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Efficacy and safety of novel anticoagulants
compared with established agents
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Abstract: Dabigatran, rivaroxaban, and apixaban are novel oral anticoagulants that offer major
advantages over existing agents. The onset of the anticoagulant effect of these agents is rapid.
Each agent has a predictable anticoagulant response that eliminates the need for monitoring.
Clinical trials have been completed with all three agents in the prevention and treatment of the
three leading causes of cardiovascular death: myocardial infarction, stroke, and venous
thromboembolism (VTE). Novel agents have shown reduced or similar rates of thrombosis,
major bleeding, and adverse events when weighed against either low molecular weight heparin
or warfarin. Additional trials are underway and more agents are in development. As a result,
novel anticoagulants may impact physician prescribing practices and warrant consideration in
patients requiring thrombosis management.
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Introduction

Dabigatran, rivaroxaban, and apixaban are novel
oral anticoagulants that offer major advances in
the prevention and treatment of both venous and
arterial thrombosis. They feature a wider thera-
peutic index, a more predictable therapeutic
response without the need for monitoring, and
fewer drug—drug and drug—food interactions
when compared with warfarin [Garcia er al.
2010]. A rapid onset of action may eliminate
the need for unfractionated heparin (UFH) or
low molecular weight heparin (LMWH) admin-
istration. Moreover, studies with all of these
agents have shown reduced or comparable rates
of thrombosis, bleeding, and other adverse events
when weighed against commercially available
anticoagulants [Piccini er al. 2010]. As a result,
novel anticoagulants figure to significantly impact
physician prescribing practices, change consen-
sus guidelines, and generate clinical debate on
the optimum choice for medical management of
thrombosis.

Dabigatran

Dabigatran etexilate is a prodrug. After oral
administration,  nonspecific  plasma and
hepatic esterases hydrolyze the compound
into the active anticoagulant, dabigatran

[Boehringer Ingelheim, 2011]. Dabigatran is a
univalent direct thrombin inhibitor (DTT), exert-
ing its action through reversible, competitive
binding to the active site on thrombin, without
binding to the exosite domains [Baetz and
Spinler, 2008; Stangier er al. 2008b; Di Nisio
et al. 2005]. Similar to other DTIs, dabigatran
inactivates both fibrin-bound and circulating
thrombin consequently interrupting thrombin’s
role in thrombogenesis. With limited ability to
bind to extraneous plasma proteins, dabigatran
provides a more predictable anticoagulation
response compared with UFH [Baetz and
Spinler, 2008]. Furthermore, dabigatran indi-
rectly exerts an antiplatelet effect by reducing
thrombin’s impact on promoting platelet activa-
tion and aggregation [Baetz and Spinler, 2008;
Di Nisio ez al. 2005; Xiao and Theroux, 1998].

Pharmacokinetics

Dabigatran has low bioavailability (6.5%) follow-
ing oral administration (Table 1) [Boehringer
Ingelheim, 2011]. Dabigatran has a rapid onset
of anticoagulant action with peak plasma concen-
trations occurring 1—2 hours after administra-
tion. While food delays dabigatran’s absorption
by 2—4 hours [Stangier ez al. 2005], there are
no dietary restrictions or food interactions
[Boehringer Ingelheim, 2011]. There is no
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Table 1. Pharmacokinetic features of novel anticoagulants.

Parameter Dabigatran etexilate Rivaroxaban Apixaban

Target Thrombin Factor Xa Factor Xa

Prodrug Yes No No

Dosing Fixed Fixed Fixed

Bioavailability (%) 6.5 80 90

Food Effects Delay Tmax 2—4 hours Delays Tmax Not reported

Half-life (hours) 1217 5-9 12

Renal excretion (%) 80 65 25

Coagulation Monitoring No No No

Antidote None None None

Interactions P-gp inhibitors* Combined P-gp and Potent 3CYP3A4
CYP 3A4 inhibitors** inhibitors**

*P-glycoprotein (P-gp) inhibitors include verapamil, clarithromycin, and quinidine.
**Cytochrome (CYP) P450 3A4 inhibitors include but are not limited to ketoconazole, macrolide antibiotics, and protease

inhibitors.

antidote available to reverse or attenuate dabiga-
tran’s anticoagulant effect. Dabigatran is elimi-
nated through renal filtration with up to 80% of

the dose excreted unchanged in wurine
[Boehringer Ingelheim, 2011; Baetz and
Spinler, 2008; Stangier e al  2010].

Dabigatran’s mean terminal elimination half-life
is prolonged in patients with severe renal dys-
function. The recommended dabigatran dose
for prevention of stroke and systemic embolism
in patients with nonvalvular atrial fibrillation is
150 mg twice daily. For patients with a creatinine
clearance of 15-30 ml/min, the manufacturer rec-
ommends decreasing the dose to 75mg twice
daily [Boehringer Ingelheim, 2011; Stangier
et al. 2010]. The cytochrome P450 system is
not involved in dabigatran metabolism and sev-
eral trials have failed to identify clinically signifi-
cant drug interactions [Boehringer Ingelheim,
2011; Baetz and Spinler, 2008; Stangier et al.
2008b, 2007a, 2007b, 2007c]. Since patients
with moderate and severe hepatic impairment
were excluded from dabigatran clinical studies,
no dosing adjustment recommendations exist in
hepatic dysfunction [Eriksson ez al. 2010, 2007a,
2007b, 2005, 2004; Ginsberg ez al. 2009; Hirsh
et al. 2008].

