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1.1 Recommendation on Regulatory Action

. From an efficacy perspective, the EXTRACT-TIMI 25 study showed that enoxaparin
significantly (p = 0.000003) reduced the incidence of the composite primary efficacy
endpoint (all-cause mortality and non-fatal myocardial re-infarstion within 30 days after
randomization) compared to UFH (9.9% in the enoxaparin group vs 12% in the UFH
group, 17% relative risk reduction).

From the safety petspective, enoxaparin was associated with an increase in adjudicated
TIMI major bleeding at 30 days compared with UFH in patients with acute STEMI (2.1%
in enoxaparin group vs 1.4% in UFH group, p <0.0001), without a statistically significant
(p = 0.1443) increase in intracranial hemorrhage (ICH) between the enoxaparin group
(0.8%, 84 of 10,176 patients) and UFH group (0.7%, 66 of 10,151 patients).

The net clinical benefit significantly (p < 0.001) favored enoxaparin-treated patients: for
every 1000 STEMI patients treated with enoxaparin, there would be:

e 6 fewer deaths, ’

¢ 15 fewer non-fatal myocardial re-infarctions, and -
e 7 fewer episodes of urgent revascularization,

at a cost of an increase-of 4 non-fatal major hemorrhages, with no increase in the number of
non-fatal intracranial hemorrhage. '

Based on the finding of a clinically important net beneficial effect of enoxaparin in the
balance of efficacy and safety endpoint events in STEMI patients treated with enoxaparin
in the EXTRACT-TIMI 25 study, I recommend “approval” for this application after the
sponsor has complied with the changes I suggested in the “Indications” and “Clinical
Studies” sub-sections of “Section 9.4 Labeling Review” of this clinical review.

1.2 Recommendation on Postmarketing Actions
Not applicable.

1.2.1 Risk Management Activity
Not applicable.

1.2.2 Required Phase 4 Commitments
Not applicable.

1.2.3 Other Phase 4 Requests
Not applicable.
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1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

5

‘At an End of Phase II Meeting on 20-No§1—2001, the sponsor discussed the ExTRACT-
TIMI 25 study with the Agency (Division of Medical Imaging and Hematology Products -

~ DMIHP). ‘The Agency approved the protocol, following review of a Request for Special

@i

Protocol Assessment submitted on 18-Mar-2002, with substantial FDA input (from both
DMIHP and the Division of Cardiovascular and Renal Products — DCaRP).

The FDA emphasized that

(i)  the study must show a clear superiority of enoxaparin over UFH with regard to
BOTH efficacy and safety, as otherwise a comparison of UFH for 48 hours vs
enoxaparin for 2-8 days may not be interpretable,

(it) .a double-blind, double-dummy design must be used to minimize bias,

(iii) the primary efficacy endpoint should be assessed at 30-days,

(iv) the definition for major hemorrhage must include intraocular, retroperitoneal, and
intracranial hemorrhages,

(v) the formulation and dose regimens of the throrﬁbolytic agents should be approved in
the US, .

(vi) all patients should receive aspirin which is now part of the standard of care for
STEM]I, and

(vit) for this single study to be approvable, the étrength of the results (i.e., a high level of
significance) will determine whether the results support the efficacy claim. :

The ExXTRACT-TIMI 25 study enrolled 20,506 patients with STEMI who were eligible for
fibrinolytic therapy (at the treating physician’s discretion, streptokinase fcapped at 5000
patients], alteplase, tenecteplase or reteplase). The study was conducted during 24-Oct-
2002 through 01-Oct-2005 at 674 sites in 48 countries including the United States (9 sites).

The primary efficacy endpoint was a composite of all-cause death and non-fatal myocardial
re-infarction within 30 days after randomization. Patients were followed up for 30 days
(visit in person or by telephone contact) for the efficacy and safety endpoints of the study.
Six and 12-month follow-up visits were made by telephone contact.

All efficacy analyses of endpoint events were based on adjudicated data from an
independent Clinical Events Committee (CEC). The primary efficacy endpoints between
the two groups were compared using a Chi-square test based on the intent-to-treat (ITT)
patient population. A patient with multiple events was counted only once in the incidence-
based analysis.

0f£ 20,506 pétients randomized (10,273 enoxaparin and 10,233 UFH), 27 (17 enoxaparin
and 10 UFH) did not receive study drug and had no follow-up information. Thus, the ITT
population was 20,479 (10,256 enoxaparin and 10,223 UFH) patients. -

An independent Data Safety Monitoring Board (DSMB) reviewed unblinded results at
25%, 50% and 75% of the total targeted primary events.

A e e s s s - . e -
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The qualifying infarction was treated with medical therapy alone in 74.3% of patients, with
PCILin 23.0% (as rescue therapy in 2.8%, and as an urgent or elective procedure in 20.2%),
and coronary artery bypass surgery in 2.8% of patients.

In brief, patients were comparable at baseline regarding demogratxhic and cardiovascular
characteristics. A fibrinolytic agent was administered to 99.7%:patients, with 79.5%
receiving a fibrin-specific agent and 20.2% (4139 patients) recelving streptokinase.

The mean duration for-enoxaparin/enoxaparin placebo sc injection was 6.6 days (median
duration = 7 days) with 74.5% of patients treated for >6 days. The mean duration of
UFH/UFH placebo iv infusion was 53.7 hours (median duration = 48 hours) with 89.6% of
patients treated for >36 hours. : '

Concomitant medications prior to and during hospitalization were comparable between the
enoxaparin and UFH groups, with aspirin in 94.8% and 95 4%, B-blockers (excluding eye
drops) in 85.9% and 85.5%, ACE inhibitors in 78.5% and 77.8%, statins in 69.5% and

- 69.5%, clopidogrel in 27.2% and 28.7%, oral anticoagulants in 2.1% and 2.5%, and

thrombolytics (other than those of index MI) in 4% and 0.5%, respectively, of patients.

- There were also 6 previous enoxaparin clinical trials conducted between 1995 and 2005,

which enrolled an additional 10,171 patients with STEMI. Of these:

¢ ASSENT 3, ASSENT 3+, ENTIRE-TIMI 23, and HART II were open-label studies, and

e AMI-SK and TETAMI studies were double-blind, placebo-controlled studies, of which
o AMI-SK study evaluated reperfusion (TIMI flow grade 3) by angiography, and

o TETAMI study enrolled non-thrombolyzed patients with STEMI (i.e., STEMI
patients ineligible for reperfusion) only, and showed that enoxaparin did not
reduce the 30-day incidence of death, reinfarction and recurrent angina significantly
compared with UFH in non-reperfused STEMI patients.

The main difference between the EXTRACT-TIMI 25 study and the 6 previous studies was
that enoxaparin was administered without dose modifications for age or renal impairment
in the 6 previous studies. Due to differences in study designs and endpoints, no integrated
analyses were performed on efficacy and safety data from the ExTRACT-TIMI 25 and
efficacy and safety data in the 6 previous studies. '

1.3.2 Efficacy

The EXTRACT-TIMI 25 trial showed that enoxaparin significantly (p = 0.000003) reduced
the incidence of the composite primary efficacy endpoint (all-cause death and non-fatal
myocardial re-infarction within 30 days after randomization) compared to UFH (9.9% in
the enoxaparin group vs 12% in the UFH group, 17% relative risk reduction).

This benefit was contributed mainly by a significant reduction in the incidence of non-fatal
myocardial re-infarction (3.0% in enoxaparin group vs 4.5% in UFH group, 33% relative
risk reduction, p < 0.001), whereas the reduction in all-cause deaths (6.9% in enoxaparin
group vs 7.5% in UFH group, 8% relative risk reduction) was not statistically significant ()
=0.11). ‘ '
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The time-to-composite-endpoint (of death or non-fatal myocardial re-infarction) also
showed a statistically significant reduction in the enoxaparin group compared to the UFH
treatment group (HR = 0.83, 95% CI 0.77 — 0.90, 17% relative risk reduction, P<0.001).

The treatment benefit of enoxaparin became evident at 48 hours, and was significantly
positive at Day 8 and at Day 30. e

This clinical benefit of treatment with enoxaparin was consistently demonstrated:

e across.pre-specified subgroups of " -

age (<75 years vs 275 years),

infarct location,

presence of prior MI,

presence of diabetes mellitus,

presence of severe renal function impairment,

treatment with PCI or medical treatment,

types of fibrinolytic agent used,

concomitant medications (with the exception of non-use of B-blockers), and

Killip Class /I heart failure (with the exception of severe heart failure or

cardiogenic shock (Killip Class ITI/IV),

* as positive findings when myocardial ischemia leading to urgent revascularization or
disabling stroke were added to the primary efficacy endpoint (composite secondary
efficacy endpoints), and :

* aspositive findings in the tertiary composite endpoints.

In the EXTRACT-TIMI 25 smdy, the Kaplan-Meier curves for death for 12 months for

enoxaparin and UFH run closely together. The ASSENT 3 study also showed similar
findings in the Kaplan-Meier curves for death up to 12 months.

O 0 O 0 0 C 0 0o

Despite the separation of the survival curves over 12 months for the composite endpoints of

- (a) death and myocardial re-infarction, and (b) death, myocardial re-infarction and

disabling stroke, an analysis of clinical eveats at 6- and 12- months showed an excess of
deaths and myocardial re-infarction when (1) deaths at day 30 post-randomization were
excluded, and (2) patients who experienced the composite primary efficacy endpoint (death
or non-fatal myocardial re-infarction) were excluded. ‘ :

Thus, I think that the clinical benefit produced by enoxaparin does not appear to extend
beyond the 30 days post-randomization. '

1.3.3 Safety

The EXTRACT-TIMI 25 study provided safety data for 20,327 patients with STEMI .
(enoxaparin: 10,176 patients; UFH: 10,151 patients) who received at least one dose of
study treatment. The primary safety endpoint was TIMI major hemorrhage within 30 days
after randomization. The Fisher’s Exact test was used to evaluate differences between the -
treatment groups for this primary safety endpoint.

The majority (82%) of patients in each group completed the assigned treatment regimen.

11
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17.6% (1790 of 10,256) patients in enoxaparin group and 18% (1830 of 10,223) patients in
UFH group discontinued, most frequently due to a hemorrhagic adverse event (AE) (34.1%
in enoxaparin group vs 24% in UFH group) or PCI-related reasons (48.5% (128 of 525)
patients in enoxaparin group and 51.5% (136 of 625) patients in.UFH group).

The safety data from 6 previously conducted studies for 10 049"randomlzed patients with
STEMI (4128 enoxaparin patients, 5673 UFH patients, and 239 placebo patients) were also
reviewed. A majority (58%) of patients in each of the 6 studies completed the assigned
treatment.  Hemorrhagic events were the most frequent AEs that resulted in treatment
discontinuation in all of these studies.

The safety findings in the EXTRACT-TIMI 25 study are:

@ Enoxaparin was associated with an increase in adjudicated TIMI major bleeding

compared with UFH in patients with STEMI (2.1% vs.1.4%, p < 0.0001).
(1)  No statistical difference (p = 0.1443) was detected in ICH between the enoxaparin
group (0.8%, 84 of 10,176 patients) and UFH group (0.7%, 66 of 10,151 patients).
(iii)  The incidences of non-hemorrhagic AEs were similar between treatment groups.

(iv)  The results of subgroup analyses for the primary safety endpoint in the EXTRACT
study did not identify treatment by subgroup interactions.

The balance of efficacy and safety was assessed as “net clinical benefit” using the
following composite endpoints:

e death/re-infarction/nonfatal disabling stroke,

. deafh/re—infarction/ nonfatal major bleeding, and

¢ death/re-infarction/non-fatal ICH.
The incidence of events for each of the composite “net clinical benefit” endpoints was
significantly (P < 0.001 for all comparisons) lower at 30 days in the enoxaparin group
compared with the UFH group. Reductions in the absolute event rates of 1.8 to 2.2

percentage points corresponded to relative risk reductions of 14% to 18%, supporting the
overall positive effect of enoxaparin on clinically important efficacy and safety endpoints.

Thus, despite an increase in episodes of TIMI major bleeding, early and sustained reduction
in ischemic events and the net positive balance of efficacy and safety endpoint events
demonstrated the beneficial effect of the regimen of enoxaparin as the adjunctive
antithrombin regimen in patients with STEMI who were treated medically and with
fibrinolytic therapy, whether or not they underwent subsequent PCIL.

1.3.4 Dosing Regimen and Administration

" For treatment of patients with STEMI, the recommended dose is:

¢ Patients with STEMI < 75 years old: 30-mg single iv bolus plus a 1 mg/kg sc dose
followed by | mg/kg sc every 12 hours;
¢ Patients with severe renal impairment: 30-mg single iv bolus plus a 1 mg/kg sc dose
: followed by 1 mg/kg SC once daily;
¢ Geriatric patients >75 years of age: 0.75 mg/kg sc every 12 hours without an
: initial IV bolus
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When administered in conjunction with a thrombolytic (fibrin-specific or non-fibrin
specific) agent, enoxaparin should be given between 15 minutes before and 30 minutes
after the start of fibrinolytic therapy.

For patients managed with Percutaneous Coronary Intervention’(PCI): If the last sc dose of
enoxaparin was given < 8 hours before balloon inflation, no additional dosing is needed. If
the last enoxaparin sc dose was given > 8 hours before balloon inflation, an iv bolus of 0.3
mg/kg of enoxaparin injection should be administered.

All patieﬂts should receive acetylsalicylic acid (ASA) as soon as they are diagnosed as
having STEMI, and maintained with 75 to 325 mg once daily unless contraindicated.

The recommended duration of enoxaparin treatment is 8 days or until hospital discharge,
whichever comes first.

- 1.3.5 Drug-Drug Interactions

The sponsor submitted that no drug interaction studies were conducted for this submission.

1.3.6 Special Populations

‘Elderly patients: In elderly (=75 years old) patients the initial bolus is not administered,
and a reduced dose of 0.75 mg/kg sc every 12 hours (maximum 75 mg for the first two
doses, followed by 0.75 mg/kg for the remaining doses) is proposed to reduce the risk of

bleeding.

Renal impairment: Impaired renal function results in a proportional decrease in enoxaparin
and anti-Xa clearance, thereby increasing the risk of bleeding in patients with severe renal
impairment (CrCl < 30. mL/min). Using the population PK model, a simulation of a dose-
regimen of 1 mg/kg once daily in patients with severe renal impairment demonstrates an
exposure at steady state that is similar to that at a dose of 1 mg/kg twice daily in healthy
subjects, and similar peak levels at steady state. This dose adjustment has now been
implemented in enoxaparin labeling in several countries, including the US.

Percutaneous coronary intervention (PCI). To maintain anti-Xa levels between 0.6 and
1.8 IU/mL based on PK simulation data, the ExTRACT-TIMI 25 protocol required that (i)
patients undergoing PCI receive an iv bolus of enoxaparin 0.3 mg/kg if the last sc dose was
given.28 hours before balloon inflation, and (ii) if the last sc dose of enoxaparin was given
<8 hours before inflation, no additional dosing was required.

Pregnancy and Lactation: A total of 1800 cases of drug exposure during pregnancy and
lactation were recorded from the first marketing authorization up to May 2006 in the
sponsor’s post-marketing global pharmacovigilance database. There are no adequate and
well-controlled studies in pregnant women. Only data from animal studies were available
which are not always predictive of human response. Thus, enoxaparin should be used
during pregnancy only if the physician has'established a clear need.

It is not known whether enoxaparin is excreted in human milk.
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2. INTRODUCTION AND BACKGROUND |

¥

[ This submission is an efficacy supplement. Please refer to the original NDA 20-164 review.

2.1 Product Infofmation

; Lovenox(f3 (Enoxaparin sodium) is a low molecular weight heparin (LMWH) obtained by
depolymerization of standard heparin.

It belongs to the pharmacotherapeutical group of anticoagulants (ATC Code: B0 1ABOS).

The proposed indication for this NDA efficacy supplement is:

. Treatment of acute ST-segment Elevation Myorcar'dial Infarction (STEMI) including
patients to be managed medically or with subsequent Percutaneous Coronary
Intervention (PCI) :

For treatment of acute STEMI, the recommended dose is:
* 30-mg single IV bolus plus a 1 mg/kg SC dose followed by 1 mg/kg sc every 12 hours

¢ for patients with severe renal impairment: 30-mg single IV bolus plus a 1 mg/kg sc
dose followed by 1 mg/kg SC once daily

* for geriatric patients 275 years of age, 0.75 mg/kg sc every 12 hours without an initial
IV bolus.

2.2 Currently Available Treatment for Indications

‘Fibrinolytic agents, aspirin, and more recently, PCI or stent placement, are used to prevent
thrombus propagation or re-thrombosis, and to restore blood flow in the infarct related
artery (IRA). In 2004, the American College of Cardiology (ACC) and the American Heart
Association (AHA) published updated recommendations on STEMI (Table D ‘

Prompt reperfusion therapy is a key part of the treatment of STEML Reperfusion therapy,
as the standard of care for patients with STEMI, has improved the prognosis of patients
with STEMI over the last decade?>. However, the current practice of using fibrinolytics,
aspirin, and antithrombin {iv unfractionated heparin (UFH)} still results in at least a 10%
rate of death or re-infarction within 1 month following treatment®>%"%?.

While the ACC/AHA guideline recommends UFH as ancillary therapy to reperfusion in the
treatment of STEMYI, there is still some controversy regarding its role. In a systematic
review of 26 randomized clinical trials that assessed the effects of anti-coagulant therapy in
patients with acute myocardial infarction (MI), risk reduction for death and myocardial re-

_ infarction was observed in patients who were not routinely receiving aspirin; for patients
 treated with aspirin, UFH failed to demonstrate a similar reduction in mortality'®. The

review concluded that the routine addition of intravenous (iv) or subcutaneous (sc) heparin
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for the treatment of acute MI could not yet be Justified by the evidence from randomized
clinical trials. In many countries UFH has not been specifically approved for the treatment
of acute STEMI. Based on this information, the sponsor contends that there is a need for

an effective and safe antithrombin agent for the treatment of STEMI.

Table 1 ST-Segment Elevation Myocardial Infarction (STEMﬁ: Acute Medical Therapy

General treatment measures

e Aspirin
e - Analgesics
¢ Nitrates
e Oxygen

Infarct size limitation
*  Bed rest and postural maneuvers
*  B-Blockers (decrease heart rate)
* ACE inhibitors (unless patient is hypotensive)
Reperfusion
*  Primary PCI or coronary thrombolysis (primary PCI preferred after 3 hours)
Antithrombotic and antiplatelet therapy
®  Aspirin (75-162 mg, chronic dose)
¢ UFH or consider LMWH (egg, enoxaparin)
o IfPCL
o Clopidogrel
oGP IIb/Ila inhibitors

ACE = angiotensin-converting enzyme; GP =glycoprotein; LMWH =10w-molecular-weight heparins;
PCI =percutaneous coronary intervention; UFH =unfractionated heparin.

2.3 Availability of Proposed Active Ingredient in the United States

Lovenox® (enoxaparin sodium) is currently available in the US, being approved by FDA
for marketing for the indications of: '

J Prophylaxis of deep vein thrombosis (DVT), which may lead to pulmonary
embolism:

o abdominal surgery at risk for thromboembolic complications;

o hip replacement surgery, during and following hospitalization;

o knee replacement surgery; '

o - in medical patignts with severely restricted mobility during acute illness.
. inpatient treatment of acute DVT with or without pulmonary embolism.
. outpatient treatment of acute DVT without pulmonary embolism.

o Prophylaxis of ischemic complications of unstable angina and non-Q-wave
myocardial infarction (NSTEMI). .

The proposed labeling change for this NDA efficacy supplement concerns the inclusion of

a new indication for the prevention of thrombotic events in patients suffering from STEMI

including patients to be managed medically or with subsequent PCI.
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2.4 Important Issues with Pharmacologically Related Products

Existing antiplatelet therapies show only limited efficacy. In the “Clopidogrel in Unstable
Angina to Prevent Recurrent Ischemic Events” (CURE) study, clopidogrel plus aspirin
showed only a 20% relative risk reduction (9.3% vs. 11.4%) in-the primary outcome (CV
death, ML, or stroke) than aspirin alone and safety concerns (a 3:7% incidence of major
bleeding events for the combination).

In ESTEEM, a randomized, placebo-controlled phase II dose-ranging study in patients with
recent MI, ximelagatran (Exanta™) was found to be more effective than placebo in "
reducing the composite endpoint of death, non-fatal re-infarction, and severe recurrent
ischemia among patients who also received 160 mg aspirin daily''. The magnitude of
benefit (3-6% absolute risk and 24% relative risk reduction) was similar to that observed by
adding either warfarin or clopidogrel to aspirin. However, as with these other combination
regimens, there were complications. Addition of ximelagatran was associated with a
doubling of bleeding complications, although major hemorrhage was rare (23 patients,
1.8%, vs. six patients, 0.9%) in a treatment period averaging 3.5 months. Ximelagatran was
also associated with a four-fold excess in liver enzyme elevations which occurred in 199
(16%) of patients, but these were not associated with clinical complications.

The Cardiovascular and Renal Drugs Advisory Committee met on September 10, 2004, to
discuss ximelagatran " mg tablets for the proposed indication of the prevention
of venous thromboembolism (VTE) in patients undergoing knee replacement surgery, the
prevention of stroke, and other thromboembolic complications associated with atrial
fibrillation (AFib) and the long term secondary prevention of VTE after standard treatment
of an episode of acute VTE. The Advisory Committee recommended non-approval of
ximelagatran,

An indirect Factor Xa inhibitor, fondaparinux (Arixtra®) has been approved for prevention
of VTE following knee and hip surgery, and for treatment of DVT'?. It showed better ~
efficacy than LMWHs, which are the current standard of treatment. * —

e ——————————————

2.5 Pvresubmiss‘ion Regulatory Activity

The original NDA 20-164 for Lovenox® and its related IND 31,532 both reside in the
Division of Medical Imaging and Hematology Products (DMIHP). The following is a list
of important regulatory activities between DMIHP and the sponsor:

¢ The EXTRACT study was discussed with DMIHP at an End of Phase II Meeting on 20-
Nov-2001. '

* A Request for Special Protocol Assessment of the EXTRACT (Serial No. 614) protocol
- was subt_nitted on 18-Mar-2002, and FDA’s clinical recommendations were issued on
02-May-2002. .

e EXTRACT Protocol and CMC information amendment (Serial No. 626) were
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submitted on 19-Jun-2002, and FDA’s clinical recommendations were issued on 24-
Sep-2004.

* EXTRACT Protocol Amendment 1 (Serial No. 671), containing dose modifications for
the elderly (75 years) and patients with impaired renal function, was submitted on 13-
Feb-2003. Sponsor’s response to FDA’s clinical comments-on the protocol amendment
and recommendations (Serial No. 679) was submitted on 03*Apr-2003.

¢ Statistical Analysis Plan (Serial No. 734) was submitted on 24-Oct-2003.

* Protocol Amendment 2 (Serial No. 789) containing proposed revisions to the
EXTRACT protocol for CK/CK-MB analysis was submitted on 3 1-Aug-2004.

* Request for a waiver of pediatric studies for the treatment of patients with STEMI
(Serial No. 860) was submitted on 23-May-2006. FDA letter granting the sponsor’s
request for the waiver of pediatric studies for the treatment of patients with STEMI was
issued on 14-Jul--2006. '

A Pre-sNDA Meeting consultation was submitted on 28-Mar-2006. With input from Both
DMIHP, and the Division of Cardiovascular and Renal Products (DCRP), FDA made a
written response on 08-May-2006. )
The following is a list of important regulatory activities between DCRP and the sponsor:

¢ Phone discussion on 21-Jun-2006 related to the requirement of new IND to be filed
with DCRP for the coming EXTRACT sNDA, and the requirements for filing this IND

« Initial IND was filed under DCRP on 10-Aug-2006.
¢ FDA letter dated 30-Aug-2006 accepted the IND filing.

+ The NDA was filed on 17-Nov-2006.

Important meeting outcome:

At a meeting between the sponsor and FDA on 15-Dec-2001, FDA provided the following
suggestions regarding the proposed EXTRACT Study design, including objectives,
inclusion / exclusion criteria, primary and secondary efficacy outcomes, statistical
assumptions and methods, and sample size calculations so that the study would be
acceptable as the single adequate and well-controlled pivotal trial for the intended
indication:

* A clear superiority of enoxaparin sodium over UFH with regard to both efficacy and
safety must be established in the study as otherwise a comparison of treatment with
heparin for 48 hours vs treatment with enoxaparin sodium for 2-8 days, or until
discharge, but not greater than 8 days may not be clinically interpretable.

e The primary efﬁcac;/ endpoint should be assessed at 30 days. Assessments at 14 days
and other time points may be secondary analyses. Time-to-event analyses may be of -
interest as secondary analyses.

* Consider requiring co-administration of aspirin (at a dose of 81-325 mg daily), since
this is generally a part of the standard of care for acute MI and since there is some
evidence that aspirin may give an additional benefit in acute MI when used in
combination with thrombolytics. Alternatively, the study could be stratified and sized to
clearly demonstrate safety and efficacy with and without aspirin (with the consideration
that the actual mg dose of aspirin may influence bleeding rate in this study).
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Conduct this protocol as a double-blind, double-dummy study to minimize bias. Some
of the potential biases in an open-label study include:

(1) Influence on the nature and timing of intervention(s).
(2) Influence on the objectivity of the investigator.

The definition for major hemorrhage must include a statement that intraocular,
retroperitoneal, and intracranial hemorrhages are always considered major hemorrhage.

