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Division of Gastrointestinal ¢ Coagulation Drug Producti

CONSUMER SAFETY OFFICER REVIEW A
Application Number: NDA 20-164 JAN | 4
Name of Drug: Lovenox (enoxaparin) Injection {

Sponsor: Rhone-Poulenc Rorer

Material Revieweq

Subnission Date(s): January 8, 1993

Receipt Date(s): January 11, 1993

Final printed labeling h
N response to the November 20, 1992 approvabl

Package Ingert

The submitted insert, IN-1107 (Rev. 1/93), was compared to the
draft ingert submitted December 8, 1992 as a minor amendment t
this application,

The inserts were identical except for the following:

1. Deletion from the DESCRIPTION section, of information
relating to activity per syringe. This
revision was done at the Agency’s request (refer to telec
dated December 23, 1993),

2. The statement, "patients vith known hypersensitivity to
heparin or pork

pProducts should not be treated with
enoxaparin.”" was

relocated from the PRECAUTIONS section tc
the CONTRAINDICATIONS section.

The statement was located
the CONTRAINDICATIONS section in the draft insert included
with the November 20, 1992 approvable letter.

The following difference in storage statements between the inse
and product labels was noted:

Infert: Lovenox injection should be stored at or below
25°C,

Product Labels: Store at or below 25%., Do not freeze.
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1. Lot number and expiration date: The placement of the lot
number and expiration date is evident on the immediate
product label. The carton does not indicate the placement. d
Ms. Meg Martin (telephone conversation of January 14, 1993)
stated that the lot number and erpiration are stamped on the
carton at the time of packaging on the pottom flap of the

carton.

2. The carten, wnich holds 10 syringes, is designed with ¢
detachable (tear-off) top. A1l required labeling
information is located pelow the perforations (not lost when

the top is discarded).

The labels and carton conform to the required elements for

labeling under 21 CFR 201.1, 201.2, 201.5, 201.10, 201.15,
201.17, 201.18, 201.50, 201.51, 201.55, and 201.100.

Recommendations

"Do not freeze." to the

The firm should be roquested to add
insert at the next printing.

storage instructions on the package

M Collor~ tli4fos
Consumer Safety Officer

cC:
orig NDA 20-164 E

s L Yo i vt a7 ¢

e

HFD-180/CSO/BColliex

HFD-180/JGibbs dly}{;
Jsieczkowski '
LTalarico
JChoudary

BC/1/14/93



. A
0 _NIVISION OF GASTROTNTESTINAT. AND COAGULATION DRUG PRODICTS

MEDICAL OFFICER’S REVIEW ;
NDA 20*164 .
Drug: Enoxaparin MAY -] I092 ~.
Sponsor: Rhone-Poulenc Rorer {

500 Virginia Drive,
Fort Washington, PA 19034

Class: Anticoagulant
Category: Low Molecular Weight Heparin

Indication: Prevention of Deep Vein Thrombosis following hip
replacement.
Date of Initial NDA Submission: July 26, 1991

Date of Submission of Revised NDA: December 30, 1991
Reviewer: Lilia Talarico M.D. |

Date of Review: April 27, 1992

On July 26, 1991, the sponsor submitted a New Drug Application
for the approval of Enoxaparin injection for the prophylaxis of
deep vein thrombosis in patients undergoing hip replacement
surgery. The proposed regimen for enoxaparin therzpy was 30 mg
ql2h subcutaneously beginning on the day of surgery.

The initial application was incomplete and filing was refused.
on 12-30-1991, the sponsor submitted the material required to
complete the application and to allow its filing for review.

Material submitted: A total of 88 volumes (1-88) were submitted
with the initial NDA. Seven additional volumes were subsequently
added and integrated in the resubmitted NDA. The additional
volumes were labeled 2.1 through 2.22. 1

bata from volumes 2.1, 2.14 through 2.21 and volumes 27 through
76 of the NDA were examined for this medical review.

INDFX
2.1 Application Form (1)

Index to NDA Application (6)
Overall NDA Summary (47)
1. Proposed Text of Labeling (48)



GENERAL INFORMATION
A. Name of the drug: i
1. Generic Name: Enoxaparin

2. US Proprietary Name: To be established. N\
3. Foreign Proprietary Names: Clexane, Lovenox .

J_‘-

1. Description: Low Molecular Weight Heparin (LMWH)
2. Structural Formula:
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3. Derivation: Depolymerized porcine mucosa heparin
4. Molecular Weight: 4500 (range 3500-~5500)

5. Substance: Sodium salt -

6. Stability: 2 years at 4% RT or 45°

C. Pharmacoleqy Category:
Anticoagulant
D. Proposed Indication:

Prophylaxis of Deep Vein Thrombosis (DVT) and pulmonary
embolism (PE) in high risk orthopedic surgery patients
following hip replacement. - - L

30 mg twice daily administered by subcutaneous
injection, starting as soon as pcssible after surgery,
and iontinued postoperatively until the risk of DVT has
subsided. o

F. Formulatjon:

The formulation proposed for marketing consists of prefilled
syringes containing 30 mg of Enoxaparin with anti-Xa

activity of 3000 IU in 0.3 ml of water for injection.
Eacglprefilled syringe is affixed with a 26 gauge xi.2 inch |
needle. ‘
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Yolume Number Content (page)

2,11~2.13, 26
2.14

48-31

32-74
32~
35~
43~
59~
2.19

2.21
77

78

2.22
80
80-88

2. Pharmacologic Class, Scientific
rationale, Intended use, Product
development,Potential benefit (101)

3. Foreign Marketing History (107)

4. Chemistry, Manufacturing and Controls
Summary (111)

5. Non-clinical Pharmacology and
Toxicology Summary (150)

6. Human Pharmacokinetics and
Bioavailability Summary (186)

7. Clinical summary and results of
Statistical Analysis (199)

9. Integrated Summary of Benefits and
Risks (295) ’

- Human Pharmacokinetics and Bioavailabfiity

Clinical Data Section
1. List of Investigators (13) .
2. Background/Overview of Clinical
Investigations (38)
3. Clinical Pharmacology (42)
Clinical Pharmacology
1. Pharmacokinetic sStudies
2. Pharmacodynamic Studies
Controlled Clinical Trials
Study #F' ' 884
Study #P. .23
Study #PK 525
Study #PK 526
Other Studies and Information
Preoperative dosing; European Clinical Trials
Orthopedic Surgery (4) -
General Surgery (12)
Other Clinical Studies (24)
Studies conducted under Investigator IND (33)
Literature Review (40)
Post-marketing Surveillance
Integrated Summary of Effectiveness (1)
Integrated Summary of Safety Data (60)
Overdose and Drug Abuse infirmation (470)
Integrated Summary of Benefits and Risks of
the drug (1)
Statement of Conformance with 21 CFR 314.50
Statistical Technical Section
Case Report Form Tabulation
Case Report Forms

4
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DRUG CHEMISTRY, MANUFACTURING and CONTROLS

Enoxaparin is a LMWH which was initially developed by
and is presently manufactured, processed and tested by Rhone-
Poulenc Rorer in Villeneuve-la-Garenne, France.

Enoxaparin is a depolymerized heparin obtained by alkaline
degradation of heparin benzyl esther derived from porcine mucosa.
The starting material is supplied by The final product
consists of various glycosaminoglycan fragments of molecular
weight in the range of 3500-5500 daltons and a mean MW of 4500
daltons, compared to the mean molecular weight of 15000 daltons
of the starting unfractionated heparin.

Enoxaparin differs from UH and from other LMWHs for the presence
of a double bond at its non~-reducing end. |

In addition to physico-chemical differences, unfractionated
heparin (UH) and enoxaparin, as other low molecular heparins
(LMWHs), Aiffer in their pharmacological activities. In vitro

studies have demonstrated that while UH exhibits similar anti-Xa

and anti-IIa activities for mass unit (i.e. 1 mg), enoxaparin
exerts diffzicntc inhibitory activities on these two proteases
with significantly less anti-IIa than anti-Xa activity. By
amidolytic assay, one mg of enoxaparin contains the same anti-Xa
activity as 0.67 mg of UH and the same anti-Ila activity as 0.16
mg of UH. When the anticoagulant activities of the UH and
enoxaparin are assessed by the Activated Partial Thromboplastin
Time (APTT), enoxaparin is equivalent to 0.107 mg of UH.

Each lot of Enoxaparin is anzlyzed for molecular weight average
and distribution, anti-Xa activity, anticoagulant activity free
sulfates, pH, and it is checked for sterility and pyrogens.

Two reference standards have been used by Rhone-Poulenc Rorer
during the development of Enoxaparin. The batches used as
internal standards have been tested against the Fourth
International Standard for unfractionated heparin and against the
First International Standard for low molecular heparin.
Enoxaparin is currently tested against the 4th International
Standard and against the internal batch PRS 101.

The drug substance titer is defined in terms of anti-Xa and anti-
ITa activities. The activity of Enoxaparin is expressed in terms
of weight (mg) in addition to the use of international (WHO)
units,

' Y
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Enoxaparin was initially formulated with _ as
antioxidant, however, studies performed on several batches of N
prefilled syringes without - have shown

simjilar stability profiles. ' has, therefore,
been eliminated from the enoxaparin formulation. ‘

NON-CLINICAL PHARMACOLOGY and TOXICOLOJY

ADME studies were performed in rats, dogs and monkeys.
Enoxaparin is completely adsorbed from subcutaneous
administration, is not metabolized, does not cross the blood-
brain barrier, and it is excreted unchanged in the urine.

The maximum plasma radioactivity of "™ TC-enoxaparin was observed
2 to 4 hours after sc dosing and measurable radioactivity
persisted for up to 22 hours. The highest radicactivity was
found in the kidneys and liver. FEnoxaparin was excreted

primarily from the kidneys.

The kinetics of radioactivity and the biological activity
(inhibiticn of Xa activity) of ¥S-enoxaparin were compared in
dogs. Maximum radioactivity preceded maximal biological
activity, but the elimination rates were similar. Widespread
distribution of radioactivity in most organs was found, but
primarily in kidneys and liver. Very low concentration was found
in the brain. Enoxaparin was eliminated through the kidneys.
The intravenous administration of enoxaparin to dogs showed that
about 24% of plasma radioactivity was protein-bound, mainly to
AT-III, and that only the protein-bound enoxaparin inhibited
factor Xa activity. Repeated daily dosing did nct produce
accumulation of the drug. Steady state was achieved after 2-3
days with daily sc dosing of 1 mg/kg/day. The metabolism of
enoxaparin was not changed with repeated administration of the

drug.

In monkeys, sc administration of enoxaparin produced longer S
inhibition of factor Xa than of factor IlIa. The degree and

duration of effect were dose-dependent. Maximal inhibition of

factor Xa was observed at 2-4 hours and measurable inhibition |
persisted for more than 12 hours. The daily administration of {
large dose, 100 mg/kg/day sc, produced gradual accumulation of :
drug effect which rezched a maximum at 4 days and then plateaued. ‘
Enoxaparin and Unfractionated Heparin (UH) were evaluated in ‘
experimental animals models of thrombosis using jugular
stasis/hypercoagulability or carotid/jugular shunts. 1In these
experiments, doses of UH or enoxaparin, of similar anti-Xa
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activity exhibited similar anti-thrombotic activity. The
hemorrhagic activity, measured by the rabbit ear bleeding time
model, was, however, greater with UH than with enoxaparin at

similar anti-Xa activities.

Enoxaparin inhibited coronary thrombosis in dogs at dosc~ that
inhibited factor Xa activity without inhibition of facte “Ya or
prolongation of the bleeding time. Enoxaparin was as eif . .ve
as heparin in preventing in vitro thrombosis in the Chandier loop
and was more effective than heparin in preventing thrombosis in
rabbit venous stasis test. Enoxaparin has been shown to have
antithrombotic activity in rabbits, dogs and monkeys at
subcutaneous doses of approximately 1 mg.kg or less.

Intravenous administration of enoxaparin at doses slightly higher
than those needed for antithrombotic activity can increase
fibrinolysis. |

Enoxaparin can induce hemorrhage because of its anticoagulant
activity, however, compared to enoxaparin, hepar:.n produced
bleeding at lower doses. No prolongation of the bieeding time
occurred with single doses of enoxaparin of 50 to 2000 anti-Ya
units/kg. At equivalent anti-Xa activity doses, hoparin
prolonged the bleeding time signiticantly.

In summary, numercus studies have demonstrated a dissociation
between the anti-thrombotic and the bleeding (hemorrhagic)
activities of enoxaparin as compared to UH. Whether such
dissociation of effects for enoxaparin and other low molecular
heparins can be attributed exclusively to theixr differential
anti-Xa and anti-IIa actfivities is unlikely, in view if the
observation that heparin fractionated into lowar fragments of
mean MW of 2500 having almost exclusively anti-Xa activity,
exhibit poor antithrombotic activity.

More likely, the reduced hemorrhagic effect may be attrinuted to
the fact that low molecular heparins produce less inhibition of
platelet function than standard heparin. .

Acute toxicity was produced in rcdents by the iv or sc
administration of dose of enoxaparin of 6000-8000 and 2300 mg/kg
respectively. Acute toxicity was manifested by ataxia, dyspnea,
cyanosis, seizures and death. In subchronic and chronic toxicity
studies, bleeding was the main manifestation of drug effect.
Changes in hematology profile and development of extramedullary
hemopoiesis were related to blood loss. The highest non toxic
dose in chronic toxicity studies of 26 weeks was 3 mg/kg/day both
in rats and monkeys. In the 13 week study in dogs, a possible
effect on calcium metabolism secondary to enhancement of PTH
secretion or activity was noted with the administration of high
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doses of enoxaparin, 15 mg/kg/day. The effect of enoxaparin on
calcium metabolism wac not observed in rodents or monkeys.

Elevation of serum urea, renal tubular necrosis and renal {
capsular hemorrhage were observed in rats givza enoxaparin at the °

dose of 40 mg/kg/day iv for 26 days.

Administration of enoxaparin had no adverse effect on fertility
or reproductive performance. No adverse effect on embrio/fetal
development was observed. Enoxaparin was not mutagenic nor

clastogenic in vitxro or in vivo.

The clinical pharmacology evaluation of enoxaparin included 16
studies divided in three sections: (1) Safety and Tolerance,
(2) Pharmacokinetics, and (3) Pharmacodynamic. -

1. gafety and Tolerance:

The safety and tolerance of enoxaparin in normal volunteers wvas
evaluated in three open studies which are listed in the tollowinq
table A,1 reproduced from vol 2.1, p.203 of the NDA:

MLk AL
[ ]
fepart # Clintcal Colgplution Stuey umber Ape Range brug(s) besels) . . Ffull Bagert
Descriprer tavect fgeter  Status Sestg  Pettents Assinisterad  (Reute) Surattod Lesstion
(Count: ¥ {etart doty) (u~f#) (tean) :
Pult] icaxiona .
00032 Serragh Conplate a.r ” 10-40 ., M0, » 440308
Sinple rising  (irslend) {0ec, 82) o 70:0 (26.0) ongusparin W01 ag ii.v.) .
dias telerunce . placede -
102184 Sarragh Complote ] 1° . 140 onenaparia 40 ng/ydn (s.c.} 7 aape 47000
suitiple dane (lreland) (uokopwn) 1040 {2e,8)
tolarance .
0008 witier Complets co 7 | 33-3 onanaparin 40 mg 1n hAypertenic S0 - mn
tnjectionsita (France) (Sept. 83) ] 2 (nA satine (n.c.)
. telarants enansperin 40 mg o tnatemic SO

saline (s.c.)
) eraxeparin 30 mg in hypartenic 3D
~ saltng (s.2.)
onexsperia 0.3 wi physislegic B
satine (5.C.)
onanaperin 5.6 o) phystelegic 8
saltee (n.¢.)

O s openi R o randomized, # « placebo: D8 * gouble-biing PL » parsilel; CO o cressever; Ci ¢ conparative; 50 = single dsae.
! 50 o single goss .
§ WA = nat avatlanie
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The intravenous administration of increasing single doses of
enoxaparin (18, 36, 54, 69, 101 MG) produced a significant and
dose~related increase of the APTT, TT, anti-Xa and anti-IIa
actvities. At the time of maximal activity (T™ =5 minutes),
the anti-Xa activity was 7 to 9 times greater than the
corresponding anti-II activity. No effect on the bleeding time

was noted at the highest dose.

The subcutaneous administration of 40 mg of enoxaparin twice
daily for 7 days was generally safe and well tolerated. Mild
local discomfort and small hematomas at the injection site were
reported. There were no significant changes in APTT, PT, TT and
bleeding time. Elevation of liver enzymes were noted: ALT and
AST were elevated (2-3 times normal) in all subjects by day. 7 and
at the post-study evaluation. Alkaline phosphatase, bilirubin

and GGT vere normal. The transaminase levels raeturned to normal -

afte~ discontinuation of the drug. Similar elevations of ALT and
AST have been reported with administration of UH.

2. Pharmacokinetic Studies (PK):

Due to the lack of physico-chemical assay methods to measure
enoxaparin in biological fluids, biocassays have been used for the
PK studies. Tests used include global assessment of coagulation
with both clotting tests (PT, APTT, TT, Heptest) and specific
assays of anti-Xa and anti-IIa activities by clotting and

amidolytic techniques.

The PK of enoxaparin were evaluated in nine studies; six in
normal young volunteers, one in elderly volunteers, and one in
patients with chronic renal failure. One study validated the
analytical methods of assay of anti-Xa activity. The studies are
listed in table A,2 reproduced from vol 2.1, p. 204 and 205 of
the NDA. The administration of therapeutic dose of enoxaparin by
sc injection did not prolong the PT, APTT or the TT. |

Y " 9

———— i S ———
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sunmary of Sharsgcokinatic jtudies
Report # Clinical Complation Study Number ’oo 1ange Drug(s) Dosa(s) full Report
Descriptor investigator Status Design Patients Admintstered (Route) Duratior Location
(Country) {atart date) (M-F) (Nean) ‘
Publications
105464 - Conplete in vitre - - enoxaparin  0-1.35¢ - 2.13
- Analytic Wethods (Mar . 89) _ anti-Xa 1U/mi 131
. 105840 Thebault Complete 0.8,C0 16 19-38 snoxaparin 40 mg (s.c.) Y
4 Matabisulfite (France) (wov. 89) cn (18:0) (23.1) {(+ motadi.) n. 12/1
enOXaparin 40 mg (s.c.) S0 .
(- matabi.)
10053% Atach Complete O.R 12 23-20 andxaparin 80 mg (s.c.) so . 2.13/332
Bloavait. (France) (Mar .83) co,.cu 1012 (24.8) {(sodium salt)
o't vs. W’ enoxaparin 60 mg (s.c.) 1)
anlt {calciumsalt)
100536 Gulbert Complete o.R 8 21-33 enoxaparin A0 mg (4.v.,s.c.) SO 2.10/2m2
aioaveilability (France) (Feb, 84) co 8:0 (5.7
s.c vs., {.v, Heemostanis
(12986) 18:118
Thrombd. Res.
(198S) 39:631
100537 Duchier Complete 0,00 12 24-30 enoxaparin 20,40,60,B0mg (s.c.) SD 2.11/381
Linaar (France) {dov. 05) Cu, R 12:0 (24.4)
absorption oJ. Clih.
E. L]
(1988) 20:

10 = opan; R » randomized; P = piscebo; DB * double-biind; PL = paraliel; €O = crossover; CW = comparative; SO = single dose.
2 SD = sing'e ‘s, '

3 plasms semp’ws dpihed with enoxaperin
4 * s range of snaxaparinconcentrations in spiked human plasms pools

g - )
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summary of PharsacokineticStudies (continued)
Report # Ciinical Completion Study Number Age Range drugls) Dose(s) Full Report
Descriptor Investigator Status Desigy’  Patients Administered {Route) Duratior? Locatton
. {Country) (start date) - (u-F) (bean)
Pubiications
100538 * Forestier Complete o, R 9 19-38 shovaparin 0.8 mg/hg/d.(n.c.) 3 %ays 2.13/419
Drug (France) (Apr. 83) co 2:7 (26.4) enoxsparin 1.0 mg/xg/d,(s.c.) 3 days
accumulation enanaparin 1.8 mg/xg/a,(s.c.) 3 days
100541 Guibart Complete 0.C0 ] 20-32 o:eu-o-.._;: ATS0 Y, 7S00 U (4.v.) SD 28/}
Bicavailabitity (France) (Apr. 03) cn, R 910 (27.0) heparin 3750 U (i.v.) s0
nheparin va,
anoxaparin
1005239 Ouchter Compliats L] 12 -85 anbxaparin 40 mg/d (s.c.) 10 dayt 26/108
Kinatics in (France) (Sept.08) €17 . (rn)
the elderly
100542 Laville Complate O, Ch 12 M-85 SNONAP.F N 0.28, 0.8 mg/kg ({.v.) SD 26/208
Kinetics 1n Trzecisk, (Dec. 84) PL 7:8 {44,30) heparin 50, 100 U/kg (t.v.) S0
chronic rensl Pozet
fatlure (France)
saesuatasis

(1986) 161147

1 0 = openg R- = randomized; P = placabo; DB = double-d1ind; PL s paralle!; CO = crossover; CM = comparative; SO = single dose.
2 SD = singlae dose.

PRSI
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Dose~dependent prolongations of the Heptest occurred, how=ver,
the anti-Xa and the anti-IIa amidolytic assays were more
sensitive than the global clotting tests for quantitative
determinations of enoxaparin effect in plasma.

The PK of enoxaparin administered sc and iv at the dose of 40 mg

were evaluated in a cross-over design in normal subjects. The iv

administration of enoxaparin resulted in maximal prolongation of
the APTT at 5-15 minutes and return to normal at 2 hours post
administration. The sc administration of enoxaparin resulted in
maximal prolongation of the APTT at 2 hours post dose.

Anti-IIs activity was measurable only after iv administration.
The mean ratio of anti-Xa AUC/anti-IIa AUC activity from iv

_administration of enoxaparin was 3.95 +/- 1.10 units. The

bicavailability of sc enoxaparin was 92.4 +/- 22.6% with no
dAifference between subjects or route of administration. The PK
parameters of a single iv and sc 40 mg dose of enoxaparin
obtained measuring anti~Xa activity, are shown in the following

table:

Route of Administration
Parampeter s8c doge iv dose
mean + s.d. mean * s.d.
A, (ug/ml) 2.82 + 0.53 8.14 + 1.9
AU (h.ug.ml?) 24.15 + 4.43 27.17 ¢ 6.97
T.n (h) 5.11 + 2.25 4.04 + 2.46
Median T, (h) 3.0 0.083

The adsorption and the PK of sc enoxaparin at doses ranging from
20 to 80 mg were studied in a cross-over design study in normal
subjects. The adsorption of enoxaparin after subcutar.eous
administration was proportional to dose in terms of anti-Xa AUC
measurement. The PK parameters for the various doses ot
encvxaparin are shown in the following table:

Paraneter Enoxaparin Dose .
20 _ng 40 ng £0 ng 80 mg

Tux (h) 2.6741.05 3.50+1.09 3.9241.08 3.08+0.79
A, (ug/ml) 1.58+0.35 3.08+0.98 5.3840.75 7.44+1.47
AUCgq

(h.ug.ml?) 11.79+5.30 32.0148.84 49.2648.69 70.76+15.49
Ty (h) 4.18+2.21 4.36+1.07 3.7040.82 3.46+0.86
D, x F (L) 9.30+3.67 8.49+3.37 6.59+1.33 5.82+1.79
¢, x F (L/h) 1.86+0.63 1.33#0.32 1.25+40.21 1.1840.25
MRT (h) 5.18+1.38 5.83+0.86 6.19+0.74 6.45+0.76

g A
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where F is absolute bioavailability factor (100%) and MRT is mean
residence time or time needed to generate 50% activity.

Comparative PK of single sc doses of 60 mg of a calcium salt and {
a sodium salt of enoxaparin were determined. Based on anti-Xa
activity analysis, the biocavailability of the calcium salt was
slightly greater than that of the sodium salt. However, as the
variability among individuals was less with the sodium salt, this
preparation was selected for clinical studies. ,

The bioavailability and the disposition profile of formulations
of enoxaparin with and without were examined
and found to be similar.

The comparative kinetics of repeated administration of tiree
doses of enoxaparin (0.5, 1.0 and 1.5 mg/kg) were assessed in
normal subjects in order to determine the risk of drug
accumulation. No cumulative effect was observed following
repeated doses of the drug.

The PK profile of heparin and enoxaparin administered at equal
doses: of anti-Xa activity were determined to establish a dose-
response relationship for enoxaparin. The administration of
enoxaparin was characterized by a dose proportionality based on
anti-Xa activity PK parameters. Enoxaparin produced greater
anti-Xa activity and longer duration of anti-Xa effect relative
to heparin at same anti-Xa dose. The results are summarized in
table 10054-1 reproduced from the sponsor’s NDA (vol 27, p 109)
The repeated administration of daily sc doses of 40 mg of
enoxaparin over 10 days tn elderly subjects of mean age of 79 +/-
3.5 years did not result in drug accumulation. The PK parameters
in young and in elderly subjects were not significantly
different,

The kinetics of anti-Xa and anti-IIa activities of iv heparin and
enoxaparin were compared in patients with chronic renal failure.
when compared to data from normal subjects, the effect of
enoxaparin on anti-Xa activity and the elimination rate of the
drugs in patients with chronic renal failure were similar.
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Summary of the means and standard devi
sctivity snd anti~11a activity messur

stions for seversl pharmecokinetic parameters derived from
ments. The administered doses of heparin and naxaparin were

Neparin Enoxsparin Enoxaperin
Parsmeter ey 500 00 ¥
Anti-Xa
Anax (1U/mt) 0.71 ¢+ 0.20
(ag/m) &£.43 » 1,25 7.18 & 1.5% 13.93 + 2.49
Taex (Winutes) 5.0 5.0 s.0
AC(0-inf) .1
hojue nl_‘ 0.76 + 0.35
heoeggoaml 4.63 ¢ 2.21 22.40 ¢+ 5.26 47.67 210.55
Ty 72 N 0.62 + 0.16 2.99 » 0.86 2.97 & 0.40
Ami-1la
Apex (TU/ML) 0.99 + 0.4
Cag/mi) 3.68 ¢ 0.88 5.39 2 2.13 11.36 + 3.50
Toax (Minutes) 5.0 s.0 5.0
AUCCO-6h) 1
he jUoe al_‘ 0.60 ¢ 0.26
hopgsml [ B, KR N, 21.71 & 10.07
Naan AUC ratio
anti-Yo/anti-1la 1.22 2 0.13 3.35 £ 0.0 2.49 & 0.84

-3
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Table 100341-1

anti-

.

* 160 1V of haparin = 1 mg of heperin
**  excludes subject ¢**

Source of Dats - Tables Il to XI

3. Bharmacodvnapic gtudies: -

The PD of enoxaparin were evaluated in four single dose studies

which are listed in the following table A,3 reproduced from vol
2.1, p.206 of the NDA:
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Sussacy of Pharsacoissy itudiss.
Repart # Ciiates) - Completisn  Study Nusher Age Range aewgis) Desels) Full Report
Sescriptor Investigater  Status Dasigd  Pattents Aominintered (fouts) Duratiod Locst ien
(Country) {start dats) (u=r) (aan)
sublizatiom
100493 Junan-vague Camplete o, N [ ] 34-20 ansxsparin 90 mp (n.6.) 1] 3Lj11%
Csaguintion (France) (Jun, 82) co, P 0 {24.%) placabo
fiprinelysis
100340 vinazzer Conplate 0, €0 w0 nd snexaperin 80,60,30 mg (s.c.) 50 51/3°
c.:fguuﬂu (Austris) {Jan, 8§3) <] 1010 (23.4) naparia 80 mg {n.£.) 0
- fibrtpnliysts P‘-nuh -
ang plstetet 1986) 18:108
. Sparegation ‘ . BV
S 100404 salten, Cosplote o, R e 3-8 onexaperin 40 g (s.c.} » |, 1
" Fiprinslysts Lavy (dun, §3) co, ¢ 3 {(20.7) orauaparin 2 mp/ug (a.8.) 0 .
: (Fronee) * ) . placebs :
WoN2 T Etionse Cemplate ] [ ] -42 Prase | 311368
Lipaiyais Plaren < (Feb, 83) T {26.9) Anexsparin 00 g (4.v. 8 5.8.) SO
{Pranca)
aL. 4. Liin. 4 20-2 hase 11
[T 0 T 40 (23.0} ONaNBPSr in o0 og (1.v.)
{1953) W T2

T 0+ opony R = condumizedi P ¢ placeda; BB = seuble-siingsPL paraliel  CO & crossevar; Ci & comparative; 30 » aingle case.
* 230 ¢ pingindnns.
3 NA = net avaiindle

The PD parameters that were svaluated included coagulation,
fibrinolysis, platelet aggregation and lipolysis. :

The effect of sc acministration of 90 ng of enoxaparin on
coagulation and filrinolytic mechanisms in normal individuals
were compare to placebo. Enoxaparin produced elevation of anti-
¥a activity to 0.73 IU/ml with a maximal activity at 4.5 h after
administration. Anti-Xa activity disappeared between 12 and 24
hours post-administration. The anti-IIa activity was lower, a
paximal effect of 0.12 IU was achieved at 5 hours and returned to
pageline at 12 houars. The mean maximal elevation of the APTT was
1.2 times baseline and returned to normal between 6 and 12 hours.
The Thrombin Time (TT) increased to 1.5 times baseline. No
changes in AT-III levels or fibrinolytic activity were detected.
Comparison of the effect of equal amounts of heparin and
enoxaparin in vitro showed that heparin had greater effect on TT,
APTT and anti-IIa activity. The inhibition of factor Xa by
heparin or enoxaparin were similar. A slightly stronger
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inhibition of factor IXa, factor XII, and kallikrein were
observed with enoxaparin. Fibrinolytic parameters were not
changed by either heparin or enoxaparin.

