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Abstract

Anticoagulants are recommended for the prevention and treatment of venous thromboembolism (VTE),
prevention of stroke in patients with atrial fibrillation (AF) and secondary prevention in patients with acute
coronary syndrome (ACS). There is a clinical need for novel anticoagulants offering improvements over cur-
rent standard of care, such as fixed oral dosing and no need for routine monitoring. Rivaroxaban, an oral,
once-daily, direct Factor Xa inhibitor, has recently completed the RECORD phase Ill programme for the
prevention of VTE in patients undergoing total hip or knee replacement (THR or TKR), an indication for
which it is approved in Europe and Canada. It is being investigated in large-scale phase Il studies for VTE
treatment and prevention of stroke in patients with AF, and phase Il studies will soon commence for sec-
ondary prevention in patients with ACS. Phase | studies demonstrated that no routine anticoagulation mon-
itoring was required, while phase Il studies suggested that fixed daily doses had a wide therapeutic
window. The four RECORD studies consistently showed that rivaroxaban was significantly more effective
than enoxaparin in the prevention of VTE after THR and TKR, with a similar safety profile. This review
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describes the development of this novel anticoagulant, from bench to bedside.
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Anticoagulants are recommended for a broad spectrum
of indications, including the prevention and treatment of
venous thromboembolism (VTE; comprising deep vein
thrombosis [DVT] and pulmonary embolism [PE]) (1, 2),
the prevention of stroke in patients with atrial fibrillation
(AF) (3) and secondary prevention in patients with acute
coronary syndrome (ACS) (4).

Without prophylaxis, DVT occurs in 10-40% of gen-
eral surgical or medical patients (1). Patients undergoing
major orthopedic surgery are at a higher risk; without
prophylaxis, 40-60% of these patients develop DVT (1).
Guidelines for VTE prevention recommend the routine
use of thromboprophylaxis with low molecular weight
heparins (LMWHs), fondaparinux or vitamin K antago-
nists (VKAs) for patients undergoing major orthopedic
surgery; however, the oral VKAs are rarely used for this
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indication in Europe (1, 5). ACCP guidelines currently
recommend that thromboprophylaxis be continued for at
least 10 d, and up to 35 d after total knee replacement
(TKR) and total hip replacement (THR) (1). LMWHs
and fondaparinux are effective; however, their long-term
use is limited by their parenteral route of administration.

Atrial fibrillation is the most common significant car-
diac arrhythmia; it predisposes patients to the develop-
ment of atrial thrombi and is associated with a four to
fivefold increase in the risk of stroke as a result of car-
dioembolism (6-9). Anticoagulants are recommended in
patients with these conditions and, due to the nature of
these conditions, long-term therapy is required (9). ACS
comprises three cardiac diseases: unstable angina, non-
ST-elevated myocardial infarction, and ST-elevated myo-
cardial infarction. The underlying cause of ACS is pla-
que rupture followed by thrombosis in the coronary
arteries and, because many patients remain at high risk
of recurrent events, they therefore require secondary pre-
ventative therapy (10). Therefore, an oral anticoagulant
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would be advantageous in these indications. VK As are the
only licensed oral anticoagulants and, although they are
effective, they have unpredictable pharmacokinetics (PK)
and pharmacodynamics (PD), which are affected by drug
and food interactions. As a result, VK As require frequent
monitoring and dose adjustment to ensure that their anti-
coagulant effects remain within the therapeutic range.

Advances in the understanding of the coagulation
pathway have enabled the development of novel antico-
agulants targeting specific enzymes within the coagula-
tion cascade, including Factor Xa (FXa) and Factor Ila.
FXa has been identified as a particularly attractive target
for effective anticoagulation: by catalyzing the conver-
sion of prothrombin to thrombin through the prothrom-
binase complex, one molecule of FXa results in the
generation of more than 1000 thrombin molecules (11).
Therefore, inhibition of FXa activity may block the
amplification of thrombin generation, limiting thrombin-
mediated activation of coagulation and platelets, without
affecting existing thrombin levels.

Several FXa inhibitors, such as rivaroxaban, apixaban,
betrixaban and edoxaban, are currently at advanced
stages of development. Rivaroxaban (Bayer Healthcare
AG, Wuppertal, Germany) is a novel, oral, direct FXa
inhibitor in advanced development for the prevention
and treatment of thromboembolic disorders. Rivarox-
aban once-daily (od) has recently received approval in
the European Union and in Canada for the prevention
of VTE in patients undergoing elective total hip or knee
replacement (THR or TKR) surgery. This article will
review the results of the clinical studies performed to
date and summarize the lessons obtained from this broad
development programme.

Clinical pharmacology

Rivaroxaban exhibits predictable, dose-proportional PK,
with high oral bioavailability and a rapid onset of action
(maximum plasma concentrations are reached after 1.5—
2.0 h) (12). Elimination of rivaroxaban from plasma
occurs with terminal half-lives of 5-9 h in young individ-
uals, and with terminal half-lives of 12-13 h in subjects
aged >75 yrs (13-15). Pharmacodynamic activity corre-
lates closely with plasma concentrations (12).

Rivaroxaban is distributed heterogeneously to tissues
and organs, and exhibits only moderate tissue affinity;
importantly, it does not substantially penetrate the
blood—brain barrier (16). The drug has a dual mode of
elimination: two-thirds are metabolized by the liver
(mostly via CYP3A4 and CYP2J2), with no major or
active circulating metabolites identified, and one-third is
excreted unchanged by the kidneys (17-19).

