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Abstract

Atrial fibrillation (AF) is the most common cardiac arrhythmia which increases the risk of stroke and
systemic embolism by 5- fold, it is a major global public health problem. Stroke is associated with great-
est mortality and morbidity in patients with AF. Strokes associated with AF are especially large and dis-
abling, and consequently primary prevention is paramount. Antithrombotic therapy is the mainstay of
stroke prevention. Vitamin K antagonists (VKA’s) have been the standard anticoagulants in stroke pro-
phylaxis for patients with AF for decades. Despite their effectiveness, they are limited by several factors
such as narrow therapeutic index, drug- drug interactions, slow onset and offset of action, hemorrhage
and routine anticoagulation monitoring to maintain therapeutic international normalized ratio (INR).
During recent times, various novel anticoagulants have been developed to expand the therapeutic op-
tion for stroke prevention. Apixaban is a novel oral anticoagulant which has been developed and clini-
cally investigated for prevention of stroke in AF patients. This review discusses the pharmacological
properties, results of clinical trials investigating role of apixaban for prevention of stroke and its future
potential in clinical practice.

in the target range for approximately 36- 68 %
&7 Aspirin and clopidogrel have also been used
as alternative agents to warfarin for stroke pre-
vention. Meta - analysis of six trials have shown
that aspirin reduced the risk of stroke by 22 %.®
In the ACTIVE A trial, combination of aspirin
and clopidogrel was found to reduce the risk
of stroke by 28% with an increased risk of ma-
jor extracranial and intracranial hemorrhage. ’

Introduction

Atrial fibrillation (AF) is a major global pub-
lic health problem because it is increasing in
prevalence and is associated with increased risk
of stroke, dementia, heart failure and death. *
VKA'’s have been the mainstay for stroke pre-
vention in AF, their use is limited by various
factors such as drug-drug interactions, narrow
therapeutic window and the need of lifelong

anticoagulation monitoring owing to marked
variation from one patient to another and with-
in individual patient .° An important limitation
of Warfarin is the limited time in therapeutic
range (TTR) measurable by INR. Randomized
control trials have estimated that the INR was

The ensuing search for safe, effective alterna-
tives with a lower associated risk of bleeding
and no need for monitoring and dose adjust-
ment has focused attention on more specific in-
hibitors of the clotting cascade such as factor Xa
inhibitors or direct thrombin inhibitors. The di-
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Table 1 Comparison of Apixaban with Dabigatran and Rivaroxaban
Parameter Apixaban Dabigatran Rivaroxaban
Target Factor Xa Thrombin Factor Xa
Prodrug No Yes No
Oral Bioavailability 43- 46 % 6.5 % 80 %
Dosing Frequency Fixed, twice daily Once or twice daily Once or twice daily
T (max) 3 hrs 1-2 hrs 2.5-4hrs
Half - life 8- 13 hrs 12-14 hrs 7-13 hrs
Routine Qoag'ulatlon No No No
Monitoring
Elimination 5 renal,.7.5 oliggzl gme. 80 % Renal 67 % renal , 33 % fecal
biliary
Potential drug interactions Potent CY3PA4 Rifampin, Amiodarone, Potent inhibitors of CYP3A4 and
Potent P-gp P-gp
Approved for stroke pre- Recommened by FDA advisory
Clinical Status Awaits FDA review pprovec: P panel for future use for stroke
vention in Oct 2010

prevention in Sept 2011

1. T (max) : Peak plasma levels, 2. CYP: Cytochrome P450, potent CY3PA4 inhibitors include azole antifungals, macrolide
antibiotics (e.g. clarithromycin), and protease inhibitors (atazanavir), 3. P-gp: P- glycoprotein, potent CY3PA4 and P-gp
inhibitors include azole antifungals (e.g. ketoconazole, itraconazole) and protease inhibitors such as ritonavir.

rect thrombin inhibitor dabigatran was approved
by the US Food and Drug Administration(FDA)
in October 2010 for the prevention of stroke in
patients with AF. Rivaroxaban, a factor Xa in-
hibitor was also recently recommended by an
FDA advisory panel as a therapeutic option for
the prevention of stroke. This review focuses
upon the pharmacological properties and clini-
cal trials and therapeutic potential of apixaban.

