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EXECUTIVE SUMMARY

New Drug Application (NDA) 21-686, submitted by AstraZeneca L P (AstraZeneca), requests
approval for the use of EXANTA® (ximelagatran) Tablets as:

o An oral 24-mg twice daily (bid) fixed dose for the long-term secondary prevention
of venous thromboembolism (VTE) after standard treatment for an episode of acute
VTE

o An oral 36-mg bid fixed dose initiated post-operatively for the prevention of VTE

in patients undergoing total knee replacement (TKR) surgery

o An oral 36-mg bid fixed dose for the prevention of stroke and systemic
thromboembolic complications associated with atrial fibrillation (AF).

The Food and Drug Administration (FDA) Center for Drug Evaluation and Research (CDER)
Division of Gastrointestinal and Coagulation Drug Products has requested that AstraZeneca
participate in a Cardiovascular and Renal Drugs Advisory Committee review of this
application. This briefing document has been prepared to support that review.

In this briefing document, AstraZenecawill provide the information necessary to make an
assessment of the benefit-risk profile for ximelagatran as an oral anticoagul ant and
antithrombotic based on comparisons of ximelagatran to warfarin and to placebo. To facilitate
the evaluation, this document and the presentation to the committee will briefly address the
following key areas in the ximelagatran development program: development objectives,
efficacy, safety, the proposed patient Risk Minimization Action Plan (RiskMAP), and the
benefit-risk profile of ximelagatran.

Clinical phar macology

The development program goal for ximelagatran was to develop and characterize thefirst of a
new class of oral direct thrombin inhibitors as an alternative oral anticoagulant to warfarin for
the claimed indications. Following oral administration, ximelagatran is rapidly absorbed and
bioconverted to melagatran, a potent, competitive and reversible-binding direct thrombin
inhibitor. Melagatran has a predictabl e response based on stable and reproducible
pharmacokinetics and pharmacodynamics with arapid onset and offset of action. Melagatran
does not interact with food or alcohol and has alow potential for drug interactions. Systemic
melagatran is primarily eliminated via glomerular filtration. For each indication studied, there
was consistent efficacy and safety versus comparator across demographic sub-groups
including gender, age, race, body weight, body massindex (BMI) and renal function
(calculated creatinine clearance [CrCL]) following fixed-dose ximelagatran (24-mg bid or
36-mg bid). The stable and reproducible plasma concentrations of melagatran following oral
ximelagatran administration in patients enable long-term fixed dosing without coagulation
monitoring.
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Development of ximelagatran

The efficacy and safety of ximelagatran has been studied in a broad range of thrombogenic
states in large, worldwide, comparator-controlled, and primarily outcome-based clinical
studies. The studies were designed to investigate whether fixed-dose ximelagatran, without
coagul ation monitoring or dosage adjustment, offers superiority to placebo in secondary
prevention of VTE, superiority to well-controlled warfarin for prophylaxis for VTE following
orthopedic surgery (OS), and non-inferiority to well-controlled warfarin in preventing stroke
and thromboembolic complicationsin AF. The clinical development program to be reviewed
by the Advisory Committee consists of 82 studies, including 5 Phase 111 pivotal trials. Over
30000 individuals (30698) participated in the clinical trial program, of whom 17365 were
exposed to ximelagatran (the prodrug) and/or melagatran (the active compound).

Population studies have shown the annual incidence of VTE diseaseis 1 to 2 per 1000 people
and isamajor contributor to morbidity, mortality, and healthcare costs. More than

250000 cases of VTE are diagnosed annually in the United States (US) and at |east 50000 of
these cases are fatal. In the US, the prevalence of AF is approximately 3% in the adult
population, with a corresponding incidence of 1 case per 1000 adults per year. AFisan
important independent risk factor for stroke; approximately 15% to 25% of all strokesin the
US (75000 per year) can be attributed to AF.

Warfarin is an effective anticoagulant, but its challenges and management issues are
significant: (1) warfarin administration requires complex management that is a challenge for
the patient, healthcare provider, and healthcare system; (2) as aresult, alarge number of
patients who would benefit from treatment with an anticoagulant long-term are not treated;
and (3) treated patients have international normalized ratios (INRs) within the recommended
target range only 35% to 68% of the time (Samsa et al 2000, Ansell et al 2001). The
limitations of warfarin have a significant impact on patient acceptance of lifestyle change and
compliance with complex warfarin regimens.

The development of the direct thrombin inhibitor ximelagatran was undertaken with the aim
of creating a new, oral, anticoagul ant for the treatment of life-threatening thrombosis and to,
thereby, provide an aternative to warfarin.

Efficacy: secondary prevention of VTE

The THRIVE Il study (SH-TPV-0003) was a double-blind, randomized trial that evaluated
prolonged prophylaxis of VTE with ximelagatran 24 mg bid compared to placebo in patients
having completed a standard 6-month anticoagul ation treatment (vitamin K antagonists
[VKAS]) for acute VTE. The primary endpoint was the time to symptomatic, objectively
confirmed VTE event during treatment (up to 18 months or until premature discontinuation
from the study). A total of 1233 patients were randomized into this study.

Ximelagatran significantly reduced the recurrence rate of VTE, the primary study endpoint,
compared with placebo. The estimated cumulative risk of an event during up to 18 months of
prophylactic treatment was 2.8% and 12.6% for patients on ximelagatran and placebo,
respectively (hazard ratio 0.16; 95% confidence interval [CI] 0.09 to 0.30; p<0.0001). The
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9.8% absolute reduction of VTE events corresponds to a number needed to treat (NNT) of 10,
ie, only 10 patients would need to be treated with ximelagatran for up to 18 months to prevent
one recurrence of deep vein thrombosis (DVT) or pulmonary embolism (PE).

The prophylactic regimen of 24 mg oral ximelagatran bid for up to 18 months demonstrated a
clinically meaningful reduction in the recurrence rate of VTE events, compared to placebo
during long-term therapy. AstraZeneca believes that this study adequately supports the use of
oral ximelagatran 24 mg bid for the long-term secondary prevention of VTE after standard
treatment for an episode of acute VTE.

Efficacy: prevention of VTE after knee replacement surgery

Three double-blind, randomized trials, the initial Phase 111 study (PLATINUM KNEE,
SH-TPO-0006) and the 2 pivotal studies, EXULT A (SH-TPO-0010) and EXULT B
(SH-TPO-0012), evaluated short-term prophylaxis (7 to 12 days) with ximelagatran 24 mg bid
and/or 36 mg bid compared to warfarin for the prevention of VTE in patients undergoing knee
replacement surgery. The primary endpoint for the EXULT trials (SH-TPO-0010 and
SH-TPO-0012) was the incidence of total VTE (ie, distal and/or proximal DVT and/or
symptomatic PE, with objective adjudication committee confirmation) and/or all-cause
mortality during the treatment period. A total of 5284 patients were randomized into these

3 studies.

Each of the 2 pivotal studies (EXULT A, SH-TPO-0010 and EXULT B, SH-TPO-0012) met
the primary objective: statistically significant reduction with oral ximelagatran 36 mg bid
compared with well-controlled warfarin (INR 2.0 to 3.0) in prevention of the composite of
total VTE and all-cause mortality in patients undergoing primary elective TKR surgery. The
frequency of total VTE and/or al-cause mortality in EXULT A (SH-TPO-0010) was 24.9%
(ximelagatran 24 mg), 20.3% (ximelagatran 36 mg) and 27.6% (warfarin). In EXULT B
(SH-TPO-0012), the endpoint frequency rates were 22.5% for the ximelagatran group and
31.9% for the warfarin group. Absolute risk reductions (ARRS) of 7.3% (p=0.003) and 9.3%
(p<0.001) were demonstrated with oral ximelagatran 36 mg bid compared to well-controlled
warfarinin EXULT A (SH-TPO-0010) and EXULT B (SH-TPO-0012), respectively.
Relative risk reductions (RRR) of 27% and 29%, and numbers needed to benefit of 14 and 11
were obtained in the studies, respectively. The 24-mg dose of ximelagatran, evaluated in
studies PLATINUM KNEE (SH-TPO-0006) and EXULT A (SH-TPO-0010), showed a
numerically lower incidence of VTE with 24 mg ximelagatran compared to warfarin, although
the differences were not statistically significant.