Results of phase I studies showed that body weight,
age, and gender did not have a clinically relevant effect on
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the PK and PD of rivaroxaban (14, 15, 20); therefore, it is
likely that fixed doses of rivaroxaban can be administered
to patients, irrespective of their weight, age, or gender.
This was supported by the phase II studies investigating
rivaroxaban for the prevention and treatment of VTE and
the PK and PD analyses of these studies (21-28). Further-
more, phase III studies are investigating fixed doses of riv-
aroxaban. Rivaroxaban demonstrated a low propensity
for drug-drug interactions; results of interaction studies
have shown no clinically relevant interaction between riv-
aroxaban and potential concomitant medications in
patients receiving anticoagulants for the prevention or
treatment of thromboembolic disorders, i.e. naproxen
(29), acetylsalicylic acid (30), clopidogrel (31), or digoxin
(32). Furthermore, there are no reported food—drug inter-
actions and dietary restrictions are not necessary in
patients receiving rivaroxaban (33). Because rivaroxaban
has predictable PK and PD and a low propensity for drug
interactions, it is unlikely to require monitoring.

As a result of inhibiting FXa, rivaroxaban inhibits
thrombin generation (34), thereby preventing clot forma-
tion (35). This mechanism of action results in the dose-
dependent prolongation of global clotting tests, such as
prothrombin time (PT), activated partial thromboplastin
time, and HepTest, with rivaroxaban (12, 13). Further-
more, there was a linear correlation between rivaroxaban
plasma concentration and PT measured using Neopla-
stin® (13, 36), suggesting that PT may be used to assess
rivaroxaban exposure, if this was necessary.

While there is no specific antidote to reverse the effects
of rivaroxaban, in vitro and in vivo studies suggest that
recombinant Factor VIla (rFVIIa; NovoSeven®) and
activated prothrombin complex concentrate (FEIBA®)
may reverse the effects of high-dose rivaroxaban (37-39).
If strategies such as delaying the next dose of rivarox-
aban or discontinuation, mechanical compression, surgi-
cal intervention, fluid replacement and haemodynamic
support, blood product, or component transfusion fail to
control bleeding, administration of rFVIIa or FEIBA
may be considered. However, it is important to note that
there is currently no experience with the use of these
agents in patients receiving rivaroxaban, and re-dosing
of these procoagulants should be considered depending
on improvement of the patient’s bleeding status.

Prevention of VTE in patients undergoing elec-
tive THR and TKR surgery

Phase Il studies

The efficacy and safety of rivaroxaban for the prevention
of VTE in patients undergoing elective THR and TKR
surgery were evaluated in four phase II studies involving
2907 patients (23-25, 28). Both od and twice-daily (bid)
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dosing regimens were investigated in these studies. A
similar study design was utilized for each study, includ-
ing the same assessment parameters and endpoints,
enabling comparison of the findings across the different
studies. All events were assessed centrally by the same
blinded adjudication committees. All venograms were
evaluated by the Gothenburg Center, Sweden.
Mandatory, standardized, bilateral venography was car-
ried out 5-9 d after surgery in the open-label study and in
the studies investigating bid administration of rivaroxaban,
or 6-10 d after surgery in the od study, or earlier if symp-
tomatic. The primary efficacy endpoint in each study was
the composite of any DVT (proximal or distal), non-fatal,
objectively confirmed PE, and all-cause mortality. The sec-
ondary efficacy endpoints included major VTE (composite
of proximal DVT, non-fatal, symptomatic, objectively con-
firmed PE, and VTE-related death). The primary safety
endpoint was major bleeding, defined as fatal bleeding,
bleeding into a critical organ (retroperitoneal, intracranial,
intraocular, or intraspinal), bleeding leading to re-opera-
tion, bleeding warranting treatment cessation, clinically
overt bleeding leading to a =2 g/dL drop in hemoglobin,
or bleeding leading to a transfusion of >2 units of blood.

Open-label study - THR

This proof-of-principle, open-label, dose-escalation study
was designed to investigate the efficacy and safety of riv-
aroxaban, relative to enoxaparin, for VTE prevention in
patients undergoing THR (25). A total of 641 patients
were randomized to receive oral rivaroxaban (2.5-30 mg
bid, or 30 mg od) or subcutaneous enoxaparin (40 mg
od); rivaroxaban was initiated 6-8 h after surgery and
then every 12 h (bid regimens) or 24 h (od regimen).
Enoxaparin was first administered the evening before
surgery and od thereafter, according to standard Euro-
pean practice. Administration of study drug was contin-
ued for 5-9 d after surgery.

The primary efficacy endpoint occurred with similar
frequency for rivaroxaban and enoxaparin. There was a
flat dose-response relationship between rivaroxaban and
the primary endpoint. For the secondary efficacy end-
point (major VTE), the dose-response relationship with
rivaroxaban was significant (P = 0.0108), with increas-
ing doses resulting in a reduced incidence of major VTE.
With respect to safety, major bleeding increased dose
dependently with rivaroxaban and the dose-response
relationship was significant (P = 0.0008).

The results from this study demonstrated proof of
principle for rivaroxaban for the prevention of VTE in
patients undergoing elective THR and TKR surgery,
supporting its continued assessment in double-blind stud-
ies. These findings also provided the first evidence of the
feasibility of od dosing with rivaroxaban.
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Twice-daily dosing studies - THR or TKR

Following the proof-of-principle study, two separate
double-blind, double-dummy, dose-ranging studies were
conducted to assess the efficacy and safety of bid admin-
istration of a 12-fold range of rivaroxaban doses (2.5, 5,
10, 20, or 30 mg bid) relative to enoxaparin (24, 28). A
total of 722 patients undergoing THR were randomized
into one study in Europe (24), and 621 patients undergo-
ing TKR were randomized into a separate study in
North America (28). Rivaroxaban was initiated 6-8 h
after surgery and continued for 5-9 d. Enoxaparin was
administered according to European or North American
prescribing information: in the European hip study,
patients received enoxaparin 40 mg od, with the first
dose given the evening before surgery; in the North
American knee study, enoxaparin 30 mg bid was admin-
istered every 12 h, with the first dose given the morning
after surgery.