Methods

We performed a comprehensive literature search
in the PubMed database with the keywords;
“newer anticoagulants”, “atrial fibrillation”,
“apixaban”. Original and clinical studies describ-
ing apixaban were included. The language of clin-
ical studies was restricted to English. Previously
published reviews describing apixaban were not
included as a primary reference source, but were
used to identify additional studies of interest.

Apixaban: General aspects and mechanism
of action

Apixaban is a reversible, direct and highly se-
lective inhibitor of factor Xa. It has been exten-

sively investigated in pre- clinical studies for the
prevention of arterial and venous thrombosis.
These studies have demonstrated that apixaban
is very efficacious for the prevention of arterial
and venous thrombosis at doses which preserve
hemostasis.'” ' It has been shown to be a potent
inhibitor of both free and cell bound factor Xa and
activated prothrombinase. '* These studies have
also shown that apixaban causes a rapid inhibi-
tion of factor Xa, although it has no direct effects
on platelet aggregation, it leads to indirect inhibi-
tion of this process by reducing thrombin genera-
tion."

Factor Xa is an attractive target of anticoagula-
tion; it occupies a critical juncture in the coagu-
lation cascade and controls thrombin generation
[Fig.1]. Activation of one molecule of factor Xa
leads to generation of 1000 molecules of Flla .'"* °
Although factor Xa inhibition attenuates the pro-
duction of thrombin, it does not affect thrombin
activity, thereby preserving haemostasis, which
in clinical terms may translate to lower bleeding
risk. '* Compared with thrombin, factor Xa has
limited functions outside the coagulation cascade
which might contribute to increased efficacy and
safety of factor Xa inhibitors."”
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Table 2

Trial Name

Comparison arms

AVERROES

Apixaban vs. Aspirin

Comparison of clinical trials of Apixaban for stroke prevention

ARISTOTLE

Apixaban vs. Warfarin

Study dose of apixaban 5 mg bid or 2.5 mg bid t 5 mg bid or 2.5 mg bid t
Number of patients 5599 18,201
Patient age (years ) Mean: 70 +9 Median: 70
Mean CHADS, Score 20+1.1 2.1+1.1

Hazard ratio with 95 %confidence
interval of 1° outcome(stroke and
systemic embolism)

Hazard ratio with 95 % confidence
interval for all- cause mortality

Hazard ratio with 95 % confidence
interval for major bleeing

Hazard ratio with 95 % confidence
interval for non major bleeding

0.45, 0.32 to 0.62; p <0.001

0.79, 0.62 to 1.02; p = 0.07
1.13,0.74 to 1.75; p = 0.57

1.15,0.86 to 1.54; p = 0.35

0.79, 0.66 to 0.95; p <0.001 for noninferi-
ority, p=0.01 for superiority

0.89, 0.80 to 0.99; p = 0.047
0.69, 0.60 to 0.80; p<0.001

0.68, 0.61 to 0.75; p <0.001

t: Reduced dose in patients with two of the following criteria (age > 80 years, body weight < 60 kg, or a serum creatinine of

>1.5 mg/dl
Pharmacokinetics

Apixaban is readily bioavailable, pre — clinical
studies have demonstrated that it reaches its peak
plasma concentration approximately 3 hours af-
ter administration, its bioavailability has been es-
timated to be about 43- 46 % .'® The absorption
of apixaban is not affected by food, The various
mechanisms of metabolism of apixaban has been
demonstrated to be O- demethylation, hydroxyl-
ation and sulfation of hydroxylated O- dimethyl
apixaban.'® ' Estimated terminal half life of apix-
aban has been found be 8- 13 hours. Apixaban
was not shown to cause significant inhibition or
induction of cytochrome P450 enzymes making it
relatively less likely to cause drug- drug interac-
tions. Experiments with human cDNA- expressed
P450 enzymes and P450 enzyme inhibitors dem-
onstrated that the oxidative metabolism of apixa-
ban was predominantly catalyzed by CYP3A4/5
with a minor contribution of CYP1A, and CYP,J,,
based on these studies CYP,A, and CYP A, are
expected to play an important role in apixaban
metabolism. Apixaban was also metabolized by
human intestinal microsomes and not by kidney
microsomes suggesting that liver and intestines
are the major organs involved in its metabolism ."
Pre- clinical studies have demonstrated that apix-
aban has multiple elimination pathways. Apixa-