Dabigatran acts as a substrate to the efflux trans-
porter P-glycoprotein (P-gp), a system responsi-
ble for the transport of various molecules across
extracellular and intracellular membranes.

Dabigatran therapy should be avoided with P-gp
inducers, such as rifampin, that can reduce its
absorption by as much as two thirds. It should
be wused cautiously with P-gp inhibitors

(e.g. ketoconazole, verapamil, amiodarone or
quinidine) which may produce fluctuations in
dabigatran, increasing plasma concentrations
from 50% to as much as 200%.

A study in healthy volunteers treated with the
proton-pump inhibitor pantoprazole showed a
reduction in dabigatran absorption by 22% and
a decrease in the mean maximum serum concen-
tration by almost one third [Stangier er al
2008a]. However, recent data from clinical
trials suggests the concomitant use of proton-
pump inhibitors or H, antagonists does not
result in markedly lower serum concentrations
of dabigatran [Boehringer Ingelheim, 2011].

Multiple dose ranging studies have shown a
fixed-dose dabigatran regimen does not require
routine coagulation monitoring of activated par-
tial thromboplastin time (aPTT), thrombin clot-
ting time (TT), international normalized ratio
(INR), or ecarin clotting time (ECT) [Van Ryn
et al. 2010; Stangier er al. 2007a, 2007b, 2007c;
Eriksson ez al. 2004]. ECT and TT can be used
to assess anticoagulant status in patients receiving
dabigatran [van Ryn er al. 2010]. With a predict-
able pharmacokinetic profile, phase III clinical
studies were completed without routine coagula-
tion monitoring [Eriksson er al. 2010, 2008,
2007b, 2005, 2004; Ginsberg ez al. 2009;
Schulman et al. 2009; Hirsh er al. 2008;
Stangier er al. 2008a, 2007a, 2007Db].

The most common adverse events reported with
dabigatran include dyspepsia, dizziness, head-
ache, dyspnea, peripheral edema, diarrhea, and
joint, back, and extremity pain. Hypersensitivity
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reactions are rare. Abdominal pain and gastritis-
like symptoms are related to the capsule formu-
lation which contains tartaric acid, and can be
combated by taking the medication with food.
Reversing the anticoagulant effect of dabigatran
in hemorrhagic complications is a challenge.
In the event of overdose, the early use of activated
charcoal has been successful in reducing gastro-
intestinal absorption [van Ryn et al. 2010].
Dabigatran is removed by dialysis and may be
an option for renally impaired patients. Limited
data exists supporting the use of activated pro-
thrombin complex concentrates or recombinant
factor VIIa for the treatment of life-threatening
bleeding [Boehringer Ingelheim, 2011; van Ryn
et al. 2010].

Clinical evidence

Dabigatran has been compared with enoxaparin
for venous thromboembolism (VTE) prophy-
laxis, with warfarin in acute VTE treatment and
secondary VTE prevention (Table 2), and for
stroke prevention in atrial fibrillation (AF)
[Eriksson ez al. 2010, 2007a, 2007b, 2005,
2004; Ginsberg et al. 2009; Schulman ez al
2009; Hirsh er al. 2008]. Dabigatran has been
combined with the standard dual antiplatelet
treatment (aspirin and clopidogrel) for the sec-
ondary prevention of cardiac events in acute cor-
onary syndrome (ACS) patients [Oldgren er al.
2009].

Prophylaxis of venous thromboembolism

The dose-ranging BISTRO I and BISTRO II
trials determined the optimal dabigatran dosing
for prevention of VTE [Baetz and Spinler, 2008;
Eriksson ez al. 2005, 2004].

The RE-MODEL and RE-MOBILIZE noninfer-
iority trials compared oral dabigatran with sub-
cutaneous enoxaparin for VTE prophylaxis in
patients undergoing total knee replacement sur-
gery (Table 2) [Ginsberg et al. 2009; Eriksson
et al. 2007a]. The RE-NOVATE and the
RE-NOVATE 1II trials were similar studies,
enrolling patients undergoing total hip replace-
ment surgery [Eriksson ez al. 2007b]. Across all
four trials, the primary efficacy, safety endpoints,
and methods of detection were the same. The
primary endpoints for all four trials was the com-
posite of total VTE events, including symptom-
atic and venographically identified deep vein
thrombosis (DVT) and/or symptomatic pulmo-
nary embolism (PE), and all-cause mortality
during treatment. DVT was detected using

bilateral venography. Spiral computed tomogra-
phy, perfusion—ventilation lung scintigraphy, or
pulmonary angiography were used to detect PE.
Lastly, an autopsy was performed for patients
who died during the study. The primary safety
outcome of all four trials was the occurrence of
major bleeding, clinically relevant nonmajor
bleeding, and minor bleeding. Major bleeding
was defined as fatal, clinically overt and associ-
ated with a 20g/1 fall in hemoglobin, requiring
more than 2 units of packed cells or whole
blood, bleeding into a critical area (retroperito-
neal, intracranial, intraocular, or intraspinal), or
bleeding that required treatment cessation or
operation. Clinically relevant nonmajor bleeding
was defined by the occurrence of spontaneous
skin hematoma, hematuria, nasal, rectal or gingi-
val bleeding, bleeding leading to hospitalization
or surgical treatment, bleeding leading to a trans-
fusion of less than 2 units of whole blood or red
cells or any other bleeding event considered clin-
ically relevant by the investigator.