There was a flat dose-response relationship for riva-
roxaban with respect to the primary efficacy endpoint in
the hip (P = 0.93) and knee studies (P = 0.29). In the
hip study, the incidence of the primary endpoint ranged
between 6.9% and 18.2% for rivaroxaban, which was
similar to that observed with enoxaparin (17%). The
incidence of the primary efficacy endpoint was also simi-
lar between rivaroxaban and enoxaparin in the knee
study (23.3-40.4% for rivaroxaban and 44.3% for enox-
aparin). Differences in the incidence of the primary end-
point between the hip and knee studies are in line with
previous studies showing a higher rate of venographically
detected DVT in TKR compared with THR (40). The
incidence of major VTE was similar for all rivaroxaban
doses and enoxaparin in both studies. For the primary
efficacy endpoint, a flat dose-response relationship was
observed between rivaroxaban and major VTE. The
safety profile of rivaroxaban was consistent across the
two studies. For rivaroxaban total daily doses 5-20 mg,
the incidence of major bleeding events was similar to
enoxaparin. As expected, a dose—response relationship
was observed for major bleeding events (P = 0.045 and
P = 0.0007 in the hip and knee studies, respectively).

The findings from these two studies suggested that riv-
aroxaban has a wide therapeutic window, which may
indicate a favorable risk—benefit profile. Balancing effi-
cacy and bleeding risk, it was concluded from these stud-
ies that the optimal dose range was a total daily dose of
5-20 mg.

Pooled analysis

The two double-blind studies were designed to allow the
results to be pooled and analyzed based on a larger pop-
ulation size, and to determine if any differences in the
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results existed between the efficacy and safety of rivarox-
aban in patients undergoing elective THR or TKR. The
results of this study demonstrated that there were no sig-
nificant differences between the dose-response relation-
ships with rivaroxaban after THR or TKR: there was no
significant dose trend for the primary efficacy endpoint
(P = 0.39), whereas there was a significant dose trend
for the primary safety endpoint (P < 0.001) (41). This
study also confirmed that, based on both efficacy and
safety, a total daily dose of 5-20 mg was the optimal
dose range.

Once-daily dosing study - THR

Earlier studies showed that rivaroxaban inhibited FXa
activity for around 12 h after administration (13);
therefore, bid administration was investigated initially.
However, it was subsequently found that thrombin gen-
eration remained inhibited for 24 h after rivaroxaban
administration, suggesting that od administration would
be possible (34). This was supported by the efficacy
and safety of the 30 mg od dose in the open-label
study. Therefore, this study was conducted to determine
the efficacy and safety of od dosing of rivaroxaban
across an eightfold dose range (540 mg) (23). Rivarox-
aban was administered 6-8 h after surgery and then
every 24 h. Enoxaparin was first administered the even-
ing before surgery, and od thereafter. Administration
was continued for 5-9 d after surgery for rivaroxaban
and enoxaparin.

The incidence of the primary efficacy endpoint was
similar between rivaroxaban (across the eightfold dose
range) and enoxaparin. Although there was a tendency
towards a lower incidence of the primary efficacy end-
point with increasing doses of rivaroxaban, the trend
was not significant (P = 0.0852). These results were sim-
ilar to those obtained in the bid studies (24), indicating
similar efficacy with od dosing of rivaroxaban. The
observed incidence of major VTE was lower in all riva-
roxaban dose groups compared with enoxaparin, except
for the rivaroxaban 5 mg dose group. A dose-response
relationship was observed between rivaroxaban and
major VTE (P = 0.0072). For the primary safety end-
point, the two lower doses of rivaroxaban (5 and 10 mg)
showed a similarly low rate of major bleeding compared
with enoxaparin (2.3% and 0.7%, respectively, relative
to 1.9%). There was a significant trend in the dose—
response relationship between rivaroxaban and major
bleeding (P = 0.039). Safety endpoints were similar to
those observed in the bid studies (24).

When both efficacy and safety were considered, it was
concluded that the optimum dose of rivaroxaban for
VTE prevention was 10 mg od, a dose within the range
identified in the bid studies (Fig. 1) (23).
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Figure 1 Dose-response relationships between rivaroxaban and the
primary efficacy endpoint and the primary safety endpoint in the od
study investigating rivaroxaban for the prevention of VTE after major
orthopedic surgery (23).

Adverse events and laboratory parameters

In all of the studies, the incidence of serious treatment-
emergent adverse events considered to be drug-related
was similar for rivaroxaban and enoxaparin, and no dose
arm was stopped because of safety concerns. There was
no evidence of compromised liver function attributable
to rivaroxaban in these studies, and the results of the
liver function tests were similar to those obtained with
enoxaparin. The incidence of liver enzyme elevations was
not dose-related for rivaroxaban, and any elevations
observed were transient (23-25, 28).

PK and PD analyses

Rivaroxaban demonstrated predictable PK and PD in
patients undergoing major orthopedic surgery (27). Age,
body weight, and renal function had a moderate effect
on rivaroxaban exposure; however, the effect was not
considered clinically relevant (27). Furthermore, a sub-
group analysis of the two bid studies and the dose-esca-
lation study showed that the dose-response relationships
with rivaroxaban for efficacy and safety were not
affected by age, gender or weight (42).