In vivo studies were performed by administering single sc
injections of enoxaparin (30, 60 and 90 mg) or heparin (60
mg=10.000 U). The TT was prolonged by heparin and by the highest
dose of enoxaparin. Anti-IYa activity was more pronounced with
heparin and it was observed only with the 90 mg dose of

er oxaparin. The APTT was prolonged by the UH and by the 90 and
60 mg doses of enoxaparin. The APTT was prolonged by the heparin
and by enoxapirin at he doses of 60 and 90 mg. Inhibition of
factor Xa was similar at similar doses of heparin or enoxaparin,
but it persisted longer with enoxaparin. Factor IXa inhibition
also lasted longer with enoxaparin. o

Heparin produced a slight decrease in platelet count and resulted
in alteration of pl~telet aggregation with epinephrine and
collagen, whereas enoxaparin did not alter the platelet count nor
the platelet aggregability.

A single sc injection of 40 mg or of 2 mg/kg c¢f enoxaparin had no
effect on the fibrinolytic system.

Lipolytic activity was released by enoxaparin 5 minutes after iv
injection and remained elevated for 5 to 15 minutes. The sc
administration of enoxaparin produced less marked increase in
lipolytic activity which occurred 15-30 minutes after dosing and
returned to baseline between 8 and 12 hours later. The lipolytic
activity releascd after administration of 60 mg of enoxaparin by
iv or sc intectiorn was characterized as being both lipoprotein
lipase and hepatic lipase.

CONCLUSIONS

The results of the PX and PD studies showed that enoxaparin was
characterized by:

1. Absolute bioavailability of almost 100% when administered
subcutaneously;

2. strong anti-Xa activity and weaker anti-IIa activity than
heparin resulting in anti-Xa/anti-IIa ratio of activity
greater than 4, compared to that of heparin which is
approximately 1;
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3. dose proportionality relationship for a series of doses
in the prophylactic as well as therapeutic range which
enables tha anti~Xa activity to be maintained for 12-24
hours following administration. These features are shared
by heparin;

4. anti-Xa activity-based elimination half-life of 4 hours
which is 3-4 times longer than that of heparin;

5. less active biotransformation (desulphatation and
depolymerization) than heparin;

6. maintenance of anti-Xa activity over 12-24 hours;
7. minimal interaction with platelets;

8. pharmacokinetics in high risk subjects (elderly subjects
and patients with renal failure) indicating no need for dose
adjustment.

Contrary to the sponsor’s conclusions that the kidneys play a
minimal role in the excretion of enoxaparin and that the risk of
accumulation of enoxaparin in patients with renal failure is
minimal, a recent publication by Y. Cadroy et al in Thrombosis
Research 63; 385-390, 1991 indicate that the elimination of
enoxaparin in patients with renal failure is delayed
independently of the degree of renal failure. The total
clearance of enoxaparin was decreased two-fold and the apparent
resorption and elimination half-lives of the drug were prolcnged
1.7 times.

A total of 191 subjects received enoxaparin in the course of the
Clinical Pharmacology studies. The drug was well tolerated and
appeared safe. Aside from the pharmacological effect on the
coagulation tests, reversible elevation of the transaminases
represented the only laboratory abnormality attributable to the
administration of the drug.

BACKGROQUND AND RATIONALE FOR THE CLINICAL USE OF ENOXAPARIN:

Venous thromboembolism is a frequent complication in patients
undergoing hip surgery, and particularly in patients undergoing
elective hip replacement because of the direct trauma imposed on
the femoral vein during the procedure. In the absence of
prophylaxis or early diagnostic surveillance, the risk of DVT
with hip replacement can be as high as 50 to 80%. The incidence
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of proximal DVT is about 20% and that of pulmonary embolism (PE)
is 6 to 10%. The frequency of fatal PE based on clinical
diagnosis or post-mortem findings has bzen reportecd at 0.3% and
10% respectively.

Several regimens of prophylactic arncicoagulation have heen used
in orthopedic surgery, including aspirin, dextran, warfarin and
heparin. All, however, have shown limitations. ispirin was
found to reduce the incidence of DVT from 45% in the placebo
control to 20% in the treated group, but this effect has been
reported only in men. Dextran reduced the risk of DVT, but it
can produce bleeding and fluid overload. Warfarin therapy
started pre-operatively reduced the incidence of DVT to about 25~
308, however, the risk of severe bleeding complications has
limjited its use. When started after surgery warfarin may
effectively reduce the occurrence of DVT with less bleeding
complications. Although adequate dosing of sc heparin has been
shown to effectively reduce the risks of thromboembolic
complications, its use has not become firmly established because
adjusted dosing may be needed and because of the concerns for
intra- or peri-operative hemorrhagic complications.

Dep:-lvmerization of heparin yields various fractions of reduced
molecular weight. Compared to the parent molecule, these low
molecular heparins, such as enoxaparin, exhibit a higher anti-
Xa/anti~ITa activity ratio, produce 2e2ss inhibition of platelet
function, have higher bioavailability and longer duration of
effect. The dissociation between the anti-Xa and the anti-IIa
activities has suggested that these low molecular wight compounds
may have greater anti-thrombotic than anti-coagulant effect and
that their administration for the prophylaxis and treatment of
thromboembolic disorders may carry less risk of bleeding
complications.

Animal experiments have indeed demonstrated that LMWHs retain the
antithrombotic activity of the parent compound with lower
anticoagulant activity. The complete biocavailability of LMWHs

and the elimination half-life of their anti-Xa activity in excess .

of 4 hours indicated that these compounds may be suitable for
prophylaxis of DVT in high risk patients when administered once
or twice daily subcutaneously.

Enoxaparin is approved in Europe for: 1) prophylaxis of venous
thromboembolism in high risk orthopedic surgery and in moderate
risk general surgery patients, and 2) for the prevention of
thrombus formation in extracorporeal circulation.

_ e A
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Three European clinical trials were conducted to demonstrate the
effectiveness of presurgical administration of enoxaparin in the
prevention of DVT in orthopedic surgery.

The first trial evaluated different doses of enoxaparin and
showed that the dose of 40 mg QD sc was both effective and well
tolerated when compared to 60 mg QD sc, 30 mg gl2h sc and 20 mg
ql2h sc.

The second trial demonstrated that both regimens of 40 mg QD sc
or 20 mg ql2h enoxaparin sc were effective in preventing post-
operative DVT.

The third trial showed that enoxaparin at the dose of 40 mg QD scC
was more effective than UH at the dose of 5000 U g8h in reducing
the incidence of DVT in high risk patients. . N

Four controlled clinical trials have been conducted in North-
America to demonstrate the effectiveness and safety of enoxaparin
in the prevention of DVT in orthopedic surgery, namely slective
total hip replacement. The dosage and schedule of administration
used in the North-American clinical trials were based on the
results of the preclinical and pnarmacclogical studies, on the
prior experience from the European clinical trials, and on
current clinical practice of orthupedic surgery in North-America.
A regimen with fixed dose of 30 mg enoxaparin sc twice daily
starting 12 to 24 hours after surgery was selected for the North-
American clinical trials for the following reasons: 1). North-
American orthopedic practice favors postoperatjve initiation of
antithrombotic prophylaxis in order to reduce the risk of
perioperative bleeding; 2). as the preoperative dose of
enoxaparin was omitted, the twice daily administration of
enoxaparin was selected in place of the 40 mg qd used in Europe
in the attempt to reduce the thromboembolic risks from early,
intra-operative thrombus formation; 3). the administration of
fixed dose of enoxaparin would not iaquire laboratory monitoring
of anticoagulation or dose adjustments.

CLINICAL STUDIES

Four controlled clinical studies have been submitted under this
NDA to document the safety and effectiveness of enoxaparin in the
prevention of deep vein thrombosis (DVT) in patients undergoing
elective hip replacement surgery.

The four studies are listed in the following table 1.1 reproduced
from the NDA:vol 77, p.10.
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TABLE 1.1
OVERVIEW OF RTUDIES IR THE PREVENTION OF DEEP VEIR THROMBOSIS IR HIP REPLACEMEKY SURGERY
Protocol Study Ledlign Locktion Length of Treatment Treatment Dose Regimen
Rumber start Duration Group mg/units
PR TR ER Rl B IR AR R N N A N R R R R R AR AR R R N E N E I CE RN RN R A R AR RS SR S SR AN R AL E IR RS AR R U EE RS EEE R A ERRERIRESERILST R
ENO 684 Placebo Controllsd Canada Within 12-24 hr p to 14 Days Placebo Control ql2h
bouble Blind Post~surgery Post-surgery Enoxaparin N mg gl2h
PK 523 Controlled Canada Within 12~23 he Dp to 14 Days Calclum Hepazin
Double B1ind Post-surgery Post-surgery Control 7500 IU q12h
Enoxaparin 30 mg gi2h
PK 526 Dose Ranging United States Within 2 Days Up to 7 Days Enoxaparin 10 mg Qo
Double Blind Post~surgery Fost-sargery Evoxaparin 40 mg od
Enoxaparin 30 mg qi2h
PK 525 Controlled United Btates Within 2 Days Up to 7 Days Sodium Heparin
Open Label Poat~-surgery Post-surgery "1 control 5000 u q8h
* Enoxaparin 40 mg QD
Enoxspatis 30 »g gl2h
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STUDY NUMBER: ENO 884

=mrE: Evaluation of enoxaparin efficacy and safety for the
pravention of deep vein thrombosis in patients undergoing |
elective total hip replacement.

NDA Volumes: 32; 33; 2,15

Investigators: Study Centex Patients enrolled
Jack Hirsh, M.D. Hamilton Gen.Hos. Hamilton 42

A.G. Turpie, M.D. Hamilton, Ontario,

M. Levine, M.D. Henderson Gen. Hospital 33

c.J. Carter, M.D. Hamilton, Ontario

R.M. Jay, M.D. Sst. Joseph’s Hospital 25

P.J.Povers, M.D. Hamilton, Ontario
. The objective of the study was to compare the

STUDY OBJECTIVE

safety and eftiéacy of enoxaparin, administered at the dose of 30
mg g:i?h sc postoperatively for up to 14 days, to similarly
administered placebo, for the prophylaxis of postoperative DVT in

patients undergoing elective total hip replacement (THR).

STUDY DESIGN; The study was randomized, double-blind, parallel-
group, placebo-controlled, multicenter study to assess the safety
and efficacy of enoxaparin in the prevention of DVT in patients

undergoing elective hip replacement.

The study endpoint was represented by the development of DVT
(efficacy failure). Surveillance for DVT (efficacy assessment)
was performed initially by '"I-fibrinogen scans and Impending
Plethysmography (IPG). If either of these tests was abnormal,
definitive diagnosis of DVT was made by contrast venography.
However, the incidence of DVT in the first 24 patients anrolled
in the study was unexpectedly low due to the limited sensitivity
of the non-invasive diagnostic methods employed initially.
Thereafter, the protocol was changed to include mandatory
bilateral venogram for the assessment of efficacy.

Safety was evaluated daily throughout the duration of thas study.
The results of the venograms and the bleeding episodes reported
during the trial were interpreted by an independent committee
blinded to treatment allocation.

STUDY POPULATION; Male and female patients, aged 40 or older,
who were scheduled for elective hip replacement and had signed
informed consent were eligible for the study.
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Exclusion criteria were: child-bearing potential, pregnancy and
lactation, previous hip replacement, history of bleeding {
disorder, allergy to iodine or contrast dye, treatment with i
aspirin during the hospitalization, history of disease or

treatment that would interfere with the kinetics of enoxaparin,
participation in a study of other experimental drugs within 4

weeks,

No concomitant medications were allowed other than those
necessary for the patient’s welfare. The use of aspirin ana
other medications the week prior to the study were recorded. All
concomitant medications used during the study were recorded in
the case report form.

REAS FOR D
could be discon
reasons:

e ¥ SRS :
tinued from the study for any of the following |

Lost to follow up.

Treatment emergent symptom(s).
Ineffectiveness.

Improvement.

Found not to meet inclusion criteria.
Dosage/medication error or violation.
Administrative.

Intercurrent illness.

The reason for premature discontinuation from treatment was
recorded by the investigator in the CRF and reviewed by the
sponsor in order to identify the one event that directly resulted
in early study termination or to reassign the cause of :
termination. For example, if a patient developed venogram proven
DVT and had been terminated as "adverse reaction™ by the
investigator, the patient would be reassigned by the sponsor to
"ineffectiveness".

If several possible reasons for early study termination existed
for any patient, the sponsor would attempt to find the event
which led most directly to study discontinuaticn.

Patients were randomly assign:d in a 1:1 ratio
in blocks of 10 to receive either enoxaparin 30 mg gi2h sc or
placebo gi2h sc. Both injections were 0.3 ml. The first dose
was given at 8 am the day after surgery. If surgical hemostasis
had not been achieved by then, the initiation of the treatment
was postponed. Treatment with study medication was continued for
14 days or until the end of study.

tdll
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EVALUATION AND SCHEDULING; The study procedures and the schedule
are outlined in Table I reproduced from vol 33 of the NDA.

TARLE )
FTUDY SCHIMATIC - QVERVIEW

Paridosing Interval ————
prior to Calandar/Trastmant vat End of

_ evalustlen/Progedure . . furgsky. A2 3 4 .5t 7. 0.2 10 31 12 43 24 ssedy’
Intormed Consent X
Complete Medical History X

. Complate Physical Exasinatlon X x

Labaratory Tests: Hematology and
Coasgulation, Sszum Chemistry
and Vrinalysis X
vital Signs X
noe l'uehnmnph! (1IPG) x
x
x

»
-t
]
»t
L&)
]
"
¥

Hg:-ﬂb:‘mon Lag fcan
Lang Scan

Pulnonary Mqloguphy' c
Anti~Factor Xa Activity
Blesding Assestment .
wewoslabin, Mematocrit, RIC
Coagelacion Tests (PT, APTT)
Avarse Rxperience Evaluation
Dosing 2
Biljateral Vencgraph!
Comcomitant Medicatioms
Asssssment of Oporative Site b S

e o ok e g i kW B

M M MM
LR N N B &
o 8 Pt 38 M 2
M Pt
bl Mt
MWW NN
MM MMM
L ME MR W
LR B B &
ﬂ'ﬂﬂlﬂhhuﬂ

pay 1 wvas the first post-operative dayr the next calendazr day was Day 2.

Or at time of discontimuation of study asdication.

1251-21pzinogen was injected immedlately folloving surgery {stedy Oay 0} scame ware parformed éaily post-operatively.
At entry and butvesn days 10 and 16,

Selective puinteary saplography pertormad to eatablisk definitive disgnosis of pulsenary esbollsa, 1t secessazy.
Plassa sasples to be obtained § hours after first dally dosa.

Kandatory vemopraphy was strictly enforced Lor tha last 76 patiensts enrolled.

L E L KRR

EFFICACY PROCEDURES; Because of tho low incidence of DVT
detected in the first 24 patients in whom surveillance of DVT had
been carried out with ®I-fibrinogen leg scanning and IPG,
bilateral venograms were made mandatory in the rest of patients.
The VG was obtained between day 10 and 1« of study or at the time
of patient’s discontinuation from the study. VGs were reviewed
blindly by qualified physicians at the study site. The results

. were reported separately for each leg as wpocitive® "negative® or

»jnadequate®. The location of the obstruction was noted in the
positive VGs. A unilaterally obtained negative VG was classified
as inadequate. Factors affecting the reading of the VG were
recorded and their location was noted.

131_fibrinogen leg scans were performed at study entry and daily
post-operatively. The scans were read blindly and weze :
clagsified as "positive”, "negative® or vinadequate®™.

1IPG was performed on day 5, 7, 9 11 and 13 post-operatively and
were read blindly.

The protocol states that a lung scan would be performed at entry
and between days 10 and 14 of study, and that a pulmonary
angiogram would be obtained if the lung scan was positive.
However, routine lung scans were not performed during the study.

.
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Clinical signs and symptoms of DVT were reassessed in patients
who developed pulmonary embolism (PE) or received contra-active
concomitant medications (therapeutic anticoagulation) without
having had VG, IPG or !PI-fibrinogen scan performed.

Py &

SAFETY PROCEDURES;

Laboratory Tests: Laboratory tests performed during the study
included Hematology (complete CBC with WBC differential counts
and platelet count), Coagulation (PT, APTT, anti-Xa activity),
Serum Chemistry (SMA 16) Urinalysis (including microscopic
examination of sediment).

Blesding Assessment: Bleeding was assessed for intensity (none,
minor or major) and for relationship to study medication (none,
remote, possible, probable or definite). Any action taken as
result of bleeding was noted. The data were reviewed by a panel
of physicians to identify overt and/or severe bleeding. Bleeding
was classified as major (retroperitoneal, intracranial,
prosthetic joint, overt and leading to transfusion of 2 or more
units of blood or to Arop in hemoglobin of 2 gm/dL or more) or
minor (overt but not meeting above criteria). Time to onset of
bleeding in relation to surgery was noted.

vital signs recorded included blood pressure, pulse rate and
respiratory rate.

ADVERSE EVENTS: Adverse events, either observed by the physician
or reported by the patient, were recorded with date of onset,
severity (mild, moderate or severe), action taken (change of
dose, discontinuation of medication, contra-active treatments)
and investigator’s assessment of relationship to study regimen
(definitely, probably, possibly, remotely. related or unrelated)

PACKAGING, BLINDING AND LABELING PROCEDURES: Study medication
was supplied in 1 ml ampuls containing 100 mg of enoxaparin.

Placébo was supplied in identical 1 ml ampules containing ssaline
solution. The volume of each dose was 0.3 ml.

Each patients was supplied with a box ccntaining 30 ampules.
Each box and each ampules were labeled with the number according
to the randomization code. 1Individual sealed envelops were
provided for every patient to zllow unblinding if necessary.

All data regarding the administration of the medication were
recoxrded in the CRF.

The lot numbers of enoxaparin used for this study were recorded.
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STATISTICAL SAMPLE SIZE AND HOW IT WAS DETERMINED: Assuming a {
rate of thrombosis of 15% and 50% for the encxaparin and placebo ~

groups respectively, and using a significance level of 0.05, a
sample size of 100 evaluable patients (50 in each grouyp) was
calculated to provide a power of more than 95%.

EFFIcACY EVALUATION;

Definition of efficacy outcome: Efficacy was assessed by the
incidence rate of DVT. The diagnosis of DVT by venogram had
absolute priority. A positive VG was defined by a positive
£inding in either the operative or non-operative limb or both
limbg. A negative VG was defined as a negative bilateral VG. An
inadequate VG was one in which the diagnosis of DVT could not be
made nor excluded. A unilateral negative VG was classified as

inadequate.

Diagnosis of DVT by either a positive ®I~fibrinogen scan or IPG
had second priority. CcClinical evidence of DVT was defined as
either a positive result of fibrinogen scan or IPG or other
clinical evidence such as PE or administration of anticoagulant

tharapy for DVT.

All treated patients who had received any study medication and
had had at least one clinical evaluation were classified into one

of the following outcome groups:

e e e e o e Clinical Evidence of DVI-~=====-~
Z1-Fibrinogen other clinical
Group Yenoqraphy or IPG Evidence of DVT
1 + All All
2 - All All
3 IN/ND -+ All
4 IN/ND ~, IN/ND +
5 IN/ND -, IN/ND Not +

IN/ND indicate that the VG was inadequate or not done
All indicate all situations: +, -, IN/ND.

- Group 1 included patients with positive VG (unilateral or
bilateral), regardless of the results of the other
evaluations.

- Group 2 included patients with negative bilateral VG,
recardless of the results of the other evaluations.
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- Groups 3 and 4 included patients in whom VG was not done or
it was inadequate and who had the diagnosis of DVT was made
by noninvasive tests or other clinical evidence.

- Group 5 included patients in whom VG was inadequate or not
done, noninvasive vascular tests were negative, inadequate
or not done and in whom there was no clinical evidence of

pvr.

STUDY POPULATION

The study population included in the efficacy analysis was
represented by: B , '

1. all randomized patients: this included all randomized
patients regardless of whether they had efficacy data.

4 2. all treated patients with efficacy data; this included
all treated patients with at least one post-treatment
efficacy evaluation.

3. evaluable patients: this included the patients from the
second group for whom none of the following occurred during

the study:

~enrollment prior to enforcement of mandatory VG.
~administration of disallowed concomitant therapy.
~insufficient therapy, i.e., less than 3 day treatment
-no definitive VG results obtained.

4. unevaluable patients: this include all patients in each

treatment group who were the complement of evaluable
patients with respect to the all treated population. 1In
this study all randomized patients were treated, therefore,
there were no unevaluable patients.

EFFICACY ANALYSES
INTENT-TO-TREAT ANALYSES:ALL TREATED PATIENTS WITH EFFICACY DATA:

For this patient population, the efficacy endpoint, i.e., the
incidence of treatmen:t failure was defined as:

)
Groups 1, 3, 4, (positive) + Groups 2, 5 (negative)
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Within thisg patient Population, the incidence of DVT wag also
summarized within the Bubsets of type of surgery (Primary hip
surgical Cement, yusge of graduate

e of
Compression stockings (6Cs), gender, age , ang race,

i i
8 had definitive Vg, therefore, the efficacy

All evaluable batient
endpoint (treatment failure) was defineq as:

by ¢ All Patientg who receiveq at least ope dose
of study medicatinp were includeq in the safety evaluation,

; The primary safety endpointg determineq for eacy,
of the treatnmer,t groups were:

~Incidence of death, Prematyre discpntinuation from
treatment, adverse eventsg (according to Severity ang
relationship to study medication)

(aside fropm oberative ang recovery roon units), ang the
incidence of o, 1-2. and more than 2 units of blooq
transfused‘on stuady,

1
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-The incidence of abnormal values of clinical concern for
selected laboratory tests from day i through the end of the

study, including:

mild: equal or greater than 1x10°/mm’ and less than
the investigator’s lower limit of normal

moderate: equal or greater than 10‘/mm’ and lower than
1 x 10°/mm’

severe: lower than 104/mm’

mild: greater than the investigator’s upper limit
of normal and lovwer than 6 x 10%/mm’®

moderate: hiqzm;;’ than 6 x 10°/mm’ and lower than 1 x
10%/

severe: higher than 1 x 10%/mm’

N L

Hemoglobin: Values lower than 8 gm/dlL or a decrease
equal or greater than 2 gm/dL from baseline.

¢ 3= to 6-fold increase and more than é-
fold higher than the investigator’s upper
limit of normal.

Total Bilirubin: values greater than 2 mg/dL.

: Any value greater than 2-fold
higher than the investigator’s upper limits
of normal. |

Creatinine: Any value greater than 2 mg/dL.
BUN: Any value greater than 30 mg/dL.

~The mean changes from baseline for hematology laboratory
tests at day 4, 7 and at the end of study and follow-up and
end of study and follow-up for serum ~hemistry tests. The
post-surgical, pre-treatment value was the baseline for CEBC
and coagulation tests. The baseline for all the other values
was the pre-surgical values.

-Shifts in the percentage of patients with hematology and
chemistry laboratory values ocutside the normal range at the
end of the study relative to baseline.

v

n
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- The mean change from pre-surgery baseline for systolic and
diastolic blood pressure, pulse rate, and temperature at day
4, 7 and at end of study.

The assay of FPA was found to be unreliable, therefore no
analysis of the data was performed. Plasma levels of anti-Xa and
anti-IIa activity were obtained at selected centers.

STATISTICAL ANALYSIS

The two treatments groups were compared at baseline for
categorical variables (sex) and other demographic variables (age,
weight, BP, medical and surgical histories, transfusions) using
descriptive statistice. Each variable was summarized for all
treated and all evaluable patients. As all randomized patients
were treated, the treated and the randomized groups are the same.

Efficacy Analvses

The endpoint was represented by development of DVT (treatment
failure).

The incidence of DVT was analyzed for both all treated patients
with efficacy data and for the evaluable patients. Justification
for pooling across centers was investigated using a two-way
logistic regression model. The results were also summarized by
center to provide a qualitative assessment of the presence of
interactions.

A two-way logistic regression model was used to compare the
treatment groups. The treatment comparison between the two
treatment groups was based on a 5% significance level. All tests
were two-sided. An approximate 95% confidence interval for the
odds ratio of treatment fajlure in placebo versus enoxaparin was
computed. The odds of a treatment failure are defined as
estipated incidence rate of treatment failure/estimated incidence
rate of treatment success. The incidence rate of treatment
failure by treatment group was summarized in patients '
subpopulations by sex and age.
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ADVERSE EVRENIS {

The COSTART dictionary ‘ias used to classify the adverse events.
Events for a particular COSTART occurring more than once vere
counted only once. Repeated reporting of the same adverse event
in a patient was reported only as the nost severe. Each type of
event occurring within a body system was counted.

Adverse events incidence rates (all events excluding those
unrelated to study medication) were summarized by treatment
group. The adverse events were summarized for each body system
and overall. Overall indices reflected the number of patients
reporting any adverse event. :

Fisher’s exact test was performed for the statistical comparison
of the enoxaparin and the placebo groups for total adverse events
in each body system, for each event with an incidence of 5% or
higher, for all adverse reactions, and for each event with an
incidence of 5% or higher for all adverse events excluding those
unrelated to study medication. These analyses were requested by .
the Agency at a pre-NDA meeting in March 1991.

Bleeding Assegsment

The overall incidence of major bleeding, minor bleeding, absence
of bleeding 2nd the percentage of patients who experienced any
major or minor bleeding during the study period was determined
for each treatment group. A two-way logistic regression model
with factors for treatment group and center was used.

Laboratory Data

Mean changes from baseline were determined on Day 14 or at the
end of the study for all laboratory parameters, except CBC and
coagulation which were measured daily and whose changes were
assessed daily and at the end of study. The mean changes fronm
pooled parameters across investigators were summarized for the
two treatment groups using descriptive statistics. No formal
statistical analyses were performed for these laboratory qQata.
Fisher’s exact test was performed for the statistical comparison
between the two groups of the selected laboratory values of
clinical concern. Shift tables were generated that summarize the
distribution (below, within, above normal or unknown categories) -
of baseline and end of study hematolegy and chemistry values.
Statistical analysis of the daily determinations of anti-Xa
activity was not available at the time of the NDA submission.

If more than one laboratory or vital sign determinatison was
available for a parameter, the first evaluation was used for
analysis.
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The mean changes from baseline for systolic and diastolic
pressure were summarized for the two treatment groups. No formal
statistical test of hypothesis was performed.

DATA QUALITY CONTROL
The study was performed in Canada and the original database was

created in Canada. The sponsor prepared the NDA report from the
database recreated from the CRFs.

The Central Adjudicating Committees for Venography and Bleeding
reviewed the major endpoint of the trial. The entire database
was verified against the results of the Committees’ adjudication.
Supportive analyses contained in this report were prepared by the
sponsor in US and verified against CRFs and source documentation
in 10% of cases.

RESULTS

One hundred patients were randomized for the study and all were
treated: 50 patients received enoxaparin 30 mg ql2h and 50
patients received placebo gi2h. A total of 48% of all patients
(50% of enoxaparin and 46% of placebo) completed the study.
Fifty-two percent (52%) of patients (50% of the enoxaparin and
54% of the placebo patients) were prematurely discontinued.
Fifty-eight percent (58%) of patients (54% of the enoxaparin and
62% of the placebo patients) had definitive VG results, met all
other evaluability criteria and constituted the evaluable patient

population.

All 100 randomized patients received at least one dose of study
medication and were included in the safety evaluation.

The patients disposition and availability are summarized in the
following table:

Patients Treatment Group
Disposition Enoxaparin Blacebo overall
n (%) n (%) n (%)

Patients Randomizad 50 50 100
Patients Treated 50 (100%) 50 (100%) 100 (100%)

Completed 25 ( 50%) 23 { 46%) 48 ( 48%)

Discontinued 25 ( 50%) 27 ( 54%) 52 ( 52%)
Patients Evaluated for Efficacy: .
All treated Patients 50 (100%) 50 (100%) 100 (100%)
Evaluable Patients 27 ( 54%) 31 ( 62%) 58 ( 58%)
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PATIENT: DISCONTINUATION

Fifty-two treated patients were prematurely discontinued from the

study: 25 in the enoxaparin and 27 in the placebo group.

The primary reason for discontinuation was improvement for the
enoxaparin group and failure for the placebo group.