The prophylactic treatment regimen of 36 mg oral ximelagatran bid for 7 to 12 days after
surgery offersaclinically meaningful reduction in the rate of VTE events. AstraZeneca
believes that these studies adequately support the use of oral ximelagatran 36 mg bid for the
prevention of VTE in patients undergoing TKR surgery.

Efficacy: prevention of stroke and systemic embolic events (SEES) in AF

Two randomized, controlled studies SPORTIF 111 (SH-TPA-0003) and SPORTIF V
(SH-TPA-0005) evaluated the long-term prevention of stroke and SEE in patients with
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nonvalvular AF. SPORTIF IIl (SH-TPA-0003) was open-label and SPORTIF V
(SH-TPA-0005) was double-blind; both had a single independent Adjudication Committee
that completed blinded adjudication of al endpoint events. The primary endpoint of the
SPORTIF trials was the time to first occurrence of the composite of stroke and SEE. A total
of 7329 patients were randomized into these 2 studies.

Each pivotal study met its primary objective by demonstrating that fixed-dose oral
ximelagatran 36 mg bid was non-inferior to well-controlled warfarin in preventing all strokes
and/or SEES, using a non-inferiority margin of 2.0% per year. Therate of all strokes and
SEEsin SPORTIF 11l (SH-TPA-0003) and SPORTIF V (SH-TPA-0005) did not differ
between treatment groups (2.3% versus 1.6% in SPORTIF 111 [SH-TPA-0003], and 1.2%
versus 1.6% for SPORTIF V [SH-TPA-0005] for warfarin and ximelagatran, respectively),
with the upper bound of the 2-sided 97.5% CI of the difference in event rates (0.13% per year
for SPORTIF 111 [SH-TPA-0003], and 1.03% per year for SPORTIF V [SH-TPA-0005]) well
below the pre-specified 2.0% margin. Results of sensitivity analyses, and of secondary and
tertiary endpoint analyses, confirmed that of the primary analysis and demonstrated robustness
of these results. Putative placebo analyses, using original data from the 6 prior stroke
prevention studies (BAATAF 1990, Connolly et al 1991, EAFT 1993, Ezekowitz et al 1992,
Petersen et al 1989, SPAF 1991), and an identical primary outcome, demonstrated superiority
of ximelagatran to placebo both in SPORTIF 111 (SH-TPA-0003) (RRR=75%; 95% CI: 58%
to 85%) and in SPORTIF V (SH-TPA-0005) (RRR=50%; 95% CI: 17% to 70%).

The study for the prophylactic treatment regimen of 36 mg oral ximelagatran bid for up to
2.5 years demonstrated that ximelagatran was non-inferior to well-controlled warfarin in the
prevention of stroke and SEE during AF. AstraZeneca believes that these studies adequately
support the use of oral ximelagatran 36 mg bid for the long-term prevention of stroke and
other thromboembolic complications associated with AF.

Safety of ximelagatran

Of 17365 patients treated with ximelagatran or melagatran, 6931 patients received
ximelagatran for long-term treatment; 5024 patients received ximelagatran for more than

6 months, and 3509 patients received ximelagatran for at least 12 months. Five thousand two
hundred and thirty-six (5236) patients took part in the 3 North American Phase 111 TKR
studies and received post-operative ximelagatran for up to 12 days.

In the surgical population (patients undergoing TKR surgery and receiving short-term
treatment for <35 days, typically up to 12 days), analysis of the adverse events (AES) in the
5236 patients showed that both the ximelagatran and warfarin comparator groups
demonstrated similar frequencies and types of AEs. Comparability was aso noted for serious
adverse events (SAES). Therewere 4 fatal SAES during treatment in the ximelagatran group
compared to 3 in the warfarin group. A low and similar incidence of discontinuations was
observed in the ximelagatran and warfarin groups. There appeared to be no dose effect
between the 24-mg and 36-mg doses.
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On-treatment (OT) adjudicated major bleeding events were uncommon and the rates of any

major or minor bleeding events were not statistically different between the treatment groups.

Bleeding AEs with post-operative administration of ximelagatran 24 mg or 36 mg bid after

TKR were numerically greater than with warfarin. Bleeding AES occurred in 6.7% of patients

with 36 mg ximelagatran and 5% with warfarin and 7.2% with 24 mg ximelagatran and 5.6%

with warfarin. The bleeding with 36-mg and 24-mg doses of ximelagatran did not

demonstrate a dose effect. The incidence of serious bleeding AEs was similar between the

ximelagatran and warfarin groups. Evaluation of bleeding by the demographic subgroups for

age, gender, BMI, race and CrCL did not demonstrate a consistent differencein risk of a

bleeding AE with 36 ximelagatran compared to warfarin. There was no increasein

transfusion volume or bleeding-related wound complications. Wound appearance was to be

assessed by the investigator and was rated as “as expected”, “better than expected”, or “worse
than expected.” The wound appearance was reported as “as expected” or “better than
expected” in most patients and was similar between the groups. Other bleeding indicators,
blood loss and transfusions, were similar between the ximelagatran 36-mg and warfarin
groups. Exposure-response analysis suggests that exposure to melagatran does not predict the
likelihood of a bleeding event on an individual basis.

In the long-term population (patients who were to be doseeBfodays and up to 5 years

[4 years at cut-off for the NDA]), oral administration of ximelagatran (24 mg and 36 mg bid)
was generally well tolerated. Similar frequencies and types of AEs were reported for
ximelagatran and the comparator groups (placebo or warfarin). Most AEs were mild or
moderate in intensity. A similar frequency was also reported for SAES, the majority of which
were nonfatal. Fatal SAEs were low in both groups, 1.6% for ximelagatran compared with
1.8% for comparators. The higher incidence of discontinuations in the ximelagatran group
was primarily due to a protocol-mandated requirement to discontinue for increases in alanine
aminotransferase (ALT).

The incidence of adjudicated major bleeding events during the long-term studies was low and
similar between the treatment groups. In the Long-term exposure (LTE) population, fewer
bleeding AEs were observed with chronic administration of ximelagatran than with the
comparator groups (placebo or warfarin). The incidence of bleeding AEs was lower in the
ximelagatran group than in the comparators, with an incidence of 27% in the ximelagatran
group versus 32% in comparator groups, which includes placebo-treated patients. The
ximelagatran group also demonstrated fewer serious bleeding AEs (2.9% compared to 3.6%
with comparators). The majority of the serious bleeding events were non-fatal bleeding
events. There were 5 fatal bleeding events in the ximelagatran group and 8 fatal events in the
comparators group. Across all the long-term studies, most of the bleeding events were minor
and did not lead to discontinuation of treatment. Exposure-response analysis suggests that
exposure to melagatran does not predict the likelihood of a bleeding event on an individual
basis.

No hepatic safety issue was detected in the non-clinical studies, in the Phase | clinical trials,
nor in the surgical population during, or following, short-term (<35 days) exposure to
subcutaneous (sc) melagatran or oral ximelagatran bid. In all long-term studies (>35 days),
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use of ximelagatran was associated with an increased incidence of ALT >3x upper limit of
normal (ULN) (7.9%). In addition, there was an increase in discontinuations related to ALT
increases (ALT >3x ULN 3.2%, ALT <3x ULN 0.7%), the mgjority of which were mandated
by a protocol-defined liver function testing a gorithm and were not associated with symptoms.
These ALT elevations occurred consistently between 1 and 6 months after the start of therapy,
reversed with or without discontinuation of treatment as based on protocol recommendations,
and were for the mgjority, asymptomatic. There was one case of biopsy documented hepatic
necrosisin the entire program. ALT testing will be recommended for all patients receiving
ximelagatran for more than 1 month.

The overal mortality in the ITT population was 3.9% in the ximelagatran group and 4.4% in
the comparators group. In comparisons of ximelagatran with placebo, the risk of death from
any cause was numerically lower in the ximelagatran group (Figure 1). Analysis of datafrom
the long-term Phase |11 studies, comparing ximelagatran with warfarin, indicated that
mortality in the ximelagatran group was numerically lower than with comparator (Figure 1).

