, and provide treatment to induce

diuresis

¢ For intracerebral hemorrhage and subarachnoid hemorrhage, adequate treatment to suppress blood pressure should be

provided

The following interventions should be considered depending on the situation:
¢ Administration of fresh frozen plasma,$ factor IX complext, §, § (to improve hemostatic function by factor II contained), or
recombinant factor VII{, § (to improve overall hemostatic function)
* Gastric lavages or oral administration of activated charcoalf (within 2 hours of oral administration)

e Hemodialysis}
o Blood transfusion

*Data from van Ryn et al.%

Temporary or permanent withdrawal of dabigatran etexilate may increase the risk of thromboembolism. Therefore, in such cases, switching

to another anticoagulant (eg, heparin) may be necessary.
$Insufficient clinical data.
§Not covered by national health insurance.

§Factor IX complex contains coagulation factors II, VII, IX, and X.

RE-LY study to confirm this hypothesis, so additional
studies are needed to examine this possibility.

Another topic of research is the cost effectiveness of da-
bigatran relative to that of warfarin. As with many new
'drugs, dabigatran is more expensive than the established
drug (warfarin). Therefore, physicians may be less willing
to use this drug considering its cost. However, the cost of
these drugs must be weighed against the cost of treating
stroke and ‘systemic embolism. Considering the risk re-
duction profile of dabigatran, it appears to show better
«cost effectiveness than warfarin in Japan® and in other
countries. 3%

To date, there has been no antidote for dabigatran.
However, another approach currently under evaluation
is the use of antibodies capable of neutralizing dabiga-
tran. In fact, van Ryn et al*” recently reported that mono-
clonal antibodies completely inhibited the anticoagulant
activity of dabigatran in human plasma and whole blood
in vitro and in rats in vivo.” Experimental and clinical
studies are now needed to confirm the efficacy and safety
of this approach before antibody-based inhibition of dabi-
gatran can be introduced and used in the management of
patients with major bleeding complications. -

Recombinant tissue plasminogen activator (t-PA) is an
important tool used in acute stroke treatment to achieve
adequate thrombolysis. In the United States, for example,
its. use after ischemic stroke has doubled in the last §
years.*® t-PA has also been approved in Japan, having
shown good efficacy in clinical and postmarketing
studies.*4? However, there is currently no clear guide
for the use of t-PA in patients treated with dabigatran;
such a guideline is urgently required to help improve
the treatment of stroke.

The results of a subanalysis of Japanese patients in the
RE-LY trial showed similar efficacy and safety of dabiga-
tran to those seen in the overall study population.*> How-
ever, the number of patients in that report was relatively
small. In Japan, on the other hand, cases of hemorrhage-
related death and serious hemorrhage have been reported
in the Safety News Bulletin.*! Given that some of the pa-
tients who died were contraindicated for dabigatran, it is
important to comply with the package insert.*> In addition,
dabigatran should be used with caution in the elderly and
patients with renal dysfunction. However, considering the
estimated number of patients who use this product follow-
ing its launch in Japan, it seems unlikely that the numbers
of fatalities and cases with hemorrhage will exceed the risk
highlighted in the RE-LY study. Additional clinical studies,
including postmarketing surveillance studies in Japanese
patients, are planned to provide further confirmation of
the efficacy and safety of dabigatran,

Summary

This review has summarized the research supporting
the use of dabigatran for the prevention of stroke and sys-
temic embolism in patients with NVAF. Both doses tested
in the RE-LY study (110 mg and 150 mg twice daily) were
effective and noninferior to warfarin, while 150 mg dabi-
gatran was superior to warfarin. Notably, both doses of
dabigatran were associated with a lower risk of intracra-
nial bleeding compared with warfarin. Dabigatran is
also effective for secondary prevention, with a lower
risk of cerebral hemorrhage. Despite this, further accumu-
lation of clinical data may be needed to confirm the effi-
cacy and safety of dabigatran.
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Additional research into its effect on hospital stay after
acute ischemic stroke and potential for therapy with t-PA
is necessary. The latter is particularly important because
there is no clear guideline for the use of t-PA in patients
treated with dabigatran. In the future, it will be important
for physicians to discern which patients treated with da-
bigatran should also be treated with t-PA.

Finally, several factor Xa inhibitors will be approved in
the near future with similar indications to those of dabiga-
tran and warfarin. Considering this situation, it will be
necessary to establish a consensus on how and when to
use each of these drugs for the benefit of patients with AF.
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