A summary of the discontinued patients is shown in the following
table:

Reason for — Treatment Group
Withdrawal Enoxaparin Placebo Qverall
n (%) n (%) n (%)

Patients Randomized 50 50 - 100

Patients Treated 50 (100%) 50 (100%) 100 (100%)

Patients Discontinued 25 ( 50%) 27 ( 54%) 52 ( 52%)
Failure of Treatment 3 7 6%) 16 { 32%) 19 ( 15%)
Improvement 12 ( 24%) 4 ( 8%) 16 ( 16%)
Adverse Events 2 ( 4%) 4 ( 8%) 6 ( 6%)
Lost to Follow-up 3 ( 6%) 1 ( 2%) 4 ( 4%)
Intercurrent Illness 3 ( 6%) 0 3 ( 23%)
Treatment Error 0 1 ( 2%) 2 { 1%)
Other 2 ( 4%) 1 ( 2%) 3 ( 3%)

PATIENT EVALUABILITY

Pifty-eight of the 100 patients were fully evaluable (completed
venography), including 27 or 54% of the enoxaparin group and 31
or 62% of the placebo group. The most common reason for
exclusion from evaluability was enrollment prior to mandatory
venography (VG). This affected 24 of the 100 treated patients
equally distributed between the two treatment groups. The data
on patient evaluability and reason for exclusion are summarized
in the following table:

TIreatment Group
Patients Enoxaparin Placebo Qverall
n (%) n (%) n (%)
Patients Randomized 50 50 100
Patients Treated 50 (100%) 50 (100%) 100 (100%)
Patients kvaluable 27 ( 54%) 31 ( 62%) 58 ( 58%)

Patients not Evaluable 23 ( 46%) 19 ( 38%) 42 ( 42%)
Prior to mandatory VG 13 ( 26%) 11 ( 22%) 24 ( 24%)
Mandatory VG not done 5 ( 10%) 6 ( 12%) 11 ( 11%)
VG not interpretable 1 ( 2%) 0 ( 0%) 1 (
Una.lowed Medications 4 ( 8%) 2 ( 4%) & (

L e
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STUDY COMPLETION AND EVALUABILITY ﬁ

The distribution of the patients between those who completed the
study and those who were discontinued is shown in the following
table:

Ratients Enoxaparin Rlacebo
n (%) n (%) n (%)

Patients Randomized 50 50 100
Patients Completed 25 (100%) 23 (100%) 48 (100%)
Completed Evaluable 16 ( 64%) 23 ( 45%) = 48 ( 48%)
Completed not Evaluable 9 ( 36%) 13 ( 57%) 22 ( 46%)
Discontinued Patients 25 ( 50%]) 27 ( 54%) 52 ( 52%)
Discontinued Evaluable 11 ( 44%) 21 ( 78%) 32 ( 62%)
Discontinued Unevaluable 14 ( 56%) 6 ( 22%) 20 ( 38%)

DEMOGRAPHICS

The demographic data of the evaluable patients and of the
unevaluable patients were similar to those of the all treated
patients and were similar in the two treatment groups.

The demographic information of all the treated patients are shown
in table 3.1 from volume 33, page 34 of the NDA.

CONCOMITANT MEDICATIONS

All 100 treated patients reported the use of concomitant
medications. Opiate and opioids were used in 98% of patients.
Other diagnostic agents, other analgesics and antibiotics
(cephalosporins) were used in more than 30% of patients. Other
medications included tranquilizers and anti-histaminics. The use
of concomitant drugs was equally distributed between the two
treatment groups with the exception of anti-histaminics which 4
were more frequent in the placebo group. §

Twenty of the patients prematurely discontinued from the study
because of failure were treated with other antithrombotic drugs
such as heparin or warfarin.

CONCURRENT ILLNESSES AND MEDICAL HISTORY

All 100 treated patients had other presenting condition or
disease. The most frequent were diseases of the musculoskeletal
system and connective tissue, diseases of the circulatory systen,

glv
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endocrine, nutritional, metabolic, immune systems and neoplasms. 4
The incidence of the conditions was similar in the two treatment 4
groups. There was no increased incidence of DVT predisposing

conditions in any group.

Table 3.1
Demographic Information (All Treated Patients)
(Appendix B.3.2)

Treatment Croup

Overall.

Characteristic Enoxaparin Placebo )
n (%) - nr (%) n (%)
All Treated Patients 50 (100%) S0 (100%) 100 (100%) o
Sex: |
Male 26 (52%) 19 (38%) 45 (45%)
Female 24 (48%) 31 (62%) 55 (55%)

Age (yrs):
N - 50 S0 100

Mean years 66.8 67.4 67.1
STD 9.6 8.9 9.2
Range 41-84 44-82 41-84
Weight (kg):
N 50 50 100
Mean 73.8 72.4 73.1
STD 12.4 13.9 13.1
Range 40-100 46-102 40-102
Height (cm):
N S0 50 100
Mean 167.3 166.7 167.0
STD l10.8 10.8 10.7
Range 140-191 140-185 140-191
MEDICAL AND SURGICAL HISTORY

The overall incidence of positive medical/surgical history was
100¢. Diseases of the musculoskeletal system were the cause of

_surgery in 97% of patients. There was nc difference between the

treatment groups or among evaluable patients.
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PRIMARY DIAGNOSIS AND SURGERY DATIA

Osteocarthritis was'the primary diagnosis in 83% of patients and
its incidence was similar in all groups.

Eighty-eight percent (88%) of patients received blood during
surgery. The mean number of units given during surgery or in the
recovery room was 2.9 units.

There were no differences between the all treated and the
evaluable patients populations, between the evaluable and
unevaluable patient population, or between treatment groups for
evaluable and unevaluable patients regarding primary diagnosis.

surgery, and transfusion data.

The primary diagnoses, surgery data, and transfusion data are
summarized in table 6.1.

EFFICACY RESULIS

CLINICAL OVERVIEW OF EFFICACY RESULTS: There was a statistically
significant difference in rate of DVT in the enoxaparin treated -
patients compared to the placebo group in both the all treated
population and evaluable patients population. 1In the all treated
population, the incidence of DVT was 10% in the enoxaparin group
and 46% in the placebo group. The incidence of proximal DVT was
2% in the enoxaparin group compared to 22% in the placebo group.
Similar results were seen in the evaluable patient population.
Two patients experienced pulmonary embolization, one in the
placebo and one in the encxaparin group. The placebo patient had
study treatment discontinued and was removed from the study on
post-operative day 4 for "adverse events". The patient developed
DVT and PE on post-cperative day 13. Venography and angiogram
not done, ventilation/perfusion lung scan was positive. The
enoxaparin patient was discontinued from the study of post-
operative day 10 due to discharge from the hospital after
venography which was negative. On post-operative day 15,
bilateral PE were diagnosed by lung scan.
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Table 6.1 {
Summary of Primary plagnosis and rransfusion Data 1
{All Treated Patients)
(Appendix B.6.2)
Diagnosis and o Treatment Grou
pransfusion Data Enoxaparin Placebo Overall ;
— “E“'TET‘ <@ 8 (& -
Ail Treated Patients S0 50 100

primary Diagnosis:

Ogtecarthritis 41 (0z%) 42 (84%) 83 (83%) S
Rheumatoid Arthritis 7 (l4%) . 2 (4%) 9 (9%)— - - —
Arthritis - 1 {2%) -3 (68)— 4 (4%)
Avascular Necrosis i (2%) 2 {4%) 3 (3%)

Bone Metastases 0 1 (2%) 1 (1%)
Duration of Surgery: .

N s¢ (100%) 50 (100%) ‘100 (100%)

Mean (mirutes) 129.8 123.8 126.7

STD 26.7 23.9 25.4 !

Range 80~-220 70-180 70~220 -
potal Units of All Blood ' I

Transfused at surgery?
patients Transfused 45 (90%) 43 (86%) 88 (88%) |
3 !

Mean . 2.8 2.9
STD 1.8 1.4 1.6
Range 1-8 1-9 . 1-9

L mm e o  ———— = -

Blood Loss > 1 Liter -
Number of Patients 36 (72%) 28 (56%) 64 (64%)

a SIgoa transfused 1n operating and recovery ToOms
only.

The DVT findings determined by the other twe methods of vascular
assessment used in the study: the SI-fibrinigen scan performed
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daily and the IPG performed on days 5, 7, 9, 11 and 13, were
independently compared to those found hﬁﬁva'}n the same patients.

R The results of cross tabulation of the
are shown in table 7.1.

The rssults of cross tabulation of negative fibrinogen scan with
positive VG differed between trecatment groups. In the enoxaparin
, 13% of the patients with negative fibrinogen scan had
positive VG. In the placebo group, 20% of patients with negative
fibrinogen scan had positive VG, but 95% of patients with

positive fibrinogen scan had positive VG findings.

The results of cross tabulation of the IPG scang with the
venography findings are shown in table 7.2: -

B f A —_

- Table 7.2 |
Cross Tabulation of Impazdance Plethysmogiaphy Pindings with ;
Corresponding Venography Findings %
(Appendix B.7.1)

- ———— a4 Y

Corzespenciing rindings
IPG PFindings Venography ¥indings In Aqreement
Finding n Finding _n_ _(%v)a Finding _n_
Negative 52 Negative 35 (67%) Regative 35 .

Positive 17 (33%)
Positive 4 Nagative 2 (S0%) Positive 2

Positive 2 (50%)

Total £6 58 37

Overall Agreement (66%)

a Percent of patients with impedance plethysmography
findings.

The results of cross tabulation of negative IPG findings with
positive VG findings differed between the treatment groups.
Fourteen percent (14%) of the enoxaparin patients with negative

s F



L A

NDA 20-~164
rage 37

IPG had positive VG and 0% who had positive IPG had positive VG.
In the placebo group, 57% who had negative IPG had positive VG
and 67% who had positive IPG had positive VG.

DVT _FINDINGS

Treatment outcome was assessed by DVT findings from VG in 67% of

all patients (67/100) and by other vascular or clinical
assessment in 33% (33/100) of patients. No differences among the

treatment groups were observed for the distribution of all
patients with or without VG findings.

ANALYSIS OF INCIDENCE OF DVI

AL RANDOMIZED PATIENTS EFFICACY ANALYSIS: All randomized
patients were treated, therefore t' s group is analyzed in the
all treated group.

ALL TREATED PATIFNTS EFFICACY ANALYSIS: When all patients with
positive vascular data or clinical evidence of DVT (groups 3 and
4) were combined with the patients with positive venogram (groups
1), 28 patients had evidence of DVT following surgery (table
8.1). The incidence of DVT was 10% in the enoxaparin group
(5/50) and 46% in the placebo group (23/50) . The difference was
statistically significant (p=0.0002). The odds ratio was 8.34
with a 95% CI that supported the difference (fig. 1A and 1B).

The incidence of proximal DVT was 2% in the enoxaparin group
(1/50), and 22% in the placebc group (11/50).

The results in the all treated patient population are summarized
in table 8.1 and 8.2.

I AR
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Figure 1A
m:.:m:au_ Result of DVT Findings by Treatment Group
Percent of Treatment Failures

All Treated Patients
ENO884
80 -
60 -
% of Treatment
Failures 40 -
20 -
10*
0 . -
Enoxaparin
30 mg qi2h :
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Treatment Groups -

* Statistically significantly favored over the placebo group at the 5% level
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Figure 1B

Statistical Result of DVT Findings by Treatment Group
Confidence Intervals for Odds Ratio of Treatment Failures

Treatment )

All Treated Patients
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Table | 1 \\
gucmary of the Dlii%fﬁu%?ﬁn of DVT Pindings .
) py Tueatment Groud for ALl Treated Patiencs {
(Appendix p.8.1) ‘
v , Tresz3ent GIoub . |
anCerd noxa 1] ACSDC verhis
Yenosrapay Eoagne 2y o (W
. Al greatsd Patients 50 50 100
freatment Qutccme Groupst '
patients with pefinitive
Venography Rasultss 33 (66%) 3¢ (68%) 67 (67%)
{1} Positive 5 3 y {3
{2) magative’ as 13 41 .
patiants without pefinitive
venography Results: 17 {34%) 1§ (32%) 33 (33%) ’
P - clinical Bvidence of D¥Fr T ° Lo
: ¢ (3) Positive; Other . {
. - Gas pethods ¢ 1 ,
‘ . (4} Othet Positive ;
. . oo Clinical Data L 18 8
o : clsnica) Evidence 17 14 n
5 Yatient 309 1‘55553 <23 vith ney —{ve Tindings} —eturned |
L oa_dly 77 with cld esl signs of VY. .o \
susmary of statistical Results of VT rindings
py Treatsent Group for Akl szeated Patient3
(Appendix %.9.1)
Trea £ }
patients rreated Enguaparin Placebo Querall ; R
n (V) n (%) n (%) ;
. All Treated patlients s0 (100%) g0 (100%) 100 (100%) i
[}
rreatment Failures s (1o 231 (ay) 28 (28%) ‘1
proximal DV 1 (2w 11 {22%) 11 (2% .-
pistal VT 4 {oy) 10 {20%) 18 taev)
Other Vasculal
Machods 0 2 {4\) 2 (2%}

Batween-Group Compariscn of Trsatment fallures

¢54 Confldence
taterval for

rraatmant 0dds

Comparcison Ratio® p-value odds Ratie
_—.——-———- p——— e e om— i
Placebot

30 g qlah 8.34 0.0002* (2.72, 2%.56)

-

2 Estimated frod a logiztic regzession model with
treataant and centel effects.
+ statistically significant at the 5% lavel.
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EVALUABLE PATIENTS EFFICACY ANALYSIS: Twenty-three (23) of the

58 evaluable patients (40%) had VG confirmed DVI. The incidence
of DVT was 15% (4/27 patients) in the enoxaparin group, and 61%

(19/31) in the placebo group. The difference was statistically

signiticant (p= 0009).

The incidence of proximal DVT was 4% (1/27) in the enoxaparin
group, and 29% (9/31) in the placebo group.

one of the distal DVTs in the enoxaparin group was reclassified
as proximal DVT by the sponsor on subsequent analysis. One
distal DVT in a placebo patient was reclassified by the sponsor
as both proximal and distal DVT.

The results in the evaluable patient population are shown in the
following table:

Patients Enoxaparin Placeho
n (%) n (%) n (%)
Patients Evaluable 27 (100%) 31 (100%) 58 (109)
Treatxent Failures 4 ( 15%) 19 ( 61%) 23 ( 40%)
Proximal DVT 1 ( 4%) 9 ( 29%) 10 ( 17%)
nDistal DVT 3 ( 11%) 10 { 32%) 13 ( 17%)

Between-groups comparison of treatment failures

Treatment Qdds 95% C1 for
corparison Ratio p-value Odds Ratio
Placebo/

Enoxaparin 10.18 0.0009 (2.57-40.25)

The odds ratio was estimated from a logistic regression model
with treatment and center effects.

SUBSET EFFICACY ANALYSIS FOR ALL TREATED PATIENTS AND FOR
H _SUBSETS: The distribution of

treatment failure in the all treated patients and evaluable
patients groups was similar among males (29%) and fenales, a2nd
among patients under and over 65 years of age. The results were
also similar within treatment groups.

SAFETY RESULTS

CLINICAL OVERVIEW OF SAFETY RESULTS: Enoxaparin appeared to be
well tolerated at the dose of 30 mg.ql2h sc. The overall safety

profile, including the incidence of severe bleeding, was similar
to placebo.

s S ams . .
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The incidence of adverse reactions was 48% in the enoxaparin

group and 58% in the placebo group. The incidence of
discontinuation due to adverse events was not higher in the
enoxaparin group compared to placebo. No differences in
laboratory tests were noted between treatment groups except for
the increase in SGPT in the enoxaparin group.

BER_OF PATIENT! ALUATE : _EXPOSURE: All
patients who received at least one dose of study medication were
included in the safety assessment.

STUDY.DRUG ADMINISTRATION: The mean duration of treatment for
all patients was 11.2 days + 4.0 days (range 1-14 days) and it
wvas similar for both treatment groups. The mean number of doses
of study medications for all patients was 21.8 + 8.1 doses (range
1-28 doses).

E) [UDY: Four

\

P2 EPISOR OF BLEEDIN : 'H}
episodes of bleeding, three major and one minor, were reported in

the entire study population, resulting in an incidence of
bleeding of 4% in both treatment groups. The incidence of major
bleeding was 2% (1/50) in the enoxaparin group and 4% (2/50) in

the placebo group. The bleeding episodes are summarized in table

Treatment Group
Patients Enoxaparin Placebo overall
n (%) n (%) n (%)

All Treated Patients 50 (100%) 50 (100%) 100 (100%)
Major & Minor Bleeding 2 [ 4%) 2 ( 4%) 4 ( 4%)

Major Bleeding 1 ( 2%) . 2 ( 4%) 3 ( 3%

Minor Bl:eding 1 { 2%) 0 1 ( 1%)
No Bleeding 48 ( 95%) 48 ( 96%) 96 ( 96%)
Between-groups comparison of treatment failures
Ixeatment Qdds 95% CI for
comparison Ratio p-value Qdds Ratio
Major or Minor Eleeding Episodes
Placebo/
Enoxaparin 1.01 0.9898 (0.14-~7.51)
Minor Bleeding Ep’sodes:
Placebo/
Enoxaparin 2.01 0.5733 (0.18-23.01)

The odds ratio was estimated from a logistic regression model
with treatment and center effects.

ey
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The single episode of major bleeding in the enoxaparin group
occurred on day 2 and consisted of hematemesis.

The two episodes of major bleeding in the placebo group occurred t
on day 1 and were represented by wound bleeding and hematemesis.

POSTSURGICAL BLOOD TRANSFUSIQNS: Fifty-two (52) of the 100
treated patients received at least one unit of blood. Twenty-
eight percent (28%) of the patients received one or two units;
24% of the enoxaparin group (12/50) and 32% of the placebo group
(16/50) .

Twenty-four percent (24%) of the patients received more than two
units of blood: the incidence was higher in the enoxaparin group,
14/50 or 28%, than in the placebo group, 10/50 or 20%.

The mean number of units of blood transfused post-surgery was 3.3
in the enoxaparin and 2.8 in the placebo groups. |

The data on post-surgical transfusion requirement are summarized
in the following table:

Units Transfused Enoxaparin Placebo overall
n=50 n=50 n=100

0 Units 24 (48%) 24 (48%) 48 (48%)

1-2 Units 12 (24%) 16 (32%) 28 (28%)

> 2 Units 14 (28%) 10 (20%) 24 (24%)

Patients Transfuged

N 26 (52%) 26 (52%) 52 (52%)

Mean (Units) 3.3 2.8 3.0

STD 2.3 1.5 2.0

Range 1-10 1-7 1-10

ADVERSE EVENTS: Adverse events included all untoward events
observed by the investigator or reported by the patient
throughout the study period. All adverse events were mapped to
the COSTART dictionary.

ALL ADVERSE EVENTS: Overall, 76% of patients, equally
distributed in the two treatment groups, reported at least one
adverse event. Most of the adverse events reported by the
patients were of mild or moderate severity. However, 13/50
patients (25%) in the enoxaparin group and 15/50 (30%) in the
placebo group reported at least one event which was regarded by
the investigator as severe in nature.

All adverse events. by body system are summarized in table 12.1.
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. 1
Summary of Adverse Events by Sody System, All Adverse Events
(Appendix 8.13)

----- All Adverse Eventg--==~~>="

—TreatmentGroun .
m 37 (7a%) 39.(76%) Q.81%
Body As A Whole 14 (28%) 158 (30%) 1.000
oign:m to 13 (26%) 14 (28%)  1.000
Cardiovascular S 11 (22%) 11 (22%) 1.000
Heaic/Lymphatic 6 (12%) 11 (22%)  0.287
“::::::::::1‘ 11 (22%) .5 (10%) 0.7
Nervous 4 (8%) 7 (14%) 0.528
Urogenital s (10%) 4 (8%) 1.000
F Skin and Appendages 1 (2%) 7 (14%) 0.089
Musculoskeletal 2 (s) 1 (2%) 1.000
Respiratory 1 (é’!! 1 (2%) 1.000

Injection Site
Reactions 1 (2%) 1 (2%) 1.000

T T s p-values computed for enoxaparin versus placebo.
¢+ Percentages based on number of patients in each.
treatment group.

F ALIVERSE LV . \ . NN, -
MEDICATION: Overall, 53% of patients had adverse events which
were considered to be related study medication. No signiticant
difference in incidence rate was noted in the two treatment
groups. All adverse events by body system with an incidence of
s§ or higher are summarized in table 12.2. All gstudy drug-
related adverse events by body system reported with an incidence

l of 5% or higher are summarized in table 12.4.
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Summnary of Adverse Events with an Incidence of 2 5% in a3 Treatment Group
{AVY Adverse Events) )
. (Appendix 3.13)
weensAl) Adverse Eveantg---==s==~
—lLEALERRL GO
8ody System
fnoxaparin £lacebo  p-valud
Tatals+ {n = 50) {n = 50)
Overal! A7 (va%) 39 _(70%) 0.8
. BODY AS A WHOLE
oy Pain 7 (14%)-— 7 (ven)  1.00C |
4 - Faver 8 (10%) 3 (6%} 0.718 .
. Infaction 0 3 (6%) 0.242 i
Abdominal Pain 0 3 (&%) 0.242 '
: DIGESTIVE SYSTEM {
. Nausea 4 (%) & (W03) 1.000 ‘
vomiting 3 (6%) 3 (&% 1.000
Nauses and Yomiting % (1O%) 0 0.0%8
) Diarrhaa T (2%) 4 (B%) 0.362
CARDIOVASCULARSYSTEM .
Thrombosis 2 (&) & ("2%) 0.269
Hemorrhage 4 (8%) 3 i18%) 1.000

HEMIC & LYNPHATIC
SYSTEM
Hypochromic Anemia 4 (8%)

o e ——

METABOLIC AND

NUTRITIONAL SYSTEM .
Edema 10 (20%) 4 (8%) €.148 :
NERVOUS SYSTEM i
Hatlucinations 0 3 (&%) 0.242
UROGENITAL SYSTEM
Anuria 3 (&%) 2 (4%) 1.000

SKIN AND APPENDAGES
Rash (4] 4 (8%) 0.117

a p-valves computad for enoxaparin versus placebo,
+ Pearcentages based on number of patients in eacn
treatmant group.
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. .
Summary of Adverae Events with an Incidence of 2 5% in a Treatment Group
-Excluding Those Events Unrelated to Study ¥egdication-
(Appendix 8.14)

------- Adverse f£ventg---~=co-cess<
e Tegaxmant Gooug
gody System
COSTART Tarm Encxapacin Placebo. a:-valud®
Totalse (n = 50) (n = $S0)
Qverall 24 (43%) 28 (56%) 0.423
BODY AS A WHOLE
Pain 1 (2%) 4 (0%) 0.362

HEMIC & LYMPHATIC
SYSTEM
Hypochromic Anemia 3 (6%) 8 (16%) 0.200

CARDIOVASCULARSYSTEM L i e

Thrombos is 2 (4%) s (10%) 0.43¢

DIGESTIVE SYSTEM 7 i
‘otarehea 3 (2%) 3 (6%) 0.617 d

METABOLIC AND
NUTRITIONAL SYSTEM
Edema 5 (10%) 2 (a%) 0.436

NERVOUS SYSTEM ‘
Hallucinations ] 3 (&%) 0.242 -

SKIN AND APPENDAGES
Rash 0 4 (8%) 0.117

;
i

s p-values computed for enoxaparin versus placebo. ’
+ Percentages bascd on number of patients in sach ;
treatment group. |‘

i

s

PATIENTS WHO DIED DURING THE STUDY: One patient in the placebo
group died on day 11, 8 days after discontinuation of study
medication and while on heparin therapy for DVT developed on
postoperative day 7. The cause of death was bilataral adrenal

hamorrhage.

: Overall, six patients were prematurely discontinued from
the study because of adverse events: 2 in the enoxaparin and 4 in
the placebo groups. One placebo patient experienced nausea,
vomiting and hematemesis, and the second developed hypochromic
anemia. The acdlverse events in these patients were considered
possibly related to study medication.

One enoxaparin patient developed thrombosis on day 13 of study,
one patient developed edema, the third patient experienced

L S e .
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hematemesis and the fourth had dizziness and hallucinations which
were considered possibly related to study medication.

Pour patients experienced severe adverse events. One death
occurred in the placebc group; the patient died on post~operative
day 11 from bllateral adrenal medullary hemorrhage while
receiving heparin therapy for proximal DVT diagnosed on post-
operative day 7. One life-threatening event represented by PE
occurred in a placebo patient. Two life-threatening aevents were
re({ported in the two enoxaparin patients: one developed PE and
the second developed an anteroseptal MY with CHF.

CLINICAL LABORATORY EVALUATIONS: Post-operative increase in
platelet counts, as well as elevations of 8GOT, SGPT, AP and LDH
serus levels vere observed in both treatwent groups. The
elevation of SGPT was more pronouncéd in the enoxaparin group.
The shifts from the normal range for the laboratory parameters
vere similar in the two groups except that the increase from
baseline in platelets counts and SGOT Wwere more frequent in the
enoxaparin group, and the decrease in calcium level was more

frequent in the placebo group.

The summary of patients with possibly clinically significant

values of selected laboratory tests is shown in table 16.
Summary of the On=-Study Iac.‘.d-nc: ot P;titntl with Clinically Significant

Values for Selected Laboratory Parasecers :

(Appendix B.19) ;

Dazameter ; Treatmant Group X
value Enoxaparin  Placsbo p-value¢d _Overall '
n (%) a {\) n (v) ;

All Treacad Patients S0 (100V) 20 (100%) 100 (loOvn)

Platelets: Thrombocytopenial
Mild 2 (4%)
Modsrate 1 {2%)

(6%) g.4678 3 (6%)
{2%) 1.000 2 (2%)

e b

Platelecs: Thrombocytosis®

Mild 15 {30%) 3 (i8V) 0.241 24 (24\)
Moderate il {22%) 3 (18%) ¢.301 20 (20%)
Hemnglobin:

< 8 gm/dL 3 (6%) 1 {2\ 0.617 4 {4%)
Dec > 2 ga/dL 10 (20%) 6 ¢(12%) D.al4 16 (16%)
SGOT:

3-9x Normal 1 {2%} ¢ 1.000 .1 (L%}
> §« Normal b3 (2%) v} 1.000 1 - (1i%)
SGPT:

3-6x Normal 2 (4%) v 0.495% 2 {2%)

Alk-Phosphatase:
> 2% Normal 0 i {4%) 0.495 2 {2\)

Creatinine:
>2 mg/4dL

(&)

(4%} 0 0.495 2 (2%)

BUN:
230 mg,dL 3 16%) 0 g.242 k! {3%)

it iir e Frmm trigm b il ad Dlamptin Tyamer Maeyr ~amnarl ! son
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The narkn&ly abnormal laboratory values encountered throughout
the course of the trial are summarized in Table 17.

Tapie 1J
Liscing of Patients vith Selected Markedly
Aonorzal Values for Laboratory Values by Tresacment Group
(Appendices 0.10.1, D.10.2, D.11.1 and D.11.2)

Yreataent Patient Saselina Significant rinal
SEoup Numbes Valye Valje (Day) Yalye (Day)  Sommencs
Ramoglobis < 7 ¢/4L
Enoxapatin 313 1.9 §.5 (POD-2) 12.5 (ECS) p/Ca; ocecult
: bleed on Day 2
Platelets < 100,000/m _
‘BnOXaparin io 185,000 91,000 (POD-2) 527,000 (EQS)
Placebo a1 118,900 97,000 (POD-1)
89,000 (P0D—-2)
100,000 (PQD-3) 293,000 (ECS)
BOR > 30 sg/8L
Enoxapacis 113 30.8 — 22.1 (208)
128 3.7 —— 16.2 (ECS)
134 37.3 — 19.3 (EOS)
139 20.4 43.4 (208) 43.4 (TO8)
19% 39.8 ——— — *spaseline only
216 40.9 — 29.1 (EO8)
304 30.8 30.5 (EOS) 30.5 (EOS8)
12 ' 26.3 39.8 (E08) 39.8 (EOS)
Placsbo 206 42.3 — 13.6 (EOS)
302 8.4 S 12.6 (EOS)
Creatisinc > 2 mg/dL
Enoxaparin 134 2.1 1.6 (r08) .
19§ 2.1 —— — baseline only
216 2.0 2.1 (EOS) 2.1 (EO3)
304 2.0 .0 (EOS) 2.0 (FOS}
329 4.1 — 0.8 (EO8)
SGOT > § X ULM IU/L
Enoxaparin 211 22.0 286 (POD-)) 295 {POD~3;

POD = Post-operative Day: £0S=End of study; D/Cd = Discontinued from study.

NON-LABORATORY EVALUATION

. fThere were no changes from baseline of vital signs

and no dif erences between treatment groups.

: In this study, the effectiveness of

SUMMARY AND CONCLUSIONS

enoxaparin 30 mg ql2h sc for the prophylaxis of DVT in patients
ugdergging elective total hip replacement was compared to
placebo. . -

[P
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Oone hundred patients ware enrolled in the study: 50 on enoxaparin
and S0 on placebo. 211 received at least one dose of study
medication and all v.are included in the “"all treated patients
analysis® or "intert to treat" analysis.

The endpoint of the study was treatment failure or development of
DVT. An initial surveillance for DVT was made with daily '*1-
Fibrinogen scans and serial IPG. Abnormal results of these tests
would be confirmed by venogram. Because the rate of DVT detected
by the screening non-invasive vascular tests in the first 24
patients was unexpectedly low, venograms were made mandatory for
the remainder of the study. Fifty-eight (58) patients (27 or S4%
enoxaparin and 31 or 62% placebo patients) had interpretable
bilateral venography and constituted the evaluable patients

group.

The original prbtocol included evaluation of Pulmonary Embolism
(PE) with baseline and end-of-study lung scans. No data have
been submitted on lung scans, therefore, this assessment was not

performed.

The incidence of DVT among the all treated patients was 10%
(5/50) in the enoxaparin group and 46% (23/50) in the placebo
group. The difference was statistically significant (p=0.0002).
The incidence cf DVT among the evaluable patients was 15% (4/27)
in the enoxaparin group and 61% (19/31) in the placebo group. The
difference was statistically significant (p=0.0009).

Proximal DVT was detected in one enoxaparin patient and in 11
placebo patients (p=0.0020).__DVT occurred on the side of the hip
replacement in 14 patients and in the contralateral side in 8.
Two patients had bilateral DVT and one patient had both proximal
and distal bilateral DVT.