Figurel All-cause mortality in the placebo-controlled, long-term studies
(THRIVE |11, SH-TPV-0003 and ESTEEM, SH-TPC-0001 [+ASA])
and thewarfarin-controlled, long-term studies (SPORTIF 111, SH-
TPA-0003; SPORTIF V, SH-TPA-0005; SPORTIF I1/1V, SH-TPA-
0002/0004; and THRIVE Treatment, SH-T PV-0002/0005), | ntention-
to-treat (ITT) population

Placebo+ASA
Ximelagatran+ASA  <§5

Placebo
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N

$—°
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Refer to Table 10 for details of the individual studies and indications; excluding SPORTIF 1I/1V (SH-TPV-
0002/0004), which is the ongoing long-term study for the prevention of stroke and SEE in patients with AF.
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In summary, short-term and long-term safety of ximelagatran has been evaluated in several
large populations at risk for thrombosis. The mgjority of these patients were elderly and had a
large number of co-morbidities. Bleeding was similar to placebo and similar to or less than
well-controlled warfarin. Theincreasein ALT wastypically asymptomatic and reversible.
Severe hepatic injury was rare and, in the one reported case, was preceded by an ALT rise.
ALT testing will be recommended and the RiskMAP will support compliance with ALT
testing. Mortality was similar to comparators, including placebo.

Risk Minimization Action Plan (RiskMAP)

AstraZeneca believes that a RiskMAP based on an AL T-testing and management al gorithm

will minimize the potential risk of severe hepatic injury associated with ximelagatran use and,

thereby, maximize its benefit-risk profile. The proposed RiskMAP is an education-based

system reinforced by a complementary, interconnected set of materials and programs that

emphasize and support compliance with the AL T-testing and management algorithm. The

RiskMAP was devel oped using a systematic approach to identify potential failuresin the

medication and use process, and create redundant interventions that were then field-tested

with 3 key groups (physicians and their hospital or office staff, pharmacists, and patients and

their caregivers), and integrated into the marketing program as “Exanta ps” for Exanta patient
support.

At launch and beyond, AstraZeneca will actively measure compliance with the ALT-testing
algorithm and the occurrence of hepatic events. Tested epidemiologic measures of
compliance (using large automated healthcare databases) will be evaluated against target
compliance levels to be agreed with the FDA in the context of measures of hepatic outcomes.
Rapid and complete assessment of post-marketing hepatic events, including standardized data
collection, enhanced follow-up, and epidemiology studies of large automated healthcare
databases will be evaluated against known background rates. Both compliance and outcomes
will be reviewed with the FDA on a periodic basis.

Benefit-risk profile of ximelagatran

Ximelagatran provides effective anticoagulation as an oral direct thrombin inhibitor for the
extended secondary prevention of VTE, the prevention of VTE following TKR surgery, as

well as prevention of stroke and systemic embolism in patients with chronic AF. Itis

important to note that the warfarin INR control in these studies was high and likely exceeded
levels in usual practice. There was no difference in bleeding events or the overall mortality
between ximelagatran and all other comparators. The safety and efficacy profile for
ximelagatran was achieved in these 3 indications without dose adjustment or coagulation
monitoring. The use of a fixed dose of oral ximelagatran for the proposed indications is
supported by the consistent safety and efficacy demonstrated across the various demographic
sub-groups.

Long-term dosing with ximelagatran has been associated with ALT elevations in
approximately 8% of patients. The incidence of ALT elevations was not matched by a high
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frequency of severe hepatic injury cases, even when ximelagatran was continued. To support
the appropriate use of ximelagatran and minimize the possible risk of severe hepatic injury, a
comprehensive RiskMAP is being proposed.

In conclusion, half a century of medicine hasrelied on oral VKASs for anticoagulation. The
most widely used VKA, warfarin, has dramatically improved the outcome for patients with
thromboembolism, but is also associated with difficultiesin use for both patients and
physicians. Ximelagatran, an oral direct thrombin inhibitor, has been extensively investigated
in abroad range of clinical indications, has consistently shown effectiveness as an
anticoagulant and, on balance, has a favorable benefit-risk profile. Ximelagatran isthe first
new oral anticoagulant in 50 years to provide an alternative to warfarin and offers similar or
superior efficacy compared to well-controlled warfarin with agreatly simplified oral treatment
regimen.
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LIST OF ABBREVIATIONSAND DEFINITION OF TERMS

Abbreviation Definition

ACS Acute coronary syndrome

ACT Activated clotting time

AE Adverse event

AF Nonvalvular atrid fibrillation

ALP Alkaline phosphatase

ALT Alanine aminotransferase

AMI Acute myocardial infarction

APTT Activated partial thromboplastin time
ARR Absolute risk reduction

ASA Acetylsalicylic acid

AST Aspartate aminotransferase

AUC Areaunder the curve

bid Twice daily

BMI Body mass index

CBT Capillary bleeding time

CCK Cholecystokinin

CDER Center for Drug Evaluation and Research
Cl Confidenceinterval

Cirnax Maximum plasma concentration
CrCL Creatinine clearance. Calculated as:

CrCL (mL/min) = (140-age [years]) x weight (kg) for males
72 x serum creatinine (mg/100 mL)
CrCL (mL/min) = 0.85 x (140-age [years]) x weight (kg) for females
72 x serum creatinine (mg/100 mL)

Ccv Coefficient of variation

DAE Discontinuation due to an adverse event
DSMB Data Safety Monitoring Board

DVT Deep vein thrombosis

EC Executive Committee

ESC Executive Steering Committee
ESTEEM SH-TPC-0001

EU European Union
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Abbreviation Definition
EXULT EXanta Used to L essen Thrombosis
EXULT A SH-TPO-0010 (290A)

Thefirst pivotal trial for the prevention of VTE after TKR surgery
EXULT B SH-TPO-0012 (290B)

The second pivotal tria for the prevention of VTE after TKR surgery
FDA Food and Drug Administration
FMEA Failure mode effects anaysis
GGT Gamma glutamy! transferase
Gl Gastrointestinal
HMO Health Maintenance Organization
INR International normalized ratio
ITT Intention-to-treat
iv Intravenous
IVRS Interactive voice response system
LFT Liver function test
LMWH Low molecular weight heparin
LTE Long-term exposure
MAA Marketing Authorization Application
Ml Myocardial infarction
NA Not applicable
NDA New Drug Application
NNT Number needed to treat (calculated as 1/absolute risk ratio x 100)
NOS Not otherwise specified
NSAID Non-steroidal anti-inflammatory drug
od Once daily
oS Orthopedic surgery
oT On-treatment
PD Pharmacodynamic
PE Pulmonary embolism
PK Pharmacokinetic

PLATINUM KNEE

PP
PT
RiskMAP

SH-TPO-0006
Theinitial Phase Il trid for the prevention of VTE after TKR surgery

Per protocol
Prothrombin time
Risk Minimization Action Plan
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Abbreviation Definition

RRR Relative risk reduction

SAE Serious adverse event

sc Subcutaneous

SEE Systemic embolic events, defined as abrupt vascular insufficiency associated
with clinical or radiologic evidence of arterial occlusion in the absence of other
likely mechanisms, eg, atherosclerosis instrumentation. In the presence of
atherosclerotic peripheral vascular disease, diagnosis of embolism to the lower
extremities requires arteriographic demonstration of abrupt arterial occlusion.

SPORTIF Stroke Prevention using an ORal Thrombin Inhibitor in atrial Fibrillation

SPORTIF I SH-TPA-0002

SPORTIF 111 SH-TPA-0003
Thefirst pivotal trial for the prevention of stroke and SEEsin AF

SPORTIF IV SH-TPA-0004

SPORTIF V SH-TPA-0005
The second pivotal trial for the prevention of stroke and SEEsin AF

THR Total hip replacement

THRIVE THRombin Inhibitor in Venous Embolism

THRIVE l1&V SH-TPV-0002 and SH-TPV-0005 (also known as THRIVE Treatment study)

THRIVE 111 SH-TPV-0003
The pivotal tria for the secondary prevention of VTE

TIA Transient ischemic attack

TKR Tota knee replacement

TT Thrombin time

UFH Unfractionated heparin

ULN Upper limit of normal

us United States

VKA Vitamin K antagonist (warfarin)

VTE Venous thromboembolism. VTE is acontinuum of disease, comprising distal
DVT, proximal DVT, and PE.

VTE-P Secondary prevention of venous thromboembolism

VTE-T Treatment of venous thromboembolism
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1. INTRODUCTION

AstraZeneca LP (AstraZeneca) submitted an origina New Drug Application (NDA) for
EXANTA® (ximelagatran) Tablets (ximelagatran also known as H 376/95) to the Food and
Drug Administration (FDA) Center for Drug Evaluation and Research (CDER) Division of
Gastrointestinal and Coagulation Drug Products in December 2003 (NDA 21-686). The NDA
submission proposed that EXANTA, an oral pro-drug of the direct thrombin inhibitor
melagatran, be approved for 3 indications (see Section 1.1).