As a result, phase III studies investigating rivaroxaban
for the prevention of VTE in patients undergoing major
orthopedic surgery have enrolled patients with no upper
age limit and those with mild or moderate hepatic
impairment. Furthermore, fixed doses of rivaroxaban are
being investigated, irrespective of body weight, age or
gender.

The phase lll RECORD program

Based on the results from the phase II studies, rivarox-
aban 10 mg od was selected to be investigated in the
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rivaroxaban for the primary efficacy endpoint was dem-
onstrated in all four studies. Rivaroxaban also showed a
good safety profile, with low incidence of major bleeding
similar to that observed with enoxaparin, and no evi-
dence of drug-induced liver injury.

Prevention of VTE in medically ill patients

A phase III study has also been initiated to investigate
the efficacy and safety of prophylaxis with rivaroxaban
10 mg od (for up to 5 wks), compared with short-term
enoxaparin, in hospitalized, medically ill patients (http://
www.clinicaltrials.gov; NCT00571649).

Treatment of VTE

Phase Il studies

The efficacy and safety of rivaroxaban for the treatment
of VTE were assessed in two phase IIb studies: ODIXa-
DVT (21) and EINSTEIN-DVT (22) (Table 2). In both
studies, patients with acute, symptomatic, objectively
confirmed, proximal DVT without symptomatic PE
received double-blind rivaroxaban or open-label standard
therapy (LMWH/heparin and a VKA) for 3 months.

ODIXa-DVT

In the ODIXa-DVT study, rivaroxaban 10, 20 or 30 mg
bid, or 40 mg od doses were assessed relative to stan-
dard therapy (i.e. enoxaparin 1 mg/kg bid followed by
a VKA) (21). The primary efficacy endpoint was
reduced thrombus burden on day 21 (assessed by quan-
titative compression ultrasonography; >4-point improve-
ment in thrombus score) without recurrent VTE or
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VTE-related death. The primary efficacy endpoint was
achieved in 43.8-59.2% of patients receiving rivarox-
aban and in 45.9% of patients receiving standard ther-
apy. The incidence of the primary safety endpoint
(major bleeding) was 1.7-3.3% in the rivaroxaban
groups; there were no events in the standard therapy
group. It was concluded that, over a wide range of
doses, the oral, direct FXa inhibitor demonstrated good
efficacy and safety for the treatment of acute symptom-
atic DVT. This was the first phase II trial to use quanti-
tative compression ultrasonography to demonstrate
reduced thrombosis burden after initial course of ther-
apy with a new anticoagulant.

EINSTEIN-DVT

In the EINSTEIN-DVT study, rivaroxaban 20, 30 or
40 mg od were assessed relative to standard therapy (22).
The primary efficacy endpoint was the composite of
symptomatic, recurrent VTE and deterioration of throm-
botic burden, as assessed by compression ultrasound and
perfusion lung scan, at 3 months.

The primary efficacy endpoint occurred in 5.4-6.6% of
patients receiving rivaroxaban vs. 9.9% in the standard
therapy group. The primary safety endpoint (any clini-
cally relevant bleeding) occurred in 2.9-7.5% of patients
receiving rivaroxaban vs. 8.8% in the standard therapy
group. Major bleeding occurred in 0-1.5% of patients
receiving rivaroxaban vs. 1.5% of patients receiving
standard therapy.

Overall, the results of this study demonstrated that
rivaroxaban 20-40 mg od had good efficacy and safety for
the treatment of acute symptomatic DVT. This study, in
which deterioration of thrombus burden was a component

Table 2 Efficacy and safety results of the ODIXa-DVT and EINSTEIN-DVT studies (21, 22)

Rivaroxaban

10 mg bid 20 mg bid 30 mg bid 40 mg od Enoxaparin + VKA
ODIXa-DVT study (n =100) (n=98) (n=109) (n=112) (n=109)
Improvement in thrombus burden 53.0 59.2 56.9 43.8 45.9
without recurrent VTE at 3 wks, %
Recurrent DVT, PE, and VTE-related 2 (1.9) 2 (2.0) 2(1.8) 3(2.6) 1(0.9)
death at 3 months, n (%)
Major bleeding, n (%) 2(1.7) 2(1.7) 4 (3.3) 2(1.7) 0 (0.0
Rivaroxaban
20 mg od 30 mg od 40 mg od LMWH/heparin + VKA
EINSTEIN-DVT study (n=115) (n=112) (n=121) (n=101)
Recurrent VTE and thrombus 7 (6.1) 6 (5.4) 8 (6.6) 10 (9.9)
deterioration at 3 months, n (%)
Major bleeding, n (%) 1(0.7) 2 (1.5) 0 (0.0) 2 (1.5)

bid, twice daily; DVT, deep vein thrombosis; LMWH, low molecular weight heparin; od, once daily; PE, pulmonary embolism; VKA, vitamin K

antagonist; VTE, venous thromboembolism.
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of the primary endpoint assessment at 3 months, comple-
ments the findings of the ODIXa-DVT trial.

Adverse events

In both studies, there was no evidence of compromised
liver function attributable to rivaroxaban during the
3 months of treatment. Increases in liver enzyme levels
were not dose dependent for rivaroxaban, and any
increases were transient. In the ODIXa-DVT study, riva-
roxaban was stopped prematurely in three patients (21).
Two patients had early (on the day, or on the day after,
initiation of treatment) elevations of ALT and aspartate
aminotransferase levels, which returned to levels below
the ULN after treatment was stopped. In the third
patient, rivaroxaban was stopped after 23 d, when hepa-
titis B with seroconversion was diagnosed; the patient
died of acute liver failure, mostly due to fatal hepatitis B
infection, 48 d after starting treatment (21).