IBy-fibrinogen scans and IPG were also used to assess the
occurrence of DVT. A total of 67 patients had definite VG
finding and ®1-fibrinogei scans and a total of 56 patients had
definite VG findings and IPG scans. The results of these two
non-invasive tests were compared to the VG results obtained in
the same patients.

Cross tabulation of '""I-fibrinogen scans with VG findings
indicates an overall agreement of 78%. It must be noted,
however, that 16% (6/38) of negative fibrinogen scan had positive
VG findings and that 31% (9/29) of positive fibrinogen scans had
negative VG. The results of cross tabulation of negative
fibrinogen scan findings with positive VG findings differed
between treatment groups. In the enoxaparin group, 13% (3/23) of
patients who had negative fibrinogen scan had positive VG and

N A
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only 20% (2/10) who had positive fibrinogen scans had positive
VG. In the placebo group, 20% (3/15) of patients who had -
negative fibrinogen scan had positive VG, but 95% (18/19) who had
positive fibrinogen scan had positive VG findings. The
sensitivity of the »I-fibrinogen for detecting DVT was 76%; the
specificity was 82%; the positive predictive value was only 68.9%
and the negative predictive value was 84.2%.

e . S et

Croas tabulation of the IPG scans with the venography findings
showed an overall agreement of 66%. However, 33% (17/52) of
patients with negative IPG had positive VG findings and 2 of the
4 positive IPG had negative VG and 2 had positive VG. The
results of cross tabulation of negative IPG findings with
positive VG findings differed between the treatment groups.
Fourteen percent (14%, 4/29) of the enoxaparin patients with
negative IPG had positive VG and the only patient with positive
IPG had negative VG. In tha placebo group, 57% (13/23) of
patients with negative IPG had positive VG and 67% (2/3) of
patients with positive IPG had positive VG. The sensitivity of
IPG to detect DVT was only 10.5%; the specificity was 94%. The
positive predictive value was 50% and the negative predictive
value was 67.3%. The two non-invasive tests were unsatisfactory
for surveillance detection of DVT due to lack of both sensitivity
and specificity. Among a tutal of €7 evaluable patients, only
two patients, both in the placebo group, had their outconme
defined by these tests.

The study was performed in three centers. The number of patients
enrolled by each center were 42, 33, and 25; all three centers
had sufficient enrollment so that nopocling of data was
necessary. The results were homogeneous across centers. 1In each
of the three centers the incidence rate of treatment failure
(positive DVT) was uniformly higher in the placebo group than in
the enoxaparin group.

The study protocol included assessment of incidence of pulmonary .
embolism with preoperative and end-of-study lung scans. This
assessment was not performed during the clinical trial. The

number of subjects enrclled and evaluable may not have been

adequate for the analysis of incidence of PE even if ventilation
perfusion scans had been used for detection.

Enoxaparin appeared to be well tolerated. The incidence of
bleeding complication was similar in the two treatment groups:
the incidence of major bleeding was 2% in the enoxaparin group
compared to 4% in the placebo group. The blood transfusion

"
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requirements were similar in the two groups: the mean number of
RBC units transfused in the enoxaparin patients was 3.3 compared
to 2.8 units in the placebo patients.

Although more than 50% of the patients in both treatment groups
experienced adverse events considered to be related to study
medication, no particular association was noted with enoxaparin.
The only laboratory abnormality of possible clinical significance
associated to the administration of enoxaparin was represented by
elevation of SGOT which in one patient was greater than 6 x
baseline value.

Fifty-two patients (52%) were prematurely discontinued from the
study. In addition to 19 failures and 16 improvements, the
reasons for discontinuation were: 6 adverse reactions (4 of which
were serious), 4 lost to follow up, 3 intercurrent illnesses, 1
medication error, 3 other causes.

The four serious adverse events included one death, one acute MI
with CHF and two pulmonary embolisms. The death occurred in the
placebo group; this patient was terminated from the study on lay
3 because of excessive bleeding from operative site, he was
subsequently found to have proximal DVT by venography on vy 7,
was treated with heparin and died on day 11 of bilateral adrenal
hemorrhage. Acute MI and CHF occurred in one enoxaparin patient.
The two episodes of pulmonary embolism occurred in one enoxaparin
and one placebo patients. In both cases, the patients had been
discontinued from the study. The enoxaparin patient had been
discontinued from the study and discharged on post-or rative day
after negative VG, but on day 15 she experienced bilateral PE.
The placebo patient was discontinued from the study on day 4
because of adverse reaction with negative '’I-fibrinogen scan.

On day 13 PE was diagnosed by lung scan. IPG was negative, VG
was not performed.

Discrepancies in the assignment of patients to the
discontinuation categories was noted. For example, patient 115
on placebo was discontinued for "treatment emergent signs and
symptoms”, the case summary, however, indicates that she was a
treatment failure with documented DVT. Patient 218 on placebo
was discontinued for Yother " reasons while the summary indicate
that the patient should have been classified as improved since he
was discharged on day 14 with negative venogram. In fact, most
of the discontinuations for "improvement" were early discharges
due to uncomplicated postoperative course. Patient 141 was
listed under the discontinuations for "improvement" on day 12
after having received aspirin on day 9 and 10 in violation of the
protocol. The outcome group assignments were, however, correct.

K

‘L.‘ —- 1f _-“ -

|



NDA 20-164
Page 52

A change in protocol design was introduced while the study was
ongoing; mandatory bilateral VG, to be performed on day 14 or
prior to discharge, was added to the surveillance of DVT by
fibrinogen scan and IPG. In view of the fact that the study was
double-blind, that the change affected both placebo and active
treatment groups, and that the rate of vencgraphy was gimilar in
both groups, the results of the study have not been biased by the

interim change.

The results of this study indicate that enoxaparin provided
effective and safe antithrombotic prophylaxis in patients
undergoing elactive hip surgery. The efficacy results in the
treated group were highly significant when analyzed uither by
intent to treat or in the evaluable patients.

The results of this study were published by A.G.G. Turpie et al.:
A Randomized Controlled Trial of a Low-Nolecular-Weight Heparin
(Enoxaparin) to Prevent Daeep-Vein Thrombosis in Patients
Undergoing Elective Hip Surgery (N. Engl J Med 1986; 315-925-9).
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STUDY PK 323
TITLE: A randomized double~blind trial comparing enoxaparin low
molecular weight heparin and fixed dose calcium heparin

in patients undergoing elective hip surgery.

s 35, 36, 2.16
This study was conducted at five centers in Canada.

Invegtigators 1 : Patients Treated
J. Hirsh, M.D. Hamilton Gen. H., Hamilton 108
M. Levine, M.D. Henderson Gen. H., Hamilton 154
P. J. Powers, M.D. St. Joseph’s H., Hamilton 181
J. Leclerc, M.D. Montreal Gen. H., Montreal 168
J. Neemeh, M.D. L’Hotel-Dieu de Montreal, Montreal 54

¢ The objective of this study was to

OBJECTIVE OF THE STUDY

compare the safety and efficacy of enoxaparin, 30 mg qi2h sc,
with that of calcium heparin, 7500 IU gl2h sc, in the post-
operative prophylaxis of venous thromboembolism in patients

undergoing elective hip surgery.

STUDY DESIGN: This study was conducted as a phase III double-
blind, active-controlled, parallel-group, multicenter trial
comparing the efficacy of enoxaparin with calcium heparin in the
prevention of DVT in patients undergeing elective hip
replacement.

Except for being active controlled, the study design was similar
to that of protocol ENO-0884. Hospitalized patients fulfilling
the eligibility criteria for the study, were randomly assigned to
receive either enoxaparin 30 mg gl2h sc or calcium heparin 7500
IU q12h sc; the treatment was started 12-24 hours after surgery
and was continued for up to 14 days.

STUDY POPULATION: Males and females, 40 years and older,
eligible for elective hip surgery, who had given written informed
consent, were eligible for the study.

Exclusion criteria were: presence of underlying bleeding
disorder; allergy to iodine, heparin or contrast dye; pregnancy;
need for aspirin or other antiplatelet therapy during
hospitalization; severe hepatic disease; acute or chronic renal
faitgre, thrombocytopenia, history of MI or stroke within 6
months.

CONCOMITANT MEDICATIONS: Aspirin and other NSAID were not

allowed during the study. All concomitant medications were
recorded.

L-‘—‘
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3 Patients were discontinued from
the study and considered drop-outs for non-compliance with the
protocol (errors in dosage or schedule of treatment, omission of
Lugol’s solution administration, surgery not performed).
Permanent early termination of study medication was due to
consent withdrawal, adverse events or intercurrent illness.

- Patients whose medication was temporarily discontinued because of
bleedin~ and patient with DVT diagnosed at study completion were
not categorized as prematurely discontiruzd.

All discontinued cases were reviewed by the sponsor to determine
the event that most directly resulted in early study termination.

EFFICACY PROCERURES: The primary efficacy assessment was
bilateral venography (VG) performed between day 10 and 14 of
study, or earlier if clinically indicated. Additional efficacy
assessnent included daily ¥I~Fibrinogen leg scans and IPG
performed on day S5, 7, 9, 11 and 13, as well as clinical evidence
of DVT. A lung scan was performed if there was clinical evidence
of PE, and, if necessary, a pulmonary anciogram was performed to
confirm the diagnosis of PE. The case report forms of patients
who had no IPG, no ¥I-fibrinogen scans and no venography
performed were reviewed by the sponsor for clinical signs or
symptoms suggestive of DVT or for diagnosis of PE and
administration of anti-thrombotic therapy.

: Laboratorv tests included complete CBC,
coagulation tests, serum biochemistry, urinalysis, and anti_Xa
activity measurements. The results of the APTT were reported to
the treating clinician only if the value exceeded 85 seconds and
reduction of study medication dosage may have been necessary.

Bleeding epigodes were recorded for severity, site, clinical
events associated with the bleeding, concomitant laboratory
tests, time of onset, etc.

STUDY FILOW SCHEMATIC: The phases of the study procedures are
summarized in table 1 reproduced from the NDA, vol 35.
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fl. ADVERSE EVENTS: These were defined as untoward events observed
. ' by the investigator or repcrted by the patient. Adverse events
e were recorded for severity and relationship to study medication.

CLINICAL MONITORING: The study was approved by the IRB and
signed informed consents were obtained.

The study was monitored by the sponsor. In addition to reviewing
the CRF, the sponsor reviewed portions of the patients’ hospital
records as vell.

BLINDING: Study medications were supplied in prefilled identical
syringes containing 30 mg/0.3 ml of eroxaparin or 7500 IU/0.3 ml
of calcium heparin. Each patient was supplied with a supply of
30 syringes labeled only with the randomization number, the study
number and the investigator’s name. Individual sealed envalopes
containing the identity of the study redication were provided for
each patient ¢to permit unblinding in case of an emergency.
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STATIGTICAL METHODS N

B A
1

Initially, a sample size of 400 patients was determined based on
21 estimated rate of thrombosis »f 10% in the enoxaparin group
and of 20% in the heparin group. Based on these rates of DVT, a
statistically significant difference with a two-tailed test, at
a significance level of 0.05 and with a power of 80% could be
demonstrated with 195 patients in each group.

During the ccurse of the study the sample size was progressively
increased: first to 520 patients to reduce the chance of Type II
error, later on to 650 because it appeared that bilateral VG was
likely to be performed only on 80% of patients. Lastly, the
sanple size was increased to 700 patients in order to replace 40
observed patients who would be excluded from the eva.uable
efficacy analysis having received NSAID or anticoagulant.as.

RANVOMIZATION AND PATIENTS ASSIGNMENT

The randomization schedule was generated by the sponsor.

patients were randomized in a 1:1 ratio in blocks of 4 to receive
either enoxaparin or heparin. Eligible patients were randomly
assigrned to the next ava..able randomized number from a schedule
that was stratified for center, for previous history of venous
thromboembolic disease (TED) and for the use of surgical cement.
Each center was assigned a set of 5 digit numbers, the first
three digits would indicate the treatment center, the fourth
indicated the history of TED and the fifth the use of cement,

EFFICACY EVALUATION

DEFINITION OF EFFICAGY QUTCOME: Efficacy was assessed by the
incidence rate of DVT. Evidence of DVT was obtained from

bilateral VG, IPG, ®I-fibrinogen leg scan and other clinical
evidence of DVI. A positive VG was defined by a positive finding
in either the operative or non-operative limb or both limbs. A
negative VG was defined as a negative bilateral VG. An
inadequate VG was one in which the diagnosis of DVT could not be
made nor excluded. A unilateral negative VG was classified as
inaciequate.

The diagnosis of DVT by venogram had first priority for the
assessment of efficacy. Diagnosis of DVT by either a positive
151-fivrinogen scan or IPG had second priority. Clinlcal
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evidence of DVT was defined as either a positive result of
fibrinogen scan or IPG or other clinical evidence such as PE or
administration of anticoagulant therapy for DVT.

All treated patients who had received any study medication and
had had at least one clinical evaluation were classified into one
of the following outcome groups:

--------- Clinjical Evidence-—===w—=mwe
outcome B¥1-.Fibrinogen Other Clinical
Sroup Vencaram ——or IPG = Evidence of DVT

1 + All All

2 - All All

3 In/ND + All

4 In/ND -, In/ND +

5 In/RD -, In/ND Not +

"In/ND" indicates that the VG was inadequate or not done.

"All" indicated all situations (+, -, In/ND).

- Group 1 included patients with positive VG regardless of the
resultes of other tests.

- Group 2 included patients who had negative VG regardless of

the results of other tests.

- Group 3 and 4 included patients in whom a VG was not done or
it was inadequate and who had a DVT confirmed by IPG, fibrinogen
scan or who had other clinical evidence of DVT.

- Group 5 included patients in whom all diagnostic tests were
either not done or inadequate and had no other clinical evidence
of DVT. '

STUDY POPULATIONS

The study population included in the efficacy analysis was
represented by:

1. all randomized patients: these included all randomized

patients regardless of whether they had efficacy data.

2. all treated patjente with efficacy data; these included
all treated patients with at least one post-treatment
efficacy evaluation.

3. evaluable patients: these included the patients from the

second group for whom none of the following occurred
during the study:
~=~administration of disallowed concomitant therapy.
~insufficient therapy, i.e., less than 3 day treatment
-no definitive VG was obtained at the end of study.
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4. unevaluable patioentg: this include all patients in each
treatment group who were the complement of evaluable

patients with respect to the all treated population. 1In
this study all randomized patients were treated,
therefore, thera were no unevaluable patients.

EFFICACY ANALYSES

INTENT-TO~TREAT ANALYSYK. was performed on ALL TREATED PATIENTS
. The efficacy endpoints (incidence of DVT or

WITH EFFICACY DATIA
treatment failure) for this patient population was defined as
follows:

)

n, .
O R ARTLN, vy

Groups 1, 3. 4 (positive)
Groups 1, 3, 4 (positive + Groups 2, 5 (negative)

The incidence of DVT was also summarized within the subsets of

type of surgery (primary hip replacument or revision), type of
anesthesia (regional/epidural or inhalation/IV), use of surgical
cement, sex, age, previous history of DVT or PE.

ALL RANDOMIZED PATIENTS

This group was essentially identical to the "all treated" group
as only 4 of the 669 randomized patients were not treated.

EVALUABLE PATIENTS EFFICACY ANALYSIS

All evaluable patients had definitive VG, thus, the efficacy
endpoint (treatment failure) was defined as:

Group 1 (positive) + Group 2 (negative)

Group 3 (noninvasive vascular evidence of DVT) and 4 (clinical
evidence of DVT) were not considered in the evaluation of
efficacy for the evaluable patients.

Within the population of evaluable patients, the incidence of DVT
was also summarized for the subsets of type of surgery, type of
anesthesia, use of surgical cement, use of GCS, sex, age an
previous history of DVT or PE. :

SAFETY EVALUATION

PATIENT POPULATION: All patients who received at least one dose
of study medication were included in the safety evaluation.
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; The primary safety endpoints determined for each
of the treatment groups were:
-Incidence of death, premature discontinuation from
treatment, adverse events (according to severity and
relationship to study medication).
=incidence of meajor or minor bleeding episodes.

. «the mean number of total units of blood transfused post-
surgery (aside from operative and recovery room units) and
the incidence of 0, 1-2, and more than 2 units of blood
transfused post-surgery.

-the incidence of abnormal values of clinical concern for
selected laboratory tests, including:

Rlatelets:

mild: - equal or greater than 1x10°/um’ and less than
the investigator’s lower limit of normal

moderate: equal or ureater than 2x1%*/mm’ and lower
than 1x10°/mm’

saevere: lowver than 2x10*/mm’
Increase: Thrombocytosig-
mild: greater than the investigator’s upper limit

of normal and lower than 6x10°/mm’
moderate: h‘i:l;:r than 6x10°/mm’ and lower than 1x
10%/
severe: higher than 1x10%/ym’
Hemoglobin: Values lower than 8 gm/dL or a decrease
equal or greater than 2 gm/dL from baseline.

: 3- to 6-fold increase and more than 6-
fold higher than the investigator’s upper
limit of normal.

Total Bilirubin: Values greater than 2 mg/dL.
Alkaline Phosphatase: Any value greater than 2-fold
higher than the investigator’s upper limits
of normal.

Creatinine: Any value greater than 2 mg/dL.
BUN: Any value greater than 30 mg/dL.

-The mean changes from baseline for hematology (post-—
surgery, first day of study drug) laboratory tests at post-
op day 1 through 14 and end of study and follow-up and for
serum chemistry (pre-surgery) laboratory tests at end of
study.

-Shifts in the percentage of patients with hematology and
chemistry laboratory values outside the normal range at the
end of the study relative to baseline.

LS e ¥ .
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-the mean change froﬁ'pre-surgery baseline for systolic and
diastolic blood pressure and pulse rate at end of study.

STATISTICAL ANALXSIS

igtics: The two treatments
groups were compared at baseline using descriptive statistics for
categorical variables (sex) and other demographic variables (age,
weight), medical and surgical histories, and transfusions. Each
variable was summarized for all treated and all evaluable
patients. The randomized and unevaluable patients were
summarized for demographic, surgery and transfusion data.

Efficacy Analvses: The endpoint was represented by development
of DVT (treatment failure). The incidence of DVT was analyzed
for both all treated patients with efficacy data and for the
evaluable patients.

Justification for pooling across ceiiters was investigated using a
two-way logistic regression model with factors of treatment
group, center and treatment-by center interaction. The results
were also summarized by investigator to provide a heuristic

assessment of the presence of interaction.

A two-way logistic regression model including factors for
treatment group and center with no interaction term was used to
compare the two treatment groups. The treatment comparison
between the two treatment groups was based on a 5% significance
level. All tests were two-sided. An approximate 95% confidence

interval for the odds ratio of treatment failure in placebo __ =

versus enoxaparin was computed. The odds of a treatment failure
are defined as e¢gtimated incidence rate of treatment
failure/estimpated incidence rate of treatment success. The
incidence rate of treatment failure by treatment group was
sumnarized in patients subpopulations defined by the demographic
characteristics, type of surgery (primary or revision), uvse of
surgical cement and type of anesthesia.

Adverse Events: The COSTART dictionary was used to classify the
adverse events. Events for a particular COSTART occurring more
than once were counted only once. Repeated reporting of the same
adverse event in a patient was resported only as the most secvere,
Each type of event occurring within a body system was counted.
Adverse events incidence rates (all events excluding those
unrelated to study medication) were summarized by treatment
group. The adverse events were summarized for each body system
and overall. Overall indices reflected the number of patients
reporting any adverse event.
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Ficher’s exact test was performed for the statistical comparison
of the enoxaparin and the placebo groups for total adverse events
in each body system, for each event with an incidence of 5% or
higher, for all adverse reactions, and for each event with an
jincidence of 5% or higher for all adverse events excluding those
unrelated to study medication. These analyses were requested at
a pre-NDA meeting with the FDA in March 1991. .

Bleeding Assessment

The overall incidence of major bleeding, minor bleeding, absence
uf bleeding and the percentage of patients who experienced any
major or minor bleeding during the study period was determined
for each treatment group. A two-way logistic regression model
with factors for treatment group and center was used.

Laboratory Data

Baseline values for hemoglobin, hematocrit, RBC, platelsts and
APTT were defined as postoperative, first day of treatment
values. Baseline values for all other parameters were the
presurgical values. Mean changes from baseline were determined
on Day 14 or at the end of the study for all laboratory
parameters, except CBC and coagulation which were measured daily
and whose changes were asse-sed daily and at the end of study.

The mean changes from pooled parameters across investigators were
summarized for the two treatment groups using descriptive
statistics. No formal statistical analyses were performed for

these laboratory data.

Fisher’s exact test was performed for the statistical comparison
between the two groups of the selected laboratory values of
clinical concern. Shift tables were generated that summarize the
distribucion (below, within, above normal or unknown categories)
of baseline and end of study hematology and chemistry values.

vital signs

The mean changes from baseline for systolic and diastolic
pressure were summarized for the two treatment groups. No formal
statistical test of hypo:hesis was performed.

PROTOCOL ADDENDUM: The protocol was amended on 8-24, 1989 to
increase the sample size from 400 to 700 patients

A
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RESULIS

PATIENTS DISPOSITION/ACCOUNTABILITY

A total of 669 patients were randomized in this study: 335 to
enoxaparin treatment and 334 to heparin treatment. Four of the
669 patients (two enoxaparin and two heparin) did not receive
study masdication: one patient withdrew consent, one had delayed
primary hemostasis and two had GI bleeding. Of the remaining 665
patients, 333 received enoxaparin and 332 received heparin.

A total of 81% (540/665) of all treated patients completed the
study. Nineteen percent (19%, 125/665) of all treated patients
were prematurely discontinued from the study: 16% (72/332) in the
enoxaparin group and 22% (72/332) in the heparin group. The most
common cause for discontinuation was occurrence of DVT.

All patients who received study medication had at least one on
study evaluation and were included in the all treated patients

efficacy analysis.

A total of 73% (486/655) of all treated patients had deftinitive
VG analysis. Seventy-one percent (71%, 236/333) of the
enoxaparin group and 75% (250/332) of the heparin group were

evaluable. One hundred twenty~five (125) patients were

discontinued. Development of DVT was the most frequent cause of
discontinuation.

All patients who received at least one dose of study medication
were included in the safety evaluation.

The patients disposition and accountaSiiity are summarized in the
following table: |
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Treatment Group
Patient Disposition Enoxaparin Heparin

Iotal
n (%) n (%) n (%)
Patients Randomized 335 334 669
Patients Not Treated 2 2 4
Patients Treated 333 (100%) 332 (100%) 665 (100%)
1. Completaed 280 ( 84%). 260 { 78%) 540 ( 81%)
a. Evaluable 236 ( 71%) 250 ( 75%) 486 ( 73%)
b. Not Evaluable 97 ( 29%) 82 ( 25%) 179 ( 27%)
VG not done 34 ( 10%) s ( 11%) 72 ( 11%)
VG Inadequate 40 ( 12%) 27 ( 8%) 67 ( 10%)
Medications 17 ( 5%) 15 ( 5%) 32 ( 5%)
Insuff. therapy 6 ( 2%) 2 ( <1%) 8 ( 1%)
2. Discontinued 53 ( 16%) 72 ( 22%) 125 ( 19%)
DVT 38 ( 11%) 45 ( 14%) 83 ( 12%)
Adverse Events 7 ( 2%) 9 ( 3%) 16 ( 2%)
Consent withdrawn 5 ( 2%) 7 ( 2%) 12 ( 2%)
Bleeding Events 3 ( <1%) 6 ( 2%) 9 ( 1%)
Intercur. Illness O 5 ( 2%) 5 ( <1%)
Death 0 0 0 ]

REMOGRAPHICS

The two treatment groups of all randomized patients, treated
patients and evaluable patients were similar with respect to

;. demographic characteristics. In the all treated patients group,
Lk ' the male/female ratio was 54/46, the average age was 66.5, the
L average body weight 74.1 kg and the average height 166.0 cm.

All study patients received concomitant medications: 96% of
patients received opiates and opioids, 93% received other
analgesics, 91% received cephalosporins, 82% received
tranquilizers, 52% received systemic antihistaminics, 47%
received laxatives and 43% received hematinics.

The two treatment groups were similar for the frequency of use
of aspirin and NSAID.

QQHQQHIIAHI.ILLHE&&Eﬁ_AHD_HﬁDIQALLEQBQIQBL.HIﬁIQBIEE
Sixty percent (60%) of all treated patients had other presenting

condition or disease involving any organ or systen.

The incidence rate of these conditions among patients in the two
treatment groups was similar.

3
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One hundred percent (100%) of the patients in the study had other
medical or surgical history. The most frequently reported were
diseases of the musculoskeletal system and connective tissue
(88%), diseases of the nervous system (59%), diseases of the
circulatory system (37%) and diseases of the GI tract (27%).

The most frequent surgical histories were previous surgical
operations on the musculoskeletal system (44%), on the GI system
(34%) and GYN. system (88/360 females, 24%). The incidence of any
of the medical or surgical histories was similar in the two
treatment groups. The incidence of conditions which could
predispose to DVT was similar in the two treatment groups.

PRIMARY DIAGNOSIS AND SURGERY DATA

The primary diagnosis, the type of surgery performed, type of
anaesthesia, use of surgical cement, duration of surgery or blood
losg and transfusion requirement during surgery were similar in
the twe groups of patients treated with enoxaparin or heparin.
Oosteoarthritis was the primary diagnosis in 78% of patients.
Seventy-seven percent (77%) of all patients had first total hip
replacement, and 22% of patients had revision of a previously

performed hip replacement.

General anesthesia was used in 97% of patients and epidural
anesthesia in 3%. Surgical cement was used in 39% of all
surgeries performed.

The mean nuumber of uni‘s of blood transfused during the operation

and in the recovery room was 2.7 units. The average
_intraoperative blood loss was 1139 ml. The mean dQuration of

surgery was 2.8 hours.

There were no differences between the all treated and the
evaluable patients or between the two treatment groups for any of
these variables.

EFFICACY RESULTS
CLINICAL OVERVIEW OF EFFICACY RESULTS

The incidence of DVT diagnosed by any method of vascular
assessment (VG, ‘*I-Fibrinogen scan, IPG) was similar in the
enoxaparin group (17%) and the heparin group (19%).

Among evaluable pat.ients, the incidence of DVT was 18% in the
enoxaparin group ard 23% in the heparin group. This numerical
difference was not statistically significant.
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The incidence of DVT among demographic ard surgical subpopulation
in the two treatment groups reflected tha. found in the overall

population of patients.
DVI_EINDINGS

. Treatment outcome was assessed by DVT findings from VG results in
79% of patients and by other vascular examination or clinical
assessment in the remaining 21% of patients. The percentage of
patients with or without definitive VG was similar in both
treatment groups.

The number of randomized but not treated patients represented <1%
of the randomized population. This proportion of patients was
too small to influence the intent-tc-treat analysis.

One hundred-twenty (120) of 665 patients (18%) had positive
evidence of DVT. The incidence of DVT was 17% (57/333 patients)
in the enoxaparin group and 19% (63/332 patients) in the heparin

group (p=0.5317).

In each of the treatment groups, the incidence of DVT in distal
sites was higher than in proximal sites.

EVALUABLE PATIENTS EFFICACY ANALYSIS

One hundred one of the 486 evaluable patients (21%) had VG
confirmed DVr. The incidence of venography-confirmed DVT was 18%
among the enoxaparin treated patients and 23% among the heparin
treated patients. The difference was not statistically
significant (p=0.1611).

The majority of the DVTs in both treatment groups involved the
distal veins. The incidence of DVT in the operated limb was
similar to that in the non-operated limb; 42% and 40%
respectively; 19 patients developed bilateral DVT.

The distributions of DVT findings for All Treated Patients and
for Evaluable Patients groups are shown in the following table:

‘-l___‘ / ey ..t.‘—-._‘
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Treatment Outcome Group:
Patlieiits with definitive
Venography:
(1) .Positive
(2) Negative
Patients without
definitive venography:
Clinical Evidence of DVT
(3) Positive
noninvasive tests
(4) Other Positive
Clinical Data
(S5) No positive
Clinical Evidence
All Treatment Failures
Proximal DVT
Distal DVT

Evaluable Patients
_Treatmant Failures

Proximal DVT
Distal DVT
Operated limb
Non-operated limb
Bilateral DVT

(n=333) (n=332) (n=665)
259 (78%) 267 (80%) 526 (79%)
50 61 111
209 206 415
74 (22%) 65 (20%) 139 (21%)
7 2 9
0 0 0
67 63 130
$7 (17%) 63 (19%) 120 (18%)
16 (5%) 18 (5%) 34 (5%)
41 (12%) 45 (14%) 86 (13%)
236 (100%) 250 (109%) 486 (100%)
43 ( 18%) 58 ( 23%) 101 ( 21%)
10 ( 4%) 17 ( 7%) 27 ( 6%)
33 ( 14%) 41 ( 16%) 74 ( 15%)
17 25
18 22
8 11

Between-Group Comparison of the incidence of

treatment failure ..
(DVT) was calculated for the All Treated Patients and Evaluable

patients. The following results were obtained:

All Treated Patients:
; Odde Ratio p-value
Heparin/Enoxaparin 1.14 0.5317
VALUABLE Patients:

Heparin/Enoxaparin

ns Qﬂdg_ggsig p-value

0.1611

(0.76,

(0.88,

1.69)

2.15)

These data are summarized graphiceily in Fig. 1A and 1B.
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Figure 5
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Because of the large number of patients treated in this study and
the substantial sample sizes obtained in all five participating
centers, analysis of the data from each individual center was
possible. The distribution of treatment outcome by center are

shown in the following table:

Incidence of DVT by Center
All Treated

Center Enoxaparin Heparin
Hamilton 13.0% 13.0% 14.7% 20.6%
7/54 7/54 5/34 7/34
Montreal 12.9% 20.5% 14.8% 27.6%
11/85 17/83 8/54 16/58
St. Joseph 14.3% 20.0% 8.8% 21.1%
13/351 18/90 6/68 16/76
Henderson 26.0% 23.4% 32.1% 28.1%
20/77 18777 18/58 16=57
6/26 3/28 6/24 3/25

The efficacy results in the evaluable patient population from
three centers favored enoxaparin. The difference between the two
treatment groups was not, however, statistically significant.