A meeting of the Cardiovascular and Renal Drugs Advisory Committee has been scheduled
for 10 September 2004 to review the safety and efficacy information included in the current
application. This briefing document supports the Advisory Committee review.

A first Marketing Authorization Application (MAA) was submitted to the European Union
(EV) in June 2002 for the single indication of prevention of venous thromboembolism (VTE)
in patients undergoing hip or knee replacement surgery. This application is based on a
program distinct from the North American program described in this document, and used a
different dosing regimen of subcutaneous (sc) melagatran injection followed by oral
ximelagatran. Ximelagatran was approved for this use in France on 23 December 2003.
France acted as the Reference Member State in the European Mutual Recognition Procedure.
The Mutua Recognition Procedure was completed in 15 EU countriesin May 2004.
Ximelagatran and melagatran were introduced into clinical practice in Germany on

21 June 2004. A second MAA for the long-term indications was submitted to France in
December 2003 and is currently under review.

1.1 Proposed indications and dosing

111 Secondary prevention of VTE

EXANTA isindicated for the long-term secondary prevention of VTE after standard treatment
for an episode of acute VTE.

It is recommended that patients who have received standard anticoagulant treatment for deep
vein thrombosis (DVT) or pulmonary embolism (PE) be treated with EXANTA 24 mg twice
daily (bid).

The pivotal trial conducted for thisindication was THRIVE I11 (SH-TPV-0003)
(see Table 10).

112 Prevention of VTE after kneereplacement

EXANTA isindicated for the prevention of VTE in patients undergoing knee replacement
surgery.

It is recommended that treatment be initiated with EXANTA at a dose of 36 mg twice daily
for atreatment period of 7 to 12 days. Provided hemostasi s has been established, the first
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dose should be given the morning of the day after surgery, but no sooner than 12 hours from
the time of surgery.

The 2 pivotal trials conducted for thisindication were EXULT A (SH-TPO-0010) and
EXULT B (SH-TPO-0012) (see Table 10).

113 Prevention of stroke and systemic embolic events (SEES) in atrial fibrillation
(AF)

EXANTA isindicated for the prevention of stroke and thromboembolic complications
associated with AF.

It is recommended that patients with AF be treated with EXANTA 36 mg bid.

The 2 pivotal trials conducted for this indication were SPORTIF |11 (SH-TPA-0003) and
SPORTIF V (SH-TPA-0005) (see Table 10).

1.2 Epidemiology of thromboembolic disease

Thrombosisisamajor cause of cardiovascular mortality. More than 60% of the 960000
cardiovascular deaths in the United States (US) in 1999 were caused by thrombotic disease
(NHLBI 2002). VTE, aterm that includes both DVT and PE, is the third most common
cardiovascular disease after ischemic heart disease and stroke (US National Center for Health
Statistics 2000), and is amajor contributor to morbidity, mortality, and healthcare costs. The
incidence in the total population is about 70 to 113 cases/100000 persons/year and increases
with age, to as high as about 300 to 500 cases/100000 persons/year (age group 70 to 79 years)
(White 2003). Approximately one-third of all patients with VTE present with symptomatic
PE. Inthe US, approximately 400000 cases of DVT and approximately 160000 cases of PE
are reported annually (InpatientView DVT 2002, InpatientView PE 2002, White 2003). VTE
isacontinuum of disease, comprising distal DVT, proximal DV T, and PE, abeit with an
increasing level of medical risk. Therate of in-hospital death and death during 6 months
follow-up period is 10.5% among patients with DVT and 14.7% among those with PE (Murin
et a 2002). About 10% of PEs are rapidly fatal, and an additional 5% cause death later,
despite diagnosis and treatment (Kearon 2003). While DVT and PE occur at different
locations and show some differences in natural history, medical treatment is the same for both.
Of patients with symptomatic DV T and symptomatic PE, approximately 50% of all
symptomatic DVT cases also have concurrent PE and approximately 70% of all patients with
symptomatic PE have evidence of co-existing lower extremity DVT (Meignan et a 2000,
Murin et a 2002). In approximately 40% of VTE cases, DVT and PE are confirmed
concomitantly. These facts have led medical expertsto conclude that PE and DVT are
different manifestations of a broad yet overlapping spectrum of disease called VTE.

The population at greatest risk for VTE is those undergoing major lower extremity orthopedic
surgery and those who experience major trauma or spinal cord injury. Therisk for DVT after
total knee replacement (TKR) surgery is greatest within the first 2 weeks after surgery.
Without treatment, the prevalence of total DVT at 7 to 14 days after TKR is between 40% and
84%, with proximal DV T rates between 9% and 20% (Geerts et al 2001).
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Atrial fibrillation isthe most common sustained cardiac arrhythmia, affecting 4% of those
over 60 years of age and 10% of those aged over 80 years (Singer 1998). In patients with AF,
altered atrial blood flow may lead to local thrombus formation, and embolization of thrombi
from the left atrial appendage can cause stroke or SEEs. Atrial fibrillation is one of the
strongest independent risk factors for stroke, increasing stroke incidence 5-fold to rates of
approximately 5% per year for initial stroke and 12% for recurrent stroke (Wolf 1998).
Ischemic stroke associated with AF is nearly twice aslikely to be fatal as non-AF stroke,
while recurrence is more frequent and 90% of surviving patients with stroke have some
permanent functional deficit (Lin et al 1996). Factorsincreasing the risk of strokein AF
patients include: age >75 years, history of hypertension, previous stroke, transient ischemic
attack (TIA) or SEE, or poor left ventricular function (Albers et a 2001).

1.3 Current anticoagulant treatment

Anticoagulants, agents that are targeted to inhibit pro-coagulant proteins in the coagulation
cascade, are efficacious in preventing and treating thrombotic disease. Anticoagulation
therapy has significantly reduced the morbidity and mortality for diseases associated with
thrombosis. The most frequently used anticoagul ants are unfractionated heparin (UFH), low
molecular weight heparins (LMWHS), and vitamin K antagonists (VKAS, most commonly
warfarin). More recently, injectable direct thrombin inhibitors (Iepirudin, bivalirudin,
argatroban), and an indirect Factor Xainhibitor (fondaparinux, a synthetic pentasaccharide)
have been introduced for limited clinical indications. Of all the anticoagul ants, only warfarin
can be administered orally and is regarded as the mainstay of routine chronic anticoagulation
in patients at risk of VTE, stroke, or recurrent myocardial infarction (M1). Current
recommendations for the use of anticoagulants in the treatment or prevention of VTE, and to
prevent stroke in patients with AF, are summarized in Table 1.

25



EXANTA® (ximelagatran) Tablets NDA 21-686 FDA Advisory Committee Briefing Document

Tablel Published recommendations for anticoagulant treatment in the
indicationsfor which a claim is sought
Guideline Indication for treatment Recommended treatment
Antithrombotic Therapy for Venous Secondary prevention of ~ Warfarin (target INR 2.5; range,
Thromboembolic Disease DVT or PE 2.0to 3.0) Treatment for at least
(Hyers et a 2001) 12 months for recurrent idiopathic
VTE or continuing risk factors
Prevention of Venous Patients undergoing TKR ~ Warfarin (target INR 2.5; range,
Thromboembolism surgery 2.0t0 3.0) or LMWH Treatment
(Geerts et al 2001) for at least 7 to 10 days after
surgery
Antithrombotic Therapy in Atrial Patientswith nonvalvular  Warfarin (target INR 2.5; range,
Fibrillation® AF and any high-risk 2.0to 3.0) Long-term treatment
(Albers et al 2001, Fuster et al 2001) factor, or >1 moderate-
risk factor

a

Patients with nonvalvular AF and with 1 moderate-risk factor may receive ASA, 325 mg/d, or warfarin
(target INR 2.5; range, 2.0 to 3.0) long-term treatment. Patients with nonvalvular AF and no high or
moderate risk factors may receive ASA, 325-mg/d long-term treatment. Patients with rheumatic heart
disease, prosthetic heart valves, prior thromboembolism, or persistent atrial thrombus may receive warfarin
(INRrange, 2.5 to 3.5, or higher) long-term treatment.

TKR Tota knee replacement; INR International normalized ratio; LMWH Low molecular weight heparin;

DVT Deep vein thrombosis; PE Pulmonary embolism; AF atria fibrillation; ASA Acetylsalicylic acid; d Day;
VTE venous thromboembolism.