ban is renally excreted to an extent of 25 %, fecal
(55 %) and biliary excretion contribute as other
mechanisms for excretion.’ * Multiple elimina-
tion pathways suggest that apixaban could be a
superior therapeutic option in patients with he-
patic or renal impairment. Dabigatran, which
was approved by the FDA for prevention of
stroke in patients with AF is renally excreted
upto the extent of 80 %, *' Rivaroxaban which was
also recently recommended by the FDA as an al-
ternative anticoagulant in patients with AF has a
dual mode of elimination with one — third of the
unchanged active drug eliminated renally; the re-
maining two- thirds of the drug are eliminated by
the liver. 2 Compared with the other two newer
anticoagulants, apixaban is a relatively safer op-
tion in patients with renal insufficiency owing
to its multiple pathways of elimination. Unlike
dabigatran, its absorption is not affected by the
presence of food. #[Table 1].

Clinical Trials of Apixaban for stroke
prevention in AF

The AVERROES trial was the first major clinical
study published in February 2011 which inves-
tigated the efficacy of apixaban compared with
aspirin for stroke prevention in patients with AF.
It was a randomized, multicenter, double — blind
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Table 3 | Comparison of main clinical trials of the newer anticoagulants vs. Warfarin for prevention of thromboembolism
in atrial fibrillation
Drug Name Apixaban Dabigatran Rivaroxaban
Drug Class Factor Xa inhibitor Thrombin Inhibitor Factor Xa inhibitor
Trial Name ARISTOTLE RE-LY ROCKET - AF
Number of patients 18,201 18,113 14,264
Dose of study drug 5mgbid, or 2.5 mgbid* 150 mg bid, or 110 mg bid 20 mg daily, or 15 mg daily?
Patient age (years) Medjian: 70 Mean: 71.4 8.6 Median: 70
Mean CHADS, score 21+1.1 21+1.1 3.48 +0.94
Mean time in therapeutic 62 % 64 % 55%

range for Warfarin

Hazard Ratio with 95%
confidence interval of 1°
outcome (stroke and systemic
embolism)

0.66; (0.53-0.82)
P<0.001 for 150mg dose,
0.91; (0.74-1.11)
P=0.34 for 110 mg dose

0.88;(0.77-1.00)

P =0.051 for 150 mg dose
0.91; (0.80-1.03)

P =0.13 for 110 mg dose

0.79; (0.66-0.95)
P<0.01

0.88; (0.74-1.03)
P=0.12

Hazard ratio with 95% confi-
dence interval for all — cause
mortality

0.89; (0.80-0.99)

P = 0.047 0.92; (0.82-1.03)

P=0.15

Hazard ratio with 95%
confidence interval for major
bleeding

0.69; (0.60-0.80)
P <0.001

0.93; (0.81 -1.07);
P=0.31 for 150 mg dose,
0.80;(0.69-0.93) for 110mg

1.03;(0.96- 1.11)
P=0.44

Hazard ratio with 95% con- WIS 957

fidence interval interval for BESUEI-07) P<0.005 for 150 mg dose 1.04; (0.96-1.13)
maijor bleedin P<0.001 0.79;(0.74-0.84) P=0.35
o g P<0.001 for 110mg dose

* Two different drug dosages were tested in the study, T Reduced dose used in patients with creatinine clearance of 30-49 ml/
minute, £ Reduced dose in patients with two of the following criteria (age > 80 years, body weight < 60 kg, or a serum creatinine
of > 1.5 mg/dl

clinical trial which included 5599 patients with
AF who were at increased risk of stroke and for
whom VKA therapy was considered unsuitable.
In the apixaban arm majority of the patients re-
ceived a dose of 5 mg twice daily. The dose of
apixaban was reduced to 2.5 mg twice daily in
about 6% of the patients in apixaban arm (pa-
tients > 80 years of age, body weight < 60 kg, or
serum creatinine of > 1.5mg /dl). In the compari-
son arm, aspirin was used in the dose of 81- 324
mg. The mean age of the patients participated in
both arms of the study was 70 +/- 9 years, mean

companied by one of more of the following; a de-
crease in the level of hemoglobin of 2 g per deciliter
or more over a period of 24 hours, bleeding requir-
ing transfusion of 2 or more units of packed red
blood cells, any bleeding at critical sites (intracra-

Figure 1: Mechanism of action of Apixaban in the coagulation
cascade.