One center favored heparin over enoxaparin, but the difference
was not statistically significant.

The p-values for center by treatment interaction which had been
preselected at a level of 0.15, were 0,46 and 0.147 for the all
treated and evaluable patients respectively. The marginally
significant- interaction, due primarily to one center, was
considered by the sponsor to have minimal impact on the
conclusion that the two treatments were not significantly
different. These data will be discussed with the Biostatistics

Reviewver.

SUBSET EFFICACY ANALYSIS FOR ALL TREATED PATIENTS

Among all treated patients and within each of the treatment
groups, the incidence rate was similar in males and females,
slightly lower in patients under 65 years of age compared to
older patients, higher in patients with positive history of
venous thromboembolic disease. Among the patients with a
positive history of thromboembolic disease, the incidence of DVT
was lower in the enoxaparin treated group.

Among surgical suipopulations of all treated patients, the
incidence of DVT was similar with regard to type of surgery and
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use of surgical cement.

A slight difference was found for

patients receiving epidural anesthesia compared to general
anesthesia; the difference was not meanir~ful due to the small

number o. patients.

The overall incidence of DVT and the incidence of DVT within each

treatment group showed no difference for gender or age.

In the

enoxaparin group the incidence of DVT was similar in patients
with or without previous history of thromboembolic disease (TED).
In the heparin group, the incidence of DVT was higher in the
patients with previous history of TED and it was higher than in

the enoxaparin patients with history of previous TED.

The data from the evailuable patients population are summarized .in
the following table:

Demographic Parameter Enoxaparin overall
Gender:

Male 21%(22/106) 22%(27/125) 21%(49/231)

Female 16%(21/130) 25%(31/125) 20%(52/255)
Agea:

< 65 yrs 14%(13/ 90) 19%(17/ 90) 17%(30/180)

> 65 yrs 21%(30/146). 26%(41/160) 32%(71/306)
Positive History 20 ( 4/ 20) 48%(11/ 23) 35%(15/ 43)
Negative History 18%(39/.16) 21%(47/227) 19%(86/443)
Positive History T 17%( 1/6 ) 50%( 3.6 )  33%( /12)4
Negative History 18%(42/230) 23%(55/244) 20%(97/474)

Positive History

18%( 4/22 )

42%(11/26 )

31%(12/ 48)

Negative History 18%(39/214) 21%(47/224) 20%(86/438)
Positive History 258 1/4 ) 100% (3/3) 57%( 4/7 )
Negative History 183 (42/232) 22%(55/247)  20%(97/479)

None of the surgical variables (type of surgery, anesthesia, use
of cements) was found to affect the overall efficacy outcome

and the incidence of DVT within each treatment group.

SAFETY RESULTS

CLINICAL OVERVIEW OF SAFETY RESULTS

Enoxaparin and heparin appeared comparable for incidence of

adverse events (30% and 36% respectively).

The incidence of

»_
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overall bleeding was less in the enoxaparin group. The rate of
discontinuation due to adverse events was similar in koth

treatment groups.

study wedication was discontinued on post-operative day 11 in one
patient in the heparin group because of development of symptoms
of PE. The patient had positive V/Q lung scan, negative

"bilateral venogram and positive pulmonary angiogram.

All patients who received at least one dose of study medication
(n=665) wure entered in the safety evaluation.

STUDY DRUG ADMINISTRATION

The mean durttiocon of treatment for all patients was 10.8 + 3.13
days (range: 1-15 days) and it was similar for both treatment

groups.

The mean number of doses of study medication taken by all patient
and by each treatment group patients was 20.5 + 6.37 (range: 1-29

doses) .

PATIENTS WITH EPISODES OF BLEEDING DURING THE STUDY

Major or minor bleeding occurred in 48 patients (7%). The
incidence of major or minor bleeding episodes was 5% for the
enoxaparin group and 9% for the heparin group. The difference was
statistically significant (p=0.0375).

The overall incidence of major bleeding was 5% (30/665) and
included 3% (11/333) in the enoxaparin group and 6% (19/332) in
the heparin group. This difference was not statistically

significant.

The data are summarized in the following table:

Treatment Group

Bleeding Enoxaparin Heparin overall

n (%) n (%) n (%)
All patients Treated 333 (100%) 332 (100%) 665 (100%)
Major or Minor 17 ( 5%) 31 ( 9%) 48 ( 7%)
Major 11 ( 3%) 19 ( 6%) 30 ( 5%)
Minor 6 ( 2%) 12 ( 4%) - 18 ( 3%)
None 316 ( 95%) 301 ( 91%) 617 ( 93%)
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Between-Group Comparison of the incidence of patients with
bleeding episodes:

Comparigon Odds Ratio p-value 95% ¢I for Odds Ratio
bleeds

Heparin/Enoxaparin: 1.92 0.0375 (1.04, 3.56)

Heparin/Enoxaparin 1.79 0.1349 " (0.83, 3.85)

In the heparin group, the episodes of major bleeding were
represented by GI bleeding in three patients and by bleeding at
operative site in 11 patients. In the enoxayarin group, one of
the 11 patients with major bleeding experienced GI bleeding and
all 11 experienced major bleeding at the operative site.

POST SURGICAL BLOOD TRANSFUSION

A total of 48% of all treated patients received transfusion of
one or more units of blood from day 1 post--surgery though the*end
of study. The proportion of patients who required transfusion
vwere similar in the two treatment groups. The transfusion data
are summarized in the following table:

— Treatment Group

Units Transfused Enoxaparin Heparin overall
(n=333) (n=332) (N=665)

0 Units 177 (53%) 170 (51%) 347 (52%)

1-2 Units 121 (36%) 118 (36%) 239 (36%)

> 2 Units 35 (11%) 44 (13%) 79 (12%)

e ———Meaan. (Units). - 2.4 + 1.91 2.3 + 1.41 2.3 + 1.67

Range 1-20 1-9 1-20

PATIENTS DISCONTINUED DUE TO BLEEDING FPISODES

Three patients in the enoxaparin group and six patients in the
heparin group had study medication discontinued due to major
bleeding

g

Adverse events, defined as untoward events either observed by the
investigator or reported by the patient, were mapped and
displayed by COSTART terms.

ADVERSE EVENT RATES--ALL ADVERSE EVENTS

Overall, 92% of patients (613/665), similarly distributed in the
two treatment groups, reported at least one adverse event.
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The most common adverse events affected the body as a whole and
were reported by 55% of enoxaparin patients (187/333) and by 65%
of the heparin patients (216/332). The difference between the
two groups was statistically significant (p=0.021).

The most common complaints within were fever, pain, chest pain
and abdominal pain. Local pain occurred less frequentiy with the
administration of enoxaparin.

Next in frequency were esvents affecting the GI tract which
occurred equally in both treatment groups (37% and 41%0.
Hematemesis was the most frequent event affecting the digestive
system and it occurred less frequently in the enoxaparin group
(p=0.004).

The incidence rates of other adverse events affecting other body
gsystems were similar in the two treatment groups.

The incidence of all the adverse events are summarized.in table
12.1 and the incidence of those regarded as related to study
medication are summarized in table 12.3.

Overall, 33% of all patients (30% o:f the enoxaparin and 36% of
the heparin patients) experienced ~dverse events which were
regarded by the investigator as rclated to the study medication.
The most frequent adverse events were reported for the metabolic
and nutritional system (peripheral edema, edema and hypokalemia),
for the hemic~lymphatic system (ecchymosis, anemia) and for the
cardiovascular system (herorrhage, hypotension, postural
hypotension). The incidence of these events was similar for the.. — - -
two treatment groups except for the body as a whole and the
hemic-lymphatic system which show 1 a lower incidence of anemia
in the enoxaparin group.

Sixteen (16) patients were discontinued from study because of
adverse event, 7 in the enoyaparin and 9 in the heparin group.
The listing of the patients, the adverse event and of their
severity and attribution are summarized in table 13
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. . Table 12.1 i
Summary of Adverse Events by Body Syscem
(All Adverss Events) N\
(Appendix B.12)
. Enoxagacin Calciun Hegagin  povalue® ¢
fotats® (N=133) (8=132) £
Qverill * 307(92%) 306(92%) 1.300
Body as a Whole ~  187(56%) 216(65%) 0.021"
Pligescive J 1;3(31‘1 135(41%) 0.340
Metabolic and °*
Mgtritional 1C8({312%) . 99(30%) 0.503
Cagdiovasculaz * 21{27%) 105(32y) 0.238
Nervous . 70(21%) T2(22Y) 0.850
Urogenital ; 75{23%) 69(21%) 0.438
Hemic and Ly-phac!c $2(16%) §8(20%) 0.108
8kin and Appendages 61(19%) $9(18%) 0.920 ;
Regpicacory 49(12%) 41{12%) 0.904 !
. . ~ Indection Sits : t ‘
e e e ' Asactica 7‘ ’.’ zo( “’ - QeBLY - e b e
r Mesculoskelstsl t 4N) 13¢ 4n) 1.000
' Special 8Benzas '-J(ut) 3(<1y) 1.000
- a Tvo sided D-values,
: b Jezcents are based en auaber of patlouzs ia each treatment |®e¢p
Patients aze counted only cnce f£or an sevest ia each body system and
ones 1la the rall total. .
hd Indicates »08.

- - Y

fable 12.3 !
Susmary of Adverse Rvents by Jody Syttea
-Excluding fhose Mot Study Drug Pelated- :
(Appendix 3.1} 5
' Rady Svsiem Izeqcment Group '
| : R BoousRALiR . GAlcius Hepapin  povalve' f
Totals (s 331) (8=332) _ i
i
Qrerall 101(30%) 121(36%) 0.100 -
Hetabolic and
Nutzicional . . J7(1i%} - 40¢12%) ¢.718,
Hemic and Lymphacic 274 W) 46{14%) 0. 09"
Cardiovaszular * 24(10%) 35(11%) +.000
Body as a Whole - 2 My Lt 1988 3 0.031 |
Digestive . 20{ &%) A7 ) 0.294 . :
Rervoua . 14¢ 4%) 21( V) 0.230
Usogenital . . M v 9 n) 0.625%
8kin and Appendages 5¢ 2V) 9 3V 0.296
Respitatory : . 6( %) L T4 8 9.6013
Iniection Site
Reactions ; . 2{<1Y) é( 2%y 0.1717
Musculoskelatal lr<iy) 2{<1y) 0.624
~.Special Senses . 2(<1%) 0 0.499
A a Two sided p-vajues.
b Fercents are b}sod on number of patlients in sach

treatmant group. Patlents ars counted only once
for an event jin each body system and oncs in the
overall tatal,

. Indicatea p<0.05
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The ocourrence of serious adverse events (life-threatening or
resulting in death, prolonged hospitalization, rehospitalization,
permanent disability, etc.) was assessed retrospectively from the
review of the CRF. No Qeaths occurred during the study period,
Nine patients were considered to have experienced serious adverse
events including 4 patients reporting 14 events in the enoxaparin
group and S patients reporting 11 events in the heparin group.
The listing of the patients with serious adverse events is shown

in table 14.

-t

Ratisnt Mumber (Centes) -
Life Threstening Xvents

Ragsapacia
30124 (Nendazson General Bospital)

31008 (Mendersoam General Hospital)

40157 (8t. Joseph's Hospital)

Calclup Meparis '
30050 (Menderson General Hospital)
30137 (Hendsrsom Genezal ubspltilj

40104 (8t. Joseph's Mospital)
€0183 (3t. Joseph's Mospital)
60108 (Montreal General Hospitsl)

L

Prolonged Wospitalizgtiong
Enoxapain

90001 (Henderson Genexral Hospital)

Possible
None
Mone
None

Possible
Possible
Possible
Posaible
None

Remote

Detinite

Probable
Possible
Dafinite

Probable
Probable
Posslible
Mone
Noue
Possible
Mane

None
Nane
Nane
Rezote

Listing of Patients With Sericus Adverse Events'
{Appendices D.1¢ and D.18)

Relationship

Dyspnea
Atrial ribrillation
Atzioveantricular Block

Archythais

'Nollnn

Rypotsnsion
Arzhychaia
Rypoxia
Hydrourater
Hypokalemia

Throsbocytopenia

Lung Disorder
Pleural Effusion
Eabolus Pulmonary

Hematenesis
Throabocytopenia
Hematuria

lung Disorder
Urinaty Retantion
Hematemasis

Syncope

Hemorrhage -
Mypochtomic Anemia
tung Disorder
Intestinal Perforaticn

Deaths or life-threatening events;
rehospitalization, or caused Perswnent disability;

or drug overdoae.

events which required prolonged hospitalisation,
any cancer, congenital ancmaly

»_
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Two cases of pulmonary embolism occurred in the heparin group:
one was diagnosed by lung scan on day 9 in a patient who had been
diagnosed with proximal DVT on day 7 and the second was diagnosed

on day 11 by pulmonary angiogram.

CLINICAL LABORATORY EVALUATION

No unanticipated results on laboratory tests were reported during
the study. In both treatment groups, elevations of platelet
counts, SGOT, SGPT, LDH, and AP occurred post-operatively. The
increase in SGOT and SGPT was slightly lower in the enoxaparin

group.

The baseline for CBC and coagulation tests was representéd by the
first data obtained post-operatively. The baseline for the other
laboratory parameters was represented by their preoperative
values.

Similar mean changes were observed in the two treatment groups at
the end of study for hemoglobin, hematocrit, WBC, LDH, AP. The
elevation of tggnsaminases was lightly lower in the enoxaparin

group.
INCIDENCE OF "POSSIBLY CLINICALLY SIGNIFICANT" VALUES FOR
SELECTED LABORATORY PARAMETERS

Abnormal values of possible clinical significance occurred in
both treatments groups for platelet counts, hemoglobin, SGOT,
SGPT, AP, BUN and creatinine.

Levels of hemoglobin below 8 gm/dL were observed in 12% of
patients, 11% in the enoxaparin group and 13% in the heparin
group. A decrease in hemoglobin of greater than 2 gm/dI. was
reported in 24% of patients: 22% in the enoxaparin group and 25%
in the heparin group.

Twenty-seven percent (27%) of the enoxaparin and 27% of the
heparin patients experienced thrombocytopenia which was
classified as mild in most cases and severe in one heparin
patient.

Mild thrombocytosis occurred in 69% of the enoxaparin and in 65%
of the heparin patients; moderate thrombocytosis occurred in 29%
of the enoxaparin and 27% of the heparin patients. Severe
thrombocytosis occurred in less than 1% in either treatment
group.
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Two percent (2%) and 3% of all patients had 8GOT and SGPT
elevations from 3 to 6 times normal values, elevations of SGOT
and AGPT above six times normal occurred only in 1% of zll
patients. The incidence rates of the elevated serum
transarinases were similar in both groups. Elevations of Ap
occurred at similar rates in the two groups (5% and 8%).

Four percent (4%) of all patients had clinically significant
elevation of BUN, and less than 1% had creatinine values of
clinical significance. The data are summarized in table 16.

Summscy of the dn-ltuly Iacidence of Patients with Clinically $ignificenc i
Vaiues for Selectad Laboratory Parassterxs :

‘w" 'ol.,

A(N) t T4 ¥ g ny) :
All Treated Patients 233¢100%) 332(300) §63(100%) ]
WI ’ . Tt :
< § gu/aL 38¢ 118) 43¢ A3) 0.636 © 80( 123%)
» 2 gayaL drop 74¢ 23%) 8¢! 2%3) 0.363 - 188¢ 24%)
Platelets: Thromvocytopesia® S
aild 83¢ 23%) 7S¢ ) 0.524 158¢ 24%)
modezace o 29 12¢ 4%) 0.376 20 3%}
ssvare _ 8 3t <iv) 0.499 1( <is) ;
Flatelets: Thresbocytonis® | ¢ ;
ails 231( 690 2L6¢ €5%) 0.248 447( 67) :
soderase 97( 290} 8( I7v) 0. 489 A85( 28%) ;
severs 20 s 3( <1a) 0.686 $( ) |

. Saor/AsT: : :

J=8x Gp-torm - W) 10¢ W) 0.208 18( 2%} ¢
»éx tp-sorm S 1( «1%) 0.49 1( «1%) f
2CPT/ALT ]
Y-6x Up-Mocm o ) 15¢ 4a} 0.397 22( V) ;
>6z Up-dora 3 ) (¢ ) 0.50% L T 3] :
Bilirubiag * ) ' . ' '
»2 sg/aL 1 Ay s 1.000 1( <i%)
Alkalina Phosphatase: .
»2x Up-Mora 16¢ $%) 28¢ #n) 0.063 “ ™
Cresatinine; ;
22 ag/az I Ay , 3 <ly) 1.000 SL <1%)
BUN;
230 ag/aL 8¢ M) 17¢ %) 0.176 27¢ -4vj

a8 P-valves from two taliad Pisher's Exact Test coaparison ve the heparin dose group.

b Plateleis, :hrc-gocytopeain
Nild, 100,000/mm” < x < Lovaz Limit of L TAY
Moderste, 2.000/ae® < x « 190,000/ma?,

Seveza, x < 20.000/mn; e

e Plrtelets, throanhocyccsiss ’

Nild, upper llmit f aocaal < & « 600,000/as’;
Kousrate, 600,000/m” < 3 € 1,000,000/0m";
Sevecs, x > 1,000,000, w?-

Up-Hoiw. uppar limit ot investigator‘s normal rangs. :

4 A data eni.y ersor vas mass for the end of study platoiet counc for patiegt sum’er
70026 in the snoxaparin treatment 9foup. The arronecus value of 10,000/ma’ res.ins
la *he datausse and .+ Included §n the tatal aumber of pactiants for whom modirate
;chronnoc’ YIJOMRIA wa3 reported. The correct value from the case report f£.em is
0¢ . 000, /am” .

[
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The number of patients in each treatment group exhibiting
markedly abnormal laboratory values, as defined in the following

table, were:

——TJreatment Group
Laboratory Parameter ' Enoxaparin Heparin
n n
Hemoglobin < 7 gm/dL 6 9
Platelets = or < 100.000/ mmc 8 13
Platelets = or > 1.000.000/mmc 2 3
Bilirubin > 2 mg/dL 2 1
Alkaline Phosphatase > 300 IU/L 8 13
SGOT/AST > 6x upper limit of normal o 1
SGPT/ALT > 6x upper limit of normal 3 5
BUN = or > 30 mg/dL 23 30
Creatinine = or > 2 mg/d4dL 6 7

Most of the abnormalities were attributable to major surgery.
The effect of heparin on transaminases and on platelets had been
described, the effect of enoxaparin on transaminases had been
observed previously; no unexpected abnormalities were
encountered.

Eight (8) patients in the enoxaparin group had platelet counts
below 100.000/mm’; the lowest count being 64.000/mm’ on day 11 of
study. Thirteen patients in the heparin group had platelet
counts below 100/mm’; in three of them the lowest counts were
18.000, 28.000 and 34.000/mm’ at day 9, 8 and end of study
respectively. The platelet counts had stabilized or improved by
the end of study in all thrombocytopenic patients.

NON-LABORATORY EVALUATION-VITAL SIGNS

No clinically significant changes in mean values for systolic and
diastolic blood pressure or pulse rate were observed during the
studies. The mean changes from baseline were similar for both
treatment groups.

ON (0)

A total of 669 patients were included in this study: 335 were
randomized to enoxaparin (333 treated: 236 evaluable) and 334 to
heparin (332 treated: 250 evaluable).

The results of the study were published by M.N.Levine et al:
Prevention of DVT after elective hip surgery. - A randomized
trial comparing ILMWH with UH. Ann.Int. Mad. 1991; 114:545-551.

Jir:
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Three investigators from 3 Canadian centers had participated in a
previous study, study ENO 884, a pivotal efficacy study for the
present NDA. Although these two studies are different in design
(ENO 884 assesses the effect of enoxaparin compared to placebo
and PK 523 compares enoxaparin to heparin), they fail to fulfill
the requirement of independence.

Prophylaxis with low-dose heparin is an approved regimen for the
prevention of DVT and PE following high risk general surgery.
Although effective in orthopedic surgery, similar prophylaxis
with low-dose heparin is not approved for this indication, nor it
is widely accepted because of the concern about excessive
perioperative bleeding caused by the anticoagulant therapy.
Moreover, the post-operative administration of heparin in the
attempt to reduce perioperative bl:eding has not been
investigated. Thus, in study PK 523, enoxaparin was compared to
a non-approved, untested regimen of prophylaxis of DVT in
elective orthopedic surgery with sc heparin 7500 U qlz2h.

Protocol PK 523 was initially designed based on: 1) the
hypothesis that the incidence of DVT would be 20% in the heparin
group and that it would be reduced to 10% in the enoxaparin , and
2) that this hypothesis could be demonstrated by entering 195
patients in each group (alpha= 0.05, two-tailed, and beta=0.20).
In the course of the study, in order to avoid Type II error, the
sample size had to be increased to 520 to have a power of 90% for
true rates of DVT of 20% and 10%. Further increase of sample
size become necessary to maintain the 90% power because cof
inadequacy of non-invasive vascular tests, rate of VG of 80% and
patients exclusions.

The results of the study failed to show superiority of enoxaparin
compared to heparin or the anticipated reduction of post-
operative DVT. 1In four of the five centers participating in the
study, enoxaparin was as effective as heparin in preventing DVT
in patients undergoing elective hip replacement surgery. In one
center, heparin appeared to be superior to enoxaparin, however,
the difference was not statistically significant and the center
had the smallest number of patients. There is no evidence that
the enrollment of patients in this center was prematurely
discontinued.

The overall results of the study show that both enoxaparin and

heparin regimens effectively reduce the risk of DVT and,

particularly, the risk associated with prbximal deep veins

thrombosis, given the reported incidence of DVT in the range of

40%-60% in patients undergoing elective hip replacement in the

2§sence of surveillance or without prophylactic antithrombotic
erapy.

»_ _
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Pulmonary embolization occurred in two patients treated with
heparin and in none of the patients receiving enoxaparin,
however, the total number of patients is not large enough to
permit statistical conclusions.

Enoxaparin appeared to have some safety advantages over heparin
with statistically significantly less overall bleeding. The
incidence of major and minor bleeding was 5% in the enoxaparin
group and 9% in the heparin group (p=0.0375). Study treatment
had to be discontinued due to excessive bleeding in 6 patients on
heparin compared to 3 on enoxaparin. However, the incidence of
severe bleeding and the transfusion requirements were similar in
the two treatment groups.

Skin rash was reported in 9% of patients in the enoxaparin group
compared to 5% in the heparin group (p=0.021). The significance
of this finding is unclear, as no skin rash was reported in the
enoxaparin group in study ENO 884 and equal incidence of about 7%
was reported for each of the three groups (heparin 5000U q@8h,

. enoxaparin 39 mg gl2h and enoxaparin 40 mg QD) in study PK $25.

Severe thrombocytopenia occurred only in the heparin-treated
group. At present, it is unclear whether the low moclecular
weight heparins are less immunogenic, thus, less likely to
stimulate the production of heparin antibodies and/or less likely
to cross-reacting with preformed heparin antibodies. It is
possible, however, that the lower incidence of heparin-induced
thronmbocytopenia associated with enoxaparin administration is due
mainly to the limited exposure to this new compound compared to
wide~spread use of unfractionated heparin . Whether this
difference will persist after repeated administration of
enoxaparin remains to be seen.

¥.

. S e



L A TR B

e i T TR i B A BT S
R R L e RS

NDA 20-164

Page 82

STUDY NUMBER: PK3$25
TITLE

Multiple-dose, cpen-label clinical trial of the safety and
efficacy of Enoxaparin versus Heparin fcr the prevention of post-

operative DVT following total hip replacement surgery.

INVESTIGATORS :

The study was performed by 32 investigators in the US.

The investigators
below:

NDA VOLUMES: 43-45: 2.17

that enrolled more than 10 patients are listed

A e

Py W

INVESTIGATOR STUDY CENTERS

IREATED
R.J. Davis, M.D. Baptist Med.Ctr. Coiumbia SC 72
H.C. Kwaan, M.D. Northwestern Mem. H. Chicago IL 24
W.D. Haire, M.D. Univ. Nebraska, Omaha, NE 11
L.P. Brady, M.D. Florida H. Orlando, FL 52
A.J. Comerota,M.D. Temple U. H.,Philadelphia, PA. 26
R.W. Geckler, M.D. Mercy Med.Ctr. Baltimore, MD 60
W.J. Howard, M.D. Washington H.Ct. Washington, DC 12
J.H. Joist, M.D. St.Mary’s Health Ctr, 8t Louis, MS 11
T. Young, M.D. Medical Col. Georgia, Augusta, GA 23
J.D. Blaha, M.D. W.Virginia Univ. Mcrgantown, WV 25
T, Whitsett, M.D. V.A. Med. Ctr. Oklahoma City, OK 17
C. Colwell, M.D. Scripps Clin/Res. Fnd.,La Jolla, CA 32
N.Economides,M.D. Baptist Mem. H. Memphis, TN 46
A.Trobridge, M.D. Scott & White Clinic, Temple, TX - 61
W. Davison, M.D. White River Junct. V.A.M.C., VT 14
L. Aledort, M.D. Mt.Sinal Hospital, New York, NY 15
R. Gustilo, M.D. Metrop.M.Sinai M.Ctr. Minneapolis, MN 26
J. Finley, M.D. Lincoln Gen. H.,Ruston, LA 12
R.Zimmerman, M.D. Emanuel H.& Health Ctr; Portland, OR 11
IDENTITY OF TEST MATIERIAL
Enoxaparin, 30 mg: lots CB 3419, CB 3645, CB 4372
Enoxaparin, 40 mg: Lots CB 3425, CB 3868, CB 3974
Tubex~R Heparin, 5000 U (Wyeth-Ayerst): 4880239, 4890441, 450047

STUDY OBJECTIVE

The objective of the study was to compare the efficacy and satety
of enoxaparin administered subcutaneously for up to 7 days at
doses of 40 mg once daily or 30 mg gql2h (total daily dose 60 mg)
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to that of unfractionated heparin 500 U sc g8h (total daily dose \
15,000 U) for the prevention of DVT in patients undergoing
elective hip replacement. |

STUDY DESIGN '

This study was randomized, open-label, parallel-group,
multicenter. The patients were randomized to receive either
enoxaparin at the dose of 40 mg once daily, enoxaparin at the
dose of 30 mg ¢12h, or heparin #t the dose of 5000 U g8h for a

period of up to 7 days starting within the first 24 hours after
surgery.

The primary efficacy assessment for DVT was bilateral VG at day
7, or earlier if clinically indicated. Additional efficacy
assessment vas performed with non-invasive vascular procedures
represented by IPG, Doppler sonography or ultrasonography
obtained at day 4 and 7 or earlier if necessary, and by
evaluation of clinical signs or symptoms of DVT.

Safcty evaluation was obtained daily during treatment, at the end
or discontinuation of the treatment and within 14 days after
discontinuation of study treatment.

SELECTION OF STUDY POPULATION
ELIGIBILITY CRITERIA

Male and female patients, 40 years of age or older, scheduled for
‘elective hip replacement (placement of prostatic device in the
intramedullary space of femur, with or without reconstruction of
acetabulum), with negative nouinvasive vascular examination for

DVT within 14 days prior to surgery and consenting to the study
were eligible for the study.

EXCLUSION CRITERIA

Female patients of child-bearing potentials, patients with
presurgical diagnosis of DVT by noninvasive techniques, history
of surgery of the ipsilateral hip within the preceding year,
history of DVT, bleeding disorder, heparin-induced
thrombocytopenia, surgery to eyes, spinal cord, or CNS within
three months, active PUD, hypertension, uncontrolled asthma,
allergy to heparin, allergy to fish, porcine products, sulfites,
iodine or contrast medias, regular use of ASA or other NSAID for
four days before surgery, current drugs or alcohol abuse,
treatment with investigational drugs during the previous 4 week:s,
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any disease or medication that may interfere with the effect of
enoxaparin, clinically significant abnormalities of physical
examination, chest X-ray, ECG or laboratory tests were not
eligible for the study.

CONCOMITANT MEDRICATIONS

Fatients requiring medications that may interfere with the
kxinetic, action or efficacy of enoxaparin were discontinued from
the study. The concomitant use of heparin was allowed only for
maintenance of patency of intravenous lines.

All medications allowed, including blood transfusions,
administered from 7 days before initiation of the study and
through the study period up to the follow-up evaluation were

recorded in the patient’s CRF with date, dosage, indication, etc.

Patients were discontinued from the study at their request, at
the decision of the investigator and sponsor, if they required
medications that interfered with the evaluation of enoxaparin
(ASA, NSAID, dextran, warfarin and pneumatic compression
devices), or if they experienced adverse experiences or treatment
failure (development of DVT during treatment). The reason for
withdrawal and any efficacy data obtained were recorded in the

CRF.
DOSING SCHEDULE

pPatients were assigned to one of the three regimens according to
a sponsor-supplied rardomization code. Two doses of enoxaparin
were studied: 40 mg QD and 30 mg gl2h; the heparin dosage was
5.000 IU g8h. No dosage adjustments were allowed. All doses
were administerad by subcutaneocus injection in the abdominal
area. The first dose of study medication was given within 24
hours from surgery, provided that hemostasis had been achieved.
Treatment was continued for 7 days unless the patient was
discharged earlier or discontinued from the study.