PK and PD analyses

Predictable PK and PD were demonstrated in patients
receiving rivaroxaban for the treatment of DVT (27).
Furthermore, the PK and PD were similar with od and
bid dosing, suggesting that od dosing would not increase
either the risk of bleeding or thrombus growth, com-
pared with bid dosing. Demographic factors such as age,
renal function and body weight had only moderate
effects on the PK and PD, suggesting that fixed doses of
rivaroxaban can be administered to patients. This was
consistent with findings in both healthy subjects and
patients undergoing major orthopedic surgery.

Phase lll dose and regimen selection

In the ODIXa-DVT study, improvement in complete
compression ultrasound without recurrent VTE was
achieved in 43.8% of patients receiving rivaroxaban
40 mg od and 53.0-59.2% of those receiving the drug
bid. These results suggested that the bid regimen could
be more effective for thrombus regression at 3 wks (21).
At 3 months, the od and bid regimens performed simi-
larly. Therefore, an initial intensified bid regimen (riva-
roxaban 15 mg bid for 3 wks) followed by convenient,
long-term 20 mg od was selected for investigation in
phase IIT studies.

The phase Il EINSTEIN studies

The efficacy and safety of rivaroxaban for the treatment
of VTE are being further assessed in three phase III
studies involving approximately 7500 patients — EIN-
STEIN-DVT, EINSTEIN-PE and EINSTEIN-EXTEN-
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SION  (http://www.clinicaltrials.gov;
NCT00439777, and NCT00439725).

EINSTEIN-DVT and EINSTEIN-PE are multicenter,
randomized, open-label studies. Patients with confirmed
symptomatic DVT (for the DVT study) or PE (for the
PE study) are randomized to receive either standard ther-
apy (enoxaparin, followed by a VKA) or rivaroxaban.
Rivaroxaban is being administered at 15 mg bid for the
first 3 wks of treatment, after which patients will receive
a dose of 20 mg od for a predefined treatment period of
3, 6 or 12 months.

The EINSTEIN-EXTENSION study is recruiting
patients who have been treated for 6 or 12 months with
rivaroxaban or a VKA. These patients will be random-
ized to receive double-blind rivaroxaban 20 mg od or
placebo for a further 6 or 12 months.

NCT00440193,

Prevention of stroke in patients with AF

The phase II studies investigating the efficacy and safety
of rivaroxaban for the treatment of VTE were also used
to select 20 mg od for investigation in phase III studies
for the prevention of stroke in AF (Table 3).

Rivaroxaban 20 mg od is being compared with warfa-
rin for the prevention of stroke in approximately 14 000
patients with AF in the Rivaroxaban Once daily oral
direct FXa inhibition Compared with vitamin K antago-
nism for prevention of stroke and Embolism Trial in
Atrial Fibrillation (ROCKET AF) study. Patients with
moderate renal impairment (creatinine clearance 30—
49 mL/min) will receive a fixed dose of 15 mg od (http://
www.clinicaltrials.gov; NCT00403767).

A separate study, the J-ROCKET AF study, is also
being conducted in Japan, with rivaroxaban 15 mg od
(10 mg od for patients with moderate renal impairment)
being compared with warfarin (http://www.clinicaltri-
als.gov; NCT00494871).

Secondary prevention in patients with ACS

A phase IIb study investigating the use of rivaroxaban in
patients with ACS has recently been completed. The
Anti-Xa Therapy to Lower cardiovascular events in
Addition to aspirin with/without thienopyridine therapy
in Subjects with Acute Coronary Syndrome [ATLAS
ACS (TIMI 46)] study assessed safety and efficacy in
approximately 3500 patients with recent, non-ST-elevated
myocardial infarction, ST-elevated myocardial infarction,
or unstable angina. All patients received standard anti-
platelet therapy of low-dose ASA, and a thienopyridine
(such as clopidogrel) at the physician’s discretion.
Patients were then randomized to additionally receive
either rivaroxaban or a placebo for six months. Escalat-
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Table 3 The clinical development programme for rivaroxaban
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Trial Indication

Trial design Notes

Phase Il RECORD VTE prevention in patients
undergoing major orthopedic

surgery

Phase Il MAGELLAN VTE prevention in the
medically ill
Prevention of stroke in

patients with atrial fibrillation

Phase Il ROCKET AF

Phase Il EINSTEIN VTE treatment

Phase Il ATLAS 2 TIMI 51 Secondary prevention of fatal
and non-fatal cardiovascular
events in patients with acute
coronary syndrome (ACS)

>11 000 patients

Hip replacement or knee
replacement

vs. standard therapy
(enoxaparin)

vs. standard therapy
(enoxaparin)

~14 000 patients

Non-inferiority vs. standard
therapy (warfarin)

~7500 patients

vs. standard therapy

16 000 patients

In addition to standard therapy

Approved in EU and Canada; US
NDA filed in July 2008

Regulatory filing expected in 2010

Regulatory filing expected in 2010

Regulatory filing expected in 2012

ing total daily doses of rivaroxaban, ranging from 5 mg
up to 20 mg (eight dosing regimens in total), were
administered od or bid. Safety was evaluated by measur-
ing clinically significant bleeding, defined as a composite
of TIMI major bleeding, TIMI minor bleeding and any
reported bleeding event requiring medical attention. As
expected, patients in the rivaroxaban regimens had
higher rates of bleeding vs. placebo when administered in
combination with antiplatelet therapy. However, no
study arm was halted due to increased bleeding. No evi-
dence of drug-induced liver injury was seen. Although
the study was not powered to demonstrate significance in
the composite efficacy endpoint of death, myocardial
infarction, stroke or severe recurrent ischemia requiring
revascularization, a definite trend towards reduction in
cardiovascular events was also observed (47). Two doses
of rivaroxaban, 2.5 and 5 mg bid, have been identified
that will be investigated in a phase III study, ATLAS 2
TIMI 51. This study is expected to enroll up to 16 000
patients, commencing in December 2008 (Table 3).