14 Unmet medical need

Warfarin is an efficacious anticoagulant, reducing the risk of stroke in AF patients by 62%
and the recurrence of DVT and PE by 64% compared to placebo. However, achieving
therapeutic efficacy and minimizing hemorrhagic risk requires maximizing the time spent in
an optimal but narrow therapeutic range as measured by the international normalized ratio
(INR). In addition, many factors influence the safety and efficacy of warfarin. These include:
physiologic factors that affect the synthetic or metabolic fate of the vitamin K-dependent
coagulation proteins (including genetic polymorphisms); and pharmacological factors, such as
variable dietary intake of vitamin K, changes in gastrointestinal (Gl) florathat affect
availability of vitamin K, alcohol and drug interactions, and genetic variability in warfarin
metabolism.

Other limitations of warfarin include its slow onset of effect (days), which requires bridging
anticoagulation via the administration of a parenteral anticoagulant if rapid therapeutic
anticoagulation is warranted or until therapeutic anticoagul ation with warfarin can be
achieved. A slow offset of action also requires management with vitamin K or fresh frozen
plasmafor excessive bleeding or hemorrhagic emergency. Findly, thereisalso therarerisk
of the severe complication of warfarin-induced skin necrosis.
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Due to the unpredictabl e anticoagulant response to warfarin, coagulation monitoring for dose
adjustment must be performed daily until the therapeutic range has been achieved and then

weekly or monthly depending on the stability of the patient’s INR results (Ansell et al 2001).
However, it is recommended that INR testing be done at least every 4 weeks after the INR
remains stable for as long as the patient is taking warfarin (Ansell et al 2001). Despite careful
monitoring and dose adjustment, patients in routine medical care are in the expected target
INR range of 2.0 to 3.0 about 35% to 60% of the time (Samsa et al 2000, Ansell et al 2001).
When managed in dedicated anticoagulation centers, the INR of patients remains within the
therapeutic range, at best, from 61% to 68% of the time (Samsa et al 2000). Even in the
highly structured setting of randomized clinical studies, the time in therapeutic range can vary
from 48% to 83% (Ansell et al 2001).

Time out of therapeutic range has been associated with thromboembolism (subtherapeutic)
and bleeding (supratherapeutic) (Hylek et al 2qe8)ure 3. Patients who do not achieve an

INR of >2.0 are at increased risk of a VTE or stroke. Conversely, there is a risk of bleeding as
the INR increases.

Figure2 INR and therisk of stroke or bleeding: the narrow therapeutic range
of warfarin
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Singer & Hylek 1995, Hylek et a 1996.
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In alarge study using a coagulation clinic database, bleeding-related mortality increased with

increasing INR (at INR 3.5 to 3.9, mortality from bleeding was 13.2/1000 patient years)

(Odén and Fahlén 2002). Overall, the rate of major bleeding events for patients on warfarin is
reported to be between 1% and 4% per year (Agnelli 2001, Kearon et al 1999, Schulman et al
1995). Intracranial hemorrhage rates, during long-term anticoagulation with warfarin, have
also been reported to increase as the INR range increases (INR 2.0 to 4.5) (Levine et al 2001).
This risk is increased further as the population #gegire 3.

Figure3 Intracranial hemorrhage during long-ter m anticoagulation with
warfarin
INR
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Adapted from Levine et al 2001 (Fihn et al 1993, Albers 1994, SPAF 1994 and 1998, Ezkowitz and Levine
1999).

Age group cut off: less than or equal to 75 years and greater than 75years.

ICH Intracranial hemorrhage, AF Atrid fibrillation, INR International normalized ratio, SPAF Stroke Prevention

in Atrial Fibrillation Investigators.

Despite conclusive data demonstrating benefit from the use of anticoagulants, practice pattern
evaluations consistently identify under-use of warfarin in patient populations that would
benefit, and the impact is significant. Anticoagulation therapy can prevent more than

40000 strokes per year in the US (Agency for HealthCare Policy and Research 1995), yet

2 contemporary studies showed only 35% (Samsa et al 2000) and 40% (Stafford and Singer
1998) of eligible patients with no contraindications to warfarin received the recommended
therapy. In a more recent study of Medicare patients published in 2003, only 57% of AF
patients were discharged on anticoagulation therapy (Jencks et al 2003). Other studies have
demonstrated similar results (Bungard et al 2000, Beyth et al 1996). Accounting for this,
barriers inhibiting the prescribing and use of warfarin have been identified. Barriers
pertaining to the patient include age, perceived embolic risk, and perceived risk for
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hemorrhage. The primary barrier pertaining to physicians prescribing warfarin isthe
weighting of benefit versusrisk in each individual patient. Finally, the barriers pertaining to
the Health Care System are the inconvenience of monitoring therapy and the need for further
management (Bungard et a 2000).

Warfarin is an effective anticoagulant, but its challenges and management issues are
significant: (1) warfarin administration requires complex management that is a challenge for
the patient, healthcare provider, and healthcare system; (2) as aresult, alarge number of
patients who would benefit from treatment with an anticoagulant long-term are not treated;
and (3) treated patients have international normalized ratios (INRs) within the recommended
target range only 35% to 68% of the time (Samsa et al 2000, Ansell et al 2001). The
limitations of warfarin have a significant impact on patient acceptance of lifestyle change and
compliance with complex warfarin regimens.

1.5 Therationale for the development of ximelagatran

The burden of thrombosis and the limitations of current anticoagul ant treatments, indicate the
need for an alternative oral anticoagulant. The development of an anticoagulant with:
predictable, consistent, stable, and reproducible pharmacokinetics and pharmacodynamics; a
low potential for interactions; and without a narrow therapeutic index, would fulfill this need.
The devel opment program for ximelagatran has been designed to offer an alternative ora
anticoagulant to warfarin for magjor indications. Ximelagatran is thefirst new oral
anticoagulant since warfarin was introduced into clinical medicinein the USin 1954.
Ximelagatran is the prodrug of melagatran. Melagatran is a potent, reversible, competitive
and direct inhibitor of thrombin. Melagatran inhibits the final key step in the coagulation
cascade, the conversion of fibrinogen to fibrin, and also prevents thrombin from activating
platelets, thus, inhibiting platel et aggregation (Figure 4). Unlike warfarin, melagatran is not
dependent on vitamin K metabolism and, unlike heparins, melagatran does not require the
co-factor antithrombin for antithrombotic activity.
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Figure4 The coagulation cascade
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Ximelagatran has been developed as a new oral anticoagulant for several indications, of which
the following 3 were proposed in NDA 21-686 and are discussed in this briefing document:

o An oral 24-mg bid fixed dose for the long-term secondary prevention of VTE after
standard treatment for an episode of acute VTE

o An oral 36-mg bid fixed dose initiated post-operatively for the prevention of VTE
in patients undergoing TKR surgery

o An oral 36-mg bid fixed dose for the prevention of stroke and systemic
thromboembolic complications associated with AF.

Extensive clinical development of ximelagatran has been undertaken in these patient
populations; more than 17000 subjects and patients have received ximelagatran during this
development program, with just over 3500 patients being dosed for over 1 year. The
development of ximelagatran was undertaken to provide an effective, safe therapy without the

30



EXANTA® (ximelagatran) Tablets NDA 21-686 FDA Advisory Committee Briefing Document

need for extensive management of the drug during the course of treatment, ie, without
coagulation monitoring or the need for dose adjustment.

2. OVERVIEW OF PRECLINICAL PHARMACOLOGY

The preclinical pharmacology program characterized the pharmacokinetics and
pharmacodynamics of ximelagatran and its dominant active form, the direct thrombin
inhibitor melagatran, in animal models.

2.1 I ntroduction

Ximelagatran (H 376/95) is an orally available prodrug of melagatran. Melagatran (H 319/68)
IS a potent, small molecular direct inhibitor of the serine protease a.-thrombin with competitive
and reversible binding. Melagatran itself displays low and variable oral bioavailability; hence,
ximelagatran was developed for oral delivery of melagatran.