EVALUATION AND SCHEDULING
The study procedures and study schedule are outlined in table 1
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Venography (VG) represented the primary assessment of DVT.
VG were to be performed within 24 hours from last dose of study
medication.

VG were read at the study site by two qualified physicians. 1In
case of disagreement in the reading of the VG, this would be sent
to a study-blinded independent panel specialized in the diagnosis
of DVT. The panel was headed by Jack Hish, M.D. in Hamilton,
ontario. Dr. Hirsh had participated in studies ENO 884 and PK
523 as investigator. Dr. Hirsh’s role in the present study was,
however, limited to heading the independent panel who blindly
interpreted the venogram films in cases of disagreement between
the two radiologists at the study site.

The results of the venograms were recorded separately for the
operated and the unoperated limbs as "positive" if DVT was
present in either limb, "negative" if no DVT was present in
either limb, "inadequate® if technically inadequate, if a

positive diagnosis could not be excluded, or if only a unilatera

negative VG was available. Positive VG were classified as
proximal or distal.

NONINVASIVE VASCULAR EVALUATION FOR DVI

The noninvasive assessment of DVT was performed at each site
using their method of choice: B-mode and duplex ultrasonography,
impedance and strain gauge pletismography, Doppler sonography.
The tests were performed according to standard procedure in use
at each site and the same method was to be used for all patients
at each site. Noninvasive tests were performed at day 4 and at
the end of the study, or earlier if clinically indicated.

CLINICAL EVALUATION

Evaluation of clinical signs and symptoms of DVT was performed
blindly by the sponsor at the end of the study from review of
CRFs. Adverse events, contra-active medications were reviewed to
corroborate the diagnosis of DVT.

-
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SAFETY PROCEDURES
LABORATORY TESTS

The routine laboratory tests were performed at each study site
according to standard procedures. Special coagulation tests
(anti~Xa, anti-IIa, FPA) were performed at designated centers.
The following tests were performed:

Hematology: Complete CBC with WBC differential and platelet
count.

: PT and APTT. At selected centers, daily measurements
of anti-Xa, anti-IIa activity and FPA levels were obtained.

Serum Biochemistry: SMA 24
Urinalyeis: including microscopic examination.

NONLABORATORY PROCEDURES

BLEEDING ASSESSMENT

The site and source of bleeding were identified. Any clinical
events assocliated with the bleeding and any actions taken as
result of bleeding were reported. Bleeding was identified as
operative, nonoperative or unknown.

Bleeding was classified as minor or major. Major bleeding was
overt and resulted in death or serious or life-~-threatening
clinical events, or it was retroperitoneal, intracranial or
gastrointestinal and was associated with the postoperative
transfusion of more than 2 units of blood or with a drop in
hemoglobin of more than 2 gm/dL.

Operative site wound hematomas were graded and recorded as:
absent, grade O (no unusual hematoma), grade I (hemorrhagic
wound), grade II (swollen wound with delayed removal of
stitches), grade III (partial dehiscence of the wound or wound
drainage), grade IV (requiring surgery). However, no formal
analysis of surgical wound hexatomas was performed. A blinded
retrospective reassessment of the bleeding was made by the
spgnsoi at the end of the study using a standardized set of
criteria. :

The combination of clinical data and quantitative assessment of
blood loss were used to classify the bleeding into major or minor
categories. The definition of major bleeding was modified to

¥
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exclude transfusion of autologous blood and to increase the
minimum transfusion requirement to three units.

The time to bleeding was the first postoperative day when the
bleeding was reported or the drop in hemoglobin occurred or the d
transfusion of more than 2 units was required.

Wound drainage was classified as significant when it exceeded
1000 mL throughout the study.

VITAL SIGNS

vital signs included blood pressure, pulse rate, respiratory rate
and temperature.

ADVERSE EVENTS

Adverse events were defined as untoward events either observed by
the investigator or reported by the patient during the study
period. All events were recorded with date of onset and
cessation, frequency, Jurstion, severity (mild, moderate, severe)
action taken (change of dose, discontinuation of medication, use -
of contr-active treatment) and investigator’s assessment of
relationship to study medication (probably related, possibly
related or unrelated).

CLINICAL MONITORING PROCEDURES

approval by the IRB and Informed consent were obtained.

The study was monitored on a regular basis by the sponsor or by
the contract research organization, The Hardardt Group, Clinical
Development Associates, P.0O. Box 867, Bernardsville, NJ 07924,
The ICF and the CRF were compared with the patient’s medical
record for completeness and accuracy. A safety audit of a subset
of CRF and a completeness audit of all CRF were performed by:

Bio-Pharm Clinical Services, Inc. Four Valley Square, 512
Township Line Road, Blue Bell, PA 19422,

BACKAGING AND LABELING PROCEDURES

Study medication was supplied in prefilled syringes containing
either Enoxaparin 30 mg/0.4 ml (lots CB 3419, CB 3645, CB4372),
Enoxaparin 40 mg/0.4 ml (lots CB 3425, CB3868, CB 3974), or
heparin S000 U/0.5 ml (Tubex Heparin, Wyeth-Ayerst, lots 4880239,
4890441, 490047).

The Enoxaparin 30 mg contained 4.6 mg of mannitol to maintain
isotonicity, both enoxaparin preparations contained 0.6 mg of
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sodium metabisulfite and the heparin preparation contained not
more than 5 mg of benzyl alcohol as preservative.

Prepackaged patient kits containing 10 syringes for the
Enoxaparin 40 mg gqd group, 20 syringes for the Enoxaparin 30 mg
bid group and 30 Wyeth Tubex syringes for the Heparin 5000 IU g8h

group.

Instructions specified that the entire content of the syringe
were to be injected sc in the abdominal area.

STATISTICAL METHODS
PLANNED SAMPLE SIZE AND HOW JT WAS DETERMINED

The sample size was determined from the anticipated incidence of
DVT of 12,5% in patients treated with either 40 mg gd or 30 mg
bid and of 25% in patients treated with a total daily dose of
heparin of 15000 IU. Assuming that 80% of the enrolled patients
were evaluable for efficacy, it was determined that approximately
195 patients would be required for each treatment group in order
to achieve 80% power using a two-tailed test at a significance
level of 0.05 for comparing the treatment groups.

RANDOMIZATION AND PATIENT ASSIGNMENT

Patients were assigned to treatment groups in a 1:1:1 ratio in
blocks of 9, using a computerized randomization schedule supplied
by the sponsor. Eligible patients were assigned the next number
in a sequential ascending fashion from the open-label
randomization schedule of 36 patients maintained at each
investigator’s site. Treatment numbers were assigned either
presurgery or postsurgery.

EFEICACY EVALUATION

Definition of efficacy outcome: Efficacy was assessed by the
incidence rate of DVT. The diagnosis of DVT by venogram had
absolute priority. A "positive" VG was defined by a positive
finding in either the operation or non-operative limk or both
limbs. A "neqgative" VG was defined as a negative bilateral VG.
An "inadequate" VG was one in which the diagnosis of DVT could
not be made nor excluded. A unilateral negative VG was
classified as inadequate.

Diagnosis of DVT by either a positive result of the *1-
fibrinogen scan or IPG had second priority. Clinical evidence of
DVT was defined as either a positive result of fibrinigen scan or

r_
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IPG or other clinical evidence such as PE or administration of
anticoagulant therapy for DVT.

All treated patients who had received any study medication and
had had at least one clinical evaluatcion were cla=zsified into one
of the following outcome groups:

A LS el

- o e e Clinical Evidence of DVi==wewcececas

Outcone Other Vascular Procedures Other Clinijical
Group venogram Br-rFibrinogen or IPG Findings

1 + All All

2 - All All

3 IN/ND + All

4 IN/ND -, IN/ND +

S IN/ND -, IN/ND Not +

“IN/ND" indicates that the venogram was inadequate or not done.
"al1l" indicates all situations (+, -, IN/ND)

- Group 1 included patients with positive VG (unilateral or
bilateral), regardless of the results of the other evaluations.

- Group 2 inciuded patients with negative bilateral VG,
regardless of the results of the other evaluations.

- Groups 3 and 4 included patients with inadsguate VG, without
bilateral VG in whom the diagnosis of DVT was made by noninvasive
tests or other clinical evidence.

- Group 5 included patients in whom VG was inadequate or not
done, noninvasive vascular tests were negative, inadequate or not
done and in whom there was no clinical evidence of DVT.

Patients in Groups 1, 3 and 4 were classified as treatment
failure; patients in Groups 4 and 5 as non failures.

STUDY POPULATION

The efficacy analysis for ALL RANDOMIZED PATIENTS included all
patients who were randomized and received medication, all
randomized patients who never received medication and had no
efficacy evaluation and all randorized patients who received
treatment but had no efficacy data.

The efficacy analysis for
included all treated patients with at least cne post-treatment
efficacy evaluation.

The efficacy evaluation for all EVALUARLE PATIENTS included all
patients who received study medication, had at least one post-
treatment evaluation and for whom none of the following
conditions occurred during the study:
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-Presurgical noninvasive vascular examination positive was
for DVT.
~Patients had undergone surgery of ipsilateral hip or knee
within one month before hip surgery.
-Patients underwent surgery for other than hip replacement
or revision, e.g. underwent surgery for hip fracture.
-Patients had received more than 1500 U/day of heparin
within four days prior to or during administration of study
medication.
-Patients received more than one dose of Warfarin within 4
days prior to study or during study drug administration.
-Patients received the first dose of study medication later
than 24 hours after surgery

-Patients received insufficient therapy (less than 75% of
dose or less than 4 days of therapy)

-VG was not performed or bilateral VG not definitive or
definitive VG not performed within 4 days or less after
final dose of study medication. .

UNEVALUABLE PATIENTS in each treatment group included the
complement of the evaluable patients with respect to the all
treated patient population.

EFELICACY ANALYSES
INTENT~- TO~-TREAT ANALYSES/ALL TREATED PATIENTS WITH EFFICACY DATA

For this patient population, the efficacy endpoints (incidence of
treatment failure) was defined as follows:

Groups 1, 3, 4 (positive + Groups 2, 5 (negative)

For this patient population, the incidence of DVT was also
summarized within the subsets of type of surgery (primary hip
replacement or revision), type of anesthesia (regional/epidural
or inhalation/IV), use of surgical cement, use of graduated
compression stockings (GCS), sex, age and race.

ALL RANDOMIZED PATIENTS

Only three patients'from 610 randomized patients never received
treatment. The impact of this small number on the all treated
group with efficacy data was negligible.

EVALUABLE PATIENTS EFFICACY ANALYSIS

All evaluable patients had definitive VG, thus, the efficacy
endpoint (treatment failure) was defined as:

o . e X .
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Total Bilirubin: Values greater than 2 mg/dL.

: Any value greater than 2-~fold
higher than the investigator’s upper limits of
normal.

Creatinine: Any value greater than 2 mg/dL.
BUN: Any value greater than 30 mg/dL.

- The mean changes from baseline for hematology (post-surgery,
pre-study drug) laboratory tests at day 4, day 7, end of
study and follow-up and for serum chemistry (pre-surgery)
laboratory tests at end of study and follow-up.

- shifts in the percentage of patients with hematology and
~ chemistry laboratory values outside the normal range at the
end of the study relative to baseline.

- The mean change from pre-surgery baseline for systolic and
diastolic blood pressure and pulse rate and temperature at
day 4, day 7, end of study and follow-up.

PHARMACOKINETIC ANALYSES

L] - -

The assay of Fibrinopeptide A was found to be unreliable and the
analysis of the data was not performed. The failure was
attributed to inadequate collection and processing of specimens.
Plasma levels of anti-IIa and anti-Xa activity were obtained at

selected centera.

STATISTICAL ANALYSIS
Statistical analyses were obtained from SAS Version 5.18.2%2,

The three treatments groups were compared at baseline for )
categorical variables (gender) and other demographic variables
(age, weight, BP, medical and surgical histories, transfusions)
using descriptive statistics. Each variable was summarized for
all treated and all evaluable patients. All randomized patients
and all unevaluable patients were summarized for demographic,
surgical and transfusion data.

/ -—div i .L_..
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Efficacy Analyvses

The endpoint was represented by development of DVT (treatment
failure). The incidence of DVT was analyzed for both all treated
patients with efficacy data and for the evaluable patients..
Justification for pooling across centers was investigated using a
two-way logistic regression model with factors of treatment
group, center, and treatment-by-center interaction. The results
Sof the DVT findings were also summarized by investigator to
provide a qualitative assessment of the presence of interactions.
A two-way logistic regression model including factors for
treitment group and center was used to compare the treatments.
These analyses were carried out using the SAS procedure CATMOD,
the CONTRAST statement was used to compare the treatment groups
pairwise. Since it was expected that the two enoxaparin doses
would be superior to heparin, the pairwise comparison of the two
enoxaparin doses to the heparin dose were considered to be the
primary treatment comparison.

A Bonferroni-adjusted significance level of 2.5% was used for
each of the primary treatment comparisons (all p-values
multiplied by 2). Statistical significance corresponded to p-
value equal or lower than 5%, after adjustment for these
comparisons. Comparison between the two enoxaparin doses was
based on a 5% significance level. All tests were two-sided.
Approximate 95% confidence intervals for the odds ratio of
treatment failure between each pair of treatment groups were
computed. The odds of a treatment failure are defined as
estimated incidence rate of treatment failure/estimated incidence
rate of treatment success.

The incidence rate of treatment failure by treatment group was
summarized in patients subpopulations by demographic
characteristics, type of surgery, type of anesthesia, use of
surgical cement, use of graduated compression stockings (GCS).

Adverse Events

The COSTART dictionary was used to classify the adverse events.
Events for a particular COSTART occurring more than once were
counted only once. Repeated reporting of the same adverse event
in a patient was reported only as the most severe. Each type of
event occurring within a body system was counted.

Adverse events incidence rates (all events excluding those
unrelated to study medication) were summarized by treatment
group. The adverse events were summarized for each body systenm
and overall. Overall indices reflected the number of patients
reporting any adverse event.

i AP . _ _
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Fisher’s exact two-sided test was performed for the statistical
comparison of the heparin group with the two enoxaparin groups
for total adverse events in each body system, for each event with
an incidence of 5% or higher in a treatment group for all adverse
events, and for each event with an incidence of 2% or higher in a
treatment group for all adverse events excluding those unrelated

to study medication.

These analyses were not initially planned; they were included in
the statistical evaluation of the study foilowing a pre-NDA
meeting with the FDA in March 1991. The p-values of these
analyses are useful only to flag certain events and do not
identify statisticai significance.

Ths overall incidence rates of patients with major or minor
bleeding at operative, non-operative or unknown sites during the
study period were summarized for each treatment group. Treatment
comparisons were based on the overall incidence rates of patients
with major bleeding and of patients with major or minor bleeding.
A logistic regression model with factors for center and treatment
effect wvas used.

Laboratecy Data

Mean changes from baseline for hematology parameters were
determined on Day 4, day 7, end of study and follow-up, and at
the end of the study and at follow-up for all serum chemistry
laboratory parameters. The mean changes from pooled parameters
across investigators were summarized for the three treatment
groups using descriptive statistics. No formal statistical
analyses were performed for these laboratory data.

FPisher’s exact test was performed for the statistical comparison
between the heparin group and the two enoxaparin groups for
selected laboratory values of clinical concern.

Shift tables were generated that summarize the distribution
(below, within, above normal range) of baseline and end of study
hematology and chemistry values.

vital Signs

The mean changes from baseline for vital signs combined across
investigators on day 4, day 7, at end of study and at follow-up
wvere summarized for the three treatment groups. No formal
statistical test of hypothesis was performed.

h‘____,A / -rdiiidl _ta_.A‘
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PROTOCOL AMENDMENTS

The protocol was amended on four separate occasions (6/15/1988;
11/15/1988; 6/15/89; 3/9/1990).

The protocol, us summarized, includes all the amendments.

EROTQCOL VARIATIONS

Patients with the following protocol deviations were included in
the study and considered evaluable for efficacy because the
variations were not believed tc have sufficient impact on the
outcome of the DVT analysis; .

- patients 37 years of age or older (protocol age=40)
- any type of hip replacement was accepted for eligibility.

- presurgical exclusion of DVT by any noninvasiva'vascular
exsminztion was permitted, patients with positive results
vere, however, excluded. :

- gurgery on the ipsilateral hip within three months was
permitted.

- use of NSAID was permitted during the four days before
surgery and concomitant with study medication throughout the
study.

- Two or more doses of warfarin were required to exclude a
patient from evaluability.

- infrequent administration of up to 1500 U of heparin
throughout the study was permitted.

RESULTS
PATIENT DISPOSITION/ACCOUNTABILITY

Six hundred ten (610) patients were randomized to one of three
treatments: 205 to enoxaparin 40 mg gd, 195 to enoxaparin 30 mg
gizh and 210 to heparin 5000 U g8h. Only three patients among
the 610 (two enoxaparin 40 mg gd and one heparin 5000 U g8h) were
randonized but received no study medication. One patient had
intercurrent illness and did not have surgery, one patient
experienced bleeding during surgery and one patient received a
contraindicated medication.
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The dispesition of the 607 randomized and treated patients is

shown in the following table.

Disposition 5000 U g8h

n (%)
Patients Randomized: 210
Patients Treated: 203(100%)
atients: 150( 72%)
Evaluable 138( 92%)
Not Evaluable 12( 8%)
Discontinued Patients: 59( 28%)
Evaluable 4( 7%)
Not Evaluable HS5( 93%)
Re - uation:
Protocol violation 37( 18%)
Adverse Event 12( 6%)
Lost to follow-up 3( 1%)
Treatment Failure 0
Death 1( <1%)
Other 6( 2%)
Q for Efficacy:
All randomized 210
All treates 207( - %)
Evaluable 142( 68%)
Not Evaluable 67( 32%)
Reasons for sjon:
Inadeqg. or No VG 61( 29%)
Insuffic. Therapy S( 2%)
Inapprop. Surgery 1( <1%)
Concomit. Heparin 0
REMOGRAPHICS

In the all three patient populations (randomized, all treated and

Iotal
n (%) n (%) n (%)
205 195 610
203(100%) 195(100%) 607(100%)
144( 71%) 137( 70%) 431( 71%)
130( 90%) 131( 96%) 399( 93%)
14( 10%) 6( 4%) 32( 7%)
59( 29%) 58( 30%) 176( 29%)
6( 10%) S( 9%) 15( 9%)
53( 90%) 53( 91%) 161( 91%)
47( 23%) 42( 22%) 126( 21%)
S( 2%) 7( 4%) 24( 4%)
2( <1%) 3( <1%) 8( 1%)
0 1( <1%) 1( <1%)
o 0 1( <1%)
S5({ 2%) 5( 2%) 16( 3%;
205 135 610
203(100%) 1$4(100%) 604 (100%)
136( 67%) 136( 70%) 414( 68%)
67( 33%) $9( 30%) 193( 32%)
61( 30%) 56( 29%) 178( 29%)
2( <1%) 3( 2%) 10( 2%)
3( 1%) 0 4( <1%)
1( <1%) 0 1( <1%)

evaluable patients), the three treatment groups were comparable
with respect to patient demographic characteristics.

CONCOMITANT MEDICATIONS

All 607 treated patients received concomitant medications. The
most frequently used drugs included opiates and opioids (94%),

cephalosporins (91%), laxatives (77%), analgesics and
antipyretics,including ASA and NSAID (74%), hematinics (49%),

hypnotics and sedatives (46%).

The three treatment groups were comp. -able for the incidence of

use of each of th.se drugs.

- v ]
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473 of the 607 treated patients had other presenting conditions
or illnesses. The incidence rates were similar in all thres
treatment groups.

All of the 607 treated pacients had other medical, surgical or
orthopedic histories. The data for the all treated patient
pepulation are shown in table 5.2.

Summary of Frequent (>10§ OvtraLL) Nedical
and Surgicsl Aistories®
(ALl Treatsd 7stiemts)

(Appendices B.é.1 and B.6.2)

- e —————— e < e

Prior Hepssisn ____Mu__

Bigtory ,
a (%) » (%) n (t) n (%)

All Treated

Patients . 299¢100%) 203(100N) 195{100%) &O7{l.00%)
Patients vich Foricive®

nddical/orenopedic/

Surgical Nistory 209¢100%) 203(100%) 195{(106%) &O7()100%)
Modical History:

Injury/

Poisoning I2( 15%) 29( 14%) 33¢ 17%) %4{ 15%W)
Diseanes of the

Digestive Systen 28¢ 13%) 25¢ 12%) 23( L6%) 84 140)
Diseases of the

Cizculatory

System 24( 114} 18( ) 244 13%) 6&{ 11M)
Orthopedic Klstory® 209(1008)  203(100%)  19%5(1008) £07(1008)
Surgical MHistory:

Musculoskslietal .

System 110¢ S38)  114( 56%) #9¢ S1%) 323¢ S:)
Digestive Systea 62(¢ 30%) 62( 31%) 75 3881 199( 338)
Integunentary

. Systam 28( 13%) 30{ 1S§%) 28( 14%)  86( 140)
Gender Related
Surgical nlstotydn i
All Treated Females 108 104 97 309
Female Genltal
Organas €1({ S6%) 6x{ 59\) §2( S48) 174 568
All Treated Fi:les 101 L 1) ”* 298
Nale Genltal
Organs 16( L6v) 12( 12%) 14 14%) 42( 14%)
x Patients may have muitiple conditions; but each patiant was
counted only once in the totai of patients with a positive history.
b The Medical and Surgical Histery counts in Appandix B.4.) 4o not
include orthopedic history as specified in theiz primary diagnesis.
¢ Details of orthopedic history can be found in Table 6.1 listed
as their primary diagnosis.
é Percents ars bazed on gender-specific column totals (Appendix B.3.2).
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PRIMARY DIAGNOSIS AND SURGICAL DATA: The three treatment groups
were similar for the incidence of primary diagnosis and surgical
data (type of surgery, type of anesthesia, use of surgical
cement, duration of surgery, use of GCS;, blood loss and
transfusion requirement during surgery.

The data for the all treated patient population are shown in
table 6.1. The all treated population and the evaluable
population were comparable with respect to the primary diagnosis
and surgical parameters.

Tsble 6.1
Summary of Surgery and Transfusiom Data
{All Treated Patients)
___(Appendix B.6.2)

ur D Heparin Enoxapszin
5000 U qh 40 =g QP 30 mq gi2b Quersll -.
.- ais) n(s) n(s) n{%) I

All Treatsd Patlents: 209(1008) 203(100%) 195(100%) 607(100%) - '

Primary Diagnosis:

Ostecarthritis 154 (74%) 157 (77%) 153 (78%) 464 (76%)
Avascular Necrosis 26 (12%) 20 (10%) 18 ( 9) 64 (11%)
Rheumatoid Arthritls 9 { 4%) 12 ( 6%) { 4%) 28 ( 5%)
Hip Fracture/Trausas 10 ( 5V) 6 ( Iv) { 2%) 20 ¢ )
Congenital Dysplasia 8 { 4%) 2 (<1%) ( 28) 14 ( 20)

[

7

4

4
Ankylosing Spondylitis 0 1 (<1%) 0 1 (<1%)
Osteomyelitis 0 0 1 (<1%) 1 {<1%)
Psoriatic Arthritis (4] 0 1 (<1%) 1 (<i%)
Chondroiysis o 1 (<1\) ] - 1 («1%)
Other 2 (<1\) 4 { 2%) T ( 4%) 13 ( 2%)

Type of Surgery:

Primacy 181 (87%) 169 (83%) 168 (86%) SL8 (85%)
Yotal 178 (85%) 166 (92%) 166 (85%) 510 (04%)
Hemi 1 (<14} 3 (V) 1 («<lv) § (<1\)
Mot Specified 2 (<1%) 0 1 (<1%) 3 (<1%)

‘Revision 28 (13%) 30 (158) 25 (13%) 83 (14%)
Total 27 (13n) 28 (14%) 23 (12%) 78 (13%)
Hemi 0 1 (<1%) 2 { 1%) 3 (<1%)
Not Specified 1 (<1} 1 (<1%) 0 2 (<1v)
Unknown 0 4 () 2 { 1%) 6 (<1%)

Type of Anesthesia:
n.gloual/opidu:al‘ 50 (29%) 64 (328) 56 (29v) 180 (30%)

Inhalation/IV 125 (60%) 114 (S56%) 120 (62%) 359 (59%)
Not Specifled 24 (118) 25 (12%) 19 (108) 68 (1lV)
a These patients may have received IV or linhalation anesthesia ‘

as a supplement to the anesthesia listed.
{continued next page)

_ i sl
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Table 6.1 {(continued)
Summaty of Surgery and Transfusion Data {All Treated Patients)
(Appendix B.6.2)

Surgical Data Heparin Enoxaparin _____ Qverall

500G U _g8h 40 mq QD 30 _mg gl2h
a (%) n (V) n(Y) n (%)

All Treated Patiencs: 209(100%) 203(1008) 195(100%) 607(100%)

Use of GCS:

Yos 67 (32%) 69 (38%) 70 (36%) 206 (34N)
No 118 [(56%) 109 (S4%) 104 (S38) 331 (55%)
Unknown 24 ()1%) 25 (l2%) 21 (118} 70 (12%;

Use of Surglical Cemeni:

Yos 60 {29%) 55 {27%) 45 (23%) 160 {26%)
No 149 (71%) 146 (72%) 149 (76%) <44 (7IW)
Unknown 0 2 (<1%y) 1 (<l) 3 (<1lv)

Type of Blood Transfused®s )
Autologous 80 (42v) 89_(44%) 89 (46%) 266 (44%) .
Salvage 44 (21%) 52 (268) 45 (23%) 141 (23v) !
Unspeciftied ' 24 (11%) 19 ( 9%) 20 (108) 63 (10%) i

Units of All Blood Transfused®;
patiente Transfused 117 (S68) 108 (S38) 112 (57%) 337 (356%)

Mean Units 1.9 1.9 2.0 1.9
87D 0.95 0.99 1.02 0.9
nange ) 1-6 1-7 1-7 1-7

Blood Loss (alL):
| 207 (99%) 202(100%) 195(1008) €04(100%)

Mean 797.4 #20.% - 792.2 $03.5 :
Range 100-35%500 0-3000 100-4000 0-4000 f
1

Duration of Surgery (hrs): |
N 208¢100%) 203(100%) 193 (99%) 604(100%) :
Mean 2.7 2.6 2.5 2.6
8TD 1.27 1.38 1.08 1.28%

Range _0.7-9.3 __ 0.5-9,9 0,7-§,3 0.5-9,7

b Some patients received blood not specified as autologous or

salvage (e.g.., nonautologous blood): some patients received
a combination of autologous, salvage, and/or other blood.

¢ Maan, STD, and range include only those patieants who recsived
dlood transfusions in the operatiang room and/or recovery rooa.

e et ——

411 of the 607 treated patients had both definitive VG and non-
invasive vascular examination findings. Cross tabulation of tha
findings from VG and ron-invasive vascular examination are shown
in the following table: -
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n

n n{%)
Negative 387 Negative 339(88%) Negative 339
Positive 48(12%)
Positive 24 Positive 7(29%) Fositive 7
Total 411 411 346

84%

Qverall Adreement =
Diagnostic Sepsitivity of Noninvasive tests (True positive x100 /
True positive + False positive) = 12.7%
Diagnastic Specificity of Noninvasive tests (True negative 100 /
True negative + False positive) = 95.2%

(True positive x100 / True positive +

False positive = 29.1% e
(True negative x100 /True negative +

False negative = 87.5%

The finding of positive VG in patients with negative non-invasive
vascular examination was 207134 (15%) in the heparin grcup; 5/122
(4%) in the enoxaparin 30 mg gi2h and 23/131 (18%) in the
enoxaparin 40 mg gd. The finding of positive VG in patients with
positive non-invasive vascular examination was 0/8 (0%) in the
heparin group, 3/11 (27%) in the enoxaparin 30 mg gi2h group and
4/5 (80%) in the enoxaparin 40 mg qgd. '

DVI FINRINGS

Three of the 607 treated patients had no efficacy data.
Treatment outcome was assessed from VG results in 71% of all
treated patients with efficacy data (429/604) and from clinical
evidence of DVT in 29% of patients with efficacy data (175/604).
The, distribution of the DVT findings in the various types of all
treated patients is summarized in the following table:
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Heparin Enoxaparin
Yenograghy 5000Uqg8h 490mgQD 30mggieh Overall
All Treated Patients: 209 203 195 607
Patients with
Efficacy Data: 207 (100%) 203(100%) 194(100%) 604(100%)
Patients with definitive
VG results: 148( 71%) 142( 70%) 139( 72%) 429( 71%)
(1) Positive 21 28 8 57
(2) Negative 127 114 131 . 372
Patients without definitive
VG results: 59( 29%) 61( 30%) 55( 28%) 175( 29%)

Clinical evidence of DVT
(3) Positive non-

invasive Data 3 2 1 6
(4) Other positive :
Clinical Data 0 (1] 0 0
(5) No positive clinical
Evidence 56 59 54 169
ANALYSIS OF INCIDENCE OF DVT

ALL RANDOMIZED PATIENTS EFFICACY ANALYSIS

The total number of patients who were randomized but not treated
(n=3) and of those with no efficacy data (n=3) was too small to
influence the outcome of their respective treatment groups in an
intent-to~treat analysis.