Discussion

Rivaroxaban is a novel, oral, direct FXa inhibitor in
advanced clinical development for the prevention and
treatment of thromboembolic disorders. The drug has
undergone extensive evaluation in phase II studies for
the prevention and treatment of VTE. These studies sug-
gested that rivaroxaban had a wide therapeutic window,
with similar efficacy and safety to standard therapy.
Rivaroxaban is currently being investigated in large-
scale phase III studies in two indications, treatment of
VTE and prevention of stroke in patients with AF, with
phase IIT studies to be started soon for another indication,
secondary prevention in patients with ACS. Results from
all four phase III studies investigating rivaroxaban once
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daily for prevention of VTE after elective THR and TKR
surgery are now available. In RECORDI and
RECORD3, the drug was significantly more effective than
enoxaparin for the prevention of VTE in patients under-
going THR and TKR, respectively. In RECORD2,
extended prophylaxis with rivaroxaban demonstrated
superior efficacy to short-term prophylaxis with enoxapa-
rin in patients undergoing THR. In RECORDA4, rivarox-
aban was superior to the North American regimen of
enoxaparin for the primary efficacy endpoint. Impor-
tantly, safety was not compromised: rivaroxaban was not
associated with a statistically significant increased risk of
major bleeding in all four phase III studies. The
RECORD trial programme confirms that direct FXa inhi-
bition can significantly reduce the burden of VTE in high-
risk orthopedic patients, and oral administration has the
potential to increase the uptake of postdischarge prophy-
laxis in patients undergoing THR, thereby facilitating the
implementation of guidelines in clinical practice.

Although rFVIIa or FEIBA may reverse the effects of
high-dose rivaroxaban in case of over-anticoagulation or
in patients needing emergency surgery (37-39), there is
currently no experience with the use of these agents in
patients receiving rivaroxaban, which could constitute a
drawback to the use of this drug.

The terminal half-life of rivaroxaban is prolonged in
subjects over 75-yr old compared with younger subjects.
However, analyses of the pharmacokinetics of rivarox-
aban in patients participating in phase II studies demon-
strated that age influenced the pharmacokinetics of the
drug, but that the effects were minor and within expecta-
tions (26, 27).

Although two-thirds of rivaroxaban are metabolized
via the cytochrome P (CYP)450 (mostly CYP3A4 and
CYP2J2), (19) the risk of observing clinically relevant
drug—drug interactions with rivaroxaban through inhibi-
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tion or induction of CYP1A2, CYP3A4 and other CYP
isoforms is considered to be low,(Unpublished results)
and only strong CYP3A4 inhibitors, given at doses
resulting in high maximum plasma concentrations, have
an effect on the metabolism of rivaroxaban and might
lead to a decrease in renal clearance (19).

Other oral anticoagulants, both direct thrombin inhibi-
tors (DTIs) and direct FXa inhibitors, are currently at
advanced stages of development. Of these new agents,
the direct thrombin inhibitors dabigatran and AZD0837,
and the direct FXa inhibitors YM150, betrixaban, edoxa-
ban and apixaban are the most promising. Dabigatran
has also been approved in the EU and Canada for the
prevention of VTE in adult patients who have undergone
elective THR or TKR. Dabigatran is also undergoing
phase IIT studies for the treatment of VTE, and for
stroke prevention in AF. Among the FXa inhibitors,
apixaban is currently undergoing phase III studies for
the prevention and treatment of VTE, as well as for
stroke prevention in patients with AF.

As well as demonstrating efficacy and safety in the
prevention of VTE after elective hip and knee replace-
ment surgery, the drug is administered orally, once daily,
and does not require routine anticoagulation monitoring
because of its predictable PK/PD profile. As a result, riv-
aroxaban has the potential to be an attractive alternative
to current anticoagulants, providing effective and well-
tolerated anticoagulation in a convenient manner, from
hospital to home.

Acknowledgements

The author would like to acknowledge Caroline Mas-
terman and Carole Mongin-Bulewski, who provided edito-
rial assistance with funding from Bayer HealthCare AG.

References

1. Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of
venous thromboembolism: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines
(8th edn). Chest 2008;133:381S-453S.

2. Kearon C, Kahn SR, Agnelli G, et al. Antithrombotic
therapy for venous thromboembolic disease: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th edn). Chest 2008;133:454S—
5458S.

3. Singer DE, Albers GW, Dalen JE, et al. Antithrombotic
therapy in atrial fibrillation: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines
(8th edn). Chest 2008;133:546S-92S.

4. Harrington RA, Becker RC, Cannon CP, et al. Anti-
thrombotic therapy for non-ST-segment elevation acute
coronary syndromes: American College of Chest Physi-

© 2009 The Author
Journal compilation 82 (339-349) © 2009 Blackwell Munksgaard

11.

12.

13.

14.

15.

Clinical progress of rivaroxaban

cians Evidence-Based Clinical Practice Guidelines (8th
edn). Chest 2008;133:670S—-707S.

. International Consensus Statement Faculty. Prevention of

venous thromboembolism. International Consensus State-
ment (Guidelines according to Scientific Evidence). Int
Angiol 1997;16:3-38.

. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as

an independent risk factor for stroke: the Framingham
Study. Stroke 1991;22:983-8.