X1

X1

CHADS, score of the patients in the study was

2.0+ 1.1, the patients in both arms were followed
for average period of 1.1 years. The primary out-
come of the trial was the occurrence of stroke or
systemic embolism, secondary outcomes mea-
sured in the study were overall mortality, hos-
pitalization due to cardiovascular causes. The
primary safety outcome of the study was major
bleeding, defined as clinically overt bleeding ac-

X Vil :
Apixaban

Fibrin Fibrin Clot
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Figure 2: Cumulative Hazard rates for the Primary efficacy
outcomes (stroke and systemic embolism) for apixaban vs.
aspirin in the AVERROES trial (reproduced with permis-
sion from New England Journal of Medicine)
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nial, intraspinal, intraocular, intraarticular, in-
traocular, pericardial, intramuscular with com-
partment syndrome, or, retroperitoneal) or fatal
bleeding.

In this study, apixaban was found to signifi-
cantly reduce stroke or systemic embolism as
compared to aspirin (1.6 % per year in apixaban
arm vs. 3.7 % per year in aspirin arm, hazard
ratio with apixaban, 0.45; 95 % confidence inter-
val [CI] 0.32 to 0.62; p <0.001). Apixaban was not
found to cause significant reduction in overall
mortality as compared to aspirin (3.5 % per year
in apixaban arm vs. 4.4 % per year in the aspirin
arm, hazard ratio, 0.79; 95 % CI, 0.62 to 1.02 ; p
=(.07) [Fig. 2]. Apixaban was not found to have
increased risk of bleeding as compared to aspi-
rin in this study. There were 44 cases of major
bleeding (1.4 % per year) in apixaban arm vs. 39
cases (1.2 % per year) in the aspirin arm (hazard
ratio with apixaban, 1.13; 95 % CI, 0.74 to 1.75; p
=0.57) [Fig. 3]. *

The ARISTOTLE trial was another recently pub-
lished major clinical trial which investigated the
efficacy of apixaban compared with warfarin for
prevention of stroke in patients with AF. It was
a randomized, multicenter, double — blind clini-
cal trial which included 18,201 patients with AF
who had at least one additional risk factor for

stroke. In the apixaban arm, majority of the patients
received a 5mg bid dose. A reduced dose of apixa-
ban (2.5 mg bid) was used in patients with 4.7 % of
the patients with at least 2 of the following criteria
(age > 80 years of age, body weight < 60 kg, or a
serum creatinine of > 1.5mg /dl). In the comparison
arm the dose of warfarin was adjusted according to
INR. The median age of the patients in the trial was
70 years, with a mean CHADS, score of 2.1, patients
in the clinical trial were followed for a median du-
ration of 1.8 years. The primary efficacy outcome
was ischemic or hemorrhagic stroke or systemic
embolism. This trial was designed to test for nonin-
feriority, with key secondary objective of testing for
superiority with respect to the primary outcome.
The key secondary efficacy outcome of the study
was death from any cause and myocardial infarc-
tion. Primary safety outcome of the study was ma-
jor bleeding (definition same as that in AVERROES
trial), secondary safety outcome of the study was a
composite of major bleeding and clinically relevant
non major bleeding.

In this study, apixaban was found to be superior to
warfarin for prevention of stroke and systemic em-
bolism. The rates of primary efficacy outcome was
1.27 % per year in apixaban arm, as compared with
1.60 % per year in the warfarin arm (hazard ratio
with apixaban, 0.79; 95 % CI, 0.66 to 0.95; P <0.001
for non inferiority; P = 0.01 for superiority) [Fig.4].
A highlight of the study was significant reduction
in overall mortality in the apixaban arm (3.52 % in

Figure 3: Cumulative Hazard rates for the Primary safety out-
comes (Major bleeding) for apixaban vs. aspirin in the AVER-
ROES trial (reproduced with permission from New England
Journal of Medicine)
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Figure 4: Cumulative Hazard rates for the Primary efficacy
outcomes (stroke and systemic embolism) for apixaban vs.
warfarin in the ARISTOTLE trial (reproduced with permis-
sion from New England Journal of Medicine)
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the apixaban group vs. 3.94 % in the warfarin
arm, hazard ratio, 0.89; 95 % CI, 0.80 to 0.99; P =
0.047). Apixaban was also found to cause signifi-
cantly lesser bleeding as compared to warfarin
(2.13 % per year in apixaban arm vs. 3.09 % per
year in the warfarin arm, hazard ratio, 0.69 ; 95
% CI, 0.60 to 0.80; P <0.001)[Fig 5].»