211 Structure and physiochemical properties

After oral administration, ximelagatran is bioconverted to melagatran as the dominant active
form. The conversion proceeds through 2 short-lived intermediates via hydrolysis of the ethyl
ester group and reduction of the hydroxyamidine moiety. Hydrolysis of the esther occurs
widely throughout the body via non-specific esterases resident in the tissues. The enzyme
responsible for catalyzing the reduction is present in the liver, intestines, kidneys, and lungs.
The structures of ximelagatran, melagatran, and the intermediates are shown in Figure 5.
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Figure5 Chemical structure of ximelagatran, melagatran and the intermediary
metabolites H 338/57 and H 415/04
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212 M echanism of action

Melagatran is a potent inhibitor of a-thrombin with aKi (enzyme inhibition constant) of

2 nmol/L. The prodrug ximelagatran and the OH-intermediate (H 415/04) are much less
potent than melagatran (Ki: 370 and 610 nmol/L, respectively). The ethyl- intermediate

(H 338/57) is equivalent to melagatran in potency, indicating that the free amidine group is
important for inhibition of human a-thrombin. However, it only accounts for 10% of activity
and has a brief half-life of approximately 30 minutes. The concentration of melagatran that
reduces thrombin generation by 50% in vitro was shown to be 0.44 umol/L. In addition,

mel agatran has been shown to inhibit clot-bound thrombin with an 1Csq of 3.8 nmol/L.

Thrombin belongs to the family of serine proteases, which have areactive serine residue at
their active site and cleave their natural substrates at alysine or arginine residue. Melagatran
was shown not to inhibit other serine proteases (Table 2 and Table 3), with the exception of
trypsin, for which the Ki was found to be approximately 4 nmol/L.
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Table2 Selectivity of melagatran ver sus some human serine proteases
Potency (Ki melagatran at 37°C)  Selectivity (Ki melagatran ratio vs

Enzyme (umol/L) thrombin)

o-thrombin 0.0020 (n=5) 1

Bovinetrypsin 0.0036 (n=2) 18

plasmin 0.69 (n=2) 345

tc-tPA 0.88 (n=2) 440

Activated protein C 1.05 (n=3) 502

Plasmakallikrein 0.60 (n=2) 300

Urinary kallikrein >600 (n=2) >300000

Urokinase 6.30 (n=2) 3150

TF.FVlla 4.26 (n=2) 2130

FXa 2.75 (n=2) 1375

FXla 10.2 (n=2) 5100

FXlla 6.46 (n=2) 3230

Table3 Per cent inhibition of chymotrypsin and elastase by melagatran,

ximelagatran, H 338/57, and H 415/04

% inhibition at 10 uM compound

Compound Bovine chymotrypsin Porcine elastase
Melagatran 09 0.9
Ximelagatran 19 0.8
H 338/57 1.6 2.2
H 415/04 11 3.9

A significant antithrombotic effect of ximelagatran or melagatran in rat models of arterial
(platelet rich) and venous (fibrin rich) thrombosis was found at melagatran plasma
concentrations in the range of 0.05 to 0.5 umol/L (Figure 6). The effect on tail bleeding time
in this plasma concentration range was modest and was not additionally affected by
acetylsalicylic acid (ASA).
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Figure 6 Thrombussizein ratsat various melagatran plasma concentrations
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2.2 Hepatic effects of ximelagatran

The primary observations in preclinical toxicity studies with ximelagatran and melagatran in
rats, dogs, minipigs, and rabbits are related to the pharmacological activity of the drug, since
dose-limiting effects are related to bleeding in the animals. The studies have not revealed any
significant treatment-related hepatic effects, based on macroscopic, microscopic and clinical
chemistry examinations. In one study in rats, afew animals were preterminally sacrificed
moribund or found dead due to hemorrhage resulting from high doses of ximelagatran. In
these animal s, post-mortem examination revealed centrilobular hepatic necrosis secondary to
the hemorrhage. Such a finding is not uncommon in animals with hemorrhage as the cause of
death.

2.3 Pancr eatic effects of ximelagatran

A treatment-related increased incidence of multifocal acinar cell hyperplasia and multifocal
acinar cell adenomawas seen in the pancreas of male and female rats, and a few cases of
acinar cell carcinomawas seen in the pancreas of malerats. Similar effects have been seen in
rats chronically given raw soy flour, which contains trypsin inhibitors. These pancreatic
effectsin the rat are considered the result of trypsin inhibition producing a sustained increase
in plasma concentrations of cholecystokinin (CCK), resulting in chronic trophic pancreatic
overstimulation through CCK receptors. Support for involvement of this mechanism in the
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pancreatic observations in the carcinogenicity study comes from additional studiesin rats, in
which CCK levels were elevated for up to 1 year following chronic oral dosing with
ximelagatran, and were associated with increased measures of proliferation in the pancreas
(pancrestic protein, DNA, weight, and 5-bromodeoxyuridine |abeling).

Control of pancreatic secretionsin humans differs from that in the rat, as secretions are not
dependent on direct signaling to the pancreas via CCK. Increased secretion of CCK in
humans requires inhibition of other Gl proteases, such as chymotrypsin or elastase, in addition
to trypsin. Selective inhibition of trypsin aloneis not sufficient to raise CCK levelsin
humans. Furthermore, the human pancreas does not express significant levels of CCKa
receptors. Control of pancrestic secretions is instead mainly through cholinergic innervation.
Lack of atrophic effect of ximelagatran on the pancreas is supported by: (1) in vitro studies
showing that ximelagatran does not inhibit chymotrypsin or elastase to any appreciable extent;
(2) studiesin humans given study medication with a standard meal, in which plasma CCK
levels were not increased following 3 months of dosing; (3) lack of increase in pancreas
volume in humans following 12 months of study medication; and (4) analysis of pancreatic
adverse events (AES) in the Long-term exposure (L TE) Pool, showing no imbalance between
ximelagatran and comparators.

No neoplastic changes were seen in the carcinogenicity study in mice with ximelagatran.

Thisinformation leads to the conclusion that the pancreatic effects seen in the rat
carcinogenicity study are unique to the rat and do not represent an increased risk of pancreatic
effects in humans.

24 Genotoxicity studieswith ximelagatran

Ximelagatran tested weakly positive at high concentrations in the mouse lymphoma tyrosine
Kinase locus assay. It hastested negative in a battery of other genotoxicity assays, including
the Ames test, the unscheduled DNA synthesistest inrat liver, and in the in vivo mouse
micronucleus test. Melagatran and its intermediates, H 415/04 and H 338/57, tested negative
in the mouse lymphoma assay, and melagatran was also negative in the Ames test, a
cytogenetic test in human lymphocytes and in the in vivo mouse micronucleus test.

Based on these observations, it is concluded that ximelagatran and melagatran do not
represent arisk of genotoxicity in humans.

25 Summary of ximelagatran preclinical properties

The findings from the preclinical investigations are consistent with the activity of melagatran
as a potent, competitive and reversible, small molecular direct inhibitor of the serine protease
a-thrombin, and that ximelagatran is an effective prodrug for systemic delivery of melagatran.
Following oral dosing, ximelagatran is rapidly converted to melagatran via 2 short-lived
intermediates, one the result of hydrolysis of the ester function and the other the product of
reduction of the hydroxyamidine moiety. Oral ximelagatran and parenteral melagatran show
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efficacy in models of venous (fibrin-rich) and arterial (platelet-rich) thrombus formation at
melagatran plasma concentrations in the range of 0.05 to 0.5 pmol/L.

The primary observations in preclinical toxicity studies with ximelagatran and melagatran in
rats, dogs, minipigs, and rabbits are related to bleeding, the expected pharmacological
consequences of the drug action. No significant hepatic effects have been observed, and the
pancreatic effects seen in carcinogenicity studies in the rat are considered unique to that
species. Based on the weight of evidence in genotoxicity studies, ximelagatran is not thought
to represent arisk for genotoxicity to humans.

3. CLINICAL PHARMACOLOGY

Oral administration of ximelagatran results in arapid onset of action; with peak plasma
melagatran concentrations occurring 2 to 3 hours post dosing. Anticoagulant plasma levels of
ximelagatran are achieved within 1 hour of dosing and persist for 12 to 24 hours. The 4- to
5-hour elimination half-life of melagatran and stable and reproducible plasma concentrations
of melagatran enables long-term, twice-daily, fixed dosing of ximelagatran without
coagulation monitoring. Melagatran does not interact with food or alcohol and has alow
potential for drug interactions. These properties, arapid onset and offset of action, stable and
reproducible systemic exposure with repeated dosing, and low potential for drug interactions,
are important features of ximelagatran.