The dabigatran dosing regimens were similar
across the four trials. In RE-MOBILIZE,
RE-MODEL, and RE-NOVATE, the first dose
of dabigatran started at 75 or 110 mg. All subse-
quent doses were either 150 or 220 mg daily.
In the RE-NOVATE trial, only the dabigatran
220mg once-daily dose was evaluated oversus
enoxaparin. In both the RE-MODEL and
RE-NOVATE studies, the first dabigatran dose
was administered 1—4 hours after the surgery.
In the RE-MOBILIZE study, the first dose of
dabigatran was given 6—12 hours after surgery.
While enoxaparin 40 mg once daily was initiated
in the evening before surgery in the RE-MODEL
and RE-NOVATE studies, in the RE-
MOBILIZE study enoxaparin was given 30 mg
twice daily starting 6—12 hours after the surgical
procedure. The overall duration for VTE prophy-
laxis varied to reflect the current guideline rec-
ommendations for the population studied [Hirsh
et al. 2008].

In the RE-MODEL trial, both the 150 mg and
220 mg regimens of dabigatran were statistically
noninferior to enoxaparin for the primary end-
point of total VTE events and all-cause mortality
(40.5%, p=0.017; 36.4%, p=0.0003; and
37.7%, respectively) [Eriksson et al. 2007a].
Symptomatic VTE during the treatment period
was similar across the three groups. There was no
difference in major bleeding rates between the
doses of dabigatran 150mg (1.3%), dabigatran
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220mg group (1.5%) and enoxaparin (1.3%).
Clinically relevant nonmajor bleeding did not
differ, and ranged from 5.3% to 6.8% in the
three groups. Similarly, the rate of minor bleed-
ing events ranged 8.4% to 9.9% of patients across
the three groups and was not statistically
different.

In the RE-MOBILIZE trial, the primary efficacy
composite endpoint of total VTE events and all-
cause mortality occurred in 33.7% of patients in
the 150mg dabigatran group (p=0.0009),
31.1% in the 220mg dabigatran group
(»=0.02), and in 25.3% of the enoxaparin
group. Both dabigatran doses were statistically
inferior to the enoxaparin regimen [Ginsberg
et al. 2009]. Symptomatic VTE or death during
the follow up period was similar across the three
groups. Both major bleeding and clinically rele-
vant nonmajor bleeding were not statistically dif-
ferent during treatment and ranged from 0.6% to
1.4% and 2.4% to 2.7%, respectively, across the
three groups.

Patients undergoing total hip replacement sur-
gery were evaluated in the RE-NOVATE and
RE-NOVATE II studies [Eriksson ez al. 2010,
2007b]. In RENOVATE trial, the rate of the pri-
mary efficacy endpoint in dabigatran 150 mg
(8.6%) and 220 mg (6.0%) treated patients was
statistically noninferior to the enoxaparin (6.7%,
p<0.0001) treated patients. Symptomatic VTE
was rare during the treatment period and ranged
from 0.4% to 0.9% across the three groups.
There was no statistical difference between
either dabigatran group with respect to major
bleeding events, ranging from 1.3% to 2.0%,
when compared with patients in the enoxaparin
group. Clinically relevant nonmajor bleeding was
not different and ranged from 3.5% to 4.7%
across the three groups.

In the RE-NOVATE 1I trial, only dabigatran
220mg once daily was compared with enoxa-
parin 40mg once daily. The primary efficacy
endpoint of total VTE events and all-cause mor-
tality occurred in 7.7% of dabigatran-treated
patients oversus 8.8% of enoxaparin-treated
patients, meeting the noninferiority criteria
(p <0.0001). Major bleeding events were similar
between the two groups, and not statistically sig-
nificant. These events occurred in 1.4% and
0.9% of patients in the dabigatran and enoxa-
parin groups, respectively.

Given the occurrence of adverse events seen in
patients on another oral DTI, ximelagatran,
patients who were receiving dabigatran were clo-
sely monitored for hepatic injury. In the orthope-
dic VTE prevention studies, there was no
incidence of isolated liver enzyme elevations asso-
ciated with either dabigatran dose as compared
with enoxaparin [Ufer, 2010]. Benign elevations
were noted in transaminase values. These changes
were associated with either anesthesia or the sur-
gical procedure itself. The incidence of ACS
events was also low among dabigatran doses and
enoxaparin. The low incidence of adverse events
may support prolonged dabigatran regimens for
VTE prevention [Eriksson ez al. 2007b].

Acute venous thromboembolism treatment
The RE-COVER study compared dabigatran
150mg twice daily with warfarin (dosed to
achieve a target INR 2.0—3.0) in the early treat-
ment of acute symptomatic VTE. Both study
arms were preceded by at least 5 days of intrave-
nous UFH or subcutaneous LMWH (Table 2)
[Schulman ez al. 2009]. Patients were assessed
at 7 days and then monthly for the following 6
months. If symptoms of recurrent VTE occurred,
patients were evaluated with compression ultra-
sonography or venography of the leg veins and
ventilation—perfusion lung scanning, angiogra-
phy, or spiral computed tomography of pulmo-
nary arteries. The 6-month follow up occurred in
92% of dabigatran-treated and 92% of warfarin-
treated patients.