Future of Apixaban

Following the successful clinical outcomes of
apixaban in the AVERROES and ARISTOTLE tri-
al, it appears to be a promising novel anticoagu-
lant for prevention of stroke in patients with AF.
In the various major subgroups of the patients,
reduction in primary efficacy outcomes was con-
sistently maintained. Apixaban also seems to
have an acceptable side- effect profile which is
evident by lower rate of discontinuation as com-
pared with warfarin. Apixaban not only is more
effective than warfarin for stroke prevention but
also accomplishes the goal at a substantially low-
er risk of bleeding.

Currently there are two alternative oral anticoag-
ulants to warfarin, the direct thrombin inhibitor
dabigatran * and the factor Xa inhibitor rivarox-
aban.?” Rivaroxaban was recently recommended
by an FDA advisory committee as a future thera-
peutic option for stroke prevention in patients
with AF. Each of these agents, like apixaban has
the major advantage of convenience, since they

do not require anticoagulation monitoring.

Dabigatran was evaluated in the Randomized
Evaluation of Long- Term Anticoagulation Thera-
py trial (RE-LY), in this trial, the 150 mg twice dai-
ly dose was observed to reduce the rate of stroke
and systemic embolism with a similar overall rate
of bleeding, it is however worth mentioning that
dabigatran was associated with higher rate of
gastrointestinal bleeding.”® Dabigatran was also
found to be associated with higher rate of dyspep-
sia (11.8 % of the patients in 110 mg dose group,
11.3 % of the patients with 150 mg dose group)
as compared with warfarin (5.8% of the patients).
This might be attributable to the formulation of
dabigatran which contains a tartaric acid moiety
core to enhance intestinal absorption (the optimal
bioavailability requires a low pH), which could
also account for higher rate of gastrointestinal
bleeding with dabigatran® * As compared with
warfarin, apixaban was found to have lower rates
of gastrointestinal bleeding and with consistently
lower rates of bleeding across age groups. Renal
excretion of apixaban is estimated to be approxi-
mately 25% as compared to 80 % for dabigatran,
Figure 5: Cumulative Hazard rates for the Primary safety out-
comes (Major bleeding) for apixaban vs. warfarin in the ARIS-

TOTLE trial (reproduced with permission from New England
Journal of Medicine)
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303 which suggests that apixaban could be a rela-
tively safer anticoagulant in patients with renal
impairment.

Rivaroxaban is the second alternative to war-
farin which was recently recommended by an
FDA advisory panel as a future therapeutic op-
tion for stroke prevention in patients with AF. In
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the ROCKET AF trial, it was shown to be non-
inferior to warfarin for the prevention of stroke
and systemic embolism. The rates of intracranial
hemorrhage and fatal bleeding were observed to
be lower with rivaroxaban, but there was no ad-
vantage with respect to other major bleeding.*

Compared with the clinical outcomes of dabiga-
tran and rivaroxaban, apixaban seems to offer an
additional advantage of significantly reducing
all — cause mortality as compared with warfarin,
as observed in the ARISTOTLE trial.

Limitations

Development of apixaban and other novel an-
ticoagulants have necessitated the need for de-
velopment of monitoring options so that their
effect and patient compliance can be monitored.
Currently there are no standardized monitor-
ing tests available for any of the newer antico-
agulant. Pre- clinical studies have shown that
modified prothrombin time (m PT) and Hep Test
seem to have the highest sensitivity to apixaban,
and seem to be promising coagulation assays to
monitor the anticoagulant activity of apixaban,
but further clinical validation is needed.?® **
Another important potential problem which will
need to be addressed in the near future is the
reversibility of novel anticoagulants in clinical
situations which require immediate reconstitu-
tion of coagulation system (e.g. severe bleeding
events). There are currently no recommenda-
tions or available antidotes to reverse the action
of direct thrombin inhibitors or factor Xa inhibi-
tors. Recombinant factor VIIa (NovoSevenR)
and activated prothrombin complex concentrate
(FEIBAR) have been discussed to reverse the ef-
fect of direct factor Xa inhibitors, but there are
no sufficient data to routinely recommend their
clinical use for this purpose.? 3%

The short half - life of apixaban may help to pre-
vent clinically relevant bleeding events (which
are observed in over- anticoagulated patients
treated with oral VKA) but also requires a good
patient compliance, because missing 2-3 doses
can lead to ineffective anticoagulation. Devel-
opment of new coagulation assays will also be
helpful in monitoring patient compliance to new
anticoagulants.