In the protocol, clearly describe the 48 hour intervention restriction. Provide historical
data regarding the percent of AMI patients who undergo diagnostic or therapeutic
procedures in the first 48 hours of medical care. The historical data should include
country specific information.

Provide information regarding how the proposed dosing regimen for enoxaparin
sodium was established. '

Clarify whether the formulations and dose regimens of the thrombolytic agents will be
those approved in the United States. The labeling would only address use of enoxaparin
sodium an adjunct to U.S. approved thrombolytics and regimens.

In the protocol, describe how treatment-by-center interaction would be evaluated. (Any
center effect on results could be confounded with specific thrombolytic effect if a
particular thrombolytic agent was preferred by a particular center; how this would be
addressed needed to be explained in the protocol.

Prior heparin use for the acute MI which led to study éntry must be addressed as a

possible confounder in the analysis of the study results.

Regarding the statistical analysis, clearly describe/define in the statistical analysis plan,
the following: (1) The proposed “adjusted Chi-square” analysis; (2) The procedure(s)
associated with the interim analyms and (3) The procedure(s) for dealing with multiple
comparisons.

Provide drug-drug interaction studies between enoxaparin sodium and the thrombolytic
agents to be used in the study.

The acceptance of the single study as a sufficient scientific and regulatory basis for
approval of enoxaparin sodium for the desired indication will be determined by its
adequacy to support the efficacy claim based on strength of the results (Guidance for
Industry: Providing Clinical Evidence of Effectiveness for Human Drugs and

Biological Products, May 1998). In general, results from any trial should be
independently substantiated. The size of the proposed study, the multi-center design,
and the mortality endpoint are consistent with the single study criteria. However,
statistically persuasive data would need to be provided. Results barely significant at
usual levels would likely not be considered very persuasive (p < 0.05). Accordingly, a
larger study might be considered, with sample size calculated on the basis of a smaller
level of significance.

Verify that there are two different boards (with different members) — one for safety

~ evaluation the other for efficacy adjudication:

o Identify the activities and responsibilities of the Data Safety Monitoring Board
including membership, how frequently the board meets, how the board
communicates to the investigators, ways the safety will be monitored, how
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frequently the safety will be monitored, and how interactions with the Steering
Committee and Critical Event Committee will be regulated.

o Identify the activities of the blinded efficacy adjudication board.

e Provide narratives for the following: patients experiencing any serious and unexpected
adverse events; patients experiencing study agent di‘scontirr’(i?tions due to adverse
events; patients discontinuing study participation due to adverse events.

¢ Provide CRFs for all deaths, all patients who had study agent discontinuation due to
adverse events, and all patients who discontinued study participation due to adverse
events. CRFs must contain all the data available on serious adverse events (e.g.,
Medwatch forms). Additional CRFs may be requested during review and must be
supplied within 7 days.

2.6 Other Relevant Background Informafion

Lovenox/Clexane (enoxaparin sodium) was first approved in France in April 1987. At the
time of submission of this NDA supplement, it has been approved for marketing in
Australia, Canada, the US, and > 96 countries worldwide for the indications mentioned in
Section 2.3, which may vary by country. In some countries, enoxaparin sodium is also
indicated for prevention of thrombosis formation in extracorporeal circulation during
hemodialysis.

3. SIGNIFICANT FINDINGS FROM OTHER REVIEW
DISCIPLINES

Not applicable.

3.1 CMC (and Product Microbiology, if Applicable)

Not applicable.

3.2 Animal Pharmacology/Toxicology

Not applicable.
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4. DATA SOURCES, REVIEW STRATEGY, AND DATA
INTEGRITY

s

4.1 Sources of Clinical Data T

: The source of the data used in the review was the data from the clinical trials in the
enoxaparin development program. The focus was on the EXTRACT-TIMI 25 study
involving 20,506 randomized patients with STEMIL The EXTRACT-TIMI 25 study was the
only randomized, double-blind, double-dummy, parallel-group, multinational study
evaluating a clinical efficacy endpoint. g '

Electronic CRFs were reviewed as needed. Where appropriate, literature searches were
conducted.

The application was submitted as an electronic NDA. All materials submitted
electronically are located at \\ CDSESUB1\N20164 (or N22138) \S 073\2006-11-17

4.2 Tables of Clinical Studies

. Enoxaparin efficacy was evaluated in the EXTRACT-TIMI 25 study involving 20,506
randomized patients with STEMI who were randomized at 674 sites in 48 countries
including the United States (9 sites).

- The EXTRACT-TIMI 25 study was the only randomized, double-blind, double-dummy,

parallel-group, multinational study in the enoxaparin development program evaluating a
clinical efficacy endpoint in STEMI patients eligible for fibrinolytic therapy.

There were also 6.previous studies conducted under IND 31,532 involving an additional
10,171 patients with STEMI. These studies were conducted between 1995 and 2005 (Table
2 and Table 3; please see Appendix, Section 10.1.2, of this review for a brief review of
each of these 6 clinical trials in patients with STEMI). Four of these were open label
studies, and two were double-blind placebo-controlled studies. Briefly, these 6 studies are:

1. ASSENT 3: A phase IlIb, randomized, open label trial with three parallel groups: full
dose tenecteplase together with heparin sodium, full dose tenecteplase together with
enoxaparin, and half dose tenecteplase together with abciximab and unfractionated b(A)
heparin in patients with acute myocardial infarction.” This study was conducted under

2. ASSENT 3 Plus: A phase IIIb-IV, randomized, open label trial on efficacy and safety
with two parallel groups: full dose tenecteplase combined with unfractionated heparin
or enoxaparin in acute myocardial infarction in the prehospital setting (Satellite study to b(4)
ASSENT 3).” This study was conducted under, — - -

3. ENTIRE-TIMI 23: “A phase II stratified, randomized, open-label, angiographic trial
to assess the safety and efficacy of enoxaparin as an adjunct to thrombolytic with or
without GPIIb/Illa therapy in patients with ST elevation ML This study was
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conducted under IND 31,532,

HART H: “An open label, randomized, parallel, multicenter trial comparing the safety
and efficacy of subcutaneous enoxaparin to intravenous unfractionated heparin as an
adjunct to thrombolytic therapy in patients presenting with atute myocardial
infarction.” This study was conducted under IND 3 1,532, s

AMI-SK: “The safety and efficacy of subcutaneous enoxaparin and streptokinase in
patients presenting with acute myocardial infarction: an international, double-blind,
Placebo controlled, randomized, parallel group multicenter study.” This study was
conducted under IND 31,532. This study evaluated reperfusion (TIMI flow grade 3) by
angiography as the primary efficacy endpoint.

TETAMI: “The safety and efficacy of subcutaneous enoxaparin versus intravenous
unfractionated heparin and tirofiban versus placebo in the treatment of acute ST-
segment elevation myocardial infarction patients ineligible for reperfusion.” This
study was conducted under IND 31,532. This was a double-blind placebo-controlled
study. The study enrolled non-thrombolyzed patients with STEMI (i.e., STEMI
patients ineligible for reperfusion) only. This trial showed that enoxaparin did rot
significantly reduce the 30-day incidence of death, reinfarction and recurrent angina

- compared with UFH in non-reperfused STEMI patients.

Thus, this NDA efficacy supplement consists of only one well-controlled study — the
ExTRACT-TIMI 25 study — as the pivotal study to support the indication claimed for
this drug.

e

APPEARS THIS WAY ON ORIGINAL
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Table 2 List of clinical trials

Study / " Design and Number of | Dosage/ Timing / Frequency/ Duration / Primary Efficacy Endpoint
Centers / Objectives patients Route / Device Follow up { Statistical test
Countries Aspirin . :

ExTRACT R, DB, DD, PG, MN - | Tot=20,479 The composite endpoint of
TIMI 25 To evaluate efficacy 10,256 Enoxaparin (as described in =~ .z 8 days all-cause mortality and non-
674 centers and safety of Teview) . s fatal myocardial re-infarction
48 countries enoxaparin vs UFH in 10,223 UFH (as described in review 48 hours within 30 days after

patients with acute randomization

«| STEMI receiving

fibrinolytic therapy FU =30 days Chi-square test
ASSENT 3 R, OL, PG, MN Tot= 6,095 The efficacy composite
575 centers To compare (a) fuil- 2,038 (a) TNK-tPA iv bolus + UFH iv 48 hours endpoint of 30-day mortality
26 countries dose TNK-tPA + bolus 60 [U/kg, then iv infusion or in-hospital reinfarction or

heparin sodium vs (b} 12 [U/kg & 1-3, then per aPTT in-hospital refractory

full-dose TNK-tPA + monitoring; . ischemia

enoxaparin vs(c) Till hospital The efficacy and safety

halfdose TNK-tPA + 2,040 (b) TNK-tPA iv bolus + discharge or composite endpoint of 30-

UFH ’ enexaparin iv bolus 30 mg, then | revascularization | day mortality or in-hospital

1 mg/kgseq 12 b or 7 days, reinfarction or in-hospital
whichever came | refractory ischemia or in-
: 2,017 (c) TNK-tPA iv bolus + first hospital intracranial
Age 218 years ' Abciximab iv bolus and infusion hemortrhage or in-hospital
STEMI or LBBB <6 h + UFH iv bolus 40 [U/kg, then major bleeding (other than
iv infusion 7 IU/kg h 1-3, then 48 hours intracranial hemorrhage)
Aspirin 150~325 mg/d per aPTT monitoring
. FU = 30 days Chi-square test

ASSENT 3+ | R,OL,PG,MN Tot= 1,639 The efficacy composite
88 centers To compare the safety 821 (a) TNK-tPA iv bolus + UFH iv 48 hours endpoint of 30-day mortality
12 couatries and efficacy of full bolus 60 [Urkg (max 4000 [U), or in-hospital reinfarction or

dose TNK-tPA + UFH then iv infusion 12 [U/kg h 1-3 in-hospital refractory

vs full dose TNI-tPA (max 1000 IU/h), then per aPTT ischemia

+ enoxaparin monitoring; The efficacy and safety

818 {b) TNK-tPA iv bolus + Till hospital composite endpoint of 30-

enoxaparin iv bolus 30 mg, then | discharge or
1 mg/kg sc q 12 h (max 100 mg revascularization
each of first 2 inj.) (first sc dose or 7 days,

day mortality or in-hospital
reinfarction or in-hospital
refractory ischemia or in-

to be given within 5 min of iv whichever came - | hospital intracranial
Age >18 years bolus); first hemorrhage or in-hospital
STEMIorLBBB <6 h . major bleeding (other than
intracranial hemorrhage)
Aspirin 150~325 mg/d
FU =30 days Chi-square test
HART II R, OL, PG, MN Total =400 The reperfusion rate of the
23 centers To compare safety & 200 Enoxaparin: iv bolus 30 mg, 72 hours IRA at the 90-min post-rt-PA
3 countries efficacy of enoxaparin then | mg/kg sc 12 h (max 72 h) angiogram (TIMI flow
vs UFH as an adjunct (first sc dose to be given within grades 2 and 3), as provided
to thrombolytic : 15 min of iv bolus) + it-PA; by a core laboratory
therapy in patients 200 UFH: Initial 4000 to 5000 IU iv 77 hours
with STEMI bolus,, then iv infusion 15
Age >18 years [U/kg/h for 77 h (dose based on
STEMIorLBBB <6 h aPTT) FU =30 days Noun-inferiority test
Aspirin: not specified
AMI-SK R, DB, placebos Total =496 : The percentage of patent
37 centers controlled, PG, MN 253 Enoxaparin: iv bolus 30 mg 3 to 8 days infarct related arteries (TIMI
5 countries To evaluate the within 1 h of streptokinase, then flow grade 3) on Day 8
efficacy and safety of sc 1 mg/kg q 12 h (first sc dose angiogram provided by the
enoxaparin vs placebo to be given within 15 min of iv core laboratory
as an adjunct to bolus)
streptokinase therapy 243 Placebo: iv bolus 30 mg within 3 to 8 days
in patients with 1 h of streptokinase, then sc 1
STEMI : mg/kgq 12 h Chi-square test

R= randomized, DB= double-blind, DD= double dummy, PG= parallel group, MN= multinational study, OL= open-label; FU= follow up
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Table 3 List of clinical trials (continued)

Study / Design and - Number Dosage / Timing / Frequency/ Daration / Primary Efficacy Endpoint
Centers / Objectives of patients Route/ Device Follow up { Statistical test
Countries Aspirin

ENTIRE R, OL, PG, MN Total = Yo The percentage of patients
TIME23 Stratified, R, OL, PG, 488 (A) UFH: iv bolus 60 [U/kg . 36 hours who reached TIMI flow
43 centers MN, angiographic 82 (max 4000 IU), then iv infusion 7] grade 3 in the IRA at 60
6 countries study 12 TU/kg per h for 36 h (max’ * minutes post TNK-tPA bolus
To compare safety and 1000 IU/h duriog first 6 h) ] measured by the core
efficacy of sc (infusion starts < 5 min after iv laboratory
enoxaparin vs UFH as bolus); )
an adjunct to 81 (B1) Enoxaparin: iv botus 30 8 days
R thrombolytic therapy mg, then 1 mg/kg sc for dose 1
and 2 (max 100 mg), then 1
mg/kg q 12 h (first sc dose to be
given <5 min of iv bolus);
79 (B2) Enoxaparin: no iv bolus, i 8 days
mg/kg sc for dose 1& 2 (max
100 mg), thea 1 mg/kg q 12 b
48 (C1) Enoxaparin: no iv bolus, 0.3 8 days
mg/kg sc for dose 1& 2, then 1
mg/kgq 12 h;
- 71 (C3) Enoxaparin: iv bolus 30 8 days
mg, then 0.3 mg/kg sc for dose 1
and 2 (max 100 mg), then 1 '
mg/kg q 12 h (first sc dose to be
given <5 min of iv bolus);
Age 21 - 75 years 39 {C4) Enoxaparin: no iv bolus,
STEMI <6h 0.75 mg/kg sc for dose 1& 2,
then I mgkgq12h
, Aspirin 150~325-mg/d | 77 D: UFH: iv bolus 40 IU/kg (max
- (initial dose > 160 mg 3000 IU), then iv infusion 7
e po or 250~500 mg iv) [U/kg / h (max 800 [U/h in <6h) . v
(infusion starts <5 min after iv FU =30 days Chi-square test
bolus);
TETAMI R, DB, placebo- Tot= 1,225 ' The incidence of death, re-
91 centers controlled, 2 x 2 299 Enoxaparin + placebo: 2 to 8 days infarction or recurrent angina
14 countries factorial design, MN Enoxaparin iv bolus 30 mg + at Day 30 post-randomization
To compare safety and heparin placebo iv bolus, then
efficacy of enoxaparin enoxaparin sc 1 mg/kgq 12 h
vs UFH and of (dose 1 <15 min of iv bolus) +
tirofiban vs placebo in heparin placebo iv infusion; then
_non-thrombolyzed tirofiban placebo iv bolus 200puL
patients with STEMI /kg + maint infusion 2pul/kg/m;
305 Enoxaparin + tirofiban: 2to 8 days
Enoxaparin iv bolus 30 mg +
heparin placebo iv bolus, then
enoxaparin sc 1 mg/kg q 12 h
(dose 1 <15 min of iv bolus) +
heparin placebo iv infusion; then
tirofiban iv bolus 200ug /kg +
maint infusion 0.1pg/kg/m;
306 UFH + placebe: Enoxaparin
. placebo 20 mg + UFH iv bolus 2to 8 days
70 U/kg (max 5000 U), then
enoxaparin placebo, sc 1 mg/kg
q 12k +UFH 15 Ukg/ to
maintain aPTT of 1.5~2.5x
control; then tirofiban placebo iv ' 3
bolus 200pL /kg + maint FU=7730days | Chi-square test
infusion 2uL/kg/m;
R= randomized, DB= double-blind, DD= double dummy, PG= parallel group, MN= multinational study, OL= open-label; FU= follow up
N
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4.3 Review Strategy

First, I reviewed the medical literature related to clinical trials of antithrombin therapies in
patients with STEMI as well as in patients with acute coronary syndromes (ACS) other
than STEMI, namely, unstable angina and non-STEMI (NSTEMI).

Secondly, I reviewed the published literature related to the 6 previous clinical studies of
enoxaparin involving an additional 10,171 patients with STEML As mentioned above, four
studies (ASSENT 3, ASSENT 3+, ENTIRE-TIMI 23, and HART II) were open-label, and
two studies (AMI-SK and TETAMI) were double-blind and placebo-controlled. The AMI-

- SK study evaluated reperfusion (TIMI flow grade 3) by angiography. The TETAMI study

enrolled only non-thrombolyzed patients with STEMI (i.e., STEMI patients ineligible for
reperfusion). Thus, I focused my data review on the only Well controlled study — the

'EXTRACT-TIMI 25 study — which is submitted as the pivotal study to support the

indication claimed for this drug.

The primary efficacy endpoint data from clinical trial sites that enrolled relatively large
numbers (2100 patients each) in the pivotal EXTRACT-Timi 25 study do not appear to be
driving the statistical analysis of the EXTRACT TIMI 25 trial. Thus, I recommended not to

-request FDA good clinical practice (GCP) inspections. (Please see Section 4.4 below).

I performed a clinical review of the primary efficacy endpoint data and evaluated the
statistical findings, including some reanalysis using JMP 5.0 statistical software.

I reviewed the safety data including, particularly, the data related to TIMI major bleeding,
intracranial hemorrhage and strokes, and the safety data in special populations of patients
such as the elderly, and patients with impaired renal function.

On 26-Jan-2007, I requested the sponsor to provide data to determine:

(1) the relationship of TIMI major hemorrhages and intracranial hemorrhage (ICH) to
the primary efficacy endpoint events (I constructed Venn-diagrams of these efficacy

- and safety outcome findings);

(i)  the-relationship of the composite primary efficacy endpoint events, TIMI major
hemorrhages and intracranial hemorrhage (ICH) to the duration of treatment with
enoxaparin and UFH,; :

(iii)  the incidence of deaths at 30 days post-randomization in patients who a non-fatal
myocardial infarction during 30 days post-randomization;

(iv)  mortality outcome at 6 months and 1 year in all patients, in all surviving patients
after 1 month (i.e., removing all deaths within the first 30 days), and in all patients
who did not experience a primary efficacy endpoint event.

For patients who reached the composite primary efficacy endpoint event (including all-
cause deaths) at the large trial sites, I reviewed a random selection of case report forms
(CRFs) and narratives to determine that these patients indeed qualified for enrollment and
to verify that the primary efficacy endpoint data recorded in the CRFs were appropriately
adjudicated and accurately reported to FDA in data line-listings. I reviewed also the CRFs
and narratives of a random selection of patients who experienced the safety endpoints
(particularly, major TIMI bleeding and intracranial hemorrhage). '
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4.4 Data Quality and Integrity

:On 04-Dec-2006, I requested the sponsor to provide information related to the primary
efﬁcacy endpoint, protocol violations and early withdrawals, AEs and SAEs at all sites in
the EXTRACT TIMI-25 trial. 7

5

On 08-Jan-2007, I received the requested data from the spoﬁsof.

Of 674 sités (with only 9 sites in the US and 15 sites in Canada) that participated in the
ExTRACT TIMI-25 trial, there were 42 sites that enrolled >100 patients: none was
domestic; all 42 sites were in foreign countries.

All of the sites that enrolled the largest numbers of patients were in the Russian Federation:

1. The largest site (308 patients enrolled) was in Krasnoyarsk (PI = Vladmir Shulman,
MD); 15 patients in each of the enoxaparin and UFH treatment arms experienced the
composite primary efficacy endpoint events.

2. The second largest site (299 patients enrolled) was in Moscow (PI = Viktor Lusov,
MD), where 22 patients each in the Enoxaparin and UFH treatment arms experienced
the composite primary efficacy endpoint events.

3. The third largest site (298 patients enrolled) was in St. Petersburg (PI Alexander
Vishnevsky, MD), 17 patients and 21 patients in the enoxaparin and UFH treatment
arms, respectively, experienced the composite primary efficacy endpoint events.

4. The fourth largest site (235 patients enrolled) in Barnaul (PI= Alexey Duda, MD) had
11 and 15 patients in the enoxaparin and UFH treatment arms, respectively, who
experienced the composite primary efficacy endpoint events.

These four sites together contributed to the primary efficacy endpoint results as follows:

® 65 (6.4% of the total of 1,017) composite primary efficacy endpoint events in
enoxaparin treatment group, and

e 73 (6.0% of a total of 1,223) composite prlmary efﬁcacy endpoint events in UFH
treatment group.

There is no site where the composite primary efficacy endpoint data are driving the .
statistical analysis of the EXTRACT TIMI 25 trial biased in favor of enoxaparin treatment.
Thus, I recommended not requesting the Division of Scientific Investigations for GCP
inspections for this NDA supplement.

On 26-Jan-2007, I requested the sponsor to provide funnel plots of the primary efficacy
endpoint events by site; by country and by region. On 09-March-2007, the sponsor
submitted the funnel plots in which the plots are sized according to the number of patients.

In Figure 1, which shows the primary endpoint event relative risk (RR) on the X-axis vs
sample size on the Y-axis, sites with relatively small sample sizes showed a RR >1. Sites
with larger sample sizes showed a relative risk reduction for the primary efficacy endpoint
events with enoxaparin vs unfractionated heparin (UFH).

In Figure 2, which shows the primary efficacy endpoint events by region, the RR in North
America was 0.6, with Australia the only region with an RR>1.
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Figure 1 Funnel plot of primary efficacy endpoint events at 30 days by site (ITT population)
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Figure 2 Funnel plot of primary efficacy endpoint events at 30 days by region (ITT population)

In Figure 3, which shows primary efficacy endpoint events by country, most countries that
enrolled larger numbers of patients had an RR<1, suggesting a reduction in relative risk.
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Figure 3 Funnel plot of primary efficacy endpoiﬁt events at 30 days by country (ITT population)
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4.5 Compliance with Good Clinical Practices

 Sanofi-Aventis U.S. LLC certifies that it has not used in any capacity the services of any
person debarred pursuant to section 306(a) of the Federal Food,'Drug, and Cosmetic Act
[21 U.S.C. 335(a) and (b)] in connection with this application.:

The sponsor certified that this study was conducted in accordance with ICH E6 Guideline
for Good Clinical Practice, May 9, 1977, in agreement with the latest revision of the
Declaration of Helsinki (52" WMA General Assembly, Edinburg, Scotland, October 2000)
and local regulations, and that the study was conducted under the Investigational New Drug
(IND) application and in compliance with the US Code of F. ederal Regulations (Title 21,
Parts 50, 56, and 312). -

- The submission also contains sample copies of informed consent used at the sites (with

English translations for consent forms used at foreign sites). A review of sample consent
forms shows that they contain all of the elements of informed consent as described in 21
CFR 50.25 and 50.27, the ICH Harmonised Tripartite Guideline for GCP and the
Declaration of Helsinki.

4.6 Financial Disclosures

This submission consists of one pivotal, phase III study, XRP4563B/3001 (ExTRACT
TIMI-25), in support of the use of enoxaparin in the treatment of patients with STEML.

In compliance with 21 CFR Part 54 and the March 20, 2001 FDA Guidance, “Financial
Disclosure by Clinical Investigators”, the sponsor provided a list of principle investigators
participating in the EXTRACT study, and submitted certification that all of the principle
investigators who participated in the EXTRACT study declared that they had no financial
interests in the outcome of the study.

APPEARS THIS WAY ON ORIGINAL
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5. CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics

 After sc injection of enoxaparin, anti-Xa activity reached the maximum plasma levels at 3
to 5 hours after administration. Enoxaparin has a half:life of 4 to 7 hours; steady-state
concentrations are attained after 7 administrations with twice daily sc dosing. With the 1
mg/kg twice daily dosing regimen, the mean plasma anti-Xa concentrations at steady-state
range between 0.5 and 1.1 IU/ml. '

Enoxaparin clearance is mainly affected by body weight and renal function (assessed by
creatinine clearance (Crcj): Crc was calculated either using the ratio of urine creatinine /
serum creatinine concentrations or the Cockroft-Gault formula). To minimize between-
subject variability, enoxaparin doses were adjusted to patient body weight. Severe renal
impairment is associated with increased incidence of major hemorrhage, due to a reduction
in anti-Xa clearance. A recommended dosage regimen in patients with impaired renal
function is 1 mg/kg once daily.

A summary of the clinical pharmacology studies included in the current submission is
presented in Table 4.