Patients in the warfarin group were maintained
within a therapeutic INR range 60% of the time
during the study. The primary efficacy endpoint,
defined as the composite of symptomatic VI'E or
VTE-associated death, occurred in 2.4% of
dabigatran-treated patients versus 2.1% of war-
farin-treated patients, meeting the criteria for
noninferiority (p < 0.001). There were no differ-
ences between the two groups in the incidence of
symptomatic VTE. While major bleeding was not
statistically different between dabigatran and
warfarin (1.6% wversus 1.9%, respectively), clini-
cally relevant nonmajor bleeding when combined
with major bleeding was reduced in dabigatran
patients (5.6%  wversus 8.8%; p=0.002).
Gastrointestinal hemorrhage was the only form
of bleeding that showed an increased trend in
the dabigatran group. The number of deaths
and ACS events were similar in the two treatment
groups. There was no evidence of liver toxicity
associated with dabigatran.
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Stroke prevention in atrial fibrillation

The PETRO dose-ranging trial identified two
optimal dabigatran doses for patients with AF
[Ezekowitz et al. 2007].

Following this dose-ranging trial, the RE-LY trial
was a noninferiority trial designed to determine
the long-term safety and efficacy of dabigatran
110 and 150 mg administered twice daily as com-
pared with warfarin (INR goal 2.0-3.0) in
patients with nonvalvular AF [Connolly er al
2009] (Table 2). In addition, enrolled patients
were required to have at least one addition
thromboembolism risk factor of prior stroke,
left ventricular ejection of less than 40%, New
York Class II or higher heart failure, 75 years of
age or older, or be aged 65 to 75 with diabetes
mellitus, hypertension, or coronary artery dis-
ease. Dabigatran regimens were blinded to the
investigators and patients while warfarin was
managed in an open-label fashion. Patients in
the warfarin group were maintained within a
therapeutic INR range 64% of the time during
the study. Patients were followed for a median
of 2 years. The primary efficacy outcome was
defined as the occurrence of stroke or systemic
embolism. Stroke was defined as a sudden onset
of focal neurologic deficit. Systemic embolism
was defined as an acute vascular occlusion of an
extremity or organ documented during surgery,
autopsy, or with an objective imaging study. The
dabigatran 150 mg twice daily regimen was sta-
tistically superior to warfarin in reducing the rate
of stroke and systemic embolism, 1.11% per year
versus 1.69% per year, respectively (p <0.001).
The dabigatran 110 mg twice-daily regimen was
noninferior to warfarin with the primary end-
point occurring in 1.53% of patients per year
(p<0.001). The primary safety outcome was
major bleeding defined as a reduction in the
hemoglobin level of at least 20g/l, transfusion
of at least 2 units of blood, or symptomatic bleed-
ing in a critical area or organ. The rate of major
bleeding was statistically lower in the dabigatran
110 mg group (2.71% per year) compared with
the warfarin group (3.36% per year, p <0.001).
There was no difference in the rate of major
bleeding in the dabigatran 150mg group
(3.11% per year) compared with the warfarin
group.

The RE-LY trial results were revised after the
identification of additional primary efficacy and
safety outcome events were discovered during
routine clinical site closure. The revised results

report the incidence of stroke or systemic embo-
lism in 110mg dabigatran-treated patients as
1.54% per year. The primary efficacy endpoint
in 150mg dabigatran-treated patients was
unchanged. Warfarin-treated patients developed
a stroke or systemic embolism at a rate of 1.71%
per year. In addition, the rate of major bleeding
was revised in 110 and 150mg dabigatran-
treated patients to 2.87% and 3.32% per year,
respectively. In warfarin-treated patients the
revised major bleeding rate was 3.57% per year
[Connolly ez al. 2010].

In a substudy of patients with previous stroke or
transient ischemic attack, the rates of stroke or
systemic embolism in dabigatran-treated patients
were similar to warfarin-treated patients and not
significantly different. The rate of major bleeding
was significantly lower in patients on 110 mg
(2.74%) of dabigatran and similar in those on
150mg (4.15%) of dabigatran compared with
those on warfarin (4.15%) [Diener er al. 2010].

The RE-LY trial outcomes were evaluated in
relationship to each trial center’s mean time in
therapeutic range in warfarin-treated patients.
The advantages of dabigatran in reducing vascu-
lar events, nonhemorrhagic events, and mortality
were greater at sites with poor INR control than
in those with good INR control [Wallentin ez al.
2010].

Secondary prevention of cardiac events in
acute coronary syndrome patients

The RE-DEEM trial was a phase II dose-finding
trial combining dabigatran (50—150mg twice
daily) with dual antiplatelet therapy for the sec-
ondary prevention of ischemic events in patients
stricken with ACS. RE-DEEM was designed as a
safety study, evaluating the primary safety end-
point of major bleeding or clinically relevant
minor bleeding episodes over 6 months. A dose-
related bleeding risk was evident with the pri-
mary endpoint occurring in 3.5% (50 mg twice
daily), 4.3% (75 mg twice daily), 7.9% (110 mg
twice daily), and 7.8% (150 mg twice daily) of
patients in the dabigatran groups as compared
with 2.4% in the placebo group [Oldgren ez al.
2009].