31 I ntroduction

The ximelagatran clinical pharmacology program included 60 individual Phase | studies as
well as the collection of pharmacokinetic (PK) and pharmacodynamic (PD) data from many
Phase Il and Phase |11 studies. The following key topics were investigated within the clinical
pharmacology program:

o The pharmacokinetics of melagatran after oral administration of ximelagatran to
healthy volunteers

o The effect of age, gender, body weight, obesity, race, hepatic function, and renal
function on melagatran pharmacokinetics

o The potential for pharmacokinetic interaction with intake of food and alcohol as
well as with concomitant administration of other drugs

o The pharmacokinetics of melagatran in the target patient popul ations

o The PD effects of ximelagatran, including effects on coagul ation time assays, alone
and in combination with other drugs

o Exposure-response relationships for efficacy and safety parametersin the studied
patient populations.
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3.2 Human pharmacokinetics

Following oral administration, ximelagatran is rapidly absorbed and bioconverted to

mel agatran, with maximum melagatran plasma concentrations occurring approximately 2 to

3 hours post-dosing. As demonstrated in animal studies (Section 2.1.1), clinical studies
showed bioconversion involves formation of 2 short-lived intermediates, ethyl melagatran

(an active thrombin inhibitor) and hydroxy melagatran (an inactive thrombin inhibitor).
Non-specific tissue esterases (not plasma esterases) are responsible for the hydrolysis of
ximelagatran in humans. Cytochrome P450 (CY P) enzymes appear to be of no importance for
the reduction.

Bioconversion of ximelagatran to melagatran was demonstrated in all subjects who received
ximelagatran in the Phase | studies. There was no evidence of any altered bioconversion of
ximelagatran to melagatran in patients with mild or moderate hepatic impairment, although
there is no experience in those with severe hepatic impairment.

The volume of distribution of melagatran following parenteral administration of melagatran is
approximately 0.2 to 0.3 L/kg, indicating limited extravascular distribution. The
blood-plasmaratio for melagatran was 0.6, which shows that melagatran has low affinity for,
and alow penetration into, red blood cells. Plasma protein binding of melagatran is low
(<15%) and, therefore, thereis very limited potential for displacement interactions with other
drugs.

Plasma concentrations of melagatran (both AUC and C,,,ax) have been shown to increase

linearly in approximate proportion to dose, following 5 to 98 mg ximelagatran (up to

1.0 umol/L melagatran). The bioavailability of melagatran following oral ximelagatran is
approximately 20% and the variability (coefficient of variation; CV%) is about 20%.

Following repeated oral dosing of ximelagatran in healthy volunteers, the CV% in melagatran
AUC was about 15%. The variability within the volunteers over time was approximately 8%.
There was no unexpected accumulation of melagatran plasma concentrations with repeated
dosing. The lack of time and dose dependency in the pharmacokinetics indicated that
melagatran plasma concentrations were stable and reproducible and enabled the initiation of
Phase Il clinical trials in patients with a fixed dose of ximelagatran and without routine
coagulation monitoring.

In patients, steady-state plasma concentrations of melagatran are achieved within 24 hours,
reflecting the 4- to 5-hour half-life. The variability of melagatran AUC in AF patients

(CV = ~50%) is higher than that in healthy volunteers, largely due to a wider range of renal
function among patients included in the Phase Il/1ll studies. Thus, using a fixed oral dose of
ximelagatran, the individual population-derived estimates of melagatran AUC indicate that
melagatran exposure varied across the AF patient population by approximately 3- to 4-fold
(5™ percentile 2.3umol h/L; 95" percentile 6.2umol h/L). The pharmacokinetic model
determined the variability within individual AF patients to be approximately 25% (CV%).
This low degree of intra-patient variability indicates that melagatran plasma concentrations are
stable and reproducible over time within an individual patientidgare 7 plasma melagatran
concentrations in 153 AF patients are shown after 3 months of oral ximelagatran
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(SPORTIF 11, SH-TPA-0002) and again in 47 of the same patients (plus 2 additional patients,
n=49 total) more than 1 year later (SPORTIF 1V, SH-TPA-0004). These dataindicate that the
mean melagatran plasma concentrations are stable over time.

Figure7 M ean plasma concentration of melagatran (umol/L) versustimein
atrial fibrillation patientsreceiving 36 mg ximelagatran bid
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The observations from SPORTIF Il (SH-TPA-0002) have been dose normalized to 36 mg ximelagatran.
Approximately 13 to 16 months between sampling times in each patient. n=153 in SPORTIF ||
(SH-TPA-0002); n=49 in SPORTIF IV (SH-TPA-0004).

Stable and reproducible mean plasma concentrations of melagatran over an 18-month period
were also observed in a cohort of patients receiving 24 mg oral ximelagatran for the secondary
prevention of VTE in THRIVE Il (SH-TPV-0003) (Figure 8).
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Figure8 Plasma concentration of melagatran (umol/L) versustime on treatment
with ximelagatran in THRIVE |11 (SH-TPV-0003) patientsreceiving
24 mg ximelagatran bid
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Ximelagatran 24 mg bid given as long-term secondary prevention for up to 18 months after a 6-month standard
of care anticoagulation treatment for VTE. Descriptive statistics of individual observations of mean
melagatran plasma concentrations of 12-hour dosing interval are shown. The horizontal lines show the 1%,
2" and 3 quartiles and the whiskers show the 5™ and 95" percentiles (n=596). The symbols represent the
mean (11), 1% and 99" percentiles (x), and minimum/maximum values (-).

After administration to 5 healthy male volunteers, a 50-mg oral dose of C**-labeled
ximelagatran was essentially completely recovered (96.3%) over a 7-day period. The major
route of excretion of the total dose was via the feces (accounting for amean of 71.1% of the
dose). Most of the radioactivity in urine (25.2% of the dose), which was rapidly excreted and
mainly recovered within 24 hours, was identified as melagatran (17% of the dose) while
ximelagatran, H 338/57, and H 415/04 each accounted for only 1% to 2% of the dose.
Unknown metabolites were identified in urine (<2%) and feces (<15%) that were more polar
than ximelagatran and melagatran. The polar metabolites in feces are probably formed in the
Gl tract and are unlikely to be absorbed and have a systemic effect. A study in 12 healthy
mal e volunteers using intravenous (iv) tritium-labeled melagatran indicated that of the 88% of
melagatran recovered, 83% was found in urine, with the remaining 5% found in feces and
presumably eliminated in bile. Although a significant amount of radioactivity is excreted in
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the bile of rats and dogs following administration of radiolabel ed ximelagatran, the degree of
biliary excretion of ximelagatran has not been determined in humans. No metabolites of
mel agatran have been identified.

Renal clearance (7.16 L/h) accounts for ~80% of the total melagatran clearance (8.69 L/h)
following iv dosing. Thus, melagatran is primarily excreted from the plasma via the kidneys.
Astherate of rena clearance of melagatran is similar to glomerular filtration rate, this
suggests that its elimination is viafiltration with no net secretion or reabsorption, as might be
expected for a polar compound with low plasma protein binding. The clearance of melagatran
therefore correlates well with calculated creatinine clearance (CrCL).

Melagatran is excreted in trace amounts (approximately 0.0009% of ximelagatran dose) in
human breast milk when oral ximelagatran is administered to lactating women.

3.3 Special populations

A series of investigations have identified renal function as the most influential demographic
factor on ximelagatran pharmacokinetics. There is no important independent influence of
other intrinsic factors such as age, gender, body weight, obesity, race, or mild to moderate
hepatic impairment on the pharmacokinetics of ximelagatran.

Renal function (assessed as calculated CrCL) has been identified as the most influential
demographic factor for explaining melagatran exposure. Population pharmacokinetic analyses
show that melagatran AUC valuesin patients with mild (CrCL 50 to 80 mL/min) and
moderate (CrCL 30 to <50 mL/min) rena impairment are about 1.5 and 2.5 times higher,
respectively, than in patients with normal renal function (CrCL >80 mL/min). The
relationship between melagatran plasma concentrations and calculated CrCL is consistent
across the 3 primary patient populations shown in Figure 9. The Phase I1/111 studies with oral
ximelagatran include patients across a broad range of melagatran exposures and the influence
of rena function on clinical outcome has been evaluated in these Phase 11/111 trias.