Table 4 Summary of available pharmacokinetic studies

Heatthy Patients with STEMI
subjects
.XRPigSSQ- EXTRACT? AMI-SKE ' ENTIRE
Standard Lytic | Combination Repedfusion
Age group group® Therapy groupd
<7Syrs | 275yrs Panel  Panel Panel Panel Panel
81 82 C1 c3 c4
Enoxapariniv 30 30 None 30 30 None None 30 None
bolus (mgi
First 2 sc injections 10 10 0.75 10 10 10 0.3 0.3 Rarge:
{maikg) Q12h {first sc) (first s¢) : 0.75
- Subsequent sc 1.0{24hin case of 10 T 10 10 10 10 10
injections {mg/kg) severe renal impaimnent}
Qizh
Number of palients 18 76 244 209
foc PK analysis .
Qayof PK - “101 (n=14) D1 {n=2:05-25h. D1 {n=2) D1 {n=2}
samplieg(No.of {5 3 (geakand | 4-12h) D3 {n=2} D20t D3 {n=2)
samples} . { trough)
D4 (n=12} R .
Type of analysis | NCA Bayesian estimation® Bayesi Poputation PK
estimotion®

3 Streptok  TNK-PA, alt r. , retepl

b Streptokinase (1.5 milkion units over 60 minutes)
¢ Full dose TNK-tPA (0.53 mgfg - dosemaxS()mg)
d Haif dose TNK-PA {0.27 mg/kg - dose max 25 mg) + abciximab {0.25 mg/kg botus and 0.125 ugkg infusion)

€ UwﬂwpopubﬁonPKmodddevebpedbumTlMl 11A data (26}
: o myocardial infarction; TIMI = Th mbolysis i Myocardial iv = it 1 8¢ = subeut . Qi2h =
( Z4bours; h= hou:(s) PK = phdrmacotinetic(s): 0= dayNCA vnoncompartmmlal analysts. TNKPA=
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In addition, a new population PK analysis (Study POHO0137) was conducted that included
studies with obese and renally impaired subjects, patients undergomg PCI, and patients
from the ENTIRE-TIMI 23 study and AMI-SK studies. N

In the treatment of acute STEMI a dosage regimen with an iv bolus of 30 mg administered
at treatment initiation immediately followed by the first sc dose’of 1 mg/kg has been used
to allow steady-state conditions to be reached more rapidly. A study in healthy 50- to 68-
year-old subjects (Study RP54563Q-142) showed that post-iv bolus mean anti-Xa plasma
levels were 0.663 TU/mL (i.e., within the 0.5 to 1.1 TU/ml range representing steady-state)
and were maintained in that range during the first 8- hour period after the combined iv and
sc dosing. Steady-state conditions were reached on Day | for Amax and Day 2 for A,

- Similarly, the area under the concentration time curve (AUC) over the first dosing mterval

represented 84% of that at steady-state. For the secondary parameter of anti-Ila activity,
post-injection values were about 70% higher than steady-state maximum values. Steady-
state was then achieved immediately thereafter.

The populatlon PK meta-analysis showed PK parameters very close to those observed in
healthy subjects (Study POHO0137) (Table 5). Body weight and renal function (as measured
by CrCl calculated with the Cockroft-Gault formula) were the main covariates for
enoxaparin (anti-Xa) clearance. Except for the impact of renal function, clearance only
sllghtly decreased with increasing age and with decreasing hematocrit levels, both resulting
in minor effects on AUC. There was no effect based on the gender of patients. Concomitant
administration of TNK-tPA, streptokinase, or glycoprotein (GP) IIb/IIla antagonists did not
modify enoxaparin (anti-Xa) clearance. Inter-individual and intra-individual variability in
enoxaparin clearance were moderate.

‘Table 5 Summary of enoxaparin anti-Xa clearance and exposure across studies

142 ENTIRE  AMESK EXTRACT T TMiHIA POHO13T
Group B1 . <75 years 275 years Poputation mean
. 30mgiv 36 mg iv 30 miv 30 mg iv 30 mgivbelus Qifferent
bolus + bolus + bolus + bolus + 0.75 + 1 mgikg or doses
Dosing regimen 1mgkgsc 1mghkgsc {mgikgsc 1mgkgsc mglkgst 125 mg/kg sc iv+sc
Median enoxapadn 0.678 0.866 073 0.794 0.654 0733 0757 -
anti-Xa CL {Uh}
Median AUC(0-12) 104 830 98 433
first day
({U.mL)
Median 126 10.1 962 100 833
AUCE (=120}
(.ol

anti-Xa = anti-factor Xa;TIMI = Thrombolysis in Myocardial Infarctice; iv = niravencus; s¢ = subcutancous; AUC = area under the curve
.

In study AMI-SK, a PK/PD analysis using a.logistic regression model showed that in the
univariate analyses, the parameters significantly correlated with any hemorrhage was age
(strongest), Crc and enoxaparin clearance. In the multlvarlate analysis, age was the only

covariate in the model.

In the EXTRACT PK substudy, the standard dosage regimen was 1 mg/kg sc every 12
hours with a 30 mg iv bolus, and a reduced dose of 0.75 mg/kg sc every 12 hours with no
iv bolus was proposed in patients >75 years old. The enoxaparin (anti-Xa) clearance in
these elderly patients was 17.6% lower than that observed in younger patients. In younger
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patients, the AUC.12n) on Day 1 represented 98% of the AUC,, showing the adequacy of
the iv bolus. The absence of the iv bolus and lower sc dose in >75 year-old patients led to
an AUC(q.125 on Day 1 that was 54% lower than that observed in younger patients. At

- steady-state, AUC, in 275 year-old patients was 17% lower thansthat in the younger

patients (Table 5). No obvious difference was observed in enoxaparin clearance according
to the type of thrombolytics used. No conclusion could be drawt for patients with severe

renal impairment who received 1 mg/kg once dally, due to the small number of such

patients reeruited in the PK substudy.

5.2 Pharmacodynamics

The sponsor submitted that apart from studies for anti-Xa activity used to estimate
enoxaparin PK parameters, no pharmacodynamic parameters have been studied.

5.3 Exposure-Response Relationships

Please see section 7.2 for review related to exposure, and section 6.1.4.8 for review of
relationship of duration of treatment with enoxaparin and UFH to the efficacy and safety
endpoint events.

- APPEARS THIS WAY ON ORIGINAL
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6. INTEGRATED REVIEW OF EFFICACY

(
5 “:;
.;:ﬁ

6.1 Indication

. The following STEMI indication (underhned) is proposed by the sponsor for msertlon in

the text for the current indications:. -

- Lovenox® Injection is indicated for the prophylax1s of deep vein thrombosis, Whlch
may lead to pulmonary embohsm

e in patients undergemg abdominal surgery who are at risk for thromboembolic
complications;

¢ in patients undergomg hip replacement surgery, during and following
hospitalization;
e in patlents undergoing knee replacement surgery;

* inmedical patients who are at risk for thromboembolic complications due to
_severely restricted mobility during acute illness.

Loveno‘x Injection is indicated for:

¢ the inpatient treatment of acute deep vein thrombosis with or without pulmonary
embohsm, when administered in conjunction with warfarin sodium;

" the out patient treatment of acute deep vein thrombosis without pulmonary
embolism when administered in conjunction with warfarin sodium.

Lovenox® Injection is indicated for the prophylaxis of ischemic complications of
unstable angina and non-Q-wave myocardial infarction, when concurrently
administered with aspirin.

Lovenox® Injection is indicated for the treatment of acute ST-segment Elevation
Myocardial Infarction (STEMI) including patients to be managed medically or with
subsequent Percutaneous Coronary Intervention (PCI). .

Rationale for the new indication

Despite current treatment with a regimen of a fibrinolytic agent, aspirin, and UFH, a
substantial number of patlents die or have another nonfatal myocardial infarction within 1
56789 To reduce morbidity and mortality, enoxaparin contributes
to prevention of re- occlusmn of the infarct-related artery (IRA) by reducing thrombus
formation through acceleration of the irreversible binding of antithrombin III to multiple
clotting factors, including factors Ila and Xa.

Compared to UFH, enoxaparin — which is a low molecular weight heparin (LMWH)
obtained by depolymerization of standard UFH — has a higher ratio of anti-factor Xa (anti-
Xa) to anti-factor Ila (anti-Ila) activity and a reduced interaction with platelets This high
anti-Xa activity of enoxaparin was expected to be useful in the suppression of thrombus

generation.
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6.1.1 Methods

Please see Section 10 Appendix, 10.1 Review of Study Reporton ExXTRACT-TIMI 25
study for review of study protocol and amendments, study drug 4dministration, enoxaparin
and UFH dosing regimens, antithrombin therapy for patients requiring CABG, and patients
requiring PCI (before, during and after PCI), study procedures and follow up, adjudication
of endpoints, safety monitoring, study organization, etc. 3

6.1.2 General Discussion of Endpoints

 For the ExTRACT-TIMI 25 study, the primary efficacy endpoint was the composite of |
death from any cause or non-fatal myocardial re-infarction in the first 30 days after
randomization.

The main secondary endpoint was the composite of death from any cause, non-fatal re-
myocardial infarction, or recurrent myocardial ischemia leading to urgent revascularization
in the first 30 days. An additional secondary end point (et clinical benefit) was the
composite of death from any cause, non-fatal reinfarction, or non-fatal disabling stroke.

. The tertiary endpoints were:

(i) the incidence of severe congestive heart failure alone or in combination with all-cause
death and non-fatal myocardial re-infarction within 30 days after randomization, and

- (i) the incidence of all-cause mortality, non-fatal myocardial re-infarction, non-fatal

disabling stroke, and myocardial ischemia leading to urgent revascularization alone or
in combinations at 48 hours and at 8 days after randomization.

At a meeting between the sponsor and FDA on 15-Dec-2001, the Agency provided the

following suggestions regarding endpoints in the proposed EXTRACT-TIMI 25 study

design:

* The primary efficacy endpoint should be assessed at 30 days. Assessments at 14 days
and other time points may be secondary analyses. Time-to-event analyses may be of
interest as secondary analyses.

* The definition of major hemorrhage must include a statement that intraocular,
retroperitoneal and intracranial hemorrhages are always considered major hemorrhage.

Please see Section 10 Appendix, 10.1.1 Review of Study Report on EXTRACT-TIMI 25
study for detailed description of Study end point definitions (death, myocardial re-
infarction, recurrent myocardial ischemia requiring urgent revascularization, recurrent
severe myocardial ischemia, severe congestive heart failure, cardiogenic shock, stroke and
bleeding events (using Thrombolysis In Myocardial Infarction (TIMI) hemorrhage
classification"?). '

The sponsor-maintained that all ischemic and clinically significant bleeding events were
adjudicated in a blinded fashion by an independent clinical events committee (CEC) using
prespecified definitions '*.
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Table 6 summarizes the primary, secondary and tertiary efficacy endpoints and the
correspondmg time points for statistical analyses.

Table 6 ExXTRACT-TIMI 25 study efficacy endpoints and corresponding time points

The Primaty Efficacy Endpoint: e
The adjudicated combined double endpointof death orre-infarction? at 30 days *
The First Secornctary Efficacy Endpoint:
The adjudicated combined friple endpoint of death, re-infarction? or ischemia leading to urgent revascularization at 30 days
Other Secondaty Efficacy Endpoinits:
- The adjudicated combined triple endpoint of death, re-infarction® or disabling s‘troke at 30 days
Tertlary Efficacy Endpoints:
Incidence of Atd8hours  At8days At 30 days
The adjudicated combined double endpoint of death or re-nfarction? | Tertiary Tetiary
The adjudicated combined triple endpoint of death, re-infarction? of Tertiary Tertiary
ischemia feading to urgent revascularization

The adjudicated combined triple endpoint of death, re-infarction® or Tertiary Terllary
disabling stroke

The adjudicated combined friple endpoint of death, re-infarction? or ‘ - B Tertiary
severe CHFD :

The adjudicated combined quadruple endpoint of death, re-infarction?, Tertiary Tertiary Tertiary
ischemia leading o urgent revascularization and disabling stroke

Each individual death, re-infarction?, ischemia leading to urgent Tertiary Tertiary Teitiary
revascularization and disabling stroke, as per CEC

Severe CHFP ' o o} Tettiary
Revascularizaion (CABG, PCI) . o 1 Tertiary

*For myocardial re-infarction to be considered part of the composite endpomt the myocardlal infarction (MI) had to be distinct
from the index event. An ST-depression in V1-V3 was considered equivalent to ST-segment elevation if the recurrent MI was
suspected to be true posterior in location, and an increase in R-wave amplitude in V1-V3 was considered equivalent to Q-
waves if the recurrent MI was suspected to be true posterior in location.
® Severe CHF was defined as rales over more than 50% of the lung fields that did not clear with coughing or evidence of

pulmonary edema on chest radiograph.

. CHF = congestive heart failure; CEC = Clinical Events Committee; CABG = coronary artery bypass graft; PCI =
percutaneous coronary intervention.  [Source: Sponsor’s Appendix B.1, Section 3.1.1]

For the six previous studies, the endpoints are different from the endpoints in the
ExTRACT-TIMI 25 trial.  Three of the 6 previous studies evaluated a clinical endpoint
(ASSENT 3, ASSENT 3+ and TETAMI) and three others (ENTIRE, HART II and AMI-
SK) evaluated a mechanistic endpoint.

In the ASSENT 3 and ASSENT 3+ studies, the primary efficacy endpoint was a composite
of all-cause death, myocardial re-infarction, and ischemia at 30 days or in-hospital, quite
similar to the primary efficacy endpoint in the EXTRACT-TIMI 25 study.

In the TETAMI study performed in non-thrombolyzed STEMI patients treated with
enoxaparin or UFH and tirofiban, the primary efficacy endpoint was a composite of ali-
cause death, re-infarction and recurrent angina at Day 30 (which differed from that of the

ExTRACT-TIMI 25 study).
The ENTIRE study was a dose-finding study of enoxaparin (in combination with half-dose

tenecteplase (TNK-tPA, 0.27 mg/kg) and with full dose abciximab (bolus 0.25 mg/kg,

infusion 0.125 pg/kg/min x 12 hours). The primary efficacy endpoint was TIMI grade 3
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flow at 60 minutes in at least 60% of patients.

In the HART II and AMI-SK studies, the primary efficacy endpoint was TIMI flow grades
of the infarct related artery (IRA) at 90 minutes (HART II) or Day (AMI-SK).

The descrlptlon of the primary efficacy endpoints in the ExTRACT TIMI 25 trial and the 6
previous studies are shown in Table 2 and Table 3, and summanzed in Table 7 below.

Table 7 Description of primary efficacy endpoints in the ExTRACT-TﬂV[I 25 study and 6
previous studies

Enoxaparin study Type of Primary efficacy endpoint
. endpoint N

EXTRACT Ciinicat  Compasite endpoint of all-cause mortality and non-fatal myocardial
re-infarction within 30 days after randomization

ASSENT 3 Chinical  The composite endpoint of 30-day mortafity or in-hospital re-infarction or
in-hospital refractory ischemia -

ASSENT 3+ Clinical  The composite endpaint of 30-day mortality or in-hospital re-infarction or
in-hospital refractory ischemia B

TETAMI Clinical ~ The incidence of the death, re-infarclion, or recurrent angina at Day 30
postrandomization

ENTIRE Mechanistic  The percentage of patients who reached TIMl grade 3 flow in the [RA at
60 minutes post- TNK-{PA bolus measured by the core laboratory

HART H Mechanistic  The reperfusion rate of the IRA at the 90-minute post-rt PA angiogram
(Tint grades 2 and 3 flow), as provided by a core laboratory

AMI-SK Mechanistic  The percentage of patent IRAs (TIMI grade 3 flow) on the Day 8
. angiogram provided by the core faboralory

rt-PA = recombinant tissue plasminogen activator; TIMI = Thrombolysis in Myocardial Infarction; IRA = infarct related
artery; TNK-tPA = tenecteplase. Source: sponsor’s Table 4 in Clinical Overview, page 22.

6.1.3 Study Design

‘Briefly, the EXTRACT-TIMI 25 study is a multi-national, randomized, double-blind,
double-dummy, parallel group, clinical trial with an active control (UFH). A network of
850 sites in 47 countries was planned for the trial. Enrollment started in October 2002 with
a projected sample size of 21000 patients. During 24-Oct-2002 through 01-Oct-2005,
20,506 patients underwent randomization at 674 sites in 48 countries (9 sites in the US).

Please see Section 10 Appendix, 10.1.1 Review of Study Report on EXTRACT-TIMI 25
study for detailed description of study design, maintenance of study blind and follow up.

Design of the 6 previous studies:

Briefly, four of these previous studies (ASSENT 3, ASSENT 3+, ENTIRE-TIMI 23 and
HART II) were open-label. The remaining two (AMI-SK and TETAMI) were randomized
double-blind, placebo-controlled, parallel group studies.

The inclusion criteria for the 6 previous studies were similar.

The enoxaparin and UFH treatment regimens differed across studies due to the absence of
an initial enoxaparin iv bolus or to the addition of a fibrinolytic medication administered
either prior to and/or following enoxaparin'sc administration.

A clinically important difference between the ExTRACT-TIMI 25 study and the previous 6
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studies is that in these previous 6 studies enoxaparin was administered without dose
modifications for age or renal impairment.

Please also see Table 2 and Table 3, and Section 10 Appendix, 10.1.2 Review of Study
Report on the 6 previous studies for details of study design.

The sponsor submits that due to differences in study designs an& study endpoints, no
integrated analyses were performed on efficacy and safety data from the ExTRACT-TIMI
25 study with efficacy and safety data from the 6 previous studies.

Brfef account of statistical methods:

The sponsor submits that in the EXTRACT-TIMI 25 study, all efficacy analyses of
endpoint events were based on adjudicated data from the independent Clinical Events
Committee (CEC). The primary efficacy analysis compared the percentages of patients
who had the composite endpoint of all-cause mortality and non-fatal myocardial re-
infarction within 30 days after randomization between the 2 treatment groups (enoxaparin
vs UFH) using a Chi-square test and based on the ITT patient population. A patient with
multiple events was counted only once in the incidence-based analysis.

An independent Data Safety Monitoring Board reviewed unblinded results of the
ExTRACT-TIMI 25 study at about 25%, 50%, and 75% of the total targeted primary
events. Using a conservative approach, a penalty adjustment for the 3 major interim
analyses was applied according to the Lan-DeMets Type O’Brien Fleming boundary with
critical p-values of 0.00007209, 0.00348532, and 0.01906029, respectively. In order to
maintain the overall significance level at 5%, the critical p-value at the final analysis was
0.04341996, as described in the sponsor’s statistical analysis plan (SAP).

In the ASSENT 3 and ASSENT 3+ studies, both composite and single endpoints were
analyzed as event rates and 95% Cls (two-sided) separately for each treatment group. An
overall Chi-square test was performed to compare the 3 treatment groups.

In the TETAMI study, the primary compos1te endpomt was analyzed using a Chl-square

test.

In the ENTIRE study, Chi-square tests were used to compare incidence rates of efficacy
endpoints between the treatment groups; odds-ratios and 95% Cls were calculated.

In the HART II study, the primary efficacy analysis was a non-inferiority test on the
patency rates using one-sided 95% CI, which was accepted if the lower limit of the CI did
not exceed -10%.

In the AMI-SK study, the primary efficacy analysis was a between- group comparlson of
patency rates (TIMI flow grade 3) using a Chl-square test.

Sample size considerations

Sample size calculation for the EXTRACT-TIMI 25 study was based on the assumption that
the 30-day event rate for the composite primary endpoint in the UFH group would be
10.50%; and that this rate would be reduced by 13.0% (absolute reduction of 1.37%) in the
enoxaparin group (based on data from the ASSENT 3 study). Based on the assumed event
rate and treatment effect, in order to have approximately at least 90% power at the overall
5.0% significance level (2-sided), the trial was to enroll approximately 21,000 subjects to
accrue a total number of 2080 events. The sample size calculations also assumed that
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there was no loss to follow-up in the 2 treatment groups. It appears that that this sample
size was conservative for an event-based approach.

In the ASSENT 3 study, the sample size estimation was based on the estimation of the 95%
ClIs (two-sided) for each endpoint within 3 treatment groups, as well as of the 95% Cls
(two-sided) for between-group comparisons. Approximately 2680 patients for each of 3
treatment arms were estimated for the ASSENT 3 study.

For the ASSENT 3+ study, no specific sample size estimation was performed due to its
descriptive nature. During the course of the study, recruitment was extended from 1000 to
1600 patients.

In the ENTIRE study, a minimum of 35 evaluable pa%ients (necessary to detect a lower
patency. rate than expected) was to be enrolled in each of the dose groups tested during the
dose-finding phase of the study.

In the HART II study, in order to show non-inferiority between UFH and enoxaparin, a
sample size of 198 patients per treatment arm (approximately 400 total) was selected with a
significance level of 0.05 (one-sided) and an assumed patency rate of 80% for both
treatment arms.

In the AMI-SK study, a sample size of 200 evaluable patients per treatment arm (400 total)
was chosen to provide 80% power to demonstrate a 22% increase in patency rate with
enoxaparin, assuming a rate of 60% at Day 8 for the placebo group (at the 5% level). A
10% rate of non-evaluable patients was estimated. However, 20% to 25% were non-
evaluable due to angiographies that were not performed or assessable, or that were
performed outside of the timeframe for assessment. The Steering Committee extended
enrollment to a total of approximately 500 patients.

~In the TETAMI study, sample size was calculated assuming a 25.5% overall event rate

with respect to the primary efficacy endpoint in UFH-treated patients, and a 30% relative
reduction in event rate with enoxaparin vs UFH. Assuming a type-I error of 5%, a sample
size of 450 patients per treatment arm was expected to provide 80% power to demonstrate
superiority of enoxaparin over UFH. After recruitment of 439 patients, a lower UFH event
rate than expected was found; then, the sample size was increased to a total of 1224 to
maintain sufficient power.

6.1.4 Efficacy Findings

6.1.4.1 Comparability of treatment groups in EXTRACT-TIMI 25 trial

'0f 20,506 patients randomized (10,273 enoxaparin and 10,233 UFH) in the EXTRACT-
TIMI 25 study, 27 (17 enoxaparin and 10 UFH) did not receive study drug and had no
follow-up information. Thus, the ITT population was 20,479 (10,256 enoxaparin and
10,223 UFH) patients.

The demographic and baseline characteristics appear well-matched between the two
treatment groups, with 76% male and 87.3% Caucasian patients.
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The baseline cardiovascular disease characteristics were also comparable between the
enoxaparin and UFH treatment groups, with a history of a prior MI in 13.2% and 12.9%,
prior PCl in 3.3% and 3.1%, prior CABG surgery in 1.3% and 1.2%, CHF in 3.2% and
3.1%, hypertension requiring drug treatment in 44.5% and 43.6%. diabetes mellitus in
15.2% and 15.0%, hypercholesterolemia in 18.3% and 18.2%, family history of coronary
artery disease in 24.3% and 23.6%, chronic use of NSAIDS/ASA in 13.6% and 13.3%, and
a prior coronary angiography showing >50% stenosis in 5.5% and 5.3%, respectively.

These patients had prolonged (=20 minutes) ischemic symptoms of rest <6 hours prior to

-randomization, with the mean time (+SD) from symptom onset to randomization being

3.26 +7.29 hours in the enoxaparin group, and 3.17 + 1.39 hours in the UFH group. Only
126 (1.2%) patients in enoxaparin group and 115 (1.1%) patients in UFH group were
randomized >6 hours after symptom onset. i

Baseline ECG findings for MI were comparable between the 2 treatment groups (Table 8).

Table 8 Baseline ECG findings for MI in EXTRACT TIMI 25 study — ITT population

12-lead ECG findings for MI Enoxaparin (N = 10,256) UFH (N = 10,223)
Anterior alone 4356 (42.8%) 4428 (43.6%)
Non-anterior alone 5737 (56.4%) 5663 (55.8%)
Anterior + non-anterior 83 (0.8%) 66 (0.6%)
Missing ] 80 (0.8%) 66 (0.6%)

Left bundle-branch block
No 10,164 (99.1%) 10,129 (99.1%)
Yes . 92 (0.9%) 94 (0.9%)

Use of thrombolytic medication was comparable between the enoxaparin and UFH groups,
being treated with streptokinase in 20.2% and 20.1%, TNK-tPA (tenecteplase) in 19.3%
and 19.6%, Reteplase in 5.5% and 5.4%, and Alteplase in 55.0% and 54.8%, respectively,

“of patients. 3 patients in enoxaparin and 1 in UFH groups received no fibrinolytic therapy.

Concomitant medications prior to hospitalization were comparable between the enoxaparin
and UFH groups, with aspirin in 94.8% and 95.4%, B-blockers (excluding eye drops) in
85.9% and 85.5%, ACE inhibitors in 78.5% and 77.8%, statins in 69.5% and 69.5%,
clopidogrel in 27.2% and 28.7%, oral anticoagulants in 2.1% and 2.5%, and thrombolytics
(other than those of index MI) in 4% and 0.5%, respectively, of patients. '

A few patiénts who received thrombin agents were also comparable between the
enoxaparin and UFH groups, having received >4000 U of UFH 3 hours prior to

randomization in 15.9% and 15.7%, UFH 7 days to 3 hours prior to randomization in 0.8%

and 0.8%, and low molecular weight heparin (other than study drug) within 7 days before
randomization in 0.4% and 0.5%, respectively, of patients.

Less than 2% of treated patients did not receive the required enoxaparin or enoxaparin
placebo bolus (326 of 20,327 patients) or the required UFH or UFH placebo bolus (367 of
20,327 treated patients).

The mean duration for enoxaparin or enoxaparin placebo sc injection was 6.6 days (median
duration = 7 days) with 74.5% treated for >6 days. The mean duration of UFH or UFH
placebo iv infusion was 53.7 hours (median duration = 48 hours) with 89.6% of the total
population treated for >36 hours.
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6.1.4.2 Primary and secondary efficacy endpoint findings in EXTRACT-TIMI 25 trial

In the ITT population, thé rate of the primary efficacy endpoint (deafh or non-fatal

myocardial re-infarction) was 9.9% in the enoxaparin group, as compared with 12.0% in

the UFH group (17% reduction in relativerisk, P<0.000003) (Table 9).

The time to clinical endpoint of death or non-fatal myocardial re-infarction (by log rank

test, Figure 4A) also showed a statistically significant reduction in the enoxaparin group

compared to the UFH treatment group (HR = 0.83, 95% CI 0.77 = 0.90, P<0.001).