. Risk factors for stroke and efficacy of antithrombotic

therapy in atrial fibrillation. Analysis of pooled data from
five randomized controlled trials. Arch Intern Med
1994;154:1449-57.

. Fuster V, Ryden LE, Asinger RW, et al. ACC/AHA/ESC

guidelines for the management of patients with atrial
fibrillation: executive summary. A report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines and the European Society of
Cardiology Committee for Practice Guidelines and Policy
Conferences (Committee to Develop Guidelines for the
Management of Patients with Atrial Fibrillation): devel-
oped in collaboration with the North American Society of
Pacing and Electrophysiology. J Am Coll Cardiol
2001;38:1231-66.

. Fuster V, Ryden LE, Cannom DS, et al. ACC/AHA/ESC

2006 guidelines for the management of patients with atrial
fibrillation-executive summary: a report of the American
College of Cardiology/American Heart Association Task
Force on practice guidelines and the European Society of
Cardiology Committee for Practice Guidelines (Writing
Committee to Revise the 2001 Guidelines for the Manage-
ment of Patients with Atrial Fibrillation) Developed in
collaboration with the European Heart Rhythm Associa-
tion and the Heart Rhythm Society. Eur Heart J
2006;27:1979-2030.

. Fuster V, Badimon J, Chesebro JH, Fallon JT. Plaque

rupture, thrombosis, and therapeutic implications. Haemo-
stasis 1996;26 Suppl 4:269-84.

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

Kubitza D, Becka M, Voith B, Zuehlsdorf M, Wensing
G. Safety, pharmacodynamics, and pharmacokinetics of
single doses of BAY 59-7939, an oral, direct factor Xa
inhibitor. Clin Pharmacol Ther 2005;78:412-21.

Kubitza D, Becka M, Wensing G, Voith B, Zuehlsdorf
M. Safety, pharmacodynamics, and pharmacokinetics of
BAY 59-7939 — an oral, direct Factor Xa inhibitor — after
multiple dosing in healthy male subjects. Eur J Clin Phar-
macol 2005;61:873-80.

Kubitza D, Becka M, Mueck W, Zuehlsdorf M. The effect
of extreme age, and gender, on the pharmacology and tol-
erability of rivaroxaban — an oral, direct Factor Xa inhibi-
tor. Blood 2006;108:Abstract 905.

Kubitza D, Becka M, Roth A, Mueck W. Dose-escalation
study of the pharmacokinetics and pharmacodynamics of

347



Clin

20.

21.

22.

23.

24.

25.

26.

27.

348

ical progress of rivaroxaban

rivaroxaban in healthy elderly subjects. Curr Med Res
Opin 2008;24:2757-65.

. Weinz C, Buetehorn U, Daehler HP, et al. Pharmaco-

kinetics of BAY 59-7939 — an oral, direct Factor Xa
inhibitor — in rats and dogs. Pathophysiol Haemost
Thromb 2004;33Suppl 2:Abstract PO054.

. Weinz C, Radtke M, Schmeer K, Kern A, Pleiss U.

In vitro metabolism of BAY 59-7939 — an oral, direct
Factor Xa inhibitor. Drug Metab Rev 2004; 36Suppl
1:Abstract 195.

. Weinz C, Schwartz T, Pleiss U, et al. Metabolism and

distribution of [14C] BAY 59-7939 — an oral, direct Factor
Xa inhibitor — in rat, dog and human. Drug Metab Rev
2004;36:Abstract 196.

. Xarelto® Summary of Product Characteristics. http://

www.xarelto.com/html/downloads/Xarelto_Sum-
mary_of Product Characteristics_30Sept2008.pdf 2008.
Kubitza D, Becka M, Zuehlsdorf M, Mueck W. Body
weight has limited influence on the safety, tolerability,
pharmacokinetics, or pharmacodynamics of rivaroxaban
(BAY 59-7939) in healthy subjects. J Clin Pharmacol
2007;47:218-26.

Agnelli G, Gallus A, Goldhaber SZ, et al. Treatment of
proximal deep-vein thrombosis with the oral direct Factor
Xa inhibitor rivaroxaban (BAY 59-7939): the ODIXa-
DVT (oral direct Factor Xa inhibitor BAY 59-7939 in
patients with acute symptomatic deep-vein thrombosis)
study. Circulation 2007;116:180-7.

Buller HR, Lensing AW, Prins MH, et al. A dose-ranging
study evaluating once-daily oral administration of the fac-
tor Xa inhibitor rivaroxaban in the treatment of patients
with acute symptomatic deep vein thrombosis. The EIN-
STEIN-DVT Dose-Ranging Study. Blood 2008;112:2242-7.
Eriksson BI, Borris LC, Dahl OE, et al. A once-daily,
oral, direct Factor Xa inhibitor, rivaroxaban (BAY 59-
7939), for thromboprophylaxis after total hip replacement.
Circulation 2006;114:2374-81.

Eriksson BI, Borris L, Dahl OE, et al. Oral, direct Factor
Xa inhibition with BAY 59-7939 for the prevention of
venous thromboembolism after total hip replacement. J
Thromb Haemost 2006;4:121-8.

Eriksson BI, Borris LC, Dahl OE, et al. Dose-escalation
study of rivaroxaban (BAY 59-7939) — an oral, direct
Factor Xa inhibitor — for the prevention of venous throm-
boembolism in patients undergoing total hip replacement.
Thromb Res 2007;120:685-93.

Mueck W, Eriksson BI, Bauer KA, et al. Population
pharmacokinetics and pharmacodynamics of rivaroxaban
— an oral, direct factor xa inhibitor — in patients undergo-
ing major orthopaedic surgery. Clin Pharmacokinet
2008;47:203-16.