In subjects with severe renal impairment (CrCL <30 mL/min), the mean AUC and mean
half-life of melagatran are increased approximately 5- and 3-fold, respectively, compared to
subjects with normal renal function. Patients with severe renal impairment were therefore
excluded from the Phase |1 and Phase 11 clinical studies. Melagatran is effectively cleared by
the kidneys, and if needed, can be dialyzed. These results suggest that dialysis may be used to
rapidly eliminate melagatran for reversal of anticoagulation in the event of overdose,
unexpected accumul ation because of severe renal dysfunction, or serious bleeding.
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Figure9 Population-model predicted AUC of melagatran ver sus calculated
creatinine clearance
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Population-model predicted melagatran AUC is shown for an oral dose of 36 mg ximelagatran for all patient
populations irrespective of the actual doses given in the studies.

OS (Orthopedic surgery) patients (METHRO |1, SH-TPO-0002); VTE prevention (THRIVE 111, SH-TPV-0003);
AF Atrial fibrillation patients (SPORTIF 11, SH TPA-0002 and SPORTIF IV, SH-TPA-0004).

VTE Venous thromboembolism.

To study the influence of age on the pharmacokinetics of ximelagatran, a 20-mg dose of oral
ximelagatran was administered to young (20 to 27 years old) and elderly (56 to 70 years old)
volunteers. The oral bioavailability of melagatran was approximately the same for young and
elderly subjects, suggesting no clinically relevant influence of age on the absorption and
bioconversion of ximelagatran, while the AUC of melagatran was approximately 1.6-fold
higher in the elderly compared to the young. The higher melagatran AUC in elderly subjects
was mainly explained by the age-related decrease of renal function (calculated CrCL) leading
to areduced clearance of melagatran in the elderly volunteers.

Investigations into the influence of gender and body weight on the pharmacokinetics of
ximelagatran also revealed that any detectable differences in females versus males or in low
versus high body weight individuals was largely explained by body-weight related differences
in renal function (as assessed by calculated creatinine clearance).
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An investigation into the influence of obesity in 12 obese (body massindex [BMI] 32 to
39 kg/m?) and 12 non-obese (BMI 21 to 26 kg/m?) volunteers receiving a single 24-mg dose
of ximelagatran revealed no influence of obesity on the AUC or Ca of melagatran.

The influence of race on the pharmacokinetics of ximelagatran was investigated in healthy
male Asian, Black, and Caucasian volunteers (n=12/group). The bioconversion of
ximelagatran to melagatran was rapid, with maximum plasma concentrations of melagatran
observed approximately 1.6 hours after dosing, and melagatran was eliminated from plasma
with half-livesin the range 2.8 to 3.0 hours (mean values per ethnic group). Whilethe AUC
of melagatran was similar in the Black and Caucasian volunteers, the AUC was 23% higher in
Asians compared to Caucasians. After correction for differencesin body weight, the AUC
values were similar between the groups. The higher AUC in Asians was therefore attributed
to lower body weight, and corresponding lower renal function (as assessed by calculated
CrCL), compared to Caucasians.

Using population pharmacokinetic methodol ogy, the geometric mean AUC of melagatran
(derived from the individual Bayesian estimates of CL/F) in Japanese AF patients

(4.24 wumol h/L) was found to be 18% higher than in the Caucasian patients (3.58 umol h/L).
Thisisarelatively small difference and there was a complete overlap for the ranges of the
individual estimates of melagatran AUC in the Japanese and Caucasian patients. The
population PK model attributed the higher melagatran exposure in the Japanese patients to the
influence of body-weight related differencesin renal function on melagatran clearance. The
median calculated CrCL in the Japanese patients was 58 mL/min while it was 78 mL/minin
the Caucasian patients.

Together, these data indicate that melagatran plasma concentrations are in general no more
than 25% higher in Asians compared to Caucasians and this difference is largely explained by
an on-average lower body weight and associated renal function (assessed as calculated CrCL)
in Asians versus Caucasians. Thereistherefore, no independent effect of race on the
pharmacokinetics of ximelagatran.

The influence of hepatic impairment on the absorption, bioconversion of ximelagatran to the
active form melagatran, and excretion was investigated in a group of subjects with mild to
moderate hepatic impairment (characterized by Child-Pugh scoring system as class A and B,
respectively) and control subjects matched by age, body weight, and gender. Following a
single dose of 24 mg ximelagatran, the subjects with hepatic impairment had slightly lower
AUC and Co of melagatran compared to control subjects. After adjusting for differencesin
calculated CrCL between the 2 groups, the AUC estimates were comparable. The results
support that the absorption of ximelagatran and the bioconversion to its active form,
melagatran, are not influenced for patients with mild to moderate hepatic impairment.

In summary, investigation into the effect of intrinsic factors on ximelagatran pharmacokinetics
indicate that interindividual differencesin exposure to melagatran could be largely accounted
for by variation in renal function. There does not appear to be any important additional effect
on melagatran exposure related to age, gender, body weight, obesity, race (Asian, Black,
Caucasian), or mild or moderate hepatic impairment. Renal function (assessed as cal culated
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CrCL) istherefore the most important demographic factor influencing melagatran plasma
concentrations.

34 Food, alcohol and drug interactions

Ximelagatran does not interact with food or alcohol. Ximelagatran also has alow potential
for drug interactions as supported by alack of CY P450 interactions, low plasma protein
binding, and systemic melagatran being primarily excreted via glomerular filtration. No
important drug interactions have been identified with arange of potential co-medications,
although an interaction with erythromycin and azithromycin has been identified.

Systemic exposure to melagatran (AUC and Cax) following oral administration of
ximelagatran tablets is not altered by food intake, although the time to reach maximum plasma
concentrations of melagatran is delayed approximately 1 hour. The effect of alcohol on the
pharmacokinetics of melagatran was investigated in young healthy subjects (n=26) receiving
single oral doses of 36 mg ximelagatran with and without alcohol on 2 separate occasions
(Table 4). There was no change in melagatran AUC or Cyax, sSupporting that ethanol intake
does not alter the pharmacokinetics of melagatran following oral ximelagatran.

Invitro investigations of ximelagatran, its intermediates, and melagatran reveal ed no evidence
of metabolism by, or inhibition of, the following CY P450 isoenzymes: 1A2, 2A6, 2C9, 2C19,
2D6, 2E1, or 3A4. A seriesof in vivo studies have also been performed in healthy volunteers
using the following known CY P450 substrates and/or inhibitors: atorvastatin (3A4 substrate),
diazepam (2C19 and 3A4 substrate), diclofenac (2C9 substrate), nifedipine (3A4 substrate),
amiodarone (2C9, 2D6 and 3A4 inhibitor) (Table 4). These drugs did not significantly alter
the exposure of melagatran and there was also no important influence on the pharmacokinetics
of these drugs by ximelagatran. These data confirm the results of the CY P450 studies in vitro,
and support that ximelagatran should not alter the metabolism of other drugs mediated by
CYP2C9, CYP2C19 or CYP3A4. In addition, the metabolism of ximelagatran should not be
altered by concomitant administration of drugs that are substrates or inhibitors for these
isoenzymes. Based upon these data, the potential for drug-drug interactions via CY P450
isoenzymes appears low.
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Table4 In vivo drug-interaction studieswith ximelagatran and various
concomitantly administered drugs

Concomitant

Concomitant drug Ximelagatran  Melagatran AUC drug AUC ratio Pharmacokinetic

and oral dose dose ratio (90% CI)? (90% CI)® interaction®
Alcohol 0.5-0.6 g/kg 36 mg 1.04 (1.0; 1.08) ND No
Amiodarone 600 mg 36 mg 1.21(1.17; 1.25) 0.87 (0.69; 1.08) No*
ASA 162 mg 36 mg 1.04 (0.97; 1.11) ND No
ASA 162 mg 72mg 1.06 (0.99; 1.14) ND No
Atorvastatin 40 mg 36 mg 0.97 (0.94; 1.01) 1.01 (0.94; 1.10) No
Clopidogrel 75 mg 24 mg 1.02 (0.95; 1.11) 0.98 (0.95; 1.01)° No
Diazepam 0.1 mg/kg iv 24 mg 0.99 (0.93; 1.06) 0.99 (0.95; 1.04) No
Diclofenac 50 mg 24 mg 1.00 (0.93; 1.08) 0.99 (0.85; 1.16) No
Digoxin 0.5 mg 36 mg 1.02 (0.98; 1.07) 1.04 (0.96; 1.12) No
Erythromycin 500 mg 36 mg 1.82 (1.64; 2.01) ND Yes
Nifedipine 60 mg 24 mg 1.01(0.97; 1.06) 1.05(0.95