Rivaroxaban

Rivaroxaban is an oral, highly selective, direct,
competitive inhibitor of factor Xa [Tersteegen
and Burkhardt, 2007; Perzborn et al. 2005].
Inhibition of factor Xa leads to interruption of
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the both intrinsic and extrinsic coagulation path-
ways, thus preventing thrombin generation and
subsequent thrombus formation [Gulseth ez al.
2008]. Rivaroxaban inhibits both free and
fibrin-bound factor Xa which differentiates its
action from LMWH or fondaparinux [Perzborn,
2009; Gerotziafas er al. 2005; Kubitza et al
2005b]. Rivaroxaban exerts minimal effect on
platelet function [Kubitza er al. 2006a, 2005a].

Pharmacokinetics

Rivaroxaban is absorbed rapidly after oral inges-
tion with a bioavailability of 80—100% (Table 1)
[Kubitza et al. 2007¢c, 2006a, 2006b]. Maximum
plasma levels are achieved 3 hours after adminis-
tration, occurring in a dose-dependent manner
[Kubitza et al. 2006a, 2005b, 2003].
Rivaroxaban has a low potential for drug-food
interactions [Bayer Healthcare, 2009]. There is
a slightly delayed and clinically insignificant
higher maximum serum concentration in patients
receiving rivaroxaban with meals or within 2
hours of eating [Gulseth er al. 2008; Kubitza
et al. 2006b]. There is no specific antidote to
antagonize the anticoagulant effect of rivaroxa-
ban. Rivaroxaban undergoes both hepatic and
renal elimination. Two thirds of the active com-
pound is metabolized by the liver via the cyto-
chrome P450 (CYP) 3A4 system and the
remainder is excreted unchanged in urine via
active secretion [Kubitza er al. 2006a; Weinz
et al. 2004].

Rivaroxaban acts as a substrate of the transporter
protein P-gp. Avoidance of strong CYP 3A4 and
P-gp inhibitors (azole-antimyotics such as keto-
conazole) and cautious use with concomitant
CYP 3A4 and P-gp inducers is recommended
due to the potential for changes in rivaroxaban
serum concentration [Bayer Healthcare, 2009].

Rivaroxaban did not affect the inhibition of plate-
let aggregation associated with clopidogrel
[Kubitza ez al. 2007b]. Conversely, the combina-
tion of rivaroxaban and aspirin doubled bleeding
time, as defined as the time taken for a standard-
ized skin cut of fixed depth and length to stop
bleeding [Kubitza ez al. 2006a; Mielke, 1984].

There are no specific recommendations for dose
adjustments in patients with mild, moderate, or
severe renal or hepatic impairments. The manu-
facturer does not recommend the use of
rivaroxaban in patients with an estimated
creatinine clearance of less than 15 ml/min

[Bayer Healthcare, 2009]. No dose adjustments
are required in obese or underweight patients
[Bayer Healthcare, 2009; Gulseth er al. 2008;
Kubitza er al. 2007a]. In phase II dose-ranging
studies, rivaroxaban showed a dose-dependent
response with both aPTT and prothrombin time
(PT) being prolonged. PT was found to be more
sensitive and correlated closely with rivaroxa-
ban’s plasma concentrations [Kubitza er al.
2005c; Perzborn er al. 2005]. Coagulation mon-
itoring is not recommended in clinical practice
[Mahaffey, 2010; Bayer Healthcare, 2009;
Turpie er al. 2009b; Eriksson er al. 2008;
Gulseth et al. 2008; Kakkar ez al. 2008; Lassen
et al. 2008].

The most common adverse events associated
with rivaroxaban included constipation, nausea,
vomiting, pyrexia, anemia, wound secretion,
decreased hemoglobin, dizziness, and insomnia.
No specific antidote is available to antagonize the
anticoagulant effect of rivaroxaban. Similar to
dabigatran, the early use of activated charcoal is
recommended for rivaroxaban overdose. In the
event of bleeding, discontinuation of rivaroxaban
and symptomatic treatment of the hemorrhage
should be initiated [Bayer Healthcare, 2009].

Clinical evidence

Clinical studies have been designed to evaluate
the efficacy and safety of rivaroxaban for VTE
prophylaxis in hospitalized medically ill patients
and in those undergoing major orthopedic sur-
geries. Rivaroxaban has also been studied in
VTE treatment, thromboembolism prevention
in AF patients, and as an adjunctive treatment
with antiplatelet therapy in ACS (Table 3).