Mueck W, Borris LC, Dahl OE, et al. Population phar-
macokinetics and pharmacodynamics of once- and twice-
daily rivaroxaban for the prevention of venous thrombo-
embolism in patients undergoing total hip replacement.
Thromb Haemost 2008;100:453-61.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Haas

Turpie AG, Fisher WD, Bauer KA, et al. BAY 59-7939:
an oral, direct factor Xa inhibitor for the prevention of
venous thromboembolism in patients after total knee
replacement. A phase II dose-ranging study. J Thromb
Haemost 2005;3:2479-86.

Kubitza D, Becka M, Mueck W, Zuehlsdorf M. Rivarox-
aban (BAY 59-7939) — an oral, direct Factor Xa inhibitor
— has no clinically relevant interaction with naproxen. Br
J Clin Pharmacol 2007;63:469-76.

Kubitza D, Becka M, Mueck W, Zuehlsdorf M. Safety,
tolerability, pharmacodynamics, and pharmacokinetics of
rivaroxaban — an oral, direct Factor Xa inhibitor — are
not affected by aspirin. J Clin Pharmacol 2006;46:981—
90.

Kubitza D, Becka M, Mueck W, Zuehlsdorf M. Co-
administration of rivaroxaban — a novel, oral, direct Fac-
tor Xa inhibitor — and clopidogrel in healthy subjects. Eur
Heart J 2007;28 Suppl 1:Abstract 189.

Kubitza D, Becka M, Zuehlsdorf M, Mueck W. No inter-
action between the novel, oral direct Factor Xa inhibitor
BAY 59-7939 and digoxin. J Clin Pharmacol
2006;46:Abstract 11.

Kubitza D, Haas S. Novel factor Xa inhibitors for pre-
vention and treatment of thromboembolic diseases. Expert
Opin Investig Drugs 2006;15:843-55.

Graff J, Von Hentig N, Misselwitz F, et al. Effects of the
oral, direct Factor Xa inhibitor rivaroxaban on platelet-
induced thrombin generation and prothrombinase activity.
J Clin Pharmacol 2007;47:1398-407.

Perzborn E, Strassburger J, Wilmen A, et al. In vitro and
in vivo studies of the novel antithrombotic agent BAY 59-
7939 — an oral, direct Factor Xa inhibitor. J Thromb Hae-
most 2005;3:514-21.

Mueck W, Becka M, Kubitza D, Voith B, Zuehlsdorf M.
Population model of the pharmacokinetics and pharmaco-
dynamics of rivaroxaban — an oral, direct Factor Xa
inhibitor — in healthy subjects. Int J Clin Pharmacol Ther
2007;45:335-44.

Perzborn E, Harwardt M. Recombinant Factor VIIa par-
tially reverses the effects of the Factor Xa inhibitor riva-
roxaban on thrombin generation, but not the effects of
thrombin inhibitors, in vitro. J Thromb Haemost 2007;5
Suppl 2:Abstract P-W-640.

Tinel H, Huetter J, Perzborn E. Recombinant factor VIla
partially reverses the anticoagulant effect of high-dose riv-
aroxaban — a novel, oral Factor Xa inhibitor — in rats. J
Thromb Haemost 2007;5 Suppl 2:Abstract P-W-652.
Perzborn E. FEIBA reverses the effects of a high dose of
rivaroxaban in rats. Pathophysiol Haemost Thromb
2008;36:A40 Abstract P0O61.

Lotke PA, Palevsky H, Keenan AM, et al. Aspirin and
warfarin for thromboembolic disease after total joint
arthroplasty. Clin Orthop Relat Res 1996;324:251-8.
Fisher WD, Eriksson BI, Bauer KA, et al. Rivaroxaban
for thromboprophylaxis after orthopaedic surgery: pooled
analysis of two studies. Thromb Haemost 2007;97:931-7.

© 2009 The Author
Journal compilation 82 (339-349) © 2009 Blackwell Munksgaard



Haas

42. Dahl OE, Eriksson BI, Homering M, et al. The effect of
patient age, gender and weight on the efficacy and safety
of rivaroxaban (BAY 59-7939) for the prevention of
venous thromboembolism after major orthopaedic
surgery. J Bone Joint Surg Br 2007;97:931-7.

43. Kakkar AK, Brenner B, Dahl OE, et al. Extended
duration rivaroxaban versus short-term enoxaparin for the
prevention of venous thromboembolism after total hip
arthroplasty: a double-blind, randomised controlled trial.
Lancet 2008;372:31-9.

44. Eriksson BI, Borris LC, Friedman RJ, ef al. Rivaroxaban
versus enoxaparin for thromboprophylaxis after hip
arthroplasty. N Engl J Med 2008;358:2765-75.

© 2009 The Author
Journal compilation 82 (339-349) © 2009 Blackwell Munksgaard

45.

46.

47.

Clinical progress of rivaroxaban

Lassen MR, Ageno W, Borris LC, et al. Rivaroxaban
versus enoxaparin for thromboprophylaxis after total knee
arthroplasty. N Engl J Med 2008;358:2776-86.

Turpie AG, Bauer KA, Davidson B, et al. Once-daily oral
rivaroxaban compared with subcutaneous enoxaparin
every 12 h for thromboprophylaxis after total knee
replacement: RECORD4. ASH Annual Meeting Abstracts
2008;112:35.

Gibson CM, Mega JL, Hammett CJ, et al. Randomized
comparison of rivaroxaban, an oral direct factor xa
inhibitor, with placebo in patients with acute coronary
syndromes: the ATLAS ACS-TIMI 46 Trial. Circulation
2008;118:2311.

349