The treatment benefits of enoxaparin became evident for non-fatal myocardial re-infarction

at 48 hours, at which time there was a 33% reduction:in the relative risk of non-fatal

myocardial re-infarction, as compared with treatment with UFH (P = 0.002) (Table 9).

Table 9 Primary and Secondary Efficacy Outcomes*

-Clinical Outcome Enoxaparin |- UFH Relative Risk P value§
(N=10,256) | (N=10,223) 95% CI)
Number (percent) )
: QOutcome at48 hr -
Death or non-fatal myocardial re-infarction 478 (4.7) 531(5.2) 0.90 (0.80 —1.01) 0.08
Death 383 (3.7) 390 (3.8) 0.98 (0.85-1.12) 0.76
... - Nonfatal myocardial re-infarction 95 (0.9) 14114 | 067(052-0387) | o002
Urgent revascularization 74 (0.7) 96 (0.9) 0.77 (0.57 - 1.04) _0.90
Death, non-fatal MI or urgent revascularization 548 (5.3) 622 (6.1) 0.88 (0.79 — 0.98) 0.02
Qutcome at 8 days
rdial re infarction. 1. 7406727 -9549.3) ] 077 (071-0.85) ]
Death 559 (5.5) 605 (5.9) 0.92(0.82 - 1.03)
181 (1:8) ~ 34934 | 0.52(0.43-0.:62) <
454y | 24704 | 0590048-0.72) | <
1 87485 | 1181(11:6) | 0.74(0.68-0.80) ]
Outcome at 30 days ) :
1017(9:9) 1 1223(12.0) ]| 0.83(0.77-0.90) " | 0.000003 °
708 (6.9) 765 (1.5) 0.92 (0.84 - 1.02) 0.11
309.(3.0) | -~ 458(4.5) 0.67 (0.58—0.77) { <0001 -
2132.0 1 286 (2.8) 0.74 (062 - 0.88) | <0.001 "
1199 (11:7)- . 1479.(14.5) | 081(0.75-0.87) | <0001 ]

Nonfatal myocardial re-infarction (MI) indicates that a patient had a recurrent MI and had not died by the time shown. Urgent

revascularization denotes episodes of recurrent myocardial ischemia (without infarction) that drove the clinical decision to perform

coronary revascularization during the same hospitalization. CI denotes confidence interval.
§-Pearson’s Chi-square or Fisher’s Exact test, as appropriate.

© At 30 days, the mortality rate was 7.5% in the UFH group, as compared with 6.9% in the

enoxaparin group (P = 0.11) (Table 9). Enoxaparin significantly reduced the rate of
recurrent non-fatal myocardial reinfarction (3.0%, vs. 4.5% in the UFH group; 33%

reduction in relative risk; P<0.001) (Table 9). Episodes of recurrent myocardial ischemia

leading to urgent revascularization were significantly reduced, from 2.8% in the UFH
group to 2.1% in the enoxaparin group (P<0.001) (Table 9). _

As compared with UFH, enoxaparin also significantly reduced (by 17%) the incidence of

the main composite secondary end point of death, non-fatal myocardial re-infarction, or

urgent revascularization (11.7% vs. 14.5%, P<0.001) (Table 9 and Figure 4B). This
efficacy outcome at 30 days was also already significant at d_ay 2 and day 8 (Table 9).
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Figure 4 Cumulative Incidence of the Primary End Point (Panel A) and the Secondary End
Point (Panel B). :

In Panel A, the rate of the primary end point (death or nonfatal MI) at 30 days was significantly lower in the
enoxaparin group than in the UFH group (9.9% vs. 12.0%, P<0.001 by the log-rank test). The dashed vertical
line indicates the comparison at day 2 (direct pharmacologic comparison), at which time a trend in favor of
enoxaparin was seen. :

In Panel B, the rate of the main secondary end point (death, nonfatal MI, or urgent revascularization) at 30
days was significantly lower in the enoxaparin group than in the UFH group (11.7% vs. 14.5%, P<0.001 by the
log-rank test). The difference was already significant at 48 hours (6.1% in the UFH group vs. 5.3% in the
enoxaparin group, P = 0.02 by the log-rank test). The interval shown is the time (in 24-h intervals) from
randomization to an event or the last follow-up visit. CI denotes confidence interval.

Cited from: Antmann et al'*, NEJM 2006; 354: 1477-88. ’

My concern is that if patients adjudicated as having experienced myocardial re-infarction
events were censored at the time of re-infarction, then any subsequent death(s) may not be
known. In the data in Table 10 (reproduced below) from the Statistical Review by John
Lawrence (which became available on 15-Mar-2007), the two components of the
composite primary efficacy endpoints are counted in two ways: first, counting ALL events
(so that if a subject had a myocardial re-infarction and subsequently died within 30 days,
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these would count as two events; and secondly counting only the first events (e.g., only the
non-fatal myocardial re-infarction would be counted).

Table 10 Analysis of the composite primary efficacy endpoint and the individual components

Event Enoxaparin Heparin Relative P-value
(N=10256) | (N=10223) Risk
Death or myocardial 1017 1223 0.83 0.000003
te-infarction at 30 days
, Counting events after the primary endpoint
Death at 30 days 708 765 0.92 0.11
Myocardial re-infarction 352 508 0.69 <0.0001
at 30 days .
Counting first event in the primary endpoint only
Death at 30 days 665 715 0.93 0.15
Myocardial re-infarction 352 508 0.69 <0.0001
at 30 days

- From: Statistical Review by John Lawrence, lS-Mar-2007A

From the above table, I calculated that among the 10,256 STEMI patients treated with
enoxaparin, 352 patients experienced the primary efficacy endpoint of non-fatal myocardial
re-infarction. Of these patients, 43 (12.2%) subsequently died within 30 days. In the
10,223 STEMI patients treated with UFH, 508 patients experienced the primary efficacy
endpoint of myocardial re-infarction, of which 50 (9.8%) subsequently died within 30 days.

To determine the interrelationship between these two components of the primary efficacy
endpoint — non-fatal myocardial re-infarction during 30 days to deaths at 30 days —I
requested for and received the following data from the sponsor on 16-Mar-2007 (Table 11).

Table 11 Relationship of myocardial re-infarction at 30 days to death 30 days (ITT population)

Myocardial re- | Treatment RR enoxaparin vs UFH . HR enoxaparin vs UFH

infarction group . N 0 (%) RR[95% C.L] { RRR | Pvalue' | HR [95% C.L] | P valuc®

Absent Enoxaparin 9904 665 (6.7) | 0.91[0.82-1.01] | 0.09 0.0772 0.91[0.82-1.01} 0.0792
UFH 9715 | 11574

Present Enoxaparin 352 43(12.2) | 1.24[0.85-1.82] | -0.24 0.2705 1.25[0.83-1.88} | 0.2806
"UFH 508 50 (9.8)

*Pearson’s Chi-square or Fisher’s Exact test, as appropriate; hLog rank test; {TT = intent-to-treat, UFH = unfractionated
heparin, RR = refative risk, CI = confidence interval, RRR =relative risk reduction; HR = hazard ratio; N =Total number of
patients in tredtment group; n=number (%) of patients who died

Myocardial re-infarction during the first 30 days was associated with a higher risk of death,
whether the patients received enoxaparin or UFH. However, the 95% confidence interval
for the RR of death in patients who experienced myocardial re-infarction included the
identity line; therefore no conclusion can be drawn from this small subset of patients about
the relative benefit with enoxaparin treatment vs UFH. Also, the number of patients
‘considered in this subset is imbalanced between the enoxaparin and the UFH groups
reflecting the benefit already observed with enoxaparin in significantly reducing the rate of
myocardial re-infarction. -

In patients who did not experience a myocardial re-infarction, the rate of death was 6.7% in
the enoxaparin group compared with 7.4% in the UFH group, corresponding to a 9%
reduction in relative risk of death (Table 11) independent of the benefit observed with
enoxaparin in significantly reducing the rate of myocardial re-infarction.
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In addition to a significant reduction in the primary efficacy endpoint events, there was also
a significant reduction (p < 0.0001) in the first and main secondary efficacy variable (the
composite of death, myocardial re-infarction or myocardial ischemia leading to urgent
revascularization at 30 days) in the enoxaparin group vs the UFH group (Figure 5).

When disabling stroke at 30 days was added to the primary composite endpoint as another
secondary efficacy variable, there was also a significant reductidn (p <0.0001) in the
enoxaparin group compared with the UFH group (Figure 5).

The apparént beneficial effect of enoxaparin compared with UFH was also demonstrated in
the tertiary efficacy endpoints, with a consistent trend toward decreased relative risk in the
enoxaparin group (Figure 5).

Endpoint X
: ! Enox (n/N), UFH (n/N) P—value:
*Dth/Reinf at Day 30 —e 1017/10256, 1223/10223 <0.0001
RR=0.83 (0.77,0.90)
“*Dth/Reinf/Isc at Day 30 { —— 1199/10256, 1479/10223 <0.0001
! RR=0.81 (0.75,0.87)
***Dth/Reinf/Stk at Day 30 — f 1038/10256, 1260/10223 <0.0001
RR= 0.82 (0.76.,0.89)
Dth/Reinf at 48 Hrs 1 TT*TT 478/10258, 531710223 0.0778
i RR= 0.90 (0.80,1.01)
H
Dth/Reinf at Day 8 - —— | 740/10256. 954/10223 <0.0001
) ! RR= 0.77 (0.71,0.85)
Dth/Reinf/Isc at 48 Hrs | T 548/10256, 622/10223  0.0223
| .RR= 0.88 (0.79,0.98)
Dth/Reint/Isc at Day 8 - —— | 874/10256, 1181/10223 <0.0001
) | RR=0.74 (0.68,0.80)
1
Dth/Reinf/Stk at 48 Hrs —* 3 5t8/10256, 577/10223  0.0591
I RR= 0.89 (0.80,1.00)
Dth/Reinf/Stk at Day 8 - — E 766/10256, 997/10223 <0.0001
! RR=0.77 {0.70,0.84)
Dth/Reinf/CHF at Day 30 —*— | 1212/10256. 1399/10223 <0.0001
| RR=0.86 (0.80,0.93)
. i
Dth/Reinf/Isc/Stk at 48 Hrs —* | 5B8/10256, 668/10223  0.0169
. ! RR= 0.88 (0.79.0.98)
. 1
Dth/Reinf/lsc/Stk at Day 8 ; — | 900/10256, 1224/10223 <0.0001
! RR= 0.73 (0.68,0.80)

06 07 08 09 10 1.1 12 13 14 15

=== - == - - - Relative Risk (RR) —— - ~ ~ == = —cv o cve 00> o
Figure 5 Primary, secondary and tertiary endpoints at 2, 8 and 30 days in EXTRACT-TIMI 25 study
Enox= enoxaparin; n= sample size; N= population size; UFH= unfractionated heparin; Dth= death; Reinf= myocardial re-infarction; RR=
relative risk; Isc= myocardial ischemia leading to urgent revascularization; Stk= disabling stroke; CHF= severe congestive heart failure

6.1.4.3 Efficacy findings in subgroups of STEMI patients in the EXTRACT-TIMI 25 trial

The beneficial effect of enoxaparin on the primary end point was consistent across key
prespecified sub-groups, and did not differ directionally from the overall effect on the
whole study population (Figure 6). All treatment-by-subgroup interaction P-values were
not significant at the 10% level. '
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Sub
ubgroup i Enox {(n/N), UFH (n/N)

Age:>=75 yrs —_—T 308/ 1241, 340/ 1291
RR= 0.94 (0.82,1.08)

Age:<75 yrs —e— 709/ 9015, 883/ 8932
RR= 0.80 (0.72,0.87)

s
. 371/ 2415, 433/ 2368
RR= 0.84 (0.74.0.95)

Sex:Male - —— 646/ 7841, 790/ 7855
RR= 0.82 (0.74,0.90)

Sex:Female —_—

Race:Caucasian - —— 890/ 8935, 1096/ 8920
RR= 0.81 (0.75,0.88)
Race:Non-—caucasian - 127/ 1320, 127/ 1303

RR= 0.99 (0.76,1.25)

216/ 2349, 269/ 2214
RR= 0.76 {(0.64,0.90)

Obesity:No —— 734/ 7599, 882/ 7687
RR= 0.84 (0.77,0.92)

Obesity:Yes

Creatinine Clr:<=30 mlL/min 35/ 115, 42/ 117

RR= 0:85 (0.59,1.22)

Creatinine Clr:>30 mL/min —— ! 887/ 9139, 1070/ 9207
i RR= 0.84 (0.77,0.91)
1
Overall A —— | 1017/10256, 1223/10223
; RR= 0.83 (0.77,0.90)
0.50 0.75 - 1.00 £.25 1.50 1.75
e Relative Risk (RR) —v————-————~—~ >

Figure 6 Drug-demographic and drug-disease subgroup analyses for the composite primary efficacy
endpoint in the EXTRACT-TIMI 25 study — ITT population

Enox= enoxaparin; n= sample size; N= population size; UFH= unfractionated heparin; RR= relative risk; Clr = clearance

Elderly patients >75 years received a lower dose of 0.75 mg/kg sc q 12 hours without an
initial IV bolus. The significant treatment benefit of enoxaparin compared with UFH did

' not differ directionally among elderly patients >75 years and those < 75 years old (Figure

6), despite empirical treatment with the low dose regimen of enoxaparin in elderly patients.

The ASSENT 3 study showed that in patients >75 years old, enoxaparin carries a risk of
bleeding, and that the balance between effectiveness and safety may be less favorable in
elderly patients at highest risk of bleeding'®. These elderly patients at risk of bleeding are at

_increased risk of recurrent CV events and may therefore have the most to benefit from

effective adjunctive antithrombotic therapies. In the EXTRACT-TIMI 25 trial, the reduced-
dose regimen produced comparable incidences of TIMI major hemorrhages in patients 275
years and those <75 years (Please see Figure 13 in Section 7.1.2 of this review).

A very small proportion (enoxaparin 1.2%, UFH 1.3%) had a CrCI<30 ml/min indicative of

severe impairment and received a lower dose of 30 mg single iv bolus plus a 1 mg/kg sc
dose followed by 1 mg/kg sc/day. (1002 patients in enoxaparin group and 899 patients in
UFH group had missing CrCl data, and could not be included in the data analysis.) With
the exclusion of these 1901 patients in whom the CrCl data is not available, the significant
treatment bénefit of enoxaparin compared with UFH did not appear to differ directionally
among patients with or without severe renal impairment despite treatment with the low

dose regimen of enoxaparin for patients with severe renal impairment (Figure 6).
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Table 12 shows that in patients with Killip Class III/IV (severe heart failure or cardiogenic
shock), the “beneficial” overall effect of enoxaparin was going in the wrong direction, but
the number of patients with Killip Class III/IV were too small to make valid conclusions.

Table 12 Primary efficacy outcome in patients with Kllhp Class I/II and [I/IV heart failure in

ExTRACT-TIMI 25 study - ITT population . *’; , ,
Killip Enoxaparin UFH : RR p-value for
Class /N (%) n/N (%) 95% CI) interaction®
e 984/10,147 (9.7) | 1195/10,114 (11.8) | 0.82 (0.76 —0.89) 0.0752
/v 33/100 (33.0) - 28/107(26.2) 1.26 (0.83 —1.93)

*Wald test from logistic regression model. ITT= intent-to-treat; n= sample size; N—populatlon size;
RR= relative risk; CI = conﬁdeuce interval. \

In the EXTRACT study, the comparison of enoxaparin with UFH for the primary efficacy
endpoint did not reveal a treatment by subgroup interaction for most subgroups including
PCI in 30 days, type of fibrinolytic agent used, aspirin use, clopidogrel or ticlopidine use,

or statin use through Day 8 or hospital discharge (Figure 7).

Subgroup .
[ Enox (n/N), UFH (n/N)
PCI in 30 Days:Yes —_— 247/ 2295, 337/ 2421
: RR= 0.77 {0.66.0'90)
PCI in 30 Days:No - —— o 770/ 7961, 886‘/ 7802
. i RR= 0.85 (0.78,09
Lytic Grp:Fibrin—Specific 4 . —— | 801/ 8142, 974/ 8141
: ) i RR= 0.82 (0.75,0.90)
Lytic Grp:Streptokinase e — 213/ 2083, 242/ 2056
RR= 0.87 (O 73,1.03)
Aspirin During Trt:<=162 mg { —— 510/ 7292, 684/ 7264
RR= 0.74 (0 67,0.83)
Aspirin During Trt:>162 mg 1 —_— 168/ 2302, 213/ 2336
RR= 0.80 (O 66,0.97)
Beta Blockérs{on/post Trt):Yes —— 6855/ 8811, 867/ 8745
. : RR= 0.75 (0.68.0'83)
Beta Blockers(on/post Trt):No 1 —_— 362/ 1445, 356/ 1478
! RR= 1.04 (0 92,1.18)
Ace Inhibitor(on/post Trt):Yes ] —— ' 589/ 8055, 773/ 7956
' . i RR= 075(068083)
Ace Inhibitor{on/post Trt):No - — 428/ 2201, 450/ 2267
! RR= 098(087110)
Clop/Ticlop{on/post Trt):Yes ] — ! 255/ 2961, 348/ 3080
: ER= 0.78 (0.65,0'89)
Clop/Ticlop(on/post Trt):No ] —— ! 62/ 7295, 875/ 7143
: RR= 0.85 (0.78,0.93)
Any Statin(on/post Tri):Yes 4 —— i 480/ 7124, 617/ 7103
: &R~ 0.78 (0.69,0/87)
Any Statin{on/post Tri):No ] — 537/ 3132, 606/ 3120
' : RR= 0.88 (0.79,0.98)
Overall - o= 1017/102386, 1?23/10223
\ RR O 83 (O
0.50 0.75 1.00 1.25 1. OO 1,75
Qo mm e ———— - Relative Risk (RR} == m e e >

Figure 7 Drug-drug subgroup analyses for the composite primary efficacy endpomt in the ExXTRACT- .
TIMI 25 study - ITT populatlon

Enox= enoxaparin; n= sample size; N= population size; UFH= unfractionated heparin; RR= relative risk; PCI = percutaneous coronary
intervention; Grp = group; Trt = treatment; Ace = angiotensin-converting enzyme; Clop/Ticlop. = clopidogrel/ticlopidine

In the EXTRACT-TIMI 25 trial, 22.4% (2295 of 10,256) patients in the enoxaparin group
and 23.7% (2421 of 10,223) patients in the UFH group underwent PCI within 30 days after
randomization. The remaining patients were treated medically. There was a significant
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treatment beneﬁf of enoxaparin as compared with UFH (Figure 7), in patients who
underwent PCI within 30 days after randomization (23% reduction in relative risk) as well
as those who were treated medically (15% reduction in relative risk).

The European Society of Cardiology recommends that even aftet successful thrombolysis,
patients should routinely undergo coronary angiography and PEl, if applicable's. At
present, there are no randomized trials of LMWH vs UFH in the’ settmg of PCI for patients
with STEMI with the exception of limited data below:-

o A subgroup analysis of the Superior Yield of the New Strategy of Enoxaparin,
Revascularization and Glycoprotein ITb/IIIa Inhibitors (SYNERGY) trial comparing
LMWH with UFH in non-ST-elevation acute corenary syndrome in patients treated
with an early invasive strategy that excluded patients who switched to a different
anticoagulant at the time of randomization suggested that LMWH was more effective
than UFH for preventing myocardial infarction or death at 30 days'’.

o The Safety and Efficacy of Enoxapérin in Elective Percutaneous Coronary Intervention
(STEEPLE) trial demonstrates that in patients treated by elective PCI, enoxaparin
appears to be as effective as, and safer than, UFH'S.

However, most STEMI patients do not undergo primary or even delayed PCI". In
addition, this week’s issue of New England Journal of Medicine published an article which
suggested that the long-term survival {all-cause deaths and non-fatal myocardial infarction
during a follow-up period of 2.5 to 7.0 years (median, 4.6 years)} in 1149 patients with
stable coronary artery disease who underwent PCI and 1138 patients with stable coronary
artery disease who received optimal medical therapy alone appear to be the same”

Thus, I think the EXTRACT-TIMI 25 trial results which showed that enoxaparin produced
a significant benefit (reduction in deaths or re-infarction) in patients who underwent PCI as

~ well as those who did not undergo PCl is of clinical relevance to most STEMI patients.

This SIgnlﬁcant treatment benefit of enoxaparin was also seen in STEMI patients regardless
of the type of fibrinolytic treatment (streptokinase, TNK-tPA, reteplase or alteplase), and
regardless of concomitant use or non-use of aspirin, clopidogrel or ticlopidine (Figure 7).

This significant treatment benefit of enoxaparin was also seen in patients regardless of
concomitant medications these patients were taking for chronic coronary artery diseases,
such as statins, with the exception of non-use of ACE inhibitors or B-blockers (Figure 7).
The observations in patients not using ACE inhibitors or ﬁ-blockers may be biased due to
the post-hoc nature of the analyses, and the relatively small size of the 2 subgroups of
patients.

6.1.4.4 Tertiary efficacy composite endpoint findings in ExTRACT-TIMI 25 trial

Analyses of the tertiary composite endpoints (Table 13) also support the beneficial effect of
enoxaparin compared with UFH.
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Table 13 Tertiary composite endpoints in the EXTRACT-TIMI 25 study — ITT population

Incidence on {ncidence on RR 95% Ct p-

enoxaparin UFH enoxaparin of RR value?
Parameter : . nil (%) ol (%) versus UFH :
Desthor myocsrdmi re-infarcion at 478110 256 (4.7%) 53110 223 ( 5.2%) 080 . [0.80-101] 00778
48 hours . . N ",
Death or myocardial re-infarction at Day 8 740110256 (7.2%) 954710 223 ( 9.3%) O.ff: f0.79-085)  <0.0001
Death, myocardial re-infarclion o 548/10 256 (5.3%) 622110 223( 6.1%) " o088 f0.79-098] 00223
myocardial ischemia leading to urgent
revascuarization at 48 hours
Dezth, myocardial re-infarclion or 87410 256 (8.5%) 1181710 223 { 11.6%;} 074 f068-080) <0001
nryocardial tschemia leading to urgent : .
revascularizafion at Day 8
Death, myocardial ro-infarclion or . §18/10 256 {5.1%) STTH0 223 ( $.6%) 089 0.80-100} 00591
disabling stroke at 48 hours *
«Death, myocardial ee-infarchion o 766/10 256 (7.5%) 997/10 223 ( 9.8%) 077 {0.70-084  <0.000t
disabling stroke st Day 8 )

Death, myocardial re-infarclion or severe 1212110 256 (11.8%) 1399710 223 [ 13.7%) 086 0.80-093]  <0.000t
. CHF atDay 30 . .
Death, myocardial re-Infarction, 688/10 256 ( 5.7%) 668/10 223 ( 6.5%) 088 [0.79-098f 00169

myocardial ischernia leading to urgent

revascularization, or disabling stroke at

48 hours

Death, myocardial renfarcion, 900/10 256 (8.8%) 122410 223 (12.0%) . 073 [068-0.80] - <0.0001
myocardial ischemia leading to urgent

tevascularizafion, or disabling stroke at

Day8 .

Death, myocardial re-infarchion, 1220110 256 {11.9%) 1516/10 223 { 14.9%) 080 {0.75-0.86] <0.0001
myocardial ischemia Jeading to urgent

revascularization, or disabfing stroke at

Day 30

*Pearson’s Chi-square or Fisher’s Exact test, as appropriate. [TT= intent-to-treat;
n=sample size; N=population size; RR= relative risk; CI = confidence interval; CHF= congestive heart failure.

6.1.4.5 Relationship between efficacy and safety endpoints in EXTRACT-TIMI 25 trial

That enoxaparin has an AE profile (TIMI major hemorrhages and ICH, in Table 14) not
very different from UFH is not very comforting, because UFH has a worse AE profile than
placebo. Comparing enoxaparin against a drug that has a worse safety outcome than
placebo makes risk evaluation difficult in the absence of data for comparison with placebo.

Table 14 Bleeding during hospitalization/at 7 days in randomized heparin trials

Bleeding Outcome Total N UFH, n/N (%) . Control, wWN (%) OR {35% Chj*
Minor bleeding 1022 - 101/516 {19.6%) 63/506 (12.5%) 1.72(1.22-2.43)
Major bleeding 1231 26/622 (4.2%) 21/609 (3.4%) 1.21({0.67-2.18)
Bleeding Outcome . Total N LMWH, /N (%) Placebo, N (%) 0R (95% Cly*
Minor bleedingt ' 1272 97/641 (15.1%;) ' 33/631 (5.2%) 324 (2.12-491¢
Major bleeding 16842 9478421 (1.1%) 35/8421 (0.4%) 2.70(1.83-3.99)
Bleeding Outcome Tolal N LMWH, n/N (%) UFH, a/N (%) OR (95% Ci)*
Minor bleeding 6393 739/3242 (22.8%) 612/3151 (19.4%) 1.26 (1.12-1.43)
Major bleeding 7093 117/3591 (3.3%) 89/3502 (2.5%)} 1.30{0.98-1.72)

*No statistical héterogeneiiy for any-lileéiiing outcome unless indicated otherwise. TTH; CREATE smdy did not report minor
bleeding. 1P for heterogeneity 0.003. (From: Circulation 2005; 112:3855-67)%

The Arﬁericain College of Cardiology and the American Heart Association (ACC/AHA)

Practice Guidelines introduced the concept of “Net Clinical Benefit” to estimate the
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STEMI patient’s underlying risk without treatment, the expected benefit (reduction in
mortality), and the risk (life-threatening hemorrhage, particularly intracranial hemorrhage)
of fibrinolytic therapy’. The sponsor proposed similar analyses of “Net Clinical Benefit” to
obtain a perspective of the benefit and risk of treatment with enpXaparin vs UFH.