Venous thromboembolism prophylaxis

RECORD 1 and RECORD 2 evaluated rivarox-
aban for VTE prophylaxis in total hip replace-
ment surgery, while RECORD 3 and RECORD
4 enrolled patients requiring total knee replace-
ment surgery [Turpie ez al. 2009b; Eriksson er al.
2008; Kakkar er al. 2008; Lassen er al. 2008]
(Table 3). In the RECORD trials, rivaroxaban
10 mg once daily, initiated 6—8 hours after sur-
gery, was compared with enoxaparin either 40 mg
once daily or 30mg twice daily. In RECORD
1-3, enoxaparin was given the evening before
surgery. In RECORD 4, enoxaparin was given
12—24 hours after wound closure. Total hip
replacement patients were continued on throm-
boprophylaxis for 31—39 days in both treatment
arms in RECORD 1. In RECORD 2, patients
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received rivaroxaban for 31—39 days while enox-
aparin-treated patients received prophylaxis for
only 10—14 days. Patients enrolled in RECORD
3 and RECORD 4 received prophylaxis for
10—14 days. The primary efficacy endpoint eval-
uated across these trials was the composite end-
point of any DVT, nonfatal PE, or all-cause
mortality. The primary efficacy endpoint of
DVT was detected using mandatory, bilateral
venography. PE was detected with spiral com-
puted tomography, perfusion—ventilation lung
scintigraphy ~ or  pulmonary  angiography.
Autopsy was ordered for patients who died
during the trial. The main safety outcome was
the incidence of major bleeding during treatment
period. Major bleeding was defined as fatal
bleeding, bleeding into a critical organ, bleeding
requiring re-operation or blood transfusion of 2
or more units of whole or packed cells, or clini-
cally overt extra-surgical-site bleeding associated
with a fall in hemoglobin of 20 g/l or more.

In the RECORD 1 trial intention-to-treat popu-
lation, rivaroxaban was superior to enoxaparin
for the primary efficacy endpoint of DVT, non-
fatal PE, and all-cause mortality (1.1% wersus
3.7%; p<0.001). Symptomatic VTE during the
treatment period and during the follow-up period
was similar across both groups. The major bleed-
ing rate was not statistically different in the rivar-
oxaban group wversus the enoxaparin group (0.3%
versus 0.1%; p=0.18).

The RECORD 2 trial showed that extended riv-
aroxaban prophylaxis was more effective than
short-term enoxaparin in lowering the primary
efficacy endpoint  (2.0%  versus  9.3%;
p»<0.0001) in the modified intention-to-treat
population analysis. Symptomatic VTE was sta-
tistically reduced in rivaroxaban-treated patients
(0.2%) compared with enoxaparin-treated
patients (1.2%) during the treatment period
(» <0.004). Mean duration of rivaroxaban was
33.5 days and 12.4 days with enoxaparin. In
both groups there was only one patient that expe-
rienced a major bleeding event.

The RECORD 3 clinical trial evaluated rivarox-
aban VTE prophylaxis in total knee replacement
patients. The primary composite efficacy end-
point of all DVT, nonfatal PE, and all-cause mor-
tality in the modified intention-to-treat
population was lower in rivaroxaban patients
(9.6%) wersus enoxaparin patients (18.9%), a
statistically significant reduction (p <0.001).

Symptomatic VTE was reduced in the rivaroxa-
ban group (0.7%) compared to the enoxaparin
group (2.0%) during the treatment period
(»p=0.005). The primary safety endpoint of
major bleeding occurred infrequently in both riv-
aroxaban patients (0.6%) and enoxaparin-treated
patients (0.5%), with the rates not statistically
different (p =0.77).

In the RECORD 4 modified intention-to-treat
population, 6.9% of rivaroxaban patients devel-
oped the primary composite efficacy endpoint of
DVT, nonfatal PE, and all-cause mortality versus
10.1% of enoxaparin patients (p=0.0118).
Symptomatic VTE during the treatment period
and during the follow-up period did not differ
between the two groups. The primary safety end-
point of major bleeding was similar in the two
groups, occurring in 0.7% of rivaroxaban-treated
patients compared with 0.3% of enoxaparin-trea-
ted patients (p=0.11).

Liver function tests were closely monitored for
signs of hepatic toxicity in all clinical trials.
Both rivaroxaban- and enoxaparin-treated
patients developed mild elevations in aspartate
aminotransferase (AST) and alanine aminotrans-
ferase (ALT). ALT elevations reached three times
the upper limit of normal in 1.3—2% of rivarox-
aban-treated patients in the combined RECORD
trials. This adverse effect did not appear to be
dose-related [Turpie ez al. 2009b; Eriksson ez al.
2008; Kakkar ez al. 2008; Lassen ez al. 2008].

Acute venous thromboembolism treatment

Two phase III clinical studies investigated the
efficacy and safety of rivaroxaban in patients
with acute, symptomatic DVT (EINSTEIN-
DVT) or PE (EINSTEIN-PE) [Einstein
Investigators 2010; ClinicalTrials.gov identifier:
NCT00439777] (Table 3). The EINSTEIN-PE
trial is not yet completed. In the acute DVT
study, rivaroxaban was initiated at 15 mg twice
daily for 3 weeks followed by a fixed dose of
20mg once daily for 3, 6, or 12 months. The
comparator arm initiated enoxaparin 1 mg/kg
twice daily followed by an oral vitamin K antag-
onist (VKA). The primary efficacy outcome was
symptomatic recurrent VTE, defined as the com-
posite of DVT and all PE. DVT was detected
using either ultrasound or venography. PE was
detected using a computed tomography scan or
pulmonary angiography. The main safety out-
come was the composite of major and clinically
relevant nonmajor bleeding. Major bleeding was
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clinically overt and associated with a fall in the
hemoglobin level of 20 g/l or more, led to trans-
fusion of two or more units of red cells, occurred
in a critical site (retroperitoneal, intracranial), or
contributed to death. Clinically relevant nonma-
jor bleeding was defined as overt bleeding not
meeting the criteria for major bleeding but asso-
ciated with medical intervention, unscheduled
contact with a physician, interruption or discon-
tinuation of study treatment, or associated with
any other discomfort such as pain or impairment
of activities of daily life [Einstein Investigators,
2010]. In the EINSTEIN-DVT trial analysis riv-
aroxaban was noninferior with respect to the pri-
mary efficacy outcome when compared with
enoxaparin (2.1% wversus 3.0%; p<0.001). The
rate of major and clinically relevant nonmajor
bleeding in both groups (8.1%) was not statisti-
cally different (p=0.77). In the rivaroxaban-
treated patients, 73% of patients received pre-
treatment with UFH, LMWH, or fondaparinux
for less than 2 days.