Conclusions

Apixaban seems to be a promising novel antico-
agulant as evident by recently published clini-
cal studies for stroke prevention in patients with
AF. Further results of ongoing clinical trials with
apixaban will establish its safety before practitio-
ners make fundamental changes in their clinical
practice. Along with two other novel anticoagu-
lants, dabigatran and rivaroxaban, apixaban may
replace warfarin as the preferred anticoagulant for
stroke prevention in patients with AF.

Disclosures

¢ Biosense Webster Consultant, Research Grant
¢ Boston Scientific Consultant, Research Grant
e St. Jude Medical Consultant, Research Grant
e Medtronic Consultant

e MC 10 Research Grant

* Voyage Medical Research Grant

* Rhythmia Medical = Research Grant

e Cardiofocus Research Grant

References

1. Benjamin EJ, Chen PS, Bild DE, Mascette AM, Albert CM,
Alonso A, Calkins H,Connolly SJ, Curtis AB, Darbar D, Ellinor
PT, Go AS, Goldschlager NF, Heckbert SR, Jalife ], Kerr CR, Levy
D, Lloyd-Jones DM, Massie BM, Nattel S, Olgin JE, Packer DL, Po
SS, Tsang TS, Van Wagoner DR, Waldo AL, Wyse DG. Prevention
of atrial fibrillation: report from a national heart, lung, and blood
institute workshop. Circulation 2009 Feb 3; 119 (4): 606-18.

2. Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro JM,
D’Agostino RB Sr,Newton-Cheh C, Yamamoto JF, Magnani JW,
Tadros TM, Kannel WB, Wang TJ, Ellinor PT, Wolf PA, Vasan RS,
Benjamin E]J. Development of a risk score for atrial fibrillation
(Framingham Heart Study): a community — based cohort study.
Lancet 2009 Feb 28; 373 (9665): 739-745.

3. Jorgensen HS, Nakayama H, Reith ], Raaschou HO, Olsen
TS. Acute stroke with atrial fibrillation. The Copenhagen Stroke
Study. Stroke. 1996 Oct;27(10):1765-9.

4. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation is an inde-
pendent risk factor for stroke. Stroke. 1991; 22: 983-988.

5. Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti
G. Pharmacology and management of the vitamin K antagonists:
American College of Chest Physicians Evidence based Clinical
Practice Guidelines (8th edition ). Chest 2008;133:Suppl: 1605-198
S.

6. van Walraven C, Hart RG, Singer DE, Laupacis A, Connolly S,
Petersen P, Koudstaal P], Chang Y, Hellemons B. Oral anticoagu-
lants vs. aspirin in nonvalvular atrial fibrillation: an individual

www jafib.com

99

Aug-Sep, 2012 | Vol 5 | Issue 2



Journal of Atrial Fibrillation

Featured Review

patient meta-analysis. JAMA. 2002 Nov 20;288(19):2441-8.

7. Birman-Deych E, Radford MJ, Nilasena DS, Gage BF. Use and
effectiveness of warfarin in Medicare beneficiaries with atrial
fibrillation. Stroke. 2006 Apr;37 (4):1070-4.

8. Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic
therapy to prevent stroke in patients with atrial fibrillation. Ann
Intern Med 1999;131: 492- 501.

9. ACTIVE investigators, Connolly SJ, Pogue J, Hart RG, Hohn-
loser SH, Pfeffer M, Chrolavicius S, Yusuf S. Effect of clopido-
grel added to aspirin in patients with atrial fibrillation. N Engl ]
Med 2009 May 14; 360 (20): 2066- 2078.

10. Wong PC, Crain EJ, Xin B, Wexler RR, Lam PY, Pinto D],
Leuttgen JM, Knabb RM. Apixaban, an oral, direct and highly
selective inhibitor of factor Xa inhibitor: in vitro, antithrom-
botic and antihemostatic studies. ] Thromb Haemost. 2008
May;6(5):820-9.