Table 15 Net Clinical Benefit at 30 Days* in ExTRAéT—TIMI 25 study

Clinical Outcome Enoxaparia UFH Relative Risk P value | Absolute Risk
) (N =10,256) (N = 10,223) 95% CD) Difference (%)
P Number (percent) .
Death, nonfatal ML, or nonfatal disabling stroke 1038 (10.1) 1260 (12.3) 0.82 (0.76 — 0.89) <0.001 2.2%
Death, nonfatal ML, or nonfatal major bleeding 1128 (11.0) 1305 (12.8) 0.86 (0.80 - 0.93) <0.001 1.8%
Death, nonfatal Mi or nonfatal intracranial hemorthage 1040 (10.1) | 1250(12.2) | 0.83(0.77-0.90) | <0.001 2.1%

* The composite end points listed were calculated in a hierarchical fashion in the order shown, and equivalent weight was assigned to
each of the three elements. CI = confidence interval, MI = myocardial infarction; UFH = unfractionated heparin.

As shown in Table 15, these “Net Clinical Benefit” endpoints are composites of efficacy
and different aspects of safety endpoints (non-fatal disabling stroke, non-fatal major
bleeding, and non-fatal intracranial hemdrrhage). The relative risks of the three net-clinical-
benefit composite endpoints were significantly lower at 30 days in the enoxaparin group
than in the UFH group. The range of Absolute Risk Differences (reductions in the absolute
event rates) was 1.8 to 2.2% percentage points, corresponding to reductions in the relative
risk of 14 to 18% (P < 0.001 for all comparisons, Table 15).

To obtain a more detailed perspective of the STEMI patients who experienced major TIMI
hemorrhages and ICH in the context of patients who experienced the composite primary -
efficacy endpoint events of death and non-fatal myocardial re-infarction, I prepared Venn--

-diagrams for patients treated with enoxaparin (Figure 8) and those treated with UFH

(Figure 9).

84
ICH

708 deaths / 309
mi

21t Majar
Hemorrhage
.

Figure 8 Primary Efficacy and Safety Outcome in STEMI patients on Enoxaparin —

ExTRACT-TIMI 25 study

Number of ENOX patients who reached primary efficacy endpoiat =1017
Number of ENOX patients who reached primary efficacy endpoint + No. with nonfatal major hemorrhage =1128
Number of ENOX patients who had non-fatal major hemorrhage only (1128 — 1017 =) = 111
Number who had both primary efficacy endpoint and major hemorrhage together (211 hemorrhage - 111) = 100
Number of ENOX patients who reached primary efficacy endpoint + No. nonfatal with ICH =1040
Number of ENOX patients who had nonfatal ICH only (1040 - 1017 =) ’ = 23
Number of ENOX patients who had both primary efficacy endpoint and ICH together (84 ICH - 23) = 6l
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ICH

- 765 deaths 458:
M’[ﬁ:

138 Major
Hemorchage

Figure 9 Primary Efficacy and Safety Outcome in STEMI patients on Unfractionated Heparin
~ ExTRACT-TIMI 25 study ’ .

Number of UFH patients who reached primary efficacy endpoint =1223
Number of UFH patients who reached primary efficacy endpoint + No. with nonfatal major hemorrhage =1305
Number of UFH patients who had nonfatal major hemorrhage only (1305 — 1223 =) 122
Number who had both primary efficacy endpoint and major hemorrhage together (138 hemorrhage — 122) 16
Number of UFH patients who reached primary efficacy endpoint + No. with nonfatal ICH ) 1250
Number of UFH patients who had nonfatal ICH only (1250 - 1223 =) 27
Number of UFH patients who had both primary efficacy endpoint and ICH together (66 ICH - 27) 39

oo

In STEMI patients treated with enoxaparin in the EXTRACT-TIMI 25 trial,

Number of enoxaparin patients who reached primary efficacy endpoint (Table 9) = 1017
No. enoxaparin patients with primary eff. endpoint+ No. with major hemorrhage (Table 15) = 1128
-.No of enoxaparin patients who had non-fatal major hemorrhage only (1128 - 1017) = 111
Total number of enoxaparin patients who had a TIMI major hemorrhage (Table 35) = 211
- No. who had both primary efficacy endpoint and major hemorrhage together (211 - 111)= 100
No. enoxaparin patients who reached primary efficacy endpoint + No. with ICH (Table 15) = 1040

.. Number of enoxaparin patients who had nonfatal ICH only (1040 - 1017) = 23
Total number of enoxaparin patients who had ICH (Table 35) = 84
-+ No. who had both primary efficacy endpoint and ICH together (84-23) ' = 61
In STEMI patients treated with UFH in the EXTRACT-TIMI 25 trial,

Number of UFH patients who reached primary efficacy endpoint (Table 9) =1223
No. of UFH patients with primary efficacy endpoint+ No. with major hemorrhage (Table 15) = 305
~. Number of UFH patients who had nonfatal major hemorrhage only (1305 — 1223) = 122
Total number of UFH patients who had a TIMI major hemorrhage (Table 35) = 138
- No who had both primary efficacy endpoint and major hemorrhage together (138—122) = 16
No. of UFH patients who reached primary efficacy endpoint + No. with ICH (Table 15) =1250
.. Number of UFH patients who had nonfatal ICH only (1250 — 1223) = 27
Total number of 'U_FH patients who had ICH (Table 35) = 66
-. No. UFH patients who had both primary efficacy endpoint and ICH together (66— 27) = 39

The findings in the Venn-diagfams are described below and summarized in Table 16.
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While there are more TIMI major hemorrhages overall in the enoxaparin group (see Table
35, in section 7.1.2 of this review), for patients who experienced non-fatal TIMI major
hemorrhages alone, there were more patients in the UFH group. In a similar manner, for
patients who experienced non-fatal ICH alone, there were more patients in the UFH group.

In the UFH group, patients who experienced non-fatal TIMI m4jor hemorrhages or non-
fatal ICH constitute a relatively larger proportion of the patients who experienced the safety
endpoint (88.4% and 40.9%, respectively), compared to 52.6% and 27.6%, respectively, of
patients who experienced the safety endpoint in the enoxaparin group (Table 16).

Table 16 Occurrence of safety and efficacy endpoints together in ExXTRACT-TIMI 25 study

Safety and efficacy endpoint Enoxaparin (N = 10,256) UFH (N = 10,223)

TIMI major hemoirhages} 211 138~
Non-fatal TIMI major hemorrhage alone} 111 (52.6%) 122 (88.4%)
TIMI major hemorrhage and a primary 100 (47.4%) 16 (11.6%)
efficacy endpoint event fogether

Intracranial hemorrhage ICH)t 1 84 66
Non-fatal ICH alonet 23 (27.4%) 27 (40.9%)
ICH and a primary efficacy endpoint 61 (72.6%) 39 (59.1%)
event together

t From safety endpoint data in Table 35; {Calculated from data in (Table 15 — Table 9);
§Calculated from data in {Table 35 — (Table 15 — Table 9)}

On 26-Jan-2007, I requested the sponsor for data in the ExXTRACT-TIMI 25 trial to
evaluate the relationship of TIMI major hemorrhage and intracranial hemorrhage (ICH) at
30 days to the primary efficacy endpoint events. On 09-Mar-2007, the sponsor provided
the following data.

Table 17 Relationship of TIMI major hemorrhage at 30 days to composite primary efficacy
endpoint events at 30 days (ITT population)

TIMI Major | Treatment RR enoxaparin vs UFH HR enoxaparin vs UFH

hemorrhage group N | n(%) | RR[95% C.L] | RRR | P value’ | HR[95% C.1.] | P value®
' Composite primary efficacy endpoint at 30 days

Absent Enoxaparin | 10045 917(5.1) | 0.79[0.73-0.86] | 0.21 <0.0001 | 0.78 [0.71-0.85] <0.0001

UFH 10085 { 1167 (11.6)
Present Enoxaparin . 211 100(47.4) | 1.1710.91-1.50] | -0.17 0.2106 1.19 {0.86-1.16] 0.2771
] UFH 138 56 (40.6)
. Deaths at 30 days
Absent Enoxaparin _{ 10045 628 (6.3) 0.87.{0.79-0.97] | 0.13 0.0109 | 0.87{0.78-0.97] 0.0115
UFH 10085 721 (7.1).
Present Enoxaparin 211 80 (37.9) 1.19{0.88-1.60] | -0.19 0.2498 1.22[0.84-1.76} 0.2892
UFH 138 44 (31.9) .

Mpyocardial re-infarction at 30 days

Absent | Enoxaparin | 10045 | 289(2.9) | 0.65[0.56-0.75] | 035 | <0.0001 | 0.64[0.55-0.74] | <0.0001
UFH 10085 | 446 (4.4)

Present | Enoxaparn | 211 20(9.5) | 1.09[0.55-2.16] | -0.09 | 0.8043 | 1.14[0.56.2.33] | 0.7198
UFH 138 12 (3.7) ’

*Pearson’s Chi-square or Fisher’s Exact test, as appropriate; ®Log rank test; TIMI = Thrombolysis in Myocardial Infarction,
[TT = intent-to-treat, UFH = unfractionated heparin, RR = relative risk,CI = confidence interval, RRR =relative risk
reduction; HR = hazard ratio; N =Total number of patients in treatment group; n=number (%) of patients who had the event

- In Table 17, TIMI major hemorrhage was consistently associated with a higher risk of
death (4 to 6 times) and myocardial re-infarction (2 to 4 times) whether the patients
received enoxaparin or UFH.
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The 95% C.I. for the RR of events in patients who experienced TIMI major hemorrhage
included the identity line, suggesting that no conclusion could be drawn in the small
subsets of patients to compare the relative risk of enoxaparin treatment vs UFH.

The 95% CI for the RR of events in patients who did ot experiénce a TIMI major

hemorrhage was below the identity line, with a significant relative risk reduction for

enoxaparin for all comparisons, indicating the benefit with enoxaparin treatment in the
- absence of a TIMI major hemorrhage.

In this context, we need to take into consideration the shorter duration of enoxaparin
treatment in patients who experienced TIMI major hemorrhage (mean duration of
enoxaparin treatment in patients who experienced TIMI major is 3.47+2.83 days vs
6.68+2.39 days in other enoxaparin-treated patients). (Please see also Table 21 and Table
22 showing the relationship of efficacy and safety endpoint events to the duration of
enoxaparin and UFH treatment.)

Intracranial hemorrhage (ICH) represents a clinically important component of TIMI major
hemorrhages. In Table 18, ICH was consistently associated with a higher risk of death (8
to 10 times more), whether the patients received enoxaparin or UFH. The 95% C.I. for the
RR of events in patients who experienced ICH included the identity line, suggesting that no
conclusion could be drawn in this subgroup of patients to compare the relative benefit of
enoxaparin treatment vs UFH. '

The 95% CI for the RR of events in patients who did not experience ICH was consistently
below the identity line, with a significant relative risk reduction, further suggesting the
beneficial effect with enoxaparin treatment in the absence of ICH.

Table 18 Relationship of intracranial hemorrhage at 30 days to composite primary efficacy endpoint
events at 30 days (ITT population)

Intracranial | Treatment RR enoxaparin vs UFH HR enoxaparin vs UFH

hemorrhage group N | n(% | RR[95% C.1] | RRR | P value’ | HR [95% C.I] | P value®

composite primary efficacy endpoint at 30 days

Absent | Enoxaparin | 10172 956 (9.4) 0.81[0.74-0.871 | 0.19 <0.6001 | 0.80[0.73-0.87] <0.0001
UFH 10157 | 1184 (11.7)

Present Enoxaparin 84 61(72.6) 1.23[0.97-1.56] | -0.23 0.0810 1.41 [0.94-2.11} 0.0790 ‘

UFH 66 39(59.1)
. Deaths at 30 days
" Absent Enoxaparin | 10172 650(6.4) | 0.89(0.80-0.99] | o.11 0.0275 | 0.89 {0.80-0.99] 0.0282
UFH 10157 | 728(7.2)
Present Enoxaparin 84 58 (60.9) 1.23{0.95-1.59] | -0.23 0.1013 1.40{0.93-2.12} 0.0928
UFH 66 37(56.1) : :

Myocardial re-infarction at 30 days

Absent Enoxaparin | 10172 306 (3.0) 0.67{0.58-0.77) | 0.33 <0.0001 | 0.66{0.57-0.76] § <0.0001

UFH | 10157 | 456 (4.5)
Present | Enoxaparin | 84 3(3.6) | 1.1870.20-6.85] | -0.18 | 1.0000 | 1.47(0.24-8.86] | 0.6723
UFH 66 21(3.0)

*Pearson’s Chi-square or Fisher’s Exact test, as appropriate; "Log rank test; {TT = intent-to-treat, UFH = unfractionated
heparin, RR = relative risk,CI = confidence interval, RRR =relative risk reduction; HR = hazard ratio; N =Total number of
patients in treatment group; n=number (%) of patients who had the event

In this context of subgroup analyses made through post-randomization, we would need to
take into consideration the shorter duration of enoxaparin treatment in patients who
experienced ICH (mean duration of enoxaparin treatment in patients who experienced ICH
is 2.13+/-2.02 days vs 6.65+/-2.41 days in enoxaparin-treated patients). :
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In addition, there was a significant interaction between treatment and whether or not the

patients experlenced ICH within 30 days (Table 19). The 95% confidence interval for the

‘RR of the primary endpoint events in patients who experienced ICH included the identity

line; thus, no conclusion could be drawn in this subgroup of patients about the relative

benefit with enoxaparm treatment vs UFH.

Wy 2
e
s

Table 19 Death or myocardial re-infarction at Day 30 per ICH status (ITT population)

ICH at Treatment . Deaths or re-infarction at Day 30
30 days group N Ny (%) HR 95% C. | P value®
Present | Enoxaparin 84 61 (72.6) 1.23 {0.97-1.56]

UFH 66 39 (59.1) 0.0163
Absent §{ Enoxaparin | 10172 956 (9.4) { 0.81[0.74-0.87]

UFH 10157 | 1184 (11.7)

*Wald test from logistic regression model; ICH = intracranial hemorrhage, ITT = intent- ~to-treat, UFH = unfractionated heparin,
Cl = confidence interval N =Total number of patients in treatment group; Ng¢ =number (%) of patients who died; HR =hazard ratio

6.1.4.6 Supportive findings

In the EXTRACT-TIMI 25 trial, I found support for the clinical benefit of enoxaparin in
STEMI patients from intrinsic findings in the results of the study as well as from extrinsic
findings.

The intrinsic findings within the ExXTRACT-TIMI 25 trial are:

e the results in the ‘subgroups that did not differ directionally from the overall results for
the whole study population,

* the positive findings in the results of the composite secondary efficacy endpoints,
* the positive findings in the results of the composite tertiary efficacy endpoints, and

* the positive results from the “net clinical benefit” evaluation using composites of
efficacy and different aspects of safety endpoints (non-fatal disabling stroke, non-fatal
major bleeding, and non-fatal intracranial hemorrhage).

~ An extrinsic finding in partial support of the benefit of enoxaparm is from the primary

efficacy endpoint findings in the 6 previous studies of enoxaparin. Of these 6 previous
studies, three studies (ASSENT 3, ASSENT 3+ and TETAMI) evaluated clinical endpoints:

o The ASSENT 3 study found a statistically significant (p =0.0001) reduction in the

prlmary efficacy endpoint of a composite of 30-day death or in-hospital re-infarction or
in-hospital refractory ischemia (please see Appendix Section 10.1.2.1, Table 55);

. The ASSENT 3+ study found a reduction in the primary efficacy endpoint of a

composite of 30-day death or in-hospital re-infarction or in-hospital refractory ischemia
(please see Appendix Section 10.1.2.2, Table 58), which was not statistically significant
(P =0.08);

¢ The TETAMI study showed that enoxaparin did not s1gn1ﬁcantly reduce the 30-day
incidence of death, myocardial re-infarction and recurrent angina compared with UFH
in non-thrombolyzed STEMI patients (please see Appendix Section 10.1.2.6, Table 67
and Table 68).

Another extiinsic finding in support of the efficacy ﬁndmgs in the EXTRACT-TIMI 25
study is the CLARITY-TIMI 28 trial”' (LMWH = 1429, UFH = 1431) in which clopidogrel
vs placebo was administered to patients in addition to aspirin. Of patients who received
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LMWH, 85% received enoxaparin, and the remaining 15% received nadroparin, dalteparin,
tinzaparin or certoparin. The CLARITY-TIMI 28 trial showed that treatment with LMWH
was associated with a signiﬁcantly‘lower rate of

* aclosed infarct-related artery or death or myocardial infarction before angiography
(13.5% vs 22.5%, adjusted odds ratio (OR) = 0.76, p =0.029), and

e cardiovascular death or myocardial re-infarction through 30 ’days (6.9% vs 11.5%,
adjusted OR = 0.68, p = 0.030). '

The lower event rates in the LMWH-treated patients were observed in patients allocated to
clopidogrel and in those who underwent PCI. Rates of TIMI major bleeding through 30
days (1.6% vs 2.2%, p = 0.27) and ICH (0.6% vs 0.8%, p = 0.37) were comparable in the
LMWH and UFH groups. ‘

Patients who received both clopidogrel and LMWH, in addition to a standard fibrinolytic
and aspirin, had a high rate of infarct-related artery patency (90.9%) and low rates of
cardiovascular death (3.2%), myocardial re-infarction (3.0%) and major bleeding (1:8%).

The CLARITY-TIMI 28 trial showed that in patients with STEMI receiving fibrinolytic
therapy, use of LMWH and other standard therapies including aspirin and clopidogrel is
associated with improved angiographic outcomes and lower rates of adverse cardiovascular
events.

It is likely that three factors may have contributed to the treatment differences observed in
the ExXTRACT-TIMI 25 trial:

(i) a superior antithrombotic effect of enoxaparin (which the sponsor would like to
attribute to),

(ii) a longer duration of treatment with enoxaparin, (Because of ease of subcutaneous
injection, enoxaparin was administered for the duration of the index hospitalization;
this extended treatment duration most likely contributed to a more sustained anti-

- thrombotic effect.)

(iii) a possible rebound increase in thrombotic events after the discontinuation of UFH

(This post-heparin rebound thrombosis may occur regardless of the duration of the
infusion®, and there are no treatment strategies to reduce this rebound thrombosis.)

I do not think it is possible, from the data collected in the EXTRACT-TIMI 25 trial, to
determine the relative contribution of each of these 3 factors to the results observed.

6.1.4.7 Efficacy endpoint findings of EXTRACT-TIMI 25 trial in the context of clinical
trials of antithrombin agents in STEMI patients

Table 20 shows the relative risk reduction (RRR) and absolute risk difference (ARD) for
death at 30 days and non-fatal myocardial re-infarction at 30 days in the EXTRACT-TIMI
25 trial in the context of the RRR and ARD for death and myocardial re-infarction

observed in a meta-analysis of clinical trials of antithrombin agents®. It appears that the
RRR and ARD values in the EXTRACT-TIMI 25 trial fall close to the point estimates and

‘within the confidence intervals of the clinical trials of LMWH vs UFH.
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Table 20 Relative risk reduction and absolute risk difference in EXTRACT-TIMI 25 trial in

comparison to other trials of anti-thrombin agents

|RRR!.ARD

Clinical Endpoint Event | Odd Ratio i C.IL
- UFH vs Placebo trials .
*Death during hospitalization 1.04 0.62"— 1.78 -4% -0.23%
*Re-infarction during hospitalization . 1.08 0.58—1.99 -8% -0.45%
' LMWH vs Placebo trials s :
{Death at 30 days 0.86 0.78 —0.95 14% 1.41%
fRe-infarction at 30 days 0.76 0.62.-0.93 24% 0.63%
1Death during hospitalization or 7 days 0.90 0.80-0.99 10% 0.86%
{Re-infarction during hospitalization or 7 days 0.72. 0.58 - 0.90 28% 0.59%
LMWH vs UFH trials
L 094 0.77-1.14 | 6% 042% |
ion at 30 days- 0:65. 0.50—-084 | 35% 1.87% |
#Death during hospitalization or 7 days 0.92 0.74-1.13 | 8% 0.48%
#Re-infarction during hospitalization or 7 days 10.57 0.45-0.73 43% 2.15%
Enoxaparin vs UFH (ExTRACT-TIMI 25 trial) ‘
vt 30 days 092 {o84-102 ] 8% [ 057% |
“§Reinfarction at 30 days 067 1058-077 ] 33% | 1.47% |
§Death during hospitalization or 8 days 0.92 0.82-1.03° 8% | 047%
§Re-infarction during hospitalization or 8 days 0.52 0.43 -0.62 48% | 1.65%

CI= confidence interval; RRR= relative risk reduction; ARD= absolute risk difference; *Results from 4 studies: DUCCS, ECSG,
ISIS-2 Pilot, OSIRIS; fResults from 3 studies: AMI-SK; BIOMACS II, CREATE; }Results from 3 studies: AMI- SK, CREATE,
FRAMI; #Results from 6 studies: ASSENT 3, ASSENT 3 Plus, ENTIRE-TIMI 23, HART 1l and BAIRD; §EXTRACT-TIMI 25
study. (Calculated from: Circulation 2005; 112:3855- 67)zj

In general, LMWH compared with i iv UFH reduced the risk of myocardial re-infarction by
33% ~ 43% with no reduction in death. This reduction in the risk of re-infarction with
LMWH vs UFH is also consistent with the findings in clinical trials of UFH vs placebo (no
reduction in re-infarction) and LMWH vs placebo (24% ~ 28% reduction in re-infarction).

It is interesting to find that in Table 20, LMWH provides an even greater reduction in re-
infarction in the active comparator trials (i.e., vs UFH; 33% ~ 43% reduction), than when
LMWH is compared with placebo (24% ~ 28%). The following are possible explanations:

e First, I do not think one can assume that UFH is worse than placebo with regard to re-
~ infarction; the comparisons between UFH and placebo were on small numbers of
patients only, and therefore they were severely underpowered (Please see Table 46 in
Section 8.6, Literature Review).

e Secondly, a larger effect size in the LMWH vs UFH compared to LMWH vs placebo as
shown in Table 20 could have been due to a diagnostic suspicion bias because all of the
trials comparing LMWH with placebo were double-blind (Please see Table 47 in
Section 8.6, Literature Review) whereas all of the LMWH vs UHF trials referred to in
the meta-analysis were open-label (Please see Table 51 in Section 8.6, Literature
Review). The confidence intervals for point estimates from the pooled analyses of
these two groups of trials overlap; thus, the apparent difference in the results for re-
infarction could be due to chance.

e Third, UFH vs control trials were conducted during 1987-1994, and LMWH vs placebo
trials were conducted during 1997-2005. Substantial changes in the way myocardial
re-infarction is diagnosed could have hmlted the ability of earlier trials to reliably
detect a treatment effect.

e Fourth, LMWH vs placebo trials involved the use of first-generation thrombolytic
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agents (streptokinase), whereas direct comparisons between LMWH and UFH were
performed primarily in patients treated with more fibrin-specific thrombolytic agents
(such as tenecteplase, alteplase, and, in the EXTRACT-TIMI 25 trial, reteplase also).

»

6.1.4.8 Efficacy and safety endpoint findings in ExTRACT- TIfVII 25 trial in relation to the
duration of treatment with enoxaparin and UFH

Table 21 shows the frequencies of efﬁcacy and safety endpoint events according to the

duration of treatment with enoxaparin for STEMI patients in the enoxaparin-treated group.

Table 21 Efficacy and safety endpoint eveunts in relation te the duration of enoxaparin
treatment in EXTRACT-TIMI 25 trial — ITT population

Duration Total Primary Secondary Deaths Non- Urgent Disabl ICH TIMI major

(Days) of patients efficacy efficacy fatal MI | revascula stroke hemorrhage
enoxaparin | in group endpoint endpoint -rization
treatment 0 (%) n_ (%) n (%) n (%) n (%) I'n (%) {n (%) n_ (%)

- <l day 991 450 (45.4) 487(49.1) | 395(39.9) | 55(5.5) 84 (8.5) Nodata | Nodata 99 (10.0)
>1 — 2 days 317 87(274) 99(31.2) 69 (21.8) 18(5.7) 23 (7.5) No data No data 30 (9.5)
>2 -3 days 433 60 (13.9) 77(17.8) 35(8.1) 25 (5.8) 32(74) Nodata | Nodata 12 (2.8)
>3 — 4 days 579 45(1.8) 58 (10.0) 3365.7) 1(2.1) 21 (3.6) No data No data 10(1.7)
>4 - 5 days 745 - 50 (6.7) 63 (8.5) 27 (3.6) 23 (3.1) 25 (3.4) No data No data 11(1.5)
>5 ~ 6 days 668 43 (6.4) 56 (8.4) 23 (3.4 20(3.0) 17(2.5) No data No data 9(1.3)
>6 — 7 days 2876 120 (4.2) 148 (5.1) 60 (2.1) 60 (2.1) 40(1.4) No data No data 16 (0.6)
>7 — 8 days 3338 129 (3.9) 169 (5.1) 46 (1.4) 83(2.5) 51(L.5) No data No data 21 (0.6)

>§ days 126 - 10(7.9) 12 (8.5) 3(24) 7(5.6) 5(4.0) 1(0.8) No data 1(0.8)
Missing 95 14 (14.7) 20 (21.1) 10 (10.5) 4(4.2) 10 (10.5) No data No data 1(1.1).
Not received 10311 1232 (11.9) | 1489(14.4) | 772(7.5) | 460 (4.5) | 466 (4.5) 98 (1.0) 66 (0.6) 130(1.3)

ITT = intent-to-treat; Enox = enoxapann MI = myocardial infarction, TIMI = Thrombolysis in Myocardial Infarction

N = total number of patients in treatment group; n = number of patients who reached an endpoint event

The rates of both the efficacy and the safety endpoint events were highest in patients who
received enoxaparin treatment for only 2 days or less, suggesting that this subset of
population probably required interruption of treatment following either a non-fatal

myocardial re-infarction or a TIMI major hemorrhage (including ICH). It is possible that

some of these patients who stopped enoxaparin within 2 days might have had an urgent

revascularization performed subsequent to discontinuation of enoxaparin treatment.