The EINSTEIN-EXTENSION trial, a second-
ary prevention study of recurrent symptomatic
VTE, evaluated the relative efficacy and safety
of rivaroxaban compared with placebo [Einstein
Investigators, 2010]. Patients who completed
6—12 months of anticoagulation therapy in
EINSTEIN-DVT or EINSTEIN-PE continued
on rivaroxaban 20mg daily or placebo for
another 6—12 months. The primary efficacy out-
come was symptomatic recurrent DVT and all
fatal and nonfatal PE. The primary efficacy out-
come occurred in 1.3% of rivaroxaban patients
and 7.1% of placebo patients (p <0.001). The
primary safety outcome of major bleeding was
not statistically different (p=0.11), occurring in
0.7% of rivaroxaban-treated patients and not
observed in placebo patients.

Stroke prevention in atrial fibrillation

The ROCKET AF trial enrolled patients with
nonvalvular atrial fibrillation, comparing rivarox-
aban 20 mg once daily with dose-adjusted warfa-
rin (INR 2.0—3.0) [Mahaffey, 2010] (Table 3).
Patients were eligible if they had AF with at
least two additional risk factors for thromboem-
bolism. The risk factors included a prior history
of stroke, transient ischemic attack, or throm-
boembolus, congestive heart failure, hyperten-
sion, diabetes, or age 75 years or greater. Both
rivaroxaban and warfarin regimens were blinded
to patients and investigators. Rivaroxaban doses
were reduced to 15 mg daily for patients with an

estimated creatinine clearance between 30 and
49 ml/min. Patients receiving warfarin were
within the desired INR range 57.8% of the time
during the study. Patients were followed for 15
months. The primary endpoint of this study was
the prevention of stroke and non-CNS (central
nervous system) systemic embolism. Stroke was
defined as any sudden, focal, idiopathic neuro-
logic deficit resulting from a cerebrovascular
cause and not reversible within 24 hours. Stroke
was diagnosed using advanced brain imaging
[Patel er al. 2010]. Non-CNS embolism was
defined as an abrupt, vascular insufficiency asso-
ciated with arterial occlusion not due to other
likely causes [Patel er al. 2010].

In the predetermined statistical analysis rivarox-
aban was evaluated for noninferiority using
patients that were protocol compliant and con-
sidered to be on treatment. For patients on treat-
ment, rivaroxaban was noninferior to warfarin in
reducing the primary endpoint of stroke and sys-
temic embolism, 1.71% per year wversus 2.16%
per year (p < 0.001). For the superiority analysis,
rivaroxaban was evaluated using an intent-to-
treat approach, which included all patients
originally enrolled in the study. In the intent-
to-treat population, rivaroxaban failed to show
superiority over warfarin, with stroke or systemic
embolism occurring 2.12% per year in rivaroxa-
ban-treated patients compared with 2.42% per
year in warfarin-treated patients (p=0.117).

The primary safety endpoint included major and
nonmajor clinically relevant bleeding. Major
bleeding was defined as clinically overt bleeding
leading to death, involving a critical organ, a fall
in hemoglobin concentration of 20 g/l or more, or
a transfusion of 2 or more units of packed red
blood cells or whole blood. There were no differ-
ences in the rates of major and nonmajor clini-
cally relevant bleeding between rivaroxaban
(14.91%) and warfarin (14.52%) (p =0.442).

Secondary prevention of cardiac events in
acute coronary syndrome patients

The safety and efficacy of rivaroxaban in patients
after an ACS was initially assessed in the ATLAS
ACS-TIMI 46 clinical trial [Mega ez al. 2009]. In
this dose-ranging study the primary efficacy end-
point was death, myocardial infarction (MI),
stroke, or severe recurrent ischemia requiring
revascularization. Rivaroxaban total daily doses
ranged from 5 to 20mg. Rivaroxaban therapy
was associated with a trend towards a reduction
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Table 4. Pharmacokinetic features of drugs in development.

