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1 INTRODUCTION

Thisreview follows a request from the Division of Medical Imaging and Hematology Products
(DMIHP) to review and comment on a potential signal for severe drug-induced liver injury
identified by the OND medical reviewer during the mid-cycle review process, and to provide
relevant background information regarding previous regulatory experience with hepatotoxicity
signal detection, assessment, and subsequent considerations of the balance of potential
therapeutic benefit(s) versus defined hepatotoxicity risk(s).

Rivaroxaban (BAY 59-7939) is a highly selective direct factor Xainhibitor with oral
bioavailability. There are three active INDs for rivaroxaban: IND 64,892 (VTE); IND 75,931
(ACS); and IND 75,238 (A Fib). The proposed indication for the current application is
prophylaxis of deep vein thrombosis (DVT) and pulmonary embolism (PE) in patients
undergoing hip replacement surgery or knee replacement surgery. The proposed doseis 10 mg
once daily.

2 MATERIAL REVIEWED

The following materials were considered for this review:

e Dr.MinLusFDA mid-cycleclinical review dides dated December 2, 2008

e Proposed package insert dated July 28, 2008

e Sponsor’s laboratory datasets submitted to FDA January 22 and 30, 2009

e Casesreviewed by Sponsor’s expert panel (LAP), Miami, February 17-18, 2008

e Sponsor’s|SLS 6-month Safety Update dated February 2, 2008; Document No. EDMS-
PSDB-9405338:2.0

3 RESULTSOF REVIEW

3.1 Overview of Clinical Program

The rivaroxaban clinical program (excerpted from Dr. Min Lu’s mid-cycle review slides with
cut-off date September 10, 2008) includes the following:
e Completed studies: N=10,600 (Rivaroxaban exposure)
o 4 phase 3 studies (RECORD 1-4): n=6183
o 9phase 2 studies: n=3300 (2VTE Tx and 3 AF)
o 5l phase 1 studies. n=1117
e Ongoing studies: N=16,965 enrolled (as of September 10, 2008); N=34,236
planned
o 5phase 3 studies:
= 2VTE Tx: n=3160 enrolled, n=7500 planned
= 2 AF: n=10,008 enrolled, n=15,200 planned
= 1 Medicaly ill: n=316 enrolled, n=8000 planned
o 1 phase 2 study: ACS n=3462 enrolled, n=3500 planned
o 1phaselstudy: CHF n=19 enrolled, n=36 planned
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3.2  FDA Safety Concerns— Potential SevereLiver Injury
3.2.1 Safetyissueidentified during rivaroxaban mid-cyclereview

The DMIHP medical officer’s mid-cycle review identified a major concern with potential
severe and/or fatal drug-induced liver injury with rivaroxaban. In the completed studies, severe
liver injury (defined as a concurrent increase of total bilirubin [TBL] >2x ULN and alanine
aminotransferase [ALT] >3x ULN) was observed in 14/9310 (0.15%) rivaroxaban-treated
patients, and 9/7001 (0.13%) patients in comparator groups, as described in Dr Lu’sreview.
Seven cases of severe liver injury in the RECORD studies were considered to be possibly
related to rivaroxaban therapy by at least one member of the sponsor’ s expert panel of
hepatologists.

Members of the sponsor’ s expert panel of hepatol ogists considered that some cases of severe liver
injury in completed and ongoing clinical trials, including at |east two deaths, were possibly
related, or of uncertain relationship to rivaroxaban. As presented in the mid-cycle clinical review,
at least two cases of fatal liver injury for which a possible contribution of rivaroxaban has not
been ruled out occurred after fewer than 30 days of drug exposure.

3.2.2 Previous FDA experiencewith signal detection for severeliver injury with
anticoagulant drug development for short-term versuslong-term indications

Previous FDA experience with assessment of severe drug-induced liver injury dueto
ximelagatran, an anticoagulant drug (direct thrombin inhibitor) developed for similar indications,
found no cases of severe liver injury in the short-term (orthopedic) clinical trials; however, a
strong signal was subsequently identified in long-term (atrial fibrillation) trials.

After full evaluation of the signal, it was determined that 37/6948 (0.5%) ximelagatran-treated
patients experienced severe liver injury versus 5/6230 (0.08%) patients randomized to warfarin
(relativerisk 6.6; 95% confidence interval 2.6 — 16.9). An expert causality assessment of severe
liver injury cases was conducted by the sponsor, and determined that study drug may have caused
or contributed to the severe liver injury in 19/6948 ximel agatran-treated patients compared to
2/6230 patients in the comparator groups (relative risk 8.5; 95% confidence interval 2.0 — 36.6).

Although asignal for severe liver injury was not detected in short-term orthopedic trials with
ximelagatran, analysis of long-term data showed that initial signs of liver injury were observed
within the first 30 days of ximelagatran administration for six study subjects who went on to
develop severe liver injury, of which four cases were considered by the sponsor to be causally
related to ximelagatran administration.

A full consideration of the balance of drug benefit(s) versusrisk of severe or fatal liver injury was
conducted at a public Advisory Committee meeting, which determined that potential benefits of
ximelagatran did not outweigh the risks. Based on this decision, the drug was not approved in the
US, and subsequently the sponsor decided to withdraw ximelagatran from marketing worldwide.
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3.3 Laboratory Datasets from Ongoing Rivar oxaban Clinical Trials (blinded data)

Initial inspection of clinical laboratory datasets by Dr. Ted Guo (biostatistician) from ongoing
clinical trials received from the sponsor on January 30, 2009 show the following counts of
cases (numbers of patients) of potential severe liver injury in ongoing clinical trials (defined as
concurrent maximum ALT >3x ULN and maximum TBL >2x ULN). Please note that there
were multiple measurements over the course of thetrial for each patient. The greatest values of
ALT and TBL of the patient were used to determine potential severe liver injury. Missing data
in ALT and TBL did not affect the values of the maximum ALT and TBL. The effect of
missing data has not been investigated. Therefore, these patient counts are preliminary, and
current findings could potentially be somewhat biased.

Open-label long-term EINSTEIN DVT/PE (Study #11702) — ongoing

. # Cases potential

. Mean Rx Duration : o .

Treatment #Patients . severe liver injury in
in days :
available data

BAY 59-7939 1682 150 3
EN_OXAPARIN 1 mg/kg s.C. 1673 154 1
/ Vitamin K-antagonist p.o.

Blinded long-term ROCKET-AF (Study #11630; compar ator warfarin) —ongoing

Mean Rx Duration # Cases potential
Treatment labeled as #Patients . severe liver injury in

in days available data

Dummy A (BLINDED) 5495 233 8

Dummy B (BLINDED) 5492 229 12

Blinded long-term J-ROCK ET-AF (Study #12620; comparator warfarin) —ongoing

Mean Rx Duration # Cases potential
Treatment labeled as #Patients . severe liver injury in
in days ,
available data
BLINDED 1185 201 3
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