11. Luettgen JM, Wang Z, Seiffert GA, Rendina AR, Knabb RM,
Ogletree ML. Inhibition of measured thrombin generation in
human plasma by apixaban: a predictive mathematical model
based on experimentally measured rate constants. ] Thromb
Haemost. 2007; 5 (Suppl.2): PT 633

12. Jiang X, Crain EJ, Luettgen JM, Schumacher WA, Wong PC.
Apixaban, an oral direct factor Xa inhibitor, inhibits human
clot- bound factor Xa activity in vitro. Thromb Haemost. 2009
Apr 101 (4):780-782.

13. Wong PC, Pinto DJ, Zhang D. Preclinical discovery of
apixaban, a direct and orally bioavailable factor Xa inhibitor. ]
Thromb Thrombolysis 2011 ;31: 478- 492.

14. Mann KG, Brummel K, Butenas S. What is all thrombin for. J
Thromb Haemost.2003; 1: 1504- 1514.

15. Orfeo T, Butenas S, Brummel- Ziedins KE, Gissel M, Mann
KG. Anticoagulation by factor Xa inhibitors. ] Thromb Heamost.
2010 Aug 8 (8): 1745-1753.

16. Kubitza D, Haas S. Novel factor Xa inhibitors for prevention
and treatment of thromboembolic disease. Expert Opin Investig
Drugs. 2006 Aug; 15 (8): 843- 855.

17. Becker RC. Factor Xa: a pluripotent protease. ] Thromb
Thrombolysis 2003; 15: 5-9.

18. Raghavan N, Frost CE, Yu Z, He K, Zhang H, Humphreys
WG, Pinto D, Chen S, Bonacorsi S, Wong PC, Zhang D. Apixa-
ban metabolism and pharmacokinetics after oral administration
to humans. Drug Metab Dispos. 2009 Jan; 37 (1): 74-81.

19. Wang L, Zhang D, Raghavan N, Yao M, Ma L, Frost CA,
Maxwell BD, Chen S, He K, Goosen TC, Humphreys WG,
Grossman SJ. In vitro assessment of drug- drug interaction po-
tential of apixaban through cytochrome P450 phenotyping, in-
hibition, and induction studies. Drug Metab Dispos. 2010 Mar;
38 (3): 448- 458.

20. Pinto DJ, Orwat M], Koch S, Rossi KA, Alexander RS, Small-
wood A, Wong PC, Rendina PC, Luettgen JM, Knabb RM, He K,
Xin B, Wexler RR, Lam PY. Discovery of 1-(4-methoxyphenyl)-
7-0x0-6-(4-(2-oxopiperidin-1-yl)phenyl)-4,5,6,7-tetrahydro-
1H pyrazolo[3,4-c]pyridine-3-carboxamide (apixaban, BMS-
562247), a highly potent, selective, efficacious, and orally
bioavailable inhibitor of blood coagulation factor Xa. ] Med
Chem 2007 Nov 1; 50 (22): 5339- 5356.

21. Stangier ], Rathgen K, Stahle H, Gansser D, Roth D. The

pharmacokinetics, pharmacodynamics and tolerability of dabi-
gatran etexilate, a new oral direct thrombin inhibitor in healthy
male subjects. Br ] Clin Pharmacol 2007; 64: 292- 303

22. Weinz C, Schwartz T, Pleiss U, Schmeer K, Kubitza D, Mueck
W, Condol D, Atken H. Metabolism and distribution of [ 14 C |
BAY 59-7939- an oral, direct thrombin factor Xa inhibitor — in rat,
dog and human. ( Abstract 196). Drug Metab Rev 2004; 36 ( suppl
1): 98.

23. Stangier J, Eriksson BI, Dahl OE, Ahnfelt L, Nehmiz G, Stahle
H, Rathgen K, Svard R. Pharmacokinetic profile of the oral di-
rect thrombin inhibitor dabigatran etexilate in healthy volunteers
and patients undergoing total hip replacement. ] Clin Pharmacol
2005;45: 555-563.