On the other hand, the majority of patients who received enoxaparin treatment for a longer
— protocol-specified — duration showed lower event rates, both for efficacy and for major
safety endpoints, suggesting that the benefits with enoxaparm are observed when treatment

is given per protocol.

Table 22 shows the frequencies of efficacy and safety endpoints events according to the

duration of treatment with UFH for STEMI patients in the UFH-treated group.

The rates of both efficacy and safety endpoint events were highest in patients who received

UFH treatment for only 1 day or less, indicating a subset of the patient population who

interrupted treatment following either a non-fatal myocardial re-infarction or a TIMI major

hemorrhage (including ICH). Subsequent to this UHF study drug discontinuation, an

urgent revascularization may have been performed, or an open-label treatment may have
been used, similar to that discussed (above) for patients who received enoxaparin treatment
for only 2 days or less in the enoxaparin-treated group.
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Table 22 Efficacy and safety endpoint events in relation to the duration of UFH treatment in
ExTRACT-TIMI 25 trial — ITT population

Duration Total Primary Secondary Deaths Non- Urgeh; Disabl ICH TIMI major
(Days) of patients efficacy efficacy fatal MI | revascula stroke hemorrhage
UFH in group endpoint endpoint -rization
treatment N n_ (%) n (%) | n(%) 0 (%)l n (%) |n (%) |n (%) n_ (%)
<1 day 903 431 (47.7) 464 (514) | 359(39.8) | 72(8.0) | 103(11.4) | 56(6.2) | 46 (5.1) 75 (8.3)
_>1 -2 days 3712 - 309 (8.3) 389 (10.5) 180(4.8) | 129(3.5) | 129(3.5) 22(0.6) 11 {0.3) 22 (0.6)
>2 <3 days 4239 298 (7.0) 377(8.9) 148 (3.5) | 150(3.5) | 140(3.3) 11 (0.3) 6 (0.1) 26 (0.6)
>3 days 1241 | 162(13.3) 216 (174) 61(4.9) -1 101 @38.D 83 (6.7) 6 (0.5) 3(0.2) 13 (1.0)
Missing 49 8(16.3) 13 (26.5) 5(10.2) 3(6:1) 5(10.2) 0 -0 2 (4.1)

Not received 10335 1032 (10.0) | 1219(11.8) { 720(7.0) | 312(3.0) | 314(3.0) 82 (0.8) 84 (0.8) 211 (2.0)

ITT = intent-to-treat, UFH = unfractionated heparin, MI = myocardial infarction, TIMI = Thrombolysis in Myocardial Infarction; ICH =

mtracramal hemorthage; N ='total number of patients in treatment group; n = number of patients who reached an endpoint event

In contrast to enoxaparin-treated patients (Table 21), patients who received UFH treatment
for >3 days showed higher rates of efficacy endpoints (Table 22). If the lack of continued
anti-thrombin therapy (when UFH was stopped at 48 hours) might have contributed to a

relative increase in the efficacy endpoint events, then it is difficult to understand why

patients who continued to received UFH for a longer duration had increase rates of primary

~ and secondary endpoint events. This finding appears to support the duration of UFH

treatment (48 hours) for STEMI as recommended by the current ACC/AHA guidelines'.

6.1.4.9 Findings at long-term follow-up (6 months and 1 year)

Most subjects in each treatment group completed the follow-up period (except those who

died before 12 months, Table 23).

Table 23 Summary of subject completion status at 12 months — ITT population

Treatment randomized

All Enoxaparin UFH

Study treatment completion status? N=20 479 (%) N=10 256 (%) N=10 223 (%)
Number of subjects

Completed 12-month follow-up 18 160 (88.7) ' 9098 (88.7) 9062 (88.6)

Discontinued study? 212(113) 1155 (11.3) 1157 (11.3)
Primary reason for discontinuation from 12-month foliow-up period

Lost to folfow-up 107 {4.6) 57(4.9) 50 (4.3)

Death® 2115 (915) 1055 (91.3) 1060 (91.6)

Subject did not wish to continue 25(1.1) 16(0.9) 15(1.3)

Other reason ’ 61(2.6) 32N 30(26)

aDenommator used for the following calculations: completed study and discontinued study;
®Denominator used for the following calculations: primary reasons for discontinuation

“Death counts relative to disposition at 12 months represent the primary reason for discontinuation only.
ITT = intent-to-treat; N = population size; UFH = unfractionated heparin

For patient outcomes at follow up based on the patient’s status following treatment in the

first 30 days, the sponsor submitted that the post-hoc analyses required that time zero be
reset beyond the 30-day period. This would introduce bias since the patient populations

at

the non-randomized time zero had already been influenced by the earlier beneficial effects

observed with enoxaparin. In this case, the enoxaparin group would be enriched with a

larger number of higher risk patients who had surived in the first 30 days.
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The sponsor also presented 6-inonth and 1-year survival data as Kaplan-Meier curves on all
randomized patients, which is probably less biased. I will present these Kaplan-Meier
curves first, followed by analyses of the endpoint-specific follow-up data.

There was a statistically significant difference (p = 0.0111, log-tank test, HR = 0.92) in
favor of the enoxaparin group vs the UFH group with respect tétime to death or _
myocardial re-infarction at 12 months as assessed by survival analysis (log-rank test)
(Figure 10 and Table 24). The separation of the 2 survival curves in Figure 10, observed at
30 days after randomization, was maintained throughout the 12-month follow-up period.
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Time to Death or Myocardial Re ~infarction (days)
Number at Risk:

Enox 9238 9085 8998 8924 8878 8822 8755 8706 8667 8638 8601 8514
UFH 8989 8874 8805 8745 8693 8647 8573 8539 8512 8485 8455 8372

Figure 10 Kaplan-Meier plot - death or myocardial re-infarction at 12 months - ITT population
[TT = intent-to-treat; Enox = enoxaparin; UFH = unfractionated heparin

Table 24 Time to main clinical endpoint at 6 and 12 months - ITT populaﬁon

- Enoxaparin UFH Enoxvs UFH  95% Clof P-value?
Parameter N n N n hazard ratio HR
Death or myocardial re-infarction, 6 month 10256 1403 10223 1545 089 [0.83-0.96] 0.0020
Death or myocardial re-infarction, 12 months 10 256 1614 10223 1732 0.92 {0.86 - 0.98] 0.0111

*log-rank test; ITT = intent to treat poputation; UFH = unfractionated heparin; Enox = enoxaparin, vs = versus, N = population size; n =
sample size; CI = confidence interval; HR = hazard ratio

There was a statistically significant difference (p = 0.0069, log-rank test, HR = 0.91) in
favor of the enoxaparin group compared with the UFH group with respect to time to death,
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myocardial re-infarction or disabling stroke at 12 months as assessed by survival analysts
(log-rank test) (Figure 11 and Table 25).

. 1.6 &
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, Time to Death, Myocardial Re~iufarction, or Disabling Stroke (days)
Number at Risk: )

Enox 9216 9065 8977 8902 8856 8801 8735 8685 8647 8618 8580 8494
UFH 8952 8841 8771 8710 8659 8614 8540 8506 8479 8453 8423 8339

Figure 11 Kaplan—Meler plot — death, myocardial re-infarction or dlsablmg stroke at 12 months - ITT
population »
ITT = intent-to-treat; Enox = enoxaparin; UFH = unfractionated heparin

Table 25 Time to clinical endpoint of death, re-infarction or disabling stroke at 6 and 12 months - [TT
populatlon

Enoxaparin UFH

_ Enoxvs UFH 95%Clof  P-valued
Parameter ' N n N n  Hazard ratio HR
Death or myocardial re-infarction, o 10256 1425 10223 1578 0.89 [0.83-0.95] 0.0010
» disabling stroke, 6 months '
Death or myocardial re-infarction, or 1025 1638 10223 1765 091 {0.85-0.98] 0.0069

disabling stroke, 12 months

alog-r:«mk test; ITT = intent to treat population; UFH = unfractionated heparin; Enox = enoxaparin, vs = versus, N = population size; n =
sample size; CI = confidence interval; HR =hazard ratio

A Kaplan—Meier plot for all-cause death at 12 months in Figure 12 shows that the two
survival curves are qulte close at 1-3 months, and stay close together for the remainder of
the year. ‘
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N Time to Death {days)
Number at Risk: » :
Enox 9545 9453 9403 9364 9331 9303 9254 9224 9195 9174 9142 9063
UFH 9446 9367 9326 9295 9259 9229 9183 9159 9144  -9124 9107 9033
Figlire 12 Kaplan-Meier plot — death at 12 months - ITT population
ITT = intent-to-treat; Enox = enoxaparin; UFH = unfractionated heparin
Table 26 Time to individual endpoint components at 6 and 12 months (ITT population)
Enoxaparin UFH Eroxvs UFH 95%Clof  P-value?
Parameter N n N n Hazard ratio HR
Death, 6 months 1025 923 10223 968 0.95 [0.87-1.04] 0.2360
Death, 12 months 10256 1075 10223 1085 098 [0.90 - 1.07} 0.7145
Myocardial re-infarction, 6 months 10256 572 10223 681 0.82 {0.74~092) 0.0006
Myocardial re-infarction, 12 months 10256 666 10223 775 084 [0.76 - 0.94] 0.0013
Disabling stroke, 6 months 10256 93 10223 108 0.86 [065-1.13)" 0.2732
Disabling stroke, 12 months 1025 112 10223 115 0.97 {0.75 - 1.26] 08121
Re-hospitalization, 6 months 10256 2361 10223 2233 1.05 [0.99-1.12} 0.0788
Re-hospitalization, 12 months 10256 2873 10223 2742 1.05 [0.99 - 1.10] 0.0849
*log-rank test ITT = intent to treat population; UFH = unfractionated heparin; Enox = enoxaparin, N = population size; n = sample size
CI = confidence interval; HR = hazard ratio . '
Table 26 shows the Kaplan-Meier failure rate estimates for the composite endpoint of
death, myocardial re-infarction, or disabling,stroke at 6 and 12 months.
e _ Significant treatment differences in favor of enoxaparin were seen with respect to time to

]
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myocardial re-infarction at 6 months (p = 0.0006) and 12 months (p =0.0013). The
differences between treatment groups with respect to time to death or disabling stroke
alone were not significant. The above analyses included ALL randomized patients from
randomization to 6 or 12 months. Thus, the advantage that enoxaparin had on deaths and
myocardial re-infarction during the 30 days could obscure anyigifference in long term
outcome of these patients. : o

I took a different perspective on the above follow up data:

* first by evaluating long term outcome on gll surviving patients (i.e., removing all deaths
in the first 30 days), and

* secondly by evaluating long term outcome on patients who did not experience a
primary efficacy endpoint event (i.e., removing the advantage that enoxaparin had on
deaths and myocardial re-infarction during the 30 days).

The primary efficacy endpoint events at 6 months and 12 months follow up in @/l surviving
patients (i.., excluding all deaths during the first 30 days) are shown in Table 27.

Table 27 Efficacy endpoints at 6 and 12 months follow up in patients surviving at 30 days (ITT
population)

Event | Treatment. . Deaths Myocardial re-infarction Disabling stroke
at group N n HR P n HR P a HR P
(%) | [95% C.L] | value’ | (%) | [95% C.L] | value* (%) | [95% C.L] { value
Six Enoxaparin | 9548 | 215 226 12
month 2.3) 1.05 0.5899 | (2.4 1.20 0.0653 | (0.1) 0.99 0.9833
’ UFH 9548 | 203 | [0.87-1.28] . 187 | [0.99-1.46] 12 [0.45-2.21]
2.1 . 2.0 {0.1)
Twelve | Enoxaparin | 9548 | 367 326 32
month 3.8 1.14 0.0831 3.4) 1.13 0.1415 § (0.3) 1.67 0.0721
JUFH 9548 { 319 | [0.98-1.33] 288 | [0.96-1.32) 19 [0.95-2.95]
(34 (€X0)) . 0.2)

“Log rank test; ITT = intent-to-treat, UFH = unfractionated heparin, CI = confidence interval, HR = hazard ratio; N =Total
aumber of patients in treatment group; n=number (%) of patients who had the event

The sponsor contended that the above post-hoc analyses may be biased (because of the
earlier effect on deaths observed with enoxaparin and UFH, thereby apparently enriching
the enoxaparin group with a larger number of higher risk patients).

I think it is interesting to note that the separation in survival curves seen for the composite
endpoint (Figure 10) and for deaths, myocardial re-infarction or disabling stroke (Figure
11) is not supported (by the findings in Table 27) when deaths within the first month were
excluded from follow up data. '

The primary efficacy eﬁdpoint events at 6 months and 12 months follow-up in patients who
did not experience a primary efficacy endpoint event (i.e., removing the advantage that
enoxaparin had on deaths and myocardial re-infarction during the 30 days) are shown in

~ Table 28. '
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Table 28 Efficacy endpoints at 6 and 12 months follow up in patients who did not experience a
primary efficacy endpoint event at 30 days (ITT population) '

Event | Treatment Deaths Myocardial re-infarction
at group N n (%) HR P n © HR P
] [95% C.L} | value (%) *]:495% C.L] | value'
Six Enoxaparin | 9239 | 207 (2.2) 1.13 0.2396 | 219(24) 1.24 0.0317
month | UFH 9000 § 179(2.0) { [0.92-1.38] 172 (19), | [1.02-1.52)
Twelve | Enoxaparin | 9239 | 349 (3.8) 1.18 0.0337 | 313(3.4) 115 0.0885
month UFH 9000 | 288 (3.2) { [1.01-1.38} 266 (3.0) | [0.98-1.36] '

*Log rank test; ITT = intent-to-treat, UFH = unfractionated heparin, CI = confidence interval, HR = hazard ratio;
N =Total number of patients in treatment group; n=number (%) of patients who had the event

There is a statistically significant excess of deaths at 12 months, and a statistically
significant excess of myocardial re-infarction at 6 months among patients in the enoxaparin
group who did not experience a primary efficacy endpoint event during the first month.
The sponsor attributed this finding to the biased nature of the post-hoc analysis that does
not take into account the early benefit favoring enoxaparin, and that there was a larger
number of patients in the enoxaparin subgroup than in the UFH subgroup (Table 28).

The data in Table 28 suggests that after the early benefit observed during the first 30 days
with enoxaparin, there was no further reduction in myocardial re-infarction and no survival
benefit at 6 months and 12 months, respectively. This data suggests that the beneficial
effect of enoxaparin over UFH in STEMI patients is probably limited to the first 30 days.

The sponsor suggested also that patients who died between Day 30 and Month 12 in the

. enoxaparin-treated group were older (65.7 years + 11.70 standard deviation (SD) vs 59.8

years £ 11.93 SD in the overall population) and at higher risk (TIMI score 4.3 +2.15 SD vs
2.9 +2.07 SD in the overall population). However, the two treatment groups were well-
matched with regard to demographics at enrollment, including age and TIMI score.

6.1.5 Clinical Microbiology

‘Not applicable.

6.1.6 Efficacy Conclusions

The EXTRACT-TIMI 25 trial was a large trial (20,506 patients) with relatively large
numbers of events. The trial demonstrates a clinical benefit (reduction in the composite
primary efficacy endpoint of deaths and non-fatal myocardial re-infarction) with a very

high statistically significant “p” value. The primary efficacy findings in support of the
proposed indication are as follows: - '

At 30 days,

o the rate of the primary efficacy endpoint (death or non-fatal myecardial re-infarction)
was 9.9% in the enoxaparin group vs 12.0% in the UFH group (17% reduction in the
relative risk, P<0.000003, Table 9),

e the all-_cause death rate was 6.9% in the enoxaparin group vs 7.5% in the UFH group

N
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(8% reduction iﬁ relative ri’sk; P=0.11, Table 9), and

e the rate of non-fatal myocardial re-infarction was 3.0% in the enoxaparin group vs.

4.5% in the UFH group (33% reduction in the relative risk: P<0.001, Table 9).

The time- to-composite—endpoint (of death or noh—fatal myocardial re-infarction) also
showed a statistically significant reduction in the enoxaparm gr’éup compared to the UFH
treatment group (HR = 0.83, 95% CI 0.77 — 0.90, P<0.001: Flgure 4A).

The treatment benefit of enoxaparin became evident at 48 hours, and was significantly
positive at Day 8 and at Day 30 (Table 9 and Figure 4A).

The robustness of this clinical benefit of treatment with enoxaparin is supported by:

~ ® consistent positive findings across pre-specified subgroups of

age (<75 years vs 275 years, Figure 6),

both male and female gender (Figure 6),

presence of obesity (Figure 6),

presence of severe renal function impairment (Figure 6),

treatment with PCI or medical treatment (Figure 7,

type of fibrinolytic agent used (Figure 7),

concomitant medications with the exception of non-use of B-blockers (Figure 7) and
Killip Class I/II heart failure {with the exception of severe heart failure or
cardiogenic shock (Killip Class II/IV; Table 12)};

* positive findings in the composite secondary efficacy endpoint (Fi igure 4B and Table 9)
and

0 0.0 0 0O 0 0 0

o posmve findings in the tertiary comp031te endpoints (Table 13).

A review of randomized clinical trials that evaluated the effects of anti-thrombin therapy in
patients with STEMI showed that risk reduction for death and myocardial re-infarction
with UFH was observed only in patients who were not routinely receiving aspirin; for

- patients treated with aspirin, UFH failed to demonstrate a similar reduction in

mortaln;y . (Please see Table 46 and Figure 17 in section “8.6 Literature Review” of this
review.)

I think the ﬁnding in the EXTRACT-TIMI 25 trial (where aspirin use was 94.8% and 95.4%
in enoxaparin and UFH groups, respectively) that enoxaparin produced a “statistically
significant” reduction in relative risks of clinical events (all-cause death and non-fatal
myocardial re-infarction at 30 days) compared to UFH can be regarded as showing that
enoxaparin is better than placebo. This finding in the EXTRACT-TIMI 25 trial cannot be
construed as showing that enoxaparin is better than a proven “efficacious” treatment.

The beneficial effect of enoxaparin on death and myocardlal re-infarction appears to be
limited to 30 days post-randomization:

* First, the Kaplan-Meier curves for death at 12 month for the enoxaparin and UFH
treatment groups appear to run closely together (Figure 12). This observation is also
found in the long-term results of the ASSENT 3 study (please see Figure 23 in Section
10.1 Appendix, subsection 10.1.2.1 ASSENT 3 Study).

* Secondly, despite the sponsor’s contention that the separation of the survival curves for
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() death and myocardial re-infarction at 12 month (Figure 10), and (b) death,
myocardial re-infarction and disabling stroke at 12 month (F igure 11) was maintained
over the 12-month period, this effect appears to be due mainly to the beneficial effect of
enoxaparin observed during the first 30 days. Analysis of clinical events at 6-months
and 12-months showed an excess of deaths and myocardia_fl;.;einfarction when:

(i) deaths at day 30 post-randomization were excluded (Table 27), and

(ii) ' patients who experienced the composite primary efficacy endpoint of death or
miyocardial re-infarction at 30 days were excluded (Table 28).

In conclusion, it appears from an efficacy perspectiv_e that the ExXTRACT-TIMI 25 trial -

* shows a statistically significant relative risk reduction (RRR) and the absolute risk

difference (ARD) in myocardial re-infarction or deaths during the first 30 days of treatment
in STEMI patients treated with a regimen of sc enoxaparin compared to the standard
therapy of 48 hours of UFH as adjunctive antithrombin therapy to support fibrinolysis.

~ This beneficial effect of enoxaparin on death and myocardial re-infarction appears to be

limited to 30 days post-randomization, which should be mentioned in the labeling.

- Thus, I recommend an approval consideration of enoxaparin as an adjunct for

antithrombin treatment of patients with STEMI based on a large, simple trial in which
clinically relevant benefits were observed with enoxaparin over UFH (a comparator drug,
which has not been shown to have a beneficial effect over placebo in this population of
STEMI patients who routinely receive aspirin).

APPEARS THIS WAY ON ORIGINAL
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7. INTEGRATED REVIEW OF SAFETY

i The data supporting the use of enoxaparin in patients with acute STEMI are provided by
the safety results of 1 pivotal study (ExTRACT-TIMI 25) and:6 supportive studies:
ASSENT 3, ASSENT 3+, ENTIRE-TIMI 23, HART II, AMI-SK, and TETAMI studies.
The overall safety population is shown in Table 29.

2

Table 29 Safety populations of clinical trials of enoxaparin in patients with STEMI

Study Enoxaparin-treated UFH-treated | Placebo-treated
: patients® patients” patients

ASSENT 3 2019 3970 -
ASSENT 3+ - . 818 821 -~
ENTIRE 324 159 -
HART IT 191 189 -
AMI-SK 252 - 239
TETAMI 544 554 -
Sub-total 4128 5673 239
ExTRACT 10,176 10,151

Patients >75 years 1232 1281

Severe renal dysfunction® - 115 118
Total Safety population © 14,304 15,824 239

UFH = unfractionated heparin; sc = subcutaneous; iv = intravenous

2 Enoxaparin-treated patients include any patient who received at least 1 dose of sc enoxaparin (0.3, 0.75, or 1.0 mg/kg), +
initial enoxaparin 30 mg iv bolus, and + sc/iv bolus fibrinolytic medication ot + placebo.

° UFH-treated patients include any patient who received at teast | dose of sc UFH (initial 60U/kg iv bolus or various doses
followed by continuous infusion adjusted to aPTT), and = iv bolus/sc fibrinolytic medication or + placebo. Some patients in
ASSENT 3 were treated with UFH + abciximab.

© Severe renal dysfunction = CrCl <30 mL/min calculated with the Cockroft and Gault formula

The cut-off date for data inclusion in this submission is 27 January 2006, when the 30-day
database for the EXTRACT study was locked.

7.1 Methods and Findings

The sponsor made no integration of safety data from the ExTRACT study and the 6
previous studies; the reason provided was substantial differences in study design
characteristics of the 6 previous studies (e.g., double-blind vs open-label, treatment
regimens, primary safety endpoints, and/or major bleeding definitions). However, the
sponsor performed pooled analysis with respect to a few variables by first pooling the data
from the different studits and then performing the computations as if the data were from a
single study. - ‘

From the sponsor’s perspective, a comparative assessment of the total major bleeding in the
2 treatment groups was the focus of the safety analysis, with also a review of the key

- subgroups relative to the major bleeding. In addition, the rate of fatal bleeding (bleeding as

primary cause of death) was assessed between the 2 groups. A review of TIMI major
bleeding, particularly in elderly patients, was also performed.

" In the EXTRACT study, the primary safety endpoint was the TIMI major hemorrhage

62



——

Clinical Review
Khin Maung U
NDA 22-138

Lovenox® (Enoxaparin sodium - solution for injection)

within 30 days after randomization (Please see Table 53 in Section 10 Appendix,
subsection 10.1.1 Review of EXTRACT-TIMI 25 Study). The sponsor used the Fisher’s
Exact test to evaluate differences between the treatment groups for this primary safety
endpoint. Subgroup analyses were also performed for the primary safety endpoint
(demographic, geographic, prognostic groups and use of differgnt thrombolytic agents), but
the study was not powered to detect treatment differences within these subgroups. AEs,
SAEs, events that led to discontinuation of study drug, protocol-defined cardiac AEs
(PDCAEs) and hemorrhagic AEs were identified as safety variables.

In the 6 previous studies, the primary safety endpoints varied widely (Table 30). However,
the methodology used to collect AEs in the 6 previous studies was consistent with that used
in the EXTRACT study.