Parameter Edoxaban Betrixaban LY517717 YM150 TAK-442
Target Direct Factor Direct Factor Direct Factor Xa Direct Factor Direct Factor
Xa Inhibitor Xa Inhibitor Inhibitor Xa Inhibitor Xa Inhibitor
Prodrug No No No No No
Dosing Oral once or Oral twice 5—20 mg daily Not reported 20—160 mg
twice daily daily
Bioavailability (%) 50% 47% 82% 25-82% Not reported
Food Effects Low potential Not reported Not reported Not reported Not reported
Half-life (hours) 9—11 hours 19 hours 25 hours Not reported Not reported
Renal excretion (%] 35% 5—10% Gastrointestinal Not reported Not reported
Coagulation Monitoring None None None None Not reported
Antidote None None None None Not reported
Interactions Potent CYP3A4 Not reported Not reported Not reported Not reported
Inhibitors**

**Cytochrome (CYP) P450 3A4 inhibitors include but are not limited to: ketoconazole, macrolide antibiotics, and protease inhibitors.
ACS, acute coronary syndrome; AF, atrial fibrillation; BID, twice daily; CV, cardiovascular; DVT, deep vein thrombosis; INR, international normal-
ized ratio; MI, myocardial infarction; PE, pulmonary embolism; QD, once daily; VTE, venous thromboembolism.

in the composite efficacy endpoint supporting the
hypothesis that oral anticoagulant therapy may be
beneficial in the long-term management of ACS
patients. The 2.5 and 5 mg twice-daily rivaroxa-
ban dosing regimens emerged as the more favor-
able dosing regimens to combine with aspirin or
aspirin and a thienopyridine.

Apixaban

Apixaban is a potent oral, reversible, direct factor
Xa inhibitor. Apixaban inhibits both free and
clot-bound factor Xa without significantly affect-
ing platelet aggregation [Ufer er al. 2010; Wong
et al. 2008]. Apixaban is a follow-up compound
to razaxaban but with a more favorable safety
profile.

Pharmacokinetics

Apixaban has a rapid onset of action with peak
plasma concentrations occurring within 30 min-
utes to 2 hours of ingestion (Table 1) [Raghavan
et al. 2009]. Approximately 66% of an oral apix-
aban dose is bioavailable. Apixaban is eliminated
in a biphasic manner, with approximately 30% of
an oral dose excreted in the urine with the
remaining 70% excreted in the feces.
Consequently, apixaban has a half-life of 8—15
hours. Plasma steady state is typically reached
within 3 days of oral dosing. Apixaban’s pharma-
cokinetics are not significantly affected by
co-administration with digoxin [Frost ez al. 2007].

Adverse events reported with apixaban in ortho-
pedic patients include nausea, vomiting, and

constipation. Adverse events reported with apix-
aban in atrial fibrillation patients include cardiac
arrhythmias, heart failure, gastrointestinal, and
respiratory disorders. There have been no
reported organ toxicities or liver function test
abnormalities associated with its use. Currently,
there is no antidote available to reverse the effects
of apixaban.

Clinical evidence

Apixaban has been evaluated in thromboprophy-
laxis following orthopedic surgery, secondary
prevention of VTE, ACS, and stroke prevention
in atrial fibrillation (Table 5).

Prophylaxis of venous thromboembolism

The APROPOS trial investigated apixaban
dosing for VTE prophylaxis following total knee
replacement surgery [Lassen ez al. 2007].
APROPOS was a multicenter trial evaluating
once-daily and twice-daily apixaban dosing
(5, 10, or 20mg total daily doses) compared
with enoxaparin (30 mg twice daily) or open-
label warfarin (titrated to an INR of 1.8—3.0).
Both apixaban and enoxaparin were given
12—24 hours after surgery, while warfarin was
given the night of surgery. The primary efficacy
endpoint was the incidence of total VTE and
all-cause mortality, with VTE detected using
bilateral venography. In apixaban-treated
patients, the primary efficacy outcome was not
statistically different from those treated with
enoxaparin or warfarin. The primary safety end-
point, major bleeding, was rare and ranged from
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0.0% to 3.3% in the apixaban groups. The
authors concluded that apixaban 2.5mg twice
daily 12—24 hours after surgery offered the
most promising benefit—risk profile to move for-
ward into phase III trials.

ADVANCE-1, ADVANCE-2, and ADVANCE-3
were double-blind clinical trials evaluating apix-
aban for VTE prophylaxis in orthopedic surgery
patients [Lassen et al. 2010a, 2010b, 2009]
(Table 5). In ADVANCE-1 patients received
either apixaban 2.5 mg twice daily or enoxaparin
30mg twice daily over 10—14 days with both
drugs initiated 12—24 hours after total knee
replacement surgery. In the ADVANCE-2 trial
apixaban 2.5mg twice daily 12—24 hours after
wound closure was compared with enoxaparin
40 mg initiated 12 hours before surgery and con-
tinuing once daily for 10—14 days after total knee
replacement surgery. In ADVANCE-3 patients
requiring thromboprophylaxis after hip replace-
ment surgery received either apixaban 2.5mg
twice daily or enoxaparin 40 mg once daily, initi-
ated 12 hours before surgery, for 35 days.

In these trials the primary efficacy outcome was a
composite of asymptomatic and symptomatic
VTE or all-cause death. Clinically suspected
DVT was detected using ultrasonography or
venography. Asymptomatic DVT was assessed
using bilateral venography. PE was detected
using ventilation—perfusion scanning, spiral com-
puted tomography, or pulmonary angiography.
The primary safety outcome was the composite
of major bleeding and clinically relevant nonma-
jor bleeding. Major bleeding was defined as clin-
ically overt bleeding with a decrease in
hemoglobin of 20 g/l or more, requiring a trans-
fusion of 2 or more units of packed red cells,
occurring in a critical site, into an operated
joint, intramu