. ALL, TREATED PATIENTS (WITH EFFICACY DATA) EFFICACY ANALYSIS

Positive evidence of DVT, determined by either VG or non-invasive
vascular eaxamination and other clinical findings, was found in
10% of all treated patients following surgery (outcome groups 1,
3, 4). 7he incidence of DVT was 15% among patients treated with
enoxaparin 40 mg gd; 5% among patients treated with enoxaparin 30
mg ql2h, and 12% among patients treated with heparin 503C U qg8h.
The summary of the statistical analysis of these results by
treatment group for the All Treated Patients is shown in the
following table:
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overall
n (%) n (%) n (%) n (%)
All Treated Patients 207(100%) 203{100%) 194(100%) 604(100%)
Treatment Failures 24( 12%) 30( 15%) 9( 5%) 63( 10%)
Proximal DVT 10( 5%) 8( 4%) 4( 2%) 22( 10%)
Distal DVT 11( S5%) 20( 10%) 4( 2%) 35( 6%)
Noninvasive Data 3( 1%) 2( <1¥%) 1( <1%) &§( <1%)

Betwveen-Group Comparison of the incidence of treatment failures:
O2ds Ratio p-value

Heparin / Enoxaparin 0.60 0.2366 (0.29, 1.25)
40 mg QD

Heparin / Enoxaparin 2.94 0.0278 (1.10, 7.84)
30 mg qlzh

Enoxaparin 40 mg QD/ 4.89 0.0002 (2.11, 11.34)
Enoxaparin 30 mg gqi2h *

EVALUABLE PATIENTS EFFICACY ANALYSIS

Fifty-seven (57) of the 414 evaluable patients (14%) had VG
confirmed DVT. The incidence of DVT was 21% (28/136) in the
enoxaparin 40 mg/gqd group; it was 6% (8/136) in the enoxaparin 30
mg/qizh, and 15% (21/142) in the heparin group.

The difference between the two enoxaparin groups was
statistically significant (p-value=0,0003). The differences
between either enoxaparin groups and heparin group were not -
statistically significant. The summary of statistical results of
DVT findings by treatment group for the Evaluable Patients in
shown in the following table and in Fig 1A and-1B:.
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Heparin Enoxaparin
Patients Treated 5000Ug8h 40mqOD 30mgqglzh Overall
n (%) n (%) n (%) n (%)

Evalugble Patients 142 (100%) 136(100%) 136(100%) 414 (100%)

Treatment Failures 21 (15%) 28(21%) 8( 6%) 57 (14%)
Proximal DVT 10( 7%) 8( 6%) 4( 3%) 22( 5%)
Distal DVT 11( 8%) 20(15%) 4( 3%) 35( 8%)

Between-Group Comparison of the incidence of treatment failures:

Heparin / Enoxaparin 0.46 0.0636 (0.20, 1.03)
40 mg QD

Heparin / Enoxaparin _ = 2.55 0.1030 (0.87, 7.48)
30 mg gl2h

Enoxaparin 40 mg QD/ 5.56 0.0003 (2.21, 14.00)

Enoxaparin 30 mg gi2h

The time to VG was similar for all groups with all three mean
values of 6 day.

The incidence rate of proximal and distal DVT was similar in the
heparin and enoxaparin 30 mg/qlzh; in the enoxaparin 40 mg/qd
group the incidence of proximal DVT was lower (6%) than that of

distal DVT (15%).

The majority of patients who failed therapy had DVT in the
operative side. In the enoxaparin 30 mg/ql2h, 5 out of 8 had DVT
in the operated limb; in the enoxaparin 40 mg/qd, 14 out of 28
had DVT in the operated limb, 7 had DVT in the controlateral limb
and 7 patients had bilateral DVT.. Of_the 21 evaluable patients
in the heparin group with DVT, 11 had DVT in the operative limb,
gix had DVT in the unoperated limb, and 4 had bilateral DVT.

Among all trcated patients and within the three treatment groups,
the incidence of DVT was similar between men and women, in
patients younger than 65 years of age or older, and anong
caucasian and blacks.

§9BQIQBL_5HE§EI5_QE;ALL_IBEAIED*2BIIEHIE_EIIH*EEEIQAQI_DAIA
The incidence of DVT was comparable among all patients with

regard to type of surgery, tyr2 of anesthesia, use of surgical
cement and use of GCS.
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The overall incidence of DVT and the incidence of DVT within each

treatnent group were similar for sex, age and race. In all
subsets, the incidence of DVT remained lower in the enoxaparin 30

m/glz2h.
SURGICAL SUBSETS OF ALL EVALUABLE PATIENTS

The incidence of DVT was comparable among all patients with
regard to type of surgery and anesthesia, use of cenent and of
GCS as shown in the following table:

Heparin Enoxaparin
anxnigal_ﬁnhassn 5000Ug8h 40mgQD znngglzh Qxarnll
Prinary 16%(20/125) 19%(22/113) 7%(8/116) 14%(50/354)
Revision 6%(1/17) 30%(6/20) 0%(0/19) 13%(7/56)

Region./Epidur. 10%(4/39)  19%(8/42)  0%(0/33) 11%(12/114)
Inhalation/IV  16%(14/85) 24%(18/76) 8%( 7/89) 16%(39/250)

" Unspecified 17%( 3/18) 11%( 2/18) 7%( 1/14) 12%( 6/50)
Surgical cCenmept:
Yes 23%( 8/35) 25%(09/36) 0%(0/34) 16%(17/105)
No 12%(13/107) 18%(18/99) 8%(8/102) 13%(39/308)
GCS:
Yes 17%(08/47)  23%(12/53) 10%(5/50) 17%(25/150)
Noe .. . 13%(310/77) 22%(14/65) 3%(2/71) 12%(26/213)
Unknown 17%( 3/18)  11%( 2/18)  7%(1/15) 12%( 6/51)

For all subsets, the incidence rates of DVT were lower in the
enoxaparin 30 mg ql2h than in the other two treatment groups.

SAFETY RESULTS
NUMBER _OF PATIENTS EVALUATED AND DURATION OF EXPOSURE

All patients who received at least one dose of study medication
were entered in the safety analysis.

SIUDY DRUG ADMINISTRATION

The mean duration of treatment for all patients was 6,7 days *
1.21 days (range 1-12 days, whch was similar teo the mean values

for each treatment group.

i
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The mean number of dcses of study medication in each treatment
group reflected the dosing regimen for that group.

PATIENTS WITH EPISODES OF BLEEDING DURING THE STUDY

Most major bleeding episodes occurred at the operative gite in
all three treatment groups. The overall incidence of major
bleeding at the operative site was two percent: 3% in the heparin
group, 3% in the enoxaparin 30 mg/qi2h and <1% in the enoxaparin

40 mg/qd group.

Two episodes of major bleeding at extraoperative sites and 8 at
unknown sites occurred among all patients.

PATIENTS WITH EPISODES OF MAJOR BLEEDING

Major bleeding occurred in 24 patients. Major bleeding occurred
on the operative day or on the 1 postoperative day in 14/24
patients, on postoperative day 2 in six patients and on
postoperative day in 3 patients.

The mean weight (71.0 kg) for the patients with bleeding was
slightly lower than that of all treated patients (78.4 kgqg).

Ten additional patients experienced clinically significant wound
drainage: three enoxaparin 40 mg/qd patients, three enoxaparin 30
ng/ql2h patients and four heparin patients.

The comparison of the incidence of major and minor bleeding and
of the site of bleeding among the treatment groups are summarized
in tables 10.1 and 10.2. — -

T
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Tab 0.1
NDA 20-164 Summary of Patlents with Episodes of Bleeding
qu. 109 {(Appendix B.12.1)
Heparin noxaparin
Blawding 40 0 vera
n (V) n(s) n (%) n {%)
All Treatad Pacients 209(100%)  203(100%) 195(100%) 6€07(100%)
Major or Minor 25 (12%) 21({10%) 248(12%) 70(12%)
Major 13¢( &\) 3 1y 8 &%) a4 4n)
Ninor 12¢ 6y) 1Lo( ) 16( M) 46( )
None 184(00%) .1“(90\) 171(88n) $37(08%)

- - -
Tl b et b

Betveen-Group compacison of the Incidence of Fatients with Bleeding 'lpuodon
25% Confidence

. —‘W’M‘ S A - e+

) _ﬁsuu;emux significant a

Odds ; Interval for
Gomparison Ratle”™ p-vplve
ﬁliﬂi.ﬂ:.!iﬂi&.llssﬂlnHLliil!ﬂzls
Neparing 1.16 >0.80 (0.6, 2,42)
~ Baoxaparin 40 mg oob L
Repazin: s 0.93:  >0.30 (0.46, 1.99)
Rnoxaparin 30 mg qi2n -
Enoxaparin ) .80 0.486 (0.42, 1.51)
40 mg G , .
30 mg qglah -
Neparing . 4.5 0.0432°  (1.04, 19.57)
Enoxaparia 40 g m'_’_
Meparin: 1.59  »0.%0 (0.5, 4.57)
RBnoxaparin 30 ag qnhh ’
Enoxaparia 0.35 0.1312  (0.09, 1.37)
40 mg OD:
30 g qi2n
a . Estimated from a logistic regression modsl vith treatment and center affects.
: . Two-sided p-values and confidence intervalsg

are Boaferroni-adjusted (multiplied by 3),

i

fable 10.2 R -
Summary of Patients uEr!Fl?&:a of Dlesding by Site ,
{Appendix B.12.2)
- ) He — i .
Bleedin eparin Eno rin .
n ) n n

All Treated Patients 209(100%) 203(100_%) 195(100%) 607(100%)

Major 13{ &%) 3( 1%) 8( 4%) 24( 4¢)
Wound . 7 3w 1(<1%) 6( 3%)  14( 2v)
Extra-operative 2{<1%) 0 0 2(<1%)

... Unknown 8ite 4 2%y 2(<1%) 2( 1v) 8( 1y)

Minor 12({ &%) “18( 9%) 16{ 8%) 46( o)

. Wound 4 2%) 8( 4v) 7( 4%)  19( 3v)
Extra-operative 6( 3%) 8{ 4%) 4( 2v) 18( 3%)
Unknown Site 2(<1%) 2({<1%) S({ 3%) (1%}

None 184(88%) 182(90%) 171(88%) 537(088%)

e v s —

i e s e e

At e irem 44 A 5 et e
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POST-SURGICAL, NON-AUTOLOGOUS BLOOD TRANSFUSION

Sixty-nine percent (65%) of all treated patients received at
least one unit of blood transfusion from post-surgery to end of
study. The proportion of patients who were transfused was similar
among the thres treatment groups. The transfusion requirements
are summarized in the following table. -

Qverall

Units Transfused 40 mg QD 30 mg qlz2h

(n=209) (n=203) (n=195) (n=607)
0 Units 118 (56%) 132(65%) 116(59%) 366(60%)
1-2 Units 69(33%) 56 (28%) 57 (29%) 182(30%)
> 2 Units 22(11%) 15( 7%) 22(11%) 59 (10%)
Patients Transfused
N 91 (44%) 71(35%) 79 (41%) 241(40%)
Mean (units) 2.5 2.3 2.5 : 2.4
8.D. 2.18 1.53 1.75 1.86
Range ' 1-18 1-10 1-11 1-18
ADVERSE EVENTS

Adverse events were defined as any untoward event observed by the
investigator or reported by the patient between the start of
surgery and the final evaluation. All adverse events were mapped
to the COSTART dictionary.

ADVERSE EVENT RATES

ALL _ADVERSE EVENTS

Overall, 524 of 607 patients (86%) who received study medication
reported at "east one adverse event. The overail incidence of
patients r- orting adverse events was higher in the enoxaparin 30
mg/qlzh group (91%) than in the enoxaparin 40 mg/qd group (84%),
(p~-value=0,035). -

The most frequently reported adverse events affected the body as
a wvhole and included fever, pain, headache.

Next most common were events affecting the GI system: nausea,
constipation, vomiting and dyspepsia.

The adverse events are summarized in table 12.1

oF
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Sussary of Adverse Events By Body Sysiea
(All Adverae EBvents)
{Appsndix B.13)
ALl Adverse Events wn

Hepagip a
Body System 5000 U goh - 40 sg QD p-vaiue 20 =9 Qi) povalue
Totals (n%209) (n®203) , (nnl9S)
Quesadd A26(34%)  12MM88M1 A.000  ATM(MM Q.03
Body as a Whole 120(37\) 111(S$%) 0.620 123(63%) 0.264
Cardlovascular 42(20%) 34(1L7Y) 0.846 €0¢21%)  1.000
Digestive PI(448)  B9(448) 0.92L 03({43%) 0.763
gndoctine 1<a%) . 0 O%) 1.000 0( 08)  1.000
Nesic/Lywphatic - 26(LI0)- -~ 26{130)—0.068 - 214N 1.000 -
Zajection Site N '

s Reaction 12( 6%) 7¢ 3%) 0.349 10{ 5%) 0.829
Metabolic and - o
Mutzitiosal 23(118) 30¢15%) 0,303 22¢138) 1.000
Musculoskeletal 13( &) 13¢ §%) 1.000 3( av)  0.020
Merveus : 42(20%) 40(20%) 1.000 48(258)  0.284 i
Respiratary T --23(ae) A8( %) 0.238 15( 8%)  0.307 :
skin and Appendages  42{20%) 44(22%) 0.737 | 27(34W) 0.112
Special Senses S¢ 28) 2(<iV) 0.449 3 2N) 0.728
Urogenital 42(200) 38(198) 0.803 32(16%) 0.369
e T evalus fTom tVo tailed Pishar's Exact test comparison versus Heparin.

&
b Percents are based on number of patlients in each treatsentc group. i
. Indicates p<0.05. _ . i

Overall, 26% of all patients had adverse events that wvere
regarded as related to study medication. The most common events
wvere reported for the cardiovascular system (hemorrhage). The
most common events associated with the GI system were nausea and

constipation.

The treatment groups were similar for overall incidence of
adverse events except for skin and appendages which were higher
in the heparin group and were represented by skin rashes and

.pruritus.
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" The majority of adverse reactions regarded as related to study

medication were of mild or moderate severity. One percent of

patients in the enoxaparin 40 mg/qd group, 2% of patients in the
enoxaparin 30 mg/qizh group and 3% of the patients in the heparin
group experienced at least one adverse event which was reported

by the investigator as severe.

Thi adverse events regarded as related to study medication are
summarized in table 12.3.

Table 12.3

Susmary of Advazse Rvents By Body System :

-Excluding Those Mot Study Drug Related- :
(Appendix B.14)

Mverse Events Excluding

: -Those Mot Study Drug Related —
Body Systea Hepagin . % a
> 2000 U goh 40 g OR povalue =TT

Totals (n=20%) (a=203) (a=19§)
Qverall 50(288) 48033  9.237 $2027%) 9.824

Body as a Whole B( 48) . %( &%) o0.%08 12( V) 0.360
Cardiovascular 13( &%) J12¢ 6%) 1.000 14 %) 0.842

Digestive ) 130 68) - 10( S%)  0.669 10( S%) 0.673
Nealc/Lymphatic CALsY) ¢ TCIN) 0.472 8 4y 0.644

Injsction Site o - ]

Reaction 9! 4%) : 40 2%) 0.260 §( 3) 0.604 ‘

. i

Metabolic and "
Mutritional TR} S(2%) 0.575  S( 3V 0.578 !
Musculoskeletal 2(<1%) 1(<1y)  1.000 1(<1%) 1.000 i
Servous a( 18) S( 2%) 0.498 T( 4%) 0.207 i
Respizatory 30 1v) 1(<1%) 0.623 a( 2%) 0.716

Skin and Appendages 10( S%) S( 28) 0.294 2( 1%) " 0.037° ‘
Special Senses 0 08) 2(<ly) 0,243 o( 0%) - i
Urogenital 2(<iy) 2(<iV)  1.000 T 3(<1n) 1.000 ,{

P~value from two tailed Pisher's Exact test comparison versus Heparin.

-a
b Pezcents are based on aumber of patients in each treatment group.
* Indicates p‘0.0S.

PATIENTS WHO DIED DURING THE STUDY

Two patients, one in the enoxaparin 30 mg/ql2h and one in the
heparin group died of acute MI.

A third patient in the heparin




NDA 20-164
Page 113

group died of respiratory complications 65 days after
discontinuation of study medication.

Overall, 24 of 607 patients (4%) who received study medication
experienced a total of 67 adverse events for which they were
prematurely discontinued. Among these, were 5 of the 203
patients (2%) receiving enoxaparin 40 mg/qd, 7 of the 195
patients (4%) receiving enoxaparin 30 mg/ql2h, and 12 of the 209
patients (6%) receiving heparin.

Approximately half of the adverse events were considered of mild
or moderate severity and half were severe in nature. _
Forty-eight (48) of the 67 events that led to discontinuation of
the study medication were considered to have been related to the
study medication. These included 8/12 events in the enoxaparin
40 mg/qd group, 21/29 events in the enoxaparin 30 mg/gl2h group,
and 19/26 events in the heparin group.

PATIENTS WITH SERIOUS ADVERSE EVENIS

'In addition to the three patients who died, 45 patients were
classified as having serious adverse events: 11 of 203 patients
(5%) in the enoxaparin 40 mg/qd reporting 21 events, 15 of 185
patients (8%) in the enoxaparin 30 mg/ql12h reporting 29 events,
and 19 of 209 patients (9%) in the heparin group reporting 33
aevents.

Seven of the 21 events in the enoxaparin 40 mg/gd, 13 of the 29
events in the enoxaparin 30 mg/gl2h, and 7 of the 33 events in
the heparin group were regarded as possibly or probably related
to study drug.

CLINICAL LABORATORY EVALUATION

Post-operative increases from baseline in mean platelet counts,
SGOT, SGPT, AP, LDH were observed in all three groups.

Most of the patients in all groups had baseline low values of
hemoglobin and hematocrit which remained below normal by the end
of the study.

Elevation of the APTT occurred in 5% of the heparin'patients and
in 1% of the patients in the two enoxaparin groups. Shifts from
normal range to ahove or below normal range and from below or
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above normal range to normal range for the other hematologic
parameters were similar in all groups. Among patients with
normal baseline sodium values, 16% of the heparin patients, 9% of
the enoxaparin 40 mg/gd patients and 13% of the enoxaparin 30
mg/ql2h patients had values below normal.

among patients with normal triglyceride values at baseline, a
higher proportion of patients in the heparin group (32%) had
values above normal at the end of the study compared witnh the two
enoxaparin groups (15% and 17%). _

shifts from normal range to above or below normal range and from
below or above normal range to normal of the other chemistry
parameters were similar in all groups.

INCIDENCE OF ‘POSSIBLY CLINICALLY SIGNIFICANT' VALUES FOR
SELECTED LABORATORY PARAMETERS

Laboratory values of possible clinical significance were observed
in all three treatment groups for platelet count, hemoglobin,
SGOT, SGPT, Alkaline Phosphatase (AP), Total Bbilirubin, and BUN.
Creatinine value of possible clinical significance were recorded
in the heparin group and in the enoxaparin 30 mg/ql2h group.
Thrombocytopenia, mostly of mild or modest severity, occurred in
all three groups with similar frequency (18%, 15%, 15%).

One patient treated with heparin developed heparin-induced
thrombocytopenia and thrombosis.

The incidence of thrombocytosis (mild in 62%, moderate in 30% and
severe in <1%_of patients) was similar among all treatment
groups.

Twenty-seven percent (27%) of all patients had a decrease in
hemoglobin greater than 2 gm/dL and 16% had hemoglobin values
less than & gm/dL. Similar results were seen in the two
enoxaparin groups. Slightly hivher proportion of patients in the
heparin group experienced hemoglobin decrease of more than 2
gm/dL or had hemoglobin levels lower than 8 gm/dL.

One percent (1%) of all patients had elevated bilirubin, 4% and
5% had 3-6 fold elevation of SGOT and AGPT respectively, 1% or
less had elevations of SGOT and SGPT greater than 6 folds above
the investigator’s upper limit of normal, and 5% had elevated AP
values.

Five percent (5%) had clinically siynificant elevation of BUN and
less than 1% had creatirine values elevated to levels of clinical
significance. Similar results were observed among all three
treatment groups.
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The summary of the clinically

is shown in table 156.

Iable 16
Summary of the On-Study Iancidence of P.tients with Flinically Significant

Values for se

Lected Laboratory Pacameters
{Appendix B.1%)

Parameter Heparin Eooxapagin
Value 40 mq Q0 p-value™ _30 mg ql2h p-veliye®
5 (t) n (%) n () .
209 (100%) b 203 (lo0vn) 198 (100v)
Platelets: Thrombocytopenia ,

Mlla 27 (13n) 27 (13%) 1.000 28 (148 O0.772
Modecrats S ( 2v) 3 (1% 0O.72¢ 7 ( 4%y  0.564
Piatelots: mhrombocytosts®, T
Mild . 138 {63%) 124 (618) O.477 115 (39¢) 0.281 .
Modezate T 86 (21 %1 (308} 0.512 $3°(32%) 0.232
Ssvere 1 {<1%) 3 ¢ I8}  0.366 1 (<1%) 1.000

Nemoglobing . ' :
< § gm/dIL 43 (21%) « 28 (l4%) 0.089 29 {(15%) 0.153
Bec 2 2 ga/dL. €5 (31V) - 49 (240) 0.124 S$1 (26%) 0.322

Bilizubin: .'
> 2 mg/aL S { 20) - T (<1%) 0,216 1 (<ly) 0,217
8607
3-6x Rormal 9 { &v) & ( 4%v) 1r.000 9 { S\ 1.000
» §x Normal 2 (<1V) 1 (<1%) 1.000 2 ¢ 1\ 1.000
SGIFT:
. 3=6% NOIMAl 9 [ &N) 8 ( 4v) 1,000 14 ( TV)  0.28)
> &x Normal 2 («1%) 2 (<1y) 1,000 4 ¢ 2¢v) 0.435

Alk~Phosphitaser . : .
> 2x Normal - 11 4 58 11 { S\v) 1.000 10 { S\) 1.000
Cresatinine: -t :

>2 mg/dL 1 {<1%) 8 { 0%) 1,000 2 {1%) 0.511
BN,
2 30mg/4L 15 ( V) T (3% 0.124 9 ( 5%) 0.300

Quersl)
n (%)

signiticant laboratory parameﬁers

607(1004)

82
15

374

80

100
168

‘n

{14%)
{2%)

(62%)
(30%)

(<is)

{16%)
{278)

{ 1%)

( 4n)
{<i%)

{ 5%)
( 1%)

{ sV

{<1%)

(5%)

s P-values from two-tailed Fisher's Exact Test compared versus Heparin,
Platelets, thrombocytopenia:
Mild, 100,000/ma” < x < lower limit of normal;
Moderate, 20,000/mm’ < x < 100,000/ma)

Severe, % < 20.000/!533

¢ Platelets, thrombocytosis:
%ild, upper limit of normal < x < 600,000/ma?;
Moderate, 600,000/me? < x < 1,000,000/0n7;

Severe, x > 1,000,000/ma"

L ]

Dec., Decrease; Normal, upper limit of normal range.

* Indicates p<0.0S.

i
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puring or following study drug administration, 22 patients had
hemoglobin levels lower than 7 gm/dL, 20 patients had platelet
counts lower that 10°/mw’ or greater than 10°/mm’, 48 patients had
elevations of SGOT or SGPT greater than 6x normal, AP greater
than 300 U/L, and/or total bilirubin of more than 2.mg/dL; 31
patients had clinically significant elevation of renal function
tests. .

The incidence of markedly abnormal laboratory values was similar
among the three treatment groups (table 16).

NONLABORATORY EVALUA1IIONS
VITAL SIGNS RESULIS

No clinically significant changes in mean values of vital signs
were observed in any of the treatment groups.

POPULATION PHARMACOKINETICS

Increases from baseline in peak plasma anti-Xa and anti-IIa

‘activities were observed in 211 three treatment groups from day 1

through the end of the study. In the enoxaparin groups, the
anti-Xa activity was three times higher than the anti-IIa
activity. The ratio of mean peak anti-Xa activity to mean peak
anti-IIa activity was 1 or less in the patients treated with

heparin.

- | . |

This study compared the antithrombotic effectiveness of two
e..oxaparin regimen (30 mg gi2h and 40 mg QD) with that of heparin
5000 U q8h. This study was conducted in US. The duration of
therapy differed from the studies conducted in Canada for the
duration of treatment which was limited to 7 days instead of 10-
14 days.

The efficacy results showed that the regimen of enoxaparin 30 mg
glzh was superior to the other two regimens for the prevention of
DVT in patients undergoing elective orthopedic surgery. In the
all treated group, the incidence of DVT was 12% in the heparin
group, 15% in the enoxaparin 40 mg gfd group, and 5% in the
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enoxaparin 30 mg gql2h (p<0.05). The results in the

patients showed a rate of DVT of 6% for the enoxaparin 30 mg glz2h
group, 15% for the heparin group and 21% for the enoxaparin 40 mg
QD group. The difference among the three groups was not
statistically significant.

The incidence of major and minor bleeding complications and the
total transfusion requirements were comparable in all three

groups.

Among the serious adverse reactions encountered during the study,
there were five cases of PE: one in a patient treated with
enoxaparin 40 mg QD and four in patients treated with heparin.
The PE of the enoxaparin patient occurred on day 4 of therapy and
was associated with the finding of a superficial femoral vein
phlebitis. The episodes of PE in the heparin ‘patients occurred
at the end of the study. One patient experienced PE concomitant
with calf vein thrombosis. The other three patients developed PE
between 2 and 3 weeks post-study, off medication, and beyond the
follow-up time.

Among the serious adverse events regarded as associated with the
study medication, one case of severe thrombocytopenia and
thrombosis, resulting in bilateral lower extremities gangrene,
occurred in a patients treated with heparin.

The effectiveness of enoxaparin 30 mg q 12h in preventing DVT in
hip surgery patients was greater in this study than that
obtained with the same regimen in study ENO 884 and PK 523 (5%
treatment failure versus 10% and 17% respectively).

The study design presented numerous deficiencies, therefore the
interpretation of the results is subject to such limitations.
The study was not double-blind; moreover, the investigators were
provided with the randomization list which introduced the
additional bias of patients selection. The patients were
assigned the study treatment either presurgery or postsurgery.
The protocol underwent various amendments; several protocol
variations were allowed in the evaluation of efficacy.

The study is, therefore, unacceptable for efficacy evaluation.
The study can, however, contribute to the safety evaluation of
enoxaparin.
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STUDY NUMBER; PK 526 \

_TITLE: Multiple-dose, double-blind clinical trizl of the safety
and efficacy of enoxaparin for the prevention of post-operative
Deep Vein Thrombosis (DVT) following total hip replacement ¢

surgery. .

The study was initiated on January 19, 1989. A total of 572
patients were enrolled by 32 investigators in US until August 24,

1980.

The investigators enrolling nore than 10 patients were:

R e

Investigator Study locatjon

J.R. Roberson, MN.D. Emory Univ. Atlanta,GA 14
R.B. Brasier, M.D. Ann Arbor VAH Ann Arbor, MI - 27
R. Bona, M.D. St.Francis H., Hartford CT 16
F.G. Ebaugh Jr, M.D. VAMC Palo Alto, CA 17
J.J. Flechtner, M.D, Dakota Clinic, Fargo, MD 27

D. MacFarlane, M.D. U.Iowa Col.Med., Iowa City, IA 30
T. S8iesholtz, M.D. Grand View H.,Sellerville, PA 19

G Johnson, M.D. VAMC, Minneapolis, MNer 34 ]

R.M. Lyons, M.D. Humana H., San Antoni, TX 45 ' :

M.D. Tremaine, M.D. Anderson Clinic, Anderson, VA 45

J. Ansell, M.D. U. Massachusetts, Worcester, MA 24

R. Rodvien, M.D. Pacific Presb.H.San Francisco,CA 18

C.G. Savory, M.D. Hughston Sports M.H.,Columbus,GA 50 :
- M. Rader, M.D. Nyack Hospital, Nyack, NY 11 -

W.K. Furman, M.D. Sarasota Mem.H.,Sarasota, FL 48 :

W.L. Overdyke, M.D. Highland Clinic, Shreveport, LA 19

M. Christie, M.D. vanderbilt Univ.H. ,Nashville, TN 18

G.3. Shaver, M.D. Asheville Med.Ctr. Asheville,NC 23

R.E. White Jr, M.D. Presbyt. Hosp., Albuquerque,NM 15 o

M. Ritter, M.D. Kendrick Mem.H.,Wooresville, IN 14 . P

STUDY OBJECTIVE: The objective of the study was to determine the =
safety and the efficacy of enoxaparin administered subcutaneously |
(sc) at doses of 10 mg once daily (10 mg/qd), 40 mg once daily

(40 mg/qd), and 30 mg every 12 hours (30 mg/qizh) for up to 7 i
days for the prevention of DVT in patients undergoing elective f
hip replacement. :

STUDY DESIGN :

The clinical trial was conducted as a Phase III randomized,

double-blind, parallel-group, multicenter study. The patients

were randomly assigned to recejve either enoxaparin 10 mg.qd, «
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enoxaparin 40 mg/qd, or enoxapar‘n 30 mg/ql2h for a period of up
to seven days beginning within th. first 24 hours after surgery.
The enoxaparin doses of 40 mg/qgd and 30 mg/ql2h were selected
based on clinical PK studies and on the results of previous {
studies which demonstrated the effectiveness of these doses in

preventing DVT. The dose of 10 mg/qd was used to provide

afficacy and.safety information for the low end of the dose

response curve. '

The primary efficacy assessment for DVT was bilateral contrast
media venography (VG) on day 7, or earlier if clinically
indicated. Additional efficacy assessment of DVT was obtained
with non-invasive vascular examinations and clinical signs and
symptoms of DVT.