Table 30 Primary safety endpoints in the 6 previous studies

Study . | Typeof Primary safety endpoint
statistics

ASSENT 3 Descriptive | A primary safety endpoint was not specifically identified; however, an efficacy plus
safety composite endpoint (of 30-day mortality or in-hospital reinfarction or in-hospital
reftactory ischemia or in-hospital ICH or in-hospital major bleedings [other than ICH))

~was identified

ASSENT 3+ | Descriptive }| A primary safety endpoint was not specifically identified; however, an efficacy plus
safety composite endpoiat (of 30-day mortality or in-hospital reinfarction or in-hospital
refractory ischemia or in-hospital ICH or in hospital major bleedings {other than ICH])

was identified -
ENTIRE Descriptive | The incidence of TIMI major hemorrhage (including hemorrhagic strokes) at Day 30
HART 11 Descriptive | The incidence of Aventis major hemorrhages at 30 days
AMI-SK Descriptive | The incidence of Aventis major hemotrhages as per CEC, including hemorrhagic stroke,
at Day 30

TETAMI Descriptive | The incidence of Aventis major hemorthages (including hemorrhagic strokes) at 30 days

ICH = intracranial hemorrhage; TIMI = Thrombolysis in Myocardial Infarction; CEC = Clinical Events Committee;

Aventis major hemorthage = Clinically overt hemorrhage that resulted in (a) death or (b) transfusion of at least 2 units of packed red
blood cells or whole blood, or (c) 230g/L decrease of hemoglobin, or (d) was retroperitoneal, intracranial or intra-ocular (confirmed by
radiological exams or autopsy) or required surgical intervention or decompression of a closed space to stop or control bleeding (e.g.,
cardiac tamponade)

On 21-Mar- 2007 the sponsor submitted a 120-day safety update report, with a cut-off date
of 19-Jan-2007 when the database for the 6-month and 12-month follow-up was locked.
The sponsor also submitted that no new additional data were received for this indication in
the NDA after 19-Jan-2007. Taking into account that AEs were not reported after the initial
30-day period of observation, and that no specific safety information or. AEs were collected
at 6-month and 12-month, and that there is no ongoing study or other completed study in
the claimed indication during this period, the sponsor was merely providing information to
complete/reconcile AEs of 12 patients that were reported as not completely reconciled at
the time of the 30-day database lock, and provided narratives as required. The data in this
120-day safety update report does not change the safety review of the NDA..

7.1.1 Deaths

‘Death was one of the individual components of the composite primary efficacy endpoint
and the composite secondary efficacy endpoints. The efficacy aspects of deaths including
the relationship of deaths to myocardial re-infarction, TIMI major hemorrhages and ICH,
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and to the duration of treatment with enoxaparin or UFH, are presented in section 6.1.4 of
this review.

The following is a review of the safety aspects of deaths in this NDA. The total deaths for
this study are presented for the ITT population instead of the safety population.

Deaths in the EXTRACT-TIMI 25 study

In the EXTRACT study, the incidence of all-cause death at 30 days in the safety population
(calculated as part of the primary efficacy endpoint) was 7.5% in the UFH group compared
with 6.9% in the enoxaparin group (Table 31).

Table 31 Total deaths at 30 days in EXTRACT-TIMI 25 study (Safety population)

Treatment as Randomized
Enoxaparin (N=10,176) (%) { Heparin (N=10,151) (%)
708 (6.9%) 765 (1.5%)

Total deaths at Day 30

In the ITT population, too, the incidence of all-cause death remains the same (Table 32),
with the majority of deaths ((8% to 98.7%) being due to a cardiovascular cause. The
incidence of non-cardiovascular death at 30 days in the EXTRACT study (Table 32) was

. numerically higher in the enoxaparin group (2.0%) versus the UFH group (1.3%).

Table 32 Cardiovascular and non-cardiovascular deaths at 30 days in ExTRACT-T[Ml 25 study {TT
population)

Treatment as Randomized

Primary Cause of Death All (N=20,479) | Enoxaparin (N=10,256) | Heparin (N=10,223)
No. of subjects with Event 1473 (7.2%) 708 (6.9%) 765 (7.5%)
Cardiovascular cause of death 1449 (98.4%) 694 (98.0%) 755 (98.7%)
Non-cardiovascular cause of death 24 (1.6%) 14 (2.0%) 10 (1.3%)

Ref: Sponsor’s data table C.2.1.7 in Appendix C.2.1)

Table 33 AEs resulting in deaths at 30 days in EXTRACT-TIMI 25 study (Safety population)

Treatment as Randomized

Primary Cause of Death All (N=20,327) Enoxaparin (N=10,176) | Heparin (N=10,151)
No. of subjects without AEs resulting in death 18,886 (92.9%) 9479 (93.2%) 9407 (92.7%)
No. of subjects with AEs resulting in death 1441 (7.1%) 697 (6.8%) 744 (1.3%)
No. of subjects with Non-hemorrhagic AEs not 18,970 (93.3%) 9533 (93.7%) 9437 (93.0%)
resulting in death
No. of subjects with Non-hemorrhage AEs 1357.(6.7%) 643 (6.3%) 714 (1.0%)
resulting’in death )
No. of subjects with Hemorrhage AEs not 20,200 (99.4%) 10,096 (99.2%) 10,104 (99.5%)
resulting in death
No. of subjects with Hemorrhaglc AEs 127 (0.6%) 80 (0.8%) 47 (0.5%)
resulting in death
All cardiac disorders 1217 (6.0%) 579 (5.7%) 638 (6.3%)
Cardiac tamponade 22 (0.1%) 12 (0.1%) 10 (0.1%)
Cerebrat hemorrhage 76 (0-4%) 46 (0.5%) 30(0.3%)
Cerebrovascular accident 37 (0.2%) 15 (0.1%) 22 (0.2%)
Hemorrhagic stroke 4 {(0.0%) 2 (0.0%) 2 (0.0%)
Subarachnoid hemorrhage 1 (0.0%) 1 (0.0%) --

Ref: Spoasor’s data table C.3.1.19 in Appendix C.3.1)
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In the safety population, the incidence of death due to an AE was 6.8% in the enoxaparin
group (697 of 10,176) and 7.3% in the UFH group (744 of 10,15 1), the incidence of
hemorrhage AEs resulting in death was 0.8% in the enoxaparin group (80 of 10,176)
compared to 0.58 (47 of 10,151) in the UFH group (Table 33). ,

The most frequently reported AE leading to death, excluding alt cardiac disorder preferred
terms, was cerebral hemorrhage (enoxaparin: 0.5%; UFH: 0.3%, Table 33).

Deaths associated with TIMI major bleeding in EXTRACT-TIMI 25 stidy

A total of 37.9% of patients in the enoxaparin group and 31.9% in the UFH group who had
a major bleeding episode died (P = 0.25).

In patients who had a major bleeding episode, the m(\)rtality rate at 30 days was 0.8% in the
enoxaparin group (80 of 10,176) and 0.4% in the UFH group (44 of 10,151; P = 0.001).

Among the 80 deaths among patients who had a major bleeding episode in the enoxaparin
group, the primary cause was considered to be hemorrhagic in 56 (70%), cardiovascular i in
19 (24%), non-cardiovascular in 4 (5%), and unknown in 1 (1%).

Among the 44 deaths among patients who had a major bleeding episode in the UFH group,
the primary cause was considered to be hemorrhagic in 34 (77%), cardiovascular in 9
(20%), and non-cardiovascular in 1 (2%).

Reviewer’s comments: There is a statistically significant (P < 0.0001) increase in TIMI
ma_]or hemorrhage (see section 7.1.2 below and Table 35), which is accompanied by an

increase in (i) deaths associated with hemorrhagic AEs (not statistically significant) and (ii)

deaths associated with intracranial hemorrhage (not statistically significant). It appears that
these hemorrhage-associated deaths are seen more frequently in patients on enoxaparm
These i increase in risk are clinically significant and substantial.

Deaths in the 6 previous studies

In the 6 previous studies, a total of 248 (5.9%) patients in the enoxaparin groups and 377
(6.2%) patients in the UFH groups died before Day 30 of the study (Table 34).

Table 34 Total deaths through Day 30 in the 6 previous studies (safety population)

Study Enoxaparin-treated patients UFH-treated patients
N n (%) N n (%)
Deaths within 30 days: -
*ASSENT 3 2040 109 (5.4) 4055 255(6.3)
*ASSENT 3+ 818 ] 61 (7.5) 821 49 (6.0)
*ENTIRE 324 103.1) 159 5@3.1)
*HART II 196 9 (4.5) 197 10 (5.0)
AMI-SK ) 252 17(6.7) 239 17 (7.0)
TETAMI 604 42 (7.0) 620 41 (6.6)
Total Safety population 4234 248 (5.9) 6091 377 (6.2)

* open-label studies

‘Reviewer’s comments: This lack of difference in the incidence of deaths between the
enoxaparin and UFH treatment groups is not reassuring because four of the studies that
enrolled the majority of patients were open-label
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7.1.2 Other Serious Adverse Events

{In the EXTRACT-TIMI 25 study, the incidence of hemorrhagic SAEs was higher in the
enoxaparin group (2.9%, 291 or 10,176) compared with UFH group (1.6%, 164 of 10.151).
The incidence of non-hemorrhagic SAEs was slightly higher insthe UFH (13.5%, 1369 of
10,151) group compared with the enoxaparin (12.1%, 1235 of 10,176) group. .

For the 6 previous studies, there are substantial differences in data collection and
definitions of events in each study. For example, in the ASSENT 3 study, SAEs were
categorized according to the relatedness to study drug, and in the ASSENT 3+ study, SAEs
were analyzed according to 3 phases of the study: pre-hospital, pre/in-hospital, and 30-day
follow up.

The relationship‘between TIMI major hemorrhage or intracranial hembrrhage (ICH) at 30
days and the composite primary efficacy endpoint and its components in the EXTRACT-
TIMI 25 study are discussed earlier in section 6.1.4.5 Relationship between efficacy and

safety endpoints, Table 17, Table 18, and Table 19.

TIMI major and minor bleeding in ExXTRACT-TIMI 25 Study (Table 35)

The rates of TIMI major bleeding (including intracranial hemorrhage) at 30 days were
1.4% in the UFH group and 2.1% in the enoxaparin group (absolute increase of 0.7
percentage point and 53% increase in the relative risk, P<0.001) (Table 35).

The respective rates of TIMI minor bleeding and the composite of TIMI major or minor
bleeding were 0.8 and 1.5 percentage points higher in the enoxaparin group than in the
group given UFH (relative risk, 1.41 and 1.47, respectively) (Table 35).

Table 35 Safety endpoint events in the ExXTRACT-TIMI 25 study (safety popuihtion)

Clinical Qutcome Enoxaparin UFH Relative Risk P value
WN=10,176) | (N=10,151) (95% CI) -
Number (percent)

Qutcome at 48 hr '
TIMI major bleeding (including ICH) 146 (14) | 101(1.0) 1.44 (1.12 - 1.86) 0.004
ICH 68 (0.7) 56 (0.6) 1.21 (0.85-1.72) 0.29
TIMI minor bleeding ) 159 (1.6) 122(1.2) 1.30 (1.03 - 1.64) 0.028
TIMI major or minor bleeding 301 3.0) 219 (2.2) 1.37 (1.15 - 1.63) <0.001
Qutcome at 8 days
TIMI major bleeding (including ICH) 185 (1.8) 124 (1.2) 149 (1.19- 1.87) <0.601
ICH ] 81 (0.8) 62 (0.6) 130 (0.94 - 1.81) 0.11
TIMI minor bleeding 236 (2.3) 162 (1.6) 1.45(1.19~ L.77) <0.001
TIMI major or minor bleeding 415 (4.1) 279 2.7) 1.48 (1.28 - 1.72) <0.001
QOutcome at 30 days .
TIMI major bleeding (including ICH) 211 (2.1) 138 (1.4) 1.53(1.23-1.89) | <0.0001%
ICH 84 (0.8) 66 (0.7) 1.27 (0.92 - 1.75) 0.14
TIMI minor bleeding 260 (2.6) 184 (1.8) 1.41 (1.17 - 1.70) <0.001
TIMI major or minor bleeding 464 (4.6) 315 (3.1) 147(1.28-1.69) | <0.001

* Safety eveats were assessed in the treated population. There were 15 patients in the safety population who were treated with study drug
without undergoing randomization. Bleeding was assessed according to the TIMI criteria. { Fisher’s exact test

Hemorrhagic events (TIMI classification) for the 6 previous studies:

The incidence of TIMI major hemorrhages up to Day 30 for each of the 6 previous studies
is summarized by study in Table 36.

TIMI major hemorrhages were not evaluated in the ASSENT 3 and ASSENT 3+ studies. In
| 66 | |



Clinical Review
Khin Maung U
NDA 22-138

Lovenox® (Enoxaparin sodium - solution for injection)

. the remaining four studies, the rates of TIMI major bleeding was higher with enoxaparin
compared to UFH treatment. In the ENTIRE study, particularly, the rate of TIMI major
bleeding was much higher with enoxaparin (5.6%) compared with UFH (1.9%).

Table 36 Incidence of TIMI major hemorrh

?

ages up to Day 30 _i;}‘th;e 6 previous studies —

Safety population : s
Enoxapatin-treated patients? UFH-treated patients
Prévious enoxapatin study N n (% N n (%)
Any Tik Major Hemorrhage:
ASSENT 3 Study Not defined in this study
ASSENT 3+ Study Not defined in this study
ENTIRE Study 3 18 (56) 153 3019
HART fl Stidy 196 841 197 6(30)
AMI-SK Stucy? 252 £(18) 239 2(08)
TETAM Study » - 600 9(1.5) 616 8(1.3)
Total TIM} major hemorhages in 6 previous 1372 39(28) 1211 19(18)

studies

* Includes all patients treated with enoxaparin; regardless of treatment regimen or route of administration.
. ® Placebo-treated patients in the AMI-SK study, not UFH-treated patients. TIMI = Thrombolysis in Myocardial
Infarction; N = population size; n = sample size; UFH = unfractionated heparin

Sites of TIMI major and minor hemorrhage

Cerebral hemorrhzige (enoxaparin: 0.7%, 73 of 10,176, UFH: 0.6%, 61 of 10,151) and
gastrointestinal hemorrhage (enoxaparin: 0.5%, 48 of 10,176, UFH: 0.1%, 15 of 10,151)
were the most frequently reported sites of TIMI major hemorrhage at 30 days (Table 37).

This higher incidence of TIMI major hemorrhage in the enoxaparin group compared to the
UFH group appears to be due largely to a higher incidence of gastrointestinal hemorrhage

in the enoxaparin group (Table 37).

Table 37 Sites of TIMI major hemorrhage in EXTRACT-TIMI 25 study

Treatment as Randomized

Sites of TIMI major hemorrhage All (N=20,327) Enexaparin (N=10,176) | Heparin (N=10,151)
Cerebral hemorthage 134 (0.7%) : 73 (0.7%) 61 (0.6%) -
Gastrointestinal hemorrhage 63 (0.3%) 48 (0.5%) 15 (0.1%)

Post procedural hemorrhage 23 (0.1%) 13 (0.1%) 10 (0.1%)
Vessel puncture site hemorrhage 18 (0.1%) 7 {0.1%) 11 (0.1%)
Catheter site hemorrhage 14 (0.1%) 8 (0.1%) 6 (0.1%)
Hematoma 13 (0.1%) 8 (0.1%) 5(0.1%)

Source: Sponsors data listings in Appendix C 3.1, Table C.3.1-10 and Table C3.1-11.

For TIMI minor hemorrhage, injection site hemorrhage, hematoma and injection site
bruising, followed by hematuria and hemoptysis were more frequently seen in the
enoxaparin group than in the UFH group (Table 38).
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Table 38 Sites of TIMI minor hemorrhage in ExTRACT-TIMI 25 study

Treatment as Randomized -

Sites of TIMI minor hemorrhage

All (N=20,327)

Enoxaparin (N=10,176)

Heparin (N=10,151)

Gastrointestinal hemorrhage 81 (0.4%) 43 (0.4%) 38 (0.4%)
Injection site hemorrhage 53 (0.3%) 39 (0.4%) 14 (0.1%)
Hematoma 38 (0.2%) 24 24 (0.2%) 14 (0.1%)
Hematuria 37 (0.2%) b 24 (0.2%) 13 (0.1%)
Catheter site hemorrhage 29 (0.1%) 14 (0.1%) 15 (0.1%)
Injection site bruising 26 (0.1%) 23 (0.2%) 3(0.0%)
Hemoptysis 14 (0.1%) 10 (0.1%) 4 (0.0%)
Gingival bleeding 13 (0.1%) 7 (0.1%) 6(0.1%)
Post procedural hemorthage 13 (0.1%) 7(0.1%) 6.(0.1%)

Source: Sponsors data listings in Appendix C 3.1, Table C.3.1-10 and Table C.3.1-11.

Intracranial hemorrhage in EXTRACT-TIMI 25 study

The rates of intracranial hemorrhage at 30 days were 0.8% (84 of 10,176) in the enoxaparin
group and 0.7% (66 of 10,151) in the UFH group (P = 0.1443; Table 35).

Among patients who had a nonfatal intracranial hemorrhage, 46.2% (12 of 26) in the
enoxaparin group and 62.1% (18 of 29) in the UFH group had a significant permanent

neurologic disability (P =0.24).

Intracranial hemorrhage events in the 6 previous studies:

The incidence of intracranial hemorrhage events up to Day 30 for 5 of the 6 previous
studies was low in both treatment groups: 1.4% (38 of 3306) in the enoxaparin group and
0.9% (47 of 5312) in the UFH groups, with no statistical differences between treatment

groups (Table 39).
Table 39 Incidence of intracranial hemorrhage up to Day 30 in the 6 previous studies — Safety
population
Enoxaparin-treated patients? UFH-treated patientsb
Previous enoxapatin study N n (%) N 0 {%)
Any ICH:
ASSENT3¢ , 2040 18(0.9) 4055 38(09)
ASSENT 3+ ¢ 818 18(22) _ 821 8{1.0)
" ENTIRE 324 Not specifically recorded 159 Not specifically recorded
HART i 196 2(1.0} 197 2(1.0)
AMISSK 252 0(0.0} 239 1{0.4)
TETAMI - 800 Not specifically recorded ‘ 616 Not specifically recorded
Total incidence of IcH? 3306 38(1.4 5312 47(0.9)

UFH = unfractionated heparin; N = population size; n = sample size; [CH = intracranial hemorrhage
* Includes all patients treated with enoxaparin, regardless of treatment regimen or route of administration.
®Includes placebo-treated patients from the AMI-SK study, and patients from ASSENT 3 who were treated with UFH +
full dose TNK-tPA (Group A) and UFH + half dose TNK-tPA + abciximab (Group C).

Data are for intent-to-treat population.

¢ Excluded patients from the ENTIRE and TETAMI studies since ICH was not evaluated in these studies.

In the ASSENT 3+ study, the incidence of in-hospital ICH events was significantly higher
(p=0. 0470) in the enoxaparin group (2.2%; 18 of 818) compared with the UFH group
(1.0%; 8 of 821). In the enoxaparin group, theré was an age-related significant increase of
ICH in patients >75 years, while no such influence of age was seen in the UFH group, and
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there was no difference between the treatment groups for the subset of patients <75 years.
A subgroup analysis of the ASSENT 3+ study showed that the age-related increased event
rates in the enoxaparin group were not related to concomitant treatment with TNK-tPA.

Subgroup analyses for TIMI major hemorrhage by enoxaparinzgpd' UFH treatment group in
populations of subjects (including age, sex, race, obesity status and Creatinine Clearance)
showed no significant “treatment-by-subgroup interaction” (Figure 13), although for most
subgroups the incidences appear to be higher in patients treated with enoxaparin.

Sibgroup . .
i Enox (n/N), UFH (n/N)
Age:>=75 yrs 1 +— 41/1232, 37/ 1281
! RR= 1.15 (0.74,1.78)
Age:65~<75 yrs 1 | 81/ 2561, 33/ 2574
i RR= 2.48 {1.66,5.70)
Age:<65 yrs 1 e 89/ 8393, 68/ 6296
{ RR= 1.29 (0.94,1.76)
Sex:Female p—— 55/2399, 33/-2358
| RR= 1.684 {1.07.2.51)
Sex:Male - o 156/ 7777, 105/ 7793
! RR= 1.49 (1.16.1.90)
Race:Caucasian .- 181/ 8871, 125/ 8875
i RR= 1.45 (1.16.1.82)
Race:Non-—-caucagian - H 30/ 1304, 13/ 1276
¢ RR= 2.26 {1.18.4.31)
Obesity:Yes 1 — 40/ 2344, 24/ 2204
| RR= 1.57 {0.95.2.59)
Obesity:No 1 [ - : 162/ 7534, 103/ 7640
' RR= 1.59 (1:25.2.04)
Creatinine Cir:<=30 mL/min 4 : 8/ 115. 3/ 118
. RR= 2.05 (0.53.8.01)
Creatinine Clr:>30 mi/min A | @ 188/ 9148. 122/ 9210
! RR= 1.65 (1.24.1.94)
Overall R 2 » 211/10176, 138/10151
: RR= £33 (i.231.89)
T T T T T E e T T L T T T
0t 2 3 4 5 6 7 8 9 t 1 1 1
0t 2 3
<= -=-—---—~——— Relative Risk (RR) ——- -~~~ - - v o>

Figure 13 Drug-demographic and drug-disease subgroup analyses for the primary safety
variable (TIMI major hemorrhage) in the EXTRACT-TIMI 25 study — Safety population

Enox = enoxaparin; n = sample size; N = population size; UFH = unfractionated heparin; RR =relative risk; Clr= clearance

In the subgroup comparison for patients by treatment (PCI, type of fibrinolytic agent, use
of aspirin, B-blockers, ACE inhibitors, clopidogrel/ticlopidine and statins), no significant
treatment by subgroup interaction was identified (Figure 14). The exception was the “PCI

at 30 days” subgroup, in which the patients who underwent PCI did not show an excess of
TIMI major bleeding. -
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Subgroup o
i Enox (n/N), UFH (n/N)
PCl in 30 Days:Yes - —_—t 34/ 2261, 423/ 2394
{ RR=0.86 (o 55.1.94)
PCl in 30 Days:No 1 ! —_— 177/ 7915, / 57
i RR= 1.81 (141231
Lytic Grp:Fibrin-Specific | P t61/ 8113, 97 8 109
H RR= 1.66 (1.29,2.13)
Lytic Grp:Streptokinase 1 —t——— 450/ 2060 41/ 2041
' i BR 1-0.80.1. 82)
‘Aspirin During Trt:<=162 mg 1 P —— : 56 2/
! RR= 1.68 (125 25)
Aspirin During Tri:>182 mg 4 B E— 31/ 2290, 27/ 2329
: . i RR= 1.17 {0. 70 1 95)
Beta Blockers(on/post Trt):Yes P — 158/ 8757, 8700
- : RR= 1.62 (1. 23 08)
Beta Blockers(on/post Tri):No | e e—— 53/ 1419, 41/ 1451
. b RR= 1.32 {0.89.1.97)
Ace Inhibitor{on/post Trt):Yes { P 151/ 8004, 95/ 7916
‘ RR= 1.57 (1.22,2.03)
Ace Inhibitor{on/post Trt):No | e . 80/ 2172 35 2235
. ! RR= .44 (0.97,2.11)
Clop/Ticlop(on/post Tri):Yes + 64/ 2925 84 3044
S : RR= 1.39 (0.96,2.01)
Clop/Ticlop{on/post Tri):No 1 o 147/ 7251 (24/ 7107
: RR= 1.60 (1. aa
Any Statin{on/post Tri):Yes - e 114/ 7074, 7058
i RR= 1.39 (l 05 .84)
Any Statin{on/post Trt):No 1 ' 97/ 3102 64’ 3093
» ' RR= 1.737{1.25
Overall | L —— 211/10176, 138 /10131
: RR= 153(123 .89)

05 10 15 9:or é‘s 30 35 40
Koo m e — = = — — ~ — — Relative Risk (RR) — -~ cm e m o>
Figure 14 Drug-drug subgroup analyses for the primary safety variable (TIMI major hemorrhage) in

the ExTRACT-TIMI 25 study — Safety populatlon
Enox = enoxaparin; n = sample size; N = population size; UFH = unfractionated heparin; RR = relative risk; PCI = percutaneous
coronary intervention; Grp = group; Trt = treatment; Ace = angiotensin-converting enzyme; Clop/Ticlop = clopidogrel/ticlopidine

Reviewer’s comments: The TIMI hemorrhage classification was introduced more than a
decade agp during the thrombolytic era, before stents, GP IIb/IlIa inhibitors, clopidogrel,
bivalirudin and LMWH became available. PCI paired with pharmacotherapy of athero-
thrombosis have changed the clinical presentation of bleeding events, for example, with
specific and well-recognized bleeding features following clopidogrel, dipyridamole; etc.

I think that the TIMI hemorrhage classification could under-diagnose the bleeding risk
associated with enoxaparin, particularly because a TIMI major hemorrhage requires an
overt bleeding with a decrease in hemoglobin >5g/dl (i.e., a 5 pint bleeding).

A recently proposed new classification® called “BleedScore (Heart Drug Research, LLC,
Wilmington, Delaware) uses a cumulative expression of events by adding points
(depending on the severity of hemorrhage) to a resulting score, the accrued points being in
an open-ended scale, which may provide a more realistic assessment of bleeding risk for
the evaluation of modern antithrombotic and antiplatelet therapies in patients with STEML

713 Drbpouts and Other Significant Adverse Events

Overall, the proportion of patients who discontinued treatment was similar in both
enoxaparin (17.6%; 1790 of 10,256) and UFH (18.0%; 1830 of 10,223) treatment groups.
From the efficacy analyses, I found that in the ITT population, the most frequent single
reason for discontinuation was adverse event (AE) in both the enoxaparin (34.1%; 610 of

1790) and UFH (24.2%; 443 of 1830) groups. The numbers of patients discontinued
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appear to be lower for both treatment groups than those reported in the safety analyses
(Table 40), which show that the incidence of AEs leading to permanent discontinuation of
study drug in the EXTRACT-TIMI 25 study was higher in the enoxaparin group (8.1%; 825
of 10,176, or 17.3%; 825 of 4786 patients with AEs) compared with the UFH group (6.8%;
689 of 10,151, ot 14.7%; 689 of 4692 patients with AEs). '

A
i
s

Table 40 Overview of adverse events in the EXTRACT study through Day 30 — Safety population

Treatment as received

Enoxaparin UFH
N=10 176 (%) N=10151 {%)
Number of patients o
Patients with any AE : 4786 (47.0) 4692 (46.2)
Patients with SAEs 1427 {140 1466 ( 14.4)

— Patients with ron-femonhagic SAES 1235 (12.9) 1369( 13.5)
Patients with an SAE with an outcome of non-cardiovascular death 14 { 0.1} 10(0.1)
Patients who permanently discontinued study drug due to AEs 825( 8.1) 689( 6.8)

- Hemorhagic AEs 491( 48) 247 2.4)

- Non-hemorthagic AES 398( 3.9) 508( 5.0

N = population size; UFH = unfractionated heparin; AE = adverse event; SAE = serious adverse event

7.1.3.1 Overall profile of dropouts

- Not applicable.