24. Connolly SJ, Eikelbloom ], Joyner C, Diener HC, Hart R, Golit-
syn S, Flaker G, Avezum A, Hohnloser SH, Diaz R, Talajic M, Zhu
J, Pais P, Budaj A, Parkhomenko A, Jansky P, Commerford P, Tan
RS, Sim KH, Lewis BS, Mieghem WV, Lip GY, Kim JH, Lanas-
Zanetti F, Gonzalez- Hermosillo A, Dans AL, Munawar M, O’ Do-
nell M, Lawrence ], Lewis G, Afzal R, Yusuf S for the AVERROES
Steering Committee and Investigators. Apixaban in patients with
atrial fibrillation. N Engl ] Med. 2011 Mar 3; 364 (9): 806-817.

25. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek
EM, Hanna M, Al- Khalidi HR, Ansell J, Atar D, Avezum A, Bahit
MC, Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia D, Geral-
des M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser
SH, Horowitz J, Mohan P, Jansky P, Lewis BS, Lopes — Sendon
JL, Pais P, Parkhomenko A, Verheugt FW, Zhu ], Wallentin L for
the ARISTOTLE Committee and Investigators. Apixaban versus
warfarin in patients with atrial fibrillation. N Engl ] Med 2011 Sep
15;365 (11): 981-992

26. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelbloom J, Oldgren
J, Parekh A, Pogue ], Reilly PA, Themeles E, Varrone J, Wang S,
Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H, Diener
HC, Joyner CD, Wallentin L for the RE-LY Steering Committee
and investigators. Dabigatran versus warfarin in patients with
atrial fibrillation. N Engl ] Med 2009 Sep 17; 361 (12): 1139 — 1151.
27. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke
W, Breithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC,
Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM for the
ROCKET AF investigators. Rivaroxaban versus warfarin in non-
valvular atrial fibrillation. N Engl ] Med. 2011 Sep 8; 365(10):883-
91.

28. Eikelboom JW, Wallentin L, Connolly SJ, Ezekowitz M, Heal-
ey JS, Oldgren ], Yang, Alings M, Kaatz S, Hohnloser SH, Diener
HC, Franzosi MG, Huber K, Reilly P, Varrone ], Yusuf S. Risk of
bleeding with 2 doses of dabigatran compared with warfarin in
older and younger patients with atrial fibrillation: an analysis of
the randomized evaluation of long-term anticoagulant therapy
(RE-LY) trial. Circulation. 2011 May 31;123(21):2363-2372.

29. Stangier J, Clemens A. Pharmacology, pharmacokinetics and
pharmacodynamics of dabigatran etexilate, an oral direct throm-
bin inhibitor. Clin Appl Thromb Hemost. 2009 Sep- Oct; 15 Suppl
1: 9S- 16S Epub 2009 Aug 19.

30. Stangier J, Rathgen K, Stahle H, Gansser D, Roth W. The phar-
macokinetics, pharmacodynamics and tolerability of dabigatran
etexilate, a new oral direct thrombin inhibitor, in healthy male
subjects. Br ] Clin Pharmacol. 2007 Sep; 64(3):292-303.

www jafib.com

100 Aug-Sep, 2012 | Vol 5 | Issue 2



Journal of Atrial Fibrillation

Featured Review

31. Stangier ], Rathgen K, Stahle H, Mazur D. Influence of renal
impairment on the pharmacokinetics and pharmacodynamics of
oral dabigatran etexilate: an open- label, parallel group, single-
center study. Clin Pharmacokinet. 2010 Apr 1; 49(4):259-68.

32. Samama MM, Guinet C. Laboratory assessment of new anti-
coagulants. Clin Chem Lab Med. 2011 May; 49(5):761-72.

33. Perzborn E, Harwardt M. Recombinant factor VIla partially
reverses the effect of factor Xa on thrombin generation, but not
the effects of thrombin inhibitors in vitro. ] Thromb Haemost.

2007; 5 suppl 2: Abstract P- W 640.

34. Tinel H, Heutter J, Perzborn E. Recombinant factor VIla par-
tially reverses the anticoagulant effect of high — dose rivaroxa-
ban - a novel, oral factor Xa inhibitor in rats. ] Thromb Heamost
2007; 5 suppl 2 Abstract P- W 652.

35. Perzborn E. FEIBA reverses the effects of high dose of riva-
roxaban in rats. Pathophysiol Haemost Thromb 2008; 36: A 40
Abstract P 061.

www jafib.com

101

Aug-Sep, 2012 | Vol 5 | Issue 2