7.13.2 Adverse events associated with dropouts

In the EXTRACT-TIMI 25 study, an increase in discontinuations due to AEs in the
enoxaparin group was primarily due to the increase in hemorrhagic events (Table 40)
which were reported in a greater number of patients in the enoxaparin group (4.8%; 491
of 10 176) compared with the UFH group (2.1%; 217 of 10 151).

On the other hand, the incidence of non—ﬁemorrhagic AEs leading to permanent
discontinuation was higher in the UFH (5.0%; 508 of 10,151) group compared with the
enoxaparin (3.9%; 398 of 10,176) group (Table 40).

7.1.3.3 Other significant adverse events
The sponsor considered thrombocytopenia as a significant AE of greatest interest to this
study population (because of the issue of heparin-induced thrombocytopenia).

In the EXTRACT study, thrombocytopenia (defined as a platelet count of < 50 000/nL [50
x 10°/mm’ or 50 x 10°/L]) was reported in SImllar proportlons of patients in both treatment
groups when identified as

. An AE (enox_aparm. 2.2%, 221 of 10,176, UFH: 2.6%, 269 of 10,151), and

e a SAE (enoxaparin: 0.2%, 18 of 10,176, UFH: 0.2%, 18 of 10,151)‘
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Thrombocytopenia led to discontinuation of the study drug in 8 of 10,176 (0.1%) patients
in the enoxaparin group and 18 of 10,151 (0.2%) in the UFH group.

One patient in each treatment group died following an event of thrombocytopenia

In the 6 previous studies: The incidence of thrombocytopenia up to Day 30 in each of the 6
previous studies is summarized by study in Table 41. In the A SENT 3, ASSENT 3+, and
AMI-SK studies, the incidence of thrombocytopenia was similar between the enoxaparin

- groups and the UFH groups. In the ENTIRE study, the incidence of thrombocytopenia was

greater in the enoxaparin groups (3.4%) than in the UFH groups (1.9%).

Table 41 The incidence of thrombocytopenia up to.Day 30 in the 6 previous studies — Safety

population
Enoxaparin-treated UFH-treated paﬁentsb
patients?
Previous enoxaparin study Total patients N (%) Total patients N (%)
Any thrombocytepenia: )
ASSENT 3¢ 2040 24(1.9) 4055 91(2.2)
ASSENT 3:€ 818 9(1.1) 821 607
ENTIRE 324 11(3.4) 159 3{19)
HARTH 196 Not evaluated 197 Not evatuafed
AMI-SK 252 4(16) 239 3{13)
TETAMI 600 Not evaluated 620 . Not evalualed
Total ingid of thrombocytopen d 3434 48(14) 5274 103 (2.0}

Includes all patients treated with enoxaparin, regardless of treatment regimen or route of administration.

" Includes placebo-treated patients from the AMI-SK study, and patients from ASSENT 3 who were treated
with UFH + full dose TNK-tPA (Group A) and UFH + half dose TNK-tPA + abciximab (Group C).
° Data are for intent-to-treat population. ¢ Excludes patients from the HART Il and TETAMI studies since
thrombocytopenia was not evaluated in these studies. UFH=unfractionated heparin; N = population size

7.1.4 Other Search Strategies

- Not applicable.

7.1.5 Common Adverse Events

7.1.5.3 Incidence of comfnon adverse events

-As shown in (Table 40), the incidence of AEs was comparable between treatment groups

in the ExXTRACT-TIMI 25 study: 4786 (47.0%) patients in the enoxaparin group and 4692
(46.2%) patients in the UFH group experienced at least 1 AE through Day 30 of the study.

Adverse events in the 6 previous studies: For the 6 previous studies, the sponsor submitted

- that comparisons of AEs is complicated by differences in collection methods, calculation

methodology, and definitions of events in each study. For example:

e Inthe ASSENT 3 study, summaries of patients who experienced bleeds were presented
rather than summaries of hemorrhagic and non-hemorrhagic AEs.
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e In ASSENT 3+, AEs were analyzed according to 3 phases of the study: pre-hospital,
pre/in-hospital, and 30-day follow-up, and summaries of AEs were not presented.

¢ In the ENTIRE study, the incidence of AEs leading to treatment discontinuation was
higher with enoxaparin (0.11%) compared with UFH (0.06 %): The sponsor explained
that such discontinuations occurred at lower rates in the 2 eoxaparin Standard Lytic
groups (AEs: 3.7%, 10.1%; SAEs: 3.7%, 3.8%) compared with the 3 enoxaparin
Combination Reperfusion Therapy groups (AEs: 14.6%, 20.8%, 10.3%; SAEs: 12.5%,
11.7%, 7.7%), which are not therapy regimens used in standard practice (Please see
section 10.1.2.3 for design of ENTIRE study and efficacy and safety findings).

7.1.5.4 Common adverse event tables

At 30 days, the incidence of hemorrhagic AEs in the EXTRACT-TIMI 25 study was higher
in the enoxaparin group (22.1%) compared with the UFH group (15.7%) (Table 42).

Table 42 Number (%) of subjects with hemorrhagic adverse events at 30 days by system organ class -

Safety population
Treatment received
Adverse event (MedDRA System Organ Class Enaxaparin UFH
and Preferred Term) (N=10 176} {N=10 151)
Number of subjects without hemorchagic AE at 30 days 7926 { 77.9%) 8557 ( 84.3%)
Nurmber of subjects with hemorthagic AE at 30 days 2250 ( 22.1%) 1594 ( 15.7%)
Gastrointestinaf disorders 425¢ 42%) 344 ( 3.4%)
GasYraintestinal haemorthage 206{ 2.0%) 143 ( 14%)
. Gingival bleeding : 182( 1.8%) 163( 16%)
General disorders and administration site conditions 1322 (13.0%) Q14 ( 9.0%)
" Catheter site haemenhage 139( 1.4%) 115( 1.1%)
fnjection sife brsing 360 { 3.5%) 104{ 1:0%)
injection site haemontiage ' T2 37%) 195 1.9%)
- Vessel puncture site bruise 444 ( 4.4%) 450( 44%)
Vessel puncture site haemorthage 189( 1.9%) 143 { 14%)
~ Renal and urinary disorders - 204 ( 2.0%) 138{ 1.4%)
Haemaluria ' 203¢ 2.0%) 138 1.4%)
Respiratofy, thoracic and mediastinal disorders 174( 1.7%) H8( 12%)
Vascular disorders 235{ 2.3%} 120( 1.2%)
Haematoma 207 ( 2.0%) 97 ( 1.0%)

Notes: Subjects with multiple reports of the same MedDRA Preferred Term are counted only once within each Preferred Term and once
within each organ class. Adverse events non-serious, non-hemorrhagic, non-protocol defined cardiac adverse events, and not related to
study medication are not reported in the CRF. Adverse events present in < 1% of both treatment groups are excluded from this table.
MedDRA = Medical Dictionary for Drug Regulatory Activities; UFH = unfractionated heparin; N = population size; AE = adverse event

For the 5 system organ classes (SOCs) in which the incidence of events was >1% of
_subjects in either group, more subjects in the enoxaparin group compared with the UFH
group had at least 1 AE (Table 42).

In the enoxaparin groﬁp the most frequently reported hemorrhagic AEs were vessel
puncture site bruise (4.4% vs 4.4% in the UFH group) and injection site hemorrhage (3.7%
vs 1.9% in the UFH group) (Table 42).

The incidence of non-hemorrhagic AEs in the EXTRACT-TIMI 25 study was higher in the
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UFH group (39.1%) compared with the enoxaparin group (35.6%) (Table 43).

Table 43 Number (%) of subjects with non-hemorrhagic adverse events at 30 days by system organ class - Safety
population . :

3

Treatment l_;gg:eived
Adverse event (MedDRA System Organ Class  Enoxaparin - * UEH
and Preferred Term) N=10 176 (%) N=10 151 (%)
Nymber of subjects without non-hemorthagic AE at 30 days 6554 ( 64.4) 6178(609)
Number of subjects with non-hemorhagic AE at 30 days 3622 (35.6} 3973(39.1)
Blood and lymphafic system disorders 268( 2.6) 304 ( 3.0)
Thrombocytopenia 2122 269 ( 2.6}
Cardiac disorders 2977 (29.3) 3352(33.0
Atrial fibsillation ‘ 362( 38) I5( 3N
Atrioventricular block 136( 1.3) 1L
Atrioventricutar block complete 167( t8) 181( 1.8
Cardiac amest 128( 1.3} 158( 1.6)
Cardiac falure 485( 4.8) 483( 4.8)
Cardlogenic shock 507 ( 5.0) 504 ( 5.0
Intracardiac thrombus 72( 07 140( 14}
Myocardial infarction 388( 3.8) 561( 5.5)
Myocardial ischaemia 536(53) 677( 6.0
Myocardial rupture . 120( 12) 141( 1.4)
Pericarditis 179( 1.8) - 184 1.8)
Ventricular fibrillation 230( 23) 281( 28)
Ventricular tachycardia : 469 { 4.6) 457 ( 4.5
General diéorders and administration site conditions 161{ 1.6) 161( 16)
Infections and infestations : ‘ 165( 1.6) 1B1{ 1.5
Nervous system disorders He( 1.1) 7110

Note: Subjects WithAni{lltiplé'}epd;tsA of the same MedDRA Preferred Term are counted 6nly once within each Preferred Term and once
within each organ class. Adverse events non-serious, non-hemorrhagic, non-protocol defined cardiac adverse events, and not related to
study medication are not reported in the CRF; MedDRA = Medical Dictionary for Drug Regulatory Activities; N = population size;

For these non-hemorrhagic AEs (incidence: >1% of subjects in either group) in the
ExTRACT-TIMI 25 study, cardiac disorders were more common in the UFH (33.0%)
group compared with the enoxaparin (29.3%) group (Table 43).

The most frequently reported AE was myocardial ischemia (enoxaparin: 5.3%; UFH: 6.7%)
(Table 43). The incidence of non-hemorrhagic AEs in other SOCs did not show any large
differences between the 2 treatment groups.

t

7.1.7 Laboratory Findings

In the ExXTRACT-Timi 25 study, a greater number of patients in the UFH (4.2%) group
had a shift in hemoglobin values from normal at baseline to low on Day 8 compared with
the enoxaparin (3.5%) group. The proportion of the patients with a decrease in hemoglobin
(23 g/dL) reported as a pre—deﬁned clinically abnormal (PCA) value was slightly higher in
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the enoxaparin (9.73%) group compared with the UFH group (5.28%).

Similarly, a slightly greater number of patients in the UFH (3.5%) group also had a shift in
hematocrit values from normal at baseline to low on Day 8 compared with the enoxaparin
(3.3%) group. The proportion of the patients with a decrease in hematocrit reported as a
PCA was however similar and low in both treatment groups. »*‘

The changes in platelet count values were similar in both treatment groups from baseline
through to,Day 8 with no evidence of significant differences between the 2 groups. An
evaluation of the platelet count at the Day 30 visit (Table 44) showed clinically significant
values in a low and similar proportion of patients in both enoxaparin (0.2%) and UFH
(0.2%) treatment groups. :

Table 44 Thrombocytopen_ia up to Day 30 in ExXTRACT-TIMI 25 Study (Safety population)

Thrombocytopenia Enoxaparin UFH
Reported as (N = 10,176) (N = 10.151)
AE 221 (2.2%) 269 (2.6%)
SAE ' 28 (0.2%) 18 (0.2%)

Clinical laboratory evaluations for the 6 previous studies

In the ASSENT 3 and ASSENT 3+ studies no systematic laboratory measurements were

performed on patients. Hemoglobin and platelet counts were measured in the ENTIRE,
HART II, AMI-SK; and TETAMI studies; the laboratory safety data did not show any

 signal for safety concerns.

Table 45 Thrombocytopenia up to Day 30 in 6 previous studies

Enoxaparin-treated _ UFH-treated patients?
patients?
Previous enoxaparin study Totat patients N (%) Total patients - N(%)
Any thrombocylopenia:

ASSENT ¢ 200 A(19) 4055 9122
ASSENT 3+€ 88 (L1} &1 6(07)
ENTIRE 324 1134} 159 3(1.9
HART f 19 Not evaluated 10’ Notevaluated
AMI-SK 252 4(16} 239 3(13)
TETAMI 600 Not evaluated 620 Not evauated

Tota! incidence of thrombocyiopeniad . 334 814 5214 103420

7.1.8 Vital Signs
7.1.8.1 Overview of vital signs testing in the development program

' The sponsor submitted that comparable vital signs, physical findings, and ECG data were
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collected in the 6 previous studies; however, these data were collected at different post-
baseline time points, and could not be reconciled with the data in the EXTRACT study.

The sponsor stated also that the vital signs, physical findings, and other observations
related to safety for the EXTRACT study only were submitted i the NDA. These vital
signs (including supine heart rate, systolic and diastolic BP), physwal examinations, and
ECG data were collected at baseline and at prespecified time points.

At hospital discharge or Day 8, both treatment groups showed a very similar mean decrease
from baseline in diastolic BP (mean change [+SD] enoxaparin: -8.3 [£14.62]; UFH: -8.4
[+14.66]), pulse rate (enoxaparin: -5.0 [£17.46]; UFH: -5.1 {£17.21]), and systolic BP
(enoxaparin: -15.8 [+£22.94]; UFH: -16.5 [£22.64]) from baseline.

Analysis of PCAs (pre-defined clinically abnormal findings) for vital signs showed similar

‘proportion of patients in both treatment groups with PCAs for decreases in diastolic BP

(decrease >25 mmHg) pulse rate (decrease >20 bpm), and systolic BP (decrease >40
mmHg). The sponsor’s shift analysis of vital sign parameters at hospital discharge/Day 8
did not show any evidence of differences between the 2 treatment groups.

7.1.13 Withdrawal Phenomena and/or Abuse Potential

‘Drug abuse potential: The sponsor submitted that based on the pharmacological activity of
enoxaparin in animals and in man, there is no potential for drug abuse, and that no case
reports of drug abuse are recorded in their post-marketing global pharmacovigilance
database.

Withdrawal phenomenon: The sponsor submitted that there is no evidence to suggest that a
rebound effect could occur after withdrawal from enoxaparin treatment.

7.1.16 Overdose Experience

The sponsor submitted that there were 295 cases of overdose reported to the sponsor from
the launch of the product in 1987 to May 2006, and that the most frequent reaction reported
was bleeding.

7.1.17 Postmarketing Experience

The sponsor estimates that during the last 5 years, a total of 93 million patients were
exposed (including all indications). The Global Pharmacovigilance and Epidemiology at
Sanofi-Aventis received 8951 reports. These reports were reviewed routinely on an
ongoing monitoring basis and they were also collectively reviewed with similar reports in
detail for evaluation of possible signals. The sponsor submits that no particular clinical
safety findings were identified.

Among the reactions reviewed in depth, a comprehensive analysis of all forms of
hemorrhage (the most frequent reaction reported) was performed in each Periodic Safety
Update Report (PSUR). The data analyzed did not suggest any change for the established
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safety profile despite an increase in exposure.

During the review period of the bridging report (Summary Safety Update Report covering
the period 03-Apr-2001 to 03-Apr-2006), 81 cases involving a drug interaction with
enoxaparin were reported. The majority of the alleged drug interactions reported during this
period involved enoxaparin in combination with other drugs thaf affect hemostasis. The
enoxaparin CCDS states that “agents which affect hemostasis should be discontinued prior
to enoxaparin sodium therapy unless strictly indicated.” No new interaction findings in
addition to the information included in the current version of the CCDS for enoxaparin was
identified. '

An analysis of pregnancy AEs including congenital Iﬁalformations during enoxaparin
therapy was included in the PSUR No. 15 issued by the company in June 2006. No safety
signal was identified.

The sponsor submits that it has performed continuous safety monitoring of enoxaparin
since the first marketing authorization, and that no new safety findings were identified in
the Summary Safety Update Report up to the cut-off date of this report (i.e., 03-Apr-2006).

Most recently, a review of a 120-day safety update report (with a cut-off date of 19-Jan-
2007 when the database for the 6-month and 12-month follow-up was locked) submitted by
the sponsor on 21-Mar-2007 identified no new safety findings.

7.2 Adequacy of Patient Exposure and Safety Assessments

-The EXTRACT-TIMI 25 study and the 6 previous enoxaparin studies in patients with
STEMI are the sources of clinical safety data.

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and
Extent of Exposure) Used to Evaluate Safety

The EXTRACT-TIMI 25 study provides safety data for 20,327 patients with STEMI
(10,176 exposed to enoxaparin, and 10,151 to UFH) who received at least 1 dose of study
treatment.

There were a few discrepancies in randomization: 15 subjects were not randomized prior to
receiving treatment. Among the 10,176 subjects who received enoxaparin, 10,152 were
randomized to enoxaparin, 16 were randomized to UFH, and 8 were not randomized.

Among the 10,151 who received UFH, 10,130 were randomized to UFH, 14 were
randomized to enoxaparin, and 7 were not randomized.

- The majority (82%) of patients in each group completed the assigned treatment regimém

17.6% (1790 of 10,256) patients in enoxaparin group and 18% (1830 of 10,223) patients in
UFH group discontinued, most frequently due to a hemorrhagic AE (34.1% in enoxaparin
group vs 24% in UFH group) or PCl-related reasons (48.5% (128 of 525) patients-in
enoxaparin group and 51.5% (136 of 625) patients in UFH group. :
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The Sponsor also provided safety data for 10,040 randomized patients with STEMI (4128
enoxaparin patients, 5673 UFH patients, and 239 placebo patients) from 6 previously
conducted studies. A majority (58%) of patients in each of the 6 studies completed the

“assigned treatment. Hemorrhagic events were the most frequent AEs that resulted in

treatment discontinuation in all of these studies. L

5

7.2.1.3 Extent of exposure (dose/duration)

In the EXTRACT-TIMI 25 study, the mean duration of exposure to enoxaparin/placebo sc
injection was similar in both treatment groups. A majority of subjects in both treatment
groups (enoxaparin: 74.9%; UFH: 74.1%) had received enoxapann/placebo sc injection for
26 days.

The mean duration of exposure to UFH/placebo infusion was similar in both treatment
groups. A majority of subjects in both treatment groups (enoxaparin: 89.6%; UFH: 89.5%)

had received UFH/placebo infusion for >36 hours.

The cumulative duration curve after treatment with sc enoxaparin/placebo versus iv
UFH/placebo (Figure 15) shows that the median duration of exposure to
enoxaparin/placebo (8 days) was longer than the median duration of exposure to
UFH/placebo (3 days).

Figure 15 Cumulative duration curve of sc enoxaparin/placebo and iv UFH/placebo
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UFH = unfractionated heparin; SC = subcutaneous; IV = intravenous
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‘8. ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimén and Administration

s

' The following is the dosing regimen and administration for the treatment of acute STEMI:

| In patients with acute STEMI, the recommended dose of enoxaparin is a single iv bolus of

30 mg plus a 1 mg/kg sc dose followed by 1 mg/kg administered sc every 12 hours
(maximum 100 mg for the first two doses only, followed by 1 mg/kg dosing for the
remaining doses). '

For treatment of acute STEMI in geriatric patients >75 véars of age, these elderly patients

" received 0.75 mg/ke SC every 12 hours without an initial IV bolus. :

For treatment of acute STEMI in patients with severe renal impairment (creatinine
clearance <30 mL/minute) the recommended dose is a single iv bolus of 30 mgplusal
mg/kg sc dose followed by 1 mg/kg administered sc once daily.

‘When administered in conjunction with a thrombolytic (fibrin-specific or non-fibrin

specific) agent, enoxaparin should be given between 15 minutes before and 30 minutes
after the start of fibrinolytic therapy.

All patients should receive acetylsalicylic acid (ASA) as soon as they are identified as
having STEMI and maintained with 75 to 325 mg once daily unless contraindicated.

The recommended duration of enoxaparin treatment is 8 days or until hospital discharge,
whichever comes first.

For patients managed with Percutaneous Coronary Intervention (PCI): If the last
enoxaparin sc administration was given < 8 hours before balloon inflation, no additional
dosing is needed. If the last enoxaparin sc administration was given more > 8 hours before
balloon inflation, an iv bolus of 0.3 mg/kg of enoxaparin injection should be administered.

~ Dose justification for the ExTRACT study

The same dosing regimen used in patients with unstable angina and NSTEMI*>%, were
used in the STEMI indication (i.., an initial 30 mg iv bolus of enoxaparin immediately
followed by 1 mg/kg sc every 12 hours).

After sc injection of enoxaparin, the maximum plasma levels of anti-Xa activity are only
reached 3 to 5 hours later, and it can take several sc administrations to reach steady-state.

The addition of the iv bolus to the sc regimen produces effective plasma anti-Xa activities
quickly (0.663 +0.229 [U/mL anti-Xa at 5 minutes after injection) and early overall
exposure near steady-state conditions (mean maximum value of 1.164 [+ 0.170 IU/mL],
anti-Xa reached from 2 to 4 hours after treatment initiation). This was shown in a
supportive PK study in healthy 50- to 68-year-old subjects (Study RP54563Q-142). Steady
state conditions were reached on Day 1 for maximum activity (AUC, Amax) and Day 2 for
minimum activity (Ami). '

The dose regimen consisting of a 30-mg iv bolus at initiation immediately followed by 1
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mg/kg sc twice daily, which was used in' the ExTRACT study, demonstrated that exposure
during the first dosing interval was already 98% of that at steady-state.
Dosing rationale for dose adaptations of enoxaparin:

3

Weight. Weight is significantly related to enoxaparin (anti-Xa)';;cléarance (coefficient of
variation of 46% in the basic model with no covariates) as show in the population PK
analysis of the TIMI 11A study submitted by the sponsor. Variation in body weight within
the 5™ and 95 percentiles (58 kg to 117 kg) would result in a change in anti-Xa clearance
between 14% and 21%. Using a weight-adjusted dosage regimen shows that there was no
change in AUC with weight changes, indicating that the weight-base dose adjustment is
appropriate to account for the effect of weight on enoxaparin (anti-Xa) clearance.

Age (Elderly patients). Age may have an independent effect on bleeding risk (AMI-SK)
‘with an altered PK/PD relationship. Therefore, a reduced dose of 0.75 mg/kg sc every 12
hours was proposed in patients >75 years old. The anti-Ila activity after an iv injection is
higher than after sc administration, and with the 30 mg bolus + 1 mg/kg sc it was about
70% higher than the A, at steady-state; therefore, the initial bolus was not administered
in the elderly population. The reduced exposure obtained in elderly in the EXTRACT study
was consistent with expected pharmacokinetics in that population and provided a better
safety profile.

Renal impairment. Renal function is the main covariate affecting enoxaparin AUC in cases
of weight-adjusted dosing. Impaired renal function, as estimated by CrCl, results ina
proportional decrease in enoxaparin anti-Xa clearance (Study DMPK/FR/2249)*". This
appears as a factor explaining an incréased risk of bleeding in case of severe renal
impairment (CrCl < 30 mL/min)*. Using the population PK model, a simulation of an
administration of a dose-regimen of 1 mg/kg once daily in patients with severe renal
impairment demonstrates that this would lead to an exposure at steady state that is similar
to that at a dose of 1 mg/kg twice daily in healthy subjects with value of 16.9 and 21.2
IU*h/mL, respectively. Peak levels at steady-state would be similar to those achieved with
the approved dosage regimens in healthy subjects, while Ay, at steady-state would still be
higher than that observed for a dose of 1.5 mg/kg once daily in healthy subjects with value
of 0.303 compared to 0.165 [U/mL*.

This dose adjustment has now been implemented in enoxaparin labeling in several
countries, including the US. :

Percutaneous coronary intervention (PCI). In the Collet study®, 293 patients underwent a
coronary angiography within 8 hours of sc injection (1 mg/kg every 12 hours) and in 132
patients angiography was followed by immediate PCI. Favorable efficacy results were
observed and anti-Xa activity within 2 to 8 hours after the last sc dose was 0.98 + 0.03
IU/mL, with 97.6% of values above 0.5 IU/mL. However, after this 8-hour period, the level
of anticoagulation might not be sufficient to perform a PCL ‘

Pharmacokinetic modeling (based on study RPR54563Q-142 data) predicted that in

patients undergoing intervention 8 to 12 hours after a last 1 mg/kg sc dose at steady state,

an additional iv bolus of 0.3 mg/kg at the start of PCI would raise and maintain the anti-Xa
-level, between 0.6 and 1.8 IU/mL. ‘

The RP54563Q-266 (PEPCI) study® evaluated the PK of this regimen (iv bolus of 0.3
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