Evaluation for safety was performed daily throughout the study

period and within 14 days following termination of study drug
treatment. - -

SELECTION OF STUDY POPULATION ;
The eligibility and ineligibility criteria were similar to those

described for protocol PK 525,

DOSING SCHEDULE

Patients were randomly assigned to one of three treatment groups
according to a randomization code supplied by the sponsor. The
enoxaparin dose for the three treatment groups were:

1. 10 mg QD
2. 40 mg QD
3. 30 mg gqi2h

All doses were administered sc in the abdominal areca. No dosage

changes were allowed. Treatment was started within 24 nours

after completion of surgery, provided that hemostasis at surgical

site had been achieved. The treatment with enoxaparin was |
continued for up to seven days, unless it had to be terminated . 1
earlier because of patients discontinuation from the study or ‘
discharge from the hospital. |

EVALUATION AND SCHEDULING

These are summarized in table 1.
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STUDY SCNENATIC - OVERVIEW
__:mgnum_umm,_
Prlor to Upon Calendac/Tivatmant Day End of  FRollow

——Evalyption/Proceduse . Susgeex.' Mmipsion? )2 ) 9 5 6 ) grudv” _up
Inf{otmed CoOngent 2
Compiete Hedical History L
Complete Physical Exaninstlion T _ x X
12-Lesd BCG T
Chast R-Rayt x
Intério Hintory ]
Ariel Physical Examinstion b
Blochemiscry and Ue lulrug | 4 X
flematology and Cosgulation  § £E X X X ¥ X X b ¢
Honinvesive Vascular Examination® x X
Vital Signe T T ¥ X X x * X X z
Assessment of Oponiln un’ £ 3 X £ X X & X )
Nleeding Assassment ¥r I X X x x X
Adverse Experionce Bvalustion £ X X X x I x X b ;
Dosiag X ¥ X x » x X
Bllateral Venography x
Conconitant Nedications X —— X

o

———— -

! Up to 14 days priec to surgery.

7 3¢ complete histery and physical exsmination were parformad mcre than 4% hawts piior to serpery.

3 pay 1 ves the Zirst dosing day) the sext calenddc doy vas Dey 1. :

4. only If results of chest X-ray dune vithiln the preceding viz months wire mot svallable, N

$  Immediseely prior to Lizst dess of stedy drug on & deaing doy. :

§ several techaigues were parmiteed; Wut aach seeter wis t6 select cae tecimique te be weed for al) patients.
7 within 24 hours of the last dese of siudy madisstion.

- EFEICACY PROCEDURES .

Bilateral venograms were scheduled within 24 hours following last
dose of study medication at the end of the study or following .-
premature discontinuation of study treatment.

Venography represented the primary assessment of DVT. At one
study site, venography was performed with radionuclide imaging
ingtead of radiocontrast imaging. This test was included among
the non-invasive vascular tests. LT A

The procedures for interpreting VG and the non-invasive
evaluation of DVT were as described in protocol 525.

i~
-

The ¢linical and laboratory assessments of Siiedind'and other
adverse reactions were as described in protocol 525.

SLINICAL MONITORING PROCEDURES

In addition to Rhone-Poulenc personnel, monitoring of the study
was performed on a regular basis by the following contract
research organizations:

»_

Ay

\
i
4
|
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2A9KAEIﬂG*_BLIﬁDIHE;“BHD_LABELIHQ_EBQQEDQBES
study medication was supplied in identical, prefilled syringes

containing either placebo or 10, 40 or 30 mg enoxaparin in a
volume of 0.4 mL.

All enoxaparin syringes contained also
mg); the 10 mg enoxaparin syringe contained °
the 30 mg enoxaparin syringe contained

Each enoxaparin placebo syringe contained _ and
less than -

To maintain the double-blind character of the study, all patients
received an injection gi2h. For the enoxaparin 10 mg gd and 40
mg gd, the enoxaparin was given for the odd doses and the placebo
for the even doses. Each patient’s daily supply of study
medication was packaged in an individual blister pack prelabeled
with the patient’s number and dose number (1,3,5,7,etc;
2,4,6,8,etc). Patients received the entire contant of the
syringe. No dose adjustment was allowed.

The following lot numbers were used in this trial:

Enoxaparin, 10 mg: CB 3424, CB 3965

Enoxaparin, 40 mg: CB 3427, CB3974

Enoxaparin, 30 mg: CB 3422, CB 3645, CB 4372
Enoxaparin Placebo: CB 3426P, CB 3951P, CB 4006P

Investigators were supplied with study medication for blocks of 6
or 12 patients,. . -

All supplies of enoxaparin used in the study were tested by the
sSponsor.

STATISTICAL METHODS

The sample size was determined based on the reported incidence of
DVT in patients treated with either 40 mg gqd or 30 mg gl2h, on
the assumed incidence of DVT in patients treated with 10 mg of
encxaparin gqd of 25%, and on an anticipated 80% rate of evaluable
patients. It was calculated that approximately 200 patients in
each group would give a 80% power using a two-tailed test at a
significance level of 0.05.

PATIENTS RANDOMIZATION

Patients were assigned to treatment group in a 1:1:1 ratio in
blocks of six using a computerized randomization schedule. The

Py W
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patients number were assigned in an ascending, sequential order.
The number were assigned either before or after surgery, and

after the patient signed the IC.

EFFICACY EVALUATION

Detinition of efficacy outcome: Efficacy was assessed by the
incidence rate of DVT. The diagnosis of DVT by venogram had
absolute priority. A positive VG was defined by a positive
£inding in either the operated or non-operated limb or both
limbs. A negative VG was defined as a negative bilateral VG.

An inadequate VG was one in which the diagnosis of DVT could not
be made nor excluded. A unilateral negative VG was classified as

inadequate.

Diagnosis of DVT by either a positive result of the I~
fibrinogen scan or IPG had second priority.

Clinical evidence of DVT was defined as: 1) either a positive
result of fibrinogen scan or IPG, or 2) other clinical evidence
such as pulmonary embolism (PE) or administration of therapeutic

anticoagulant regimen for DVT.
All treated patients who had received any study medication and

‘had had at least one clinical evaluation were classified into one

of the following outcome groups:

----- ~weweClinical Evidence oOf DVT—== -rw=ww.

Outcone Other Vascular Procedures Other Clinical
Group Venogram Z1-ribrinogen or IFG Findings

1 + All All - —

2 - All All

3 IN/ND + aAll

4 IN/ND -, IN/ND +

5 IN/ND -, IN/ND Not +

"IN/ND" indicates that the venogram was inadequate or not done.
“All® indicates all situations (+, -, IN/ND)

- Group 1 included patients with positive VG (unilateral or
bilateral), regardless of the results of the other evaluations.

- Group 2 included patients with negative bilateral VG,
regardless of the results of the other evaluations.

- Groups 3 and 4 included patients with inadequate VG, without
bilateral VG in whom the diagnosis of DVT was made by noninvasive
tests or other clinical evidence. -

- Group 5 included patients 'in whom VG was inadequate or not
done, noninvasive vascular tests were negative, inadequate or not
done and in whom there was no clinical evidence of DVT.
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Patients in Groups 1, 3 and 4 were classified as treatment
failure; patients in Groups 4 and 5 as non failures.

STURY POPULATION

The efficacy analysizs for ALL RANDOMIZED PATIENTS included all
patients who were randomized and received medication, all
randomized patients who never received medication and had no
efficacy evaluation and all randomized patients who received

treatment but had no efficacy data.

The efficacy analysis for ALL TREATED PATIENTS WITH EFFICACY DATA
included all treated patients with at least one on-study efficacy

evaluation.

The efficacy evaluation for all EVALUABLE PATIENTS included all
patients who received study medication, had at least one on-study

efficacy evaluation, and for whom none of the following
conditions occurred during the study:

-Presurgical noninvasive vascular tests positive for DVT
~Patients had undergone surgery of ipsilateral hip or knee
within one month before hip surgery.

-Patients had undergone surgery other than hip replacement
or revision

-Patients had received more than 1500 U/day of heparin
within four days prior to or during administration of study
medication.

-Patients received more than one dose of Warfarin within 4
days prior to study or -during-study drug administration. -
-Patients received the first dose of study medication later
than 24 hours after surgery

-Patients received insufficient therapy (less than 75% of
dose or less than 4 days of therapy)

=VG was not performed, or bilateral VG was not definitive,
or definitive VG was not performed within 4 days or less
after final dose of study medication.

UNEVALUABLE PATIENTS in each treatment group included the
complement of evaluable patients with respect to the all treated

patient population.
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INTENT-TQO-TREAT ANALYSES
ALL TREATED PATIENTS WITH EFFICACY DATA

For this patient population, the efficacy endpoints (incidence of
treatment failure) was defined as follows:

)

Groups 1, 3., 4 (positive
Groups 1, 3, 4 (positive + Groups 2, 5 (negative)

Within this patient population, the incidence of DVT was also
summarized for the subsets of: 1) type of surgery (primary hip
replacement or revision), 2) type of anesthesia _
(regional/epidural or inhalation/iIV), 3) use of surgical cement,
4) use of graduated compression stockings (GCS), 5) demographic
characteristics (sex, age and race). ‘ '

ALL_RANDOMIZED PATIENTS

Only four patients, two in the 40 mg gd group and two in the 30
mg gl2zh group, vere randomized but not treated. Therefore, the
all randomized and the intent-to-treat groups were considered
similar for purpose of analysis.

EVALUABLE PATIENTS EFFICACY ANALYSIS

All evaluable patients had definitive VG, thus, the efficacy

endpoint (treatment failure) was defined as:-— . :
)

Group 1 (positive) + Group 2 (negative)

Group 3 (noninvasive vascular evidence of DVT) and 4 (clinical
evidence of DVT) were not considered in the evaluation of
efficacy for the evaluable patients.

Within the population of evaluable patients, the incidence of DVT
was also summarized for the subsets of type of surgery, type of
anesthesia, use of surgical cement, use of GCS, sex, age and
race.

SAFETY EVALUATION

: All patients who received at least one dose
of study medication were included in the safety evaluation.

SAFETY ANALYSES; The primary safety endpoints determined for each
of the treatment groups were:

|

. S _amae

B



A TAAT T A O N et ARSI R TR St LB VAR SRR et R e e

NDA 20-164
Page 125 .

~-Incidence of death, premature discontinuation from treatment,

adverse events (according to severity and relationship to

study medication) , /
-incidence of patients with major or minor bleeding episodes |
and day of onset of major bleeding episodes
-the mean number of total units of blood transfused on study

(aside from operative and recovery room units) and the

incidence of 0, 1-2, and more than 2 units of blood

transfused on study.
~the incidence of abnormal values od clinical concern for

selected laboratory tests from day 1 through the end of the

study, including:

mild: egqual or greater than 1 x 10°/mm’ and less .
than the investigator’s lower limit of normal
moderate: equal or greater than 2 x 10‘/mm® and lower
than 1 x 10°/m»’ | |
severe: lower than 2 x 10‘/mm’

mild: equal or greater than the investigator’s
ugPar limit of normal and lower than 6 x
10°/mm’

moderate: equal or greater than 6 x 10°/mm* znd lower
than 1 x 10%/mm’
severe: higher than 1 x 10%/mm’
Hemodglobin: Values < 8 gm/dL or a decrease > 2 gm/dL
from baseline. )
: 3= to 6-fold increase and > 6-fold
higher- than—the investigator’s upper limits
of normal.
Total Bilirubin: values > 2 mg/dL.
: Any value > 2-fold higher than
the investigator’s upper limits of normal.
Creatinine: Any value > 2 mg/dL.
BUN: Any value equal or greater than 30 mg/dL.

-The mean changes from baseline for hematology (post-surgery
and pre-study drug administraticn) laboratory tests at day 4,
day 7, end of study and follow-up and for serum chemistry
(pre-surgery) laboratory tests at end of study and follow-up.

-Shifts in the percentage of patients with hematology and
chemistry laboratory values outside the normal range at the
end of the study relative to baseline.

~-the mean change from pre-surgery baseline for systolic and
diastolic blood pressure and pulse rate and temperature at
day 4, day 7, end of study and follow=-up
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The three treatments groups were compared at baseline for
categorical variables (sex) and otber demographic variables (age,
weight, RP, medical and surgical histories, transfusions! using
descriptive statistics. Each variable was summarized for all
treated and all evaluable patients. All randomized patients and
all unevaluable patients were summarized for demographic,
surgical and transfusion data.

Efticacy Analvges

The endpoint was represented by development of DVT (treatment
failure).

The incidence of DVT was analyzed for both all treated patiénts
with efficacy data and for the evaluable patients.

Justification for pooling across centers was investigated using a
two-way logistic regression model with factors of treatment
group, center, and treatment-by-center interaction. The results
of the DVT findings were also summarized by investigator to
provide a qualitative assessment of the presence of interactions.
A two-way logistic regression model including factors for
treatment group and center was used to compare the treatments.
These analyses were carried out using the SAS procedure CATMOD,
the CONTRAST statement was used to compare the treatment groups
pairwise. Since it was expected that the two higher enoxaparin
doses would be superior to the low dose, the pairwise comparison
of the two high doses to the low dose were considered to be the
primary treatment comparisons.

A Bonferroni-adjusted significance level of 2.5% was used for
each of the primary treatment comparisons (all p-values
multiplied by 2). Throughout the study "Statistical
significance" corresponded to p-value equal or lower than 5%,
adjusted for two comparisons, Comparison between the two
enoxaparin doses was based on a 5% significance level. All tests
were two-gided. ‘

An approximate 95% confidence interval for the odds ratio of
treatment failure in placebo versus enoxaparin was computed.
The odds of a treatment failure are defined as estimated
incidence rate of treatment failure/estjimated incidence rate of
treatment success. The incidence rate of treatment failure by

e S
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treatment group was summarized in patients subpopulations by

demographic characteristics, type of surgery, type of anesthesia,

use of surgical cement, nse of GCS. /

ADVERSE EVENTS

The COSTART dictionary was used to classify the adverse events.
Events for a particular COSTART occurring more than once were
counted only once. Repeated reporting of the same adverse event
in a patient was reported only as the most severe. Each type of
event occurring within a body system was counted.

Adverse events incidence rates (all events excluding those
unrelated to study medication) were summarized by treatment
group. The adverse events were summarized for each body system
and overall. Overall indices reflected the number of patients
reporting any adverse event. Fisher’s exact two-sided test was
performed for the statistical comparison of the heparin group
with the two enoxaparin groups for total adverse events in each
body system, for each event with an incidence of 5% or higher in
a treatment group for all adverse reactions, and for each event
with an incidence of 2% or higher in a treatment group for all
adverse events excluding those unrelated to study medication.
These analyses were not initially planned and were performed and
are presented as a result of a meeting with the FDA in March
1991.

Bleeding Agsessment

The overall--incidence rates of patients with major or minor
bleeding at operative, non-operative, or unknown sites during the
study period were summarized for each treatment group. Treatment
comparisons were based on the overall incidence rates of patients
with major bleeding and of patients with major or minor
bleeding. A two-way logistic regression model with factors for
treatment group and center was used.

Laboratory Data

Mean changes from baseline for hematology parameters were
determined on Day 4, day 7, end of study and follow-up, and at
the end of the study and at follow-up for all serum chemistry
laboratory parameters. The mean changes from pooled parameters
across investigators were summarized for the three treatment
groups using descriptive statistics. No formal statistical
analyses were performed for these laboratory data.

Fisher’s exact test was performed for the statistical comparison
between the heparin group and the two enoxaparin groups for
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selected laboratory values of clinical concern. Shift tables
vere generated that summarize the distribution (below, within,
above normal range) of baseline and end of study hematology and
chemistry values.

If more than one laboratory or vital sign determination wag
available for a parameter, the first evaluation was used for
analysisg.

The mean changes from baseline for vital signs combined acrosgs
investigators on day 4, day 7, at end of study and at follow-up
were summarized for the three treatment groups. No formal

The protocol was amended on 6-15-199¢0 to include the following

changes:
~inc-rease of number of centers from 20 to 40

acetabulum.
~the time frame tor performing pPre-study evaluation and

being “clinically overt and/or accompanied by either a fall
n hemoglobin or requirement for blood transfusion® wag
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-gurgery on the ipsilateral hip within three months

~use of NSAID during the four days before surgery and
concoaitant with study medication throughout the study
~two or more doses of warfarin were required to exclude a

patient from evaluability.

-infrequent administration of 1500 U of heparin throughout

the study
RESULTS

PATIENTS DISPOSITION/ACCOUNTARILITY

The allocation of the patients to the three groups and the
disposition of the patients are summarized in the following

table:
Disposition 10 mg qd
n(s)
Patients Randomized 161
Patients Randomized
| Not Treated: 0
:  161(100%)
: 108 (67%)
Evaluable 105 (97%)
Not evaluable 3 ( 3%)
patients Discontnd.: 53 (33%)
. .. Evaluable 11 (21%)
Not Evaluable: 42 (79%)

Protocol violat.40 (25%)
Adverse event 8 ( 5%)

Interc.Illness 0
Death 0
Lost to F/U 1 (<1%)
Other 3 ( 2%)
: 16l
All Treated: 161(100%)
Evaluaple 116 (72%)
Not Evaiuable: 45 (28%)
Inadequate or no -
venography 42 (26%)
Insufficient
therapy 3 ( 2%)

40 mg qd
n(%)

201

2
199 (100%)
139 (70%)
133 (96%)
6 ( 4%)
60 (30%)
16 (27%)
44 (73%)

39 (20%).

9 ( 5%)
1 (<1%)
2 (<1%)
7 ( 4%)
2 ( 1%)

201

199 (100%)
149 (75%)
50 (25%)

48 (24%)
2 ( 1%)

30 mg gqi2h Total

n(s)
210

2
208 (100%)
154 (70%)
136 (94%)
9 ( 6%)
63 (30%)
7 (11%)
56 (89%)
41 (20%)
( 4%)
(<1%)

( 2%)
( 2%)

aQuUokxw

210
208 (100%)
143 (69%)

65 (31%)

64 (31%)

1 (<1%)

n(%)
572

4
568 (100%)
392 (69%)
374 (95%)
18 ( 5%)
176 (31%)
34 (19%)
142 (81%)
120 (21%)
26 ( 5%)
2 (<1%)
2 (<1%)
13 ( 2%)
13 ( 2%)

572 |
568 (100%)
408 (72%)
160 (28%)

154 (27%)
6 ( 1%)
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A total of 572 patients were randomized to one of the three study

groups. Fewer patients were enrolled in the enoxaparin 10 mg QD

group because this arm of the study protocol was terminated early
following an interim analysis of efficacy. ¢

A total of 176 treated patients were prematurely discontinued.
The most common reason for discontinuation was protocol violation
which most often consisted of inadequate or missing venograms.
Two patients, both in the enoxaparin 40 mg QD group, died of MI.
In one of the two deaths, the event was regarded as possibly
related t» study medication.

A total of 480 of the 568 treated patients (72%) were included in
the evaluable efficacy analysis. The most common reason for the
exclusion of patients from the evaluable efficacy analysis was
inadequate or missing venography in 27% of patients (154/56€8);
the venogram was not dose in 140/568 patients and it was
inadaquate or unilateral in 10/568. - '

The total of 95% of treated patients who completed the study were
evaluable, while only 19% of the treated patients who were
withdrawn from study were evaluable. The rates of evaluability
and inevaluability were similar among the three treatment groups.

'Of the 568 treated patients, 63% were male, 93% were Caucasian,

the average age was 64.7 years, the average body weight was 80.6
Xg (range 45-140), the average height was 168.4 cm, 19% were
smokers. The three treatment groups of all treated patients as
well as of evaluable patients, were comparable with respect to
patient demographic characteristics.

The most frequently administered class of concomitant medications
in each -of the enoxaparin treatment groups included opiate and
opioids (95%), cephalosporins (90%), analgesics and antipyretics
(83%), laxatives (74%), and hypnotics and sedatives (60%). The
three treatment groups were similar for the incidence of use of
some other antithrombotic therapy and of use of NSAID, including
ASA.

Concurrent illnesses were present in 86% of all patients. The
most common illnesses were diseases of the circulatory system
which occurred in 50% of patients, followed by symptoms, signs
and ill~defined conditions in 25% of patients, and diseases of
the connective and muscular system in 22% of patients. The three
treatment groups for all patients and for evaluable patients had
similar incidence rates of these concurrent illnesses as well as
all conditions predisposing to DVT.
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All 568 treated patients and 97% of the evaluable patients had
medical, orthopedic, or surgical histories which had similar
distribution among the three treatment groups.

The primary diagnoses and the surgery data were similar in the
all treated and in the evaluable patient populations. In
addition, the three treatment groups of evaluable and unevaluable
patients were similar with respect to primary diagnosis, surgical
data and transfusion data.

EFFICACY RESULTS

The incidence of DVT was significantly lower in the two groups
treated with enoxaparin 30 mg gl2h and 40 mg QD than in the group
treated with 10 mg gd group in both the all treated and the
evaluable patients populations,

The incidence of DVT was 11% in both all treated and evaluable
patient populations of the enoxaparin 30 mg/ql2h group, compared
to that of 25% in the all treated and 31% in the evaluable
patients treated with enoxaparin 10 mg QD. The incidence rate of
DVT in the group treated with enoxaparin 40 mg QD was 14% in both

‘all treated and evaluable patients.

The results of the statistical analysis of the DVT findings by
treatment group for the all treated patients are shown in table
8.2, and figures 1A and 1B. The results of the evaluable
patients efficacy analysis are shown in table 8.3 and figures 2A
and 2B reproduced from the NDA application.

i
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Table 8.2

Summary of Statistical Results of DVT Findings
By Treatment Group for All Treated Patients
(Appendix B.9.1)

Treatment Grou

Patients Treated 10_mg OD 40 mg QD

30 mg ql2h Overall

n (%)

TR T A N SR T A g T e R iy, T T T .

n (%)

n (%) n (%)

All Treated Patients 161(100%) 199(100%) 208(100%) 568(100%)

—— .  Treatment Failures  40( 25%) 27( 14%) 22( 11%) . 89( 16%)

| Proximal DVT 17( 11%)
S Distal DVT ' 20( 12%)
- Noninvasive 3( 2%)

3
12
6(

5%)
6%)
3%)

8( 4%) 34( 6%)
8( 4%) 40( 7%)
6( 3%) 15( 3%)

Between-Group Comparisons of the Incidence of Treatment Failures:

95% Confidence

Treatment 0dds Interval for
Comparison Ratio? p-value 0dds Ratio
Enoxaparin’
10mg QD: *
40mg QpP 2.16 0.0168 (1.12, 4.15)
S Enoxaparin

10mg QD: «
30mg g12hP 2.93 0.0008 (1.48, 5.81)
Enoxaparin .
40 mg QD: -

T 30 mg ql2h 1.36 0.3369 (0.73, 2.53)
a Estimated from a logistic regression model with treatment and

center effects. .

b Two-sided p-values and confidence intervals are Bonferroni-

adjusted (multiplied by 2

).

* Statistically significant at the 5% level.
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Table 8.3
summary of statistical Results of DVT Findings
by Treatment Group for Evaluable Patients
(Appendix B.9.2)

mmme==Traatment Group=--=== —
10 mg QD 40 mg QD 30 mg gl2h Overall

‘ n n (V) a8 0 (%)
Evaluable Patients 116{100%) 149(100%) 143(100%) 408(100%)
Treatment Failures 336( 31%) 21{ 14%) 16( 11%) 73( 18%)

Proximal DVT 16 14%) 9( 6%) g( 6%) - 33( 8%)

—--- . Distal DVT  2p( 17%)_22(__8V) 8( 6%) -40( 10%)

" petween-Group Comparfsons of the Incidence of Treatﬁéhﬁl'

. Pailures: o
| . 95% Confidence S
- 0déds Interval for

Comparison Ratio® p-value 0dds Ratio
Enoxaparin
10mg QD2 «
40mg QDP 2.74 0.0054 (1.29, 5.82)
Enoxaparin
10mg QD _ . L
30 mg q12hd  3.57 0.0008 (1.60, 7.98)
Enoxaparin '
40 mg QD3 :
30 mg q12h  1.30 0.4783 (0.63, 2.70)

a Estimated from a logistic regression model with
treatment and center effects. :

b Two-gided p-values and confidence intervals are
: Bonferroni-adjusted (multiplied by 2).

* Statistically significant at the 5% level.
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No demographic variables were observed which affected the
efficacy outcome for either the all treated or the evaluable
patients groups. For all subsets, the incidence rates of DVT in
the enoxaparin 30 mg gl2h and the 40 mg QD groups were lower than
those observed in the enoxaparin 10 mg QD group.

The incidence of DVT was similar among all patients with regard
to type of surgery, type of anesthesia, use of surgical cement
and use of GCS. The overall incidence of DVT and the incidence
of DVP within each treatment group for each of the subpopulations

demonstrated the same trends in the evaluable patients.

SAFETY RESULTS

All patients who received at leust one dose of study medication
were included in the safety analysis.

The mean exposure of patients to study medication, in terms of
mean number of days (6.9 + 1.30 days; range 1-11 days) and mean
number of doses (12.7 # 2.6; range 1-20), was similar in each of
the three groups.

- BLEEDING EVENTS: The incidence rate of bleeding episodes in the

three treatment groups and the statistical analysis of the
results are shown in 10.1.
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, Iabls 10,1 '
Summary of Patients with £51s0des of Blasoing
(Appenain 8.12.1)
Te
Blseding 020 00 40 »q 00 30 ma giI2N
n (%) n (%) n (%) n (%)
All Treated Patiznts 161(100%) 199(100%) 208(100%) S384{10C%)
sMsjor/uince 8C 8%) 27( M%)  26( 13%) 8&( 10%)
Major 3( 2x) Y( 4%) 11( 8%) 2°( 4%)
Winor 8 3%) t4( 78) 185( T%) 34( &%)
Nona 183( 95%) 1768¢( lﬂ) 182( 88%) S:3( 90%)

“Between-Group Comosrison of the Incidence of Patients -un Bleeding Lpisodes;

95% Confidance
Interval for

Somoarison - 0fds Ratig® g-valus __QddaB8asia .

Malor or winoc Qlssding Enisades;

Enoxapurin -

10 mg Q0; )

40 mg Q0° Q.48 0.1482  (0.17.1.22)

Enoxapgarin = . -~ -

e DAY ' .

30 =g q12n b3 0.0¢5" (0.14.0.98) .

énoxaparin ' '

40 g QD3

30 mg Q12 0.83 >0.50 {0.44, 1,.58)

Enoxaparin

MW ey Qb

40 mp Q0° 0.63 »0.50 (0.13, 3.16)

Enoxaparin '

10 mg QD14

30 =g q12n® 0.37 0.2950  (0.08, 1.72) -

Enonaparin

40 wg Q0: .

30 ®g Q120 . 0.%59 0.3049  (0.22, 1,62)

s Estimated from & logistic regression medei with
traatment and canter effects.

- Two-sided p-values and confidence intornls are
Bonferroni-sdjusted(multiplisdby 2).

. Statisticaliysignificantat the 8% level.
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A statistically significant difference was found between the
enoxaparin 30 mg ql2h and the 10 mg qd groups for combined major
and minor bleeding. A numerical difference between the three
groups suggestive of a relationship between incidence of major
bleeding and enoxaparin dose persisted, but it was not
statistically significant.

Most major bleeding episodes occurred at the operative site. The
incidence of major bleeding at operative site was <1% in the
enoxaparin 10 mg gd, 2 in the 40 ng gqd and 4% in the 30 mg ql2h.
The incidence of major bleeding at extraoperative site was <1%.
The majority of minor bleeding episodes occurred at extra-
operative sites for all three treatment groups. The bleeding
assessment by severity, site, and by treatment group for all
treated patient population is summarized in the following table:

—meweew-—=Traatment Group==——-=see--
10 mg qd 40 mg qd 30 mg gl2h Total
Number of Patients n=161 n=199% ' n=208 - n=568
Major/Minor Bleeding: 8 (5%) 21 (11%) 26 (13%) 55 (10%)
Hajgr Bleeding: 3 (3%) 7 (4%) 11 (5%) 21 (4%) -
Site:
Wound 1 (<1%) 4 (2%) 8 (4%) 13 (2%)
Extra-operative 1 (<1%) 1 (<1%) 0 2 (<1%)
Unknown 1 (<1%) 2 (1%) 3 (1%) 6 (1%)
Hingr Bleeding: 5 (3%) 14 (7%) 15 (7%) 34 (6%)
Site:
Wound 0 1l 4 (2%) 5 (<1%)
Extr-operative 3 (2%) 10 (5%) 10 (5%) 23 (4%)
Unknown 2

(1%) 3 (2%) 1 (<1%) 6 (1%)

Treatment Comparisons:
1. .
Qdds Ratio p-value 95% CI

10 mg QD/40 mg QD - 0.45 0.1452 (0.17-1.22)
10 mg QD/30 mg qi2h 0.37 0.0450 (0.14-0.98)
40 mg QD/30 mg gi2h 0.83 >0.50 (0.44~1.56)
2. Incidence of Major bleeding episodes
Qdds Ratio =

10 mg QD/40 mg QD 0.63 >0.50 (0.13-3.16)
10 mg QD/30 mg qizh 0.37 0.2950 {0.08-1.72)
40 mg QD/30 mg qi2h 0.59 0.3049 (0.22-1.62)

Onset of major bleeding occurred by post-operative day 3 for 18
of the 21 patients (median day 2). The mean weight (82.8 kg) of
the patients with episodec of major bleeding was similar to that

.S _amam -
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of all treated patients (80.6 kg); only 4 patients weighed less
than 60 kg (45.0, 50.9, 54.5, 56.8 kq).

One patient in the enoxaparin 10 mg gd and 4 patients in the 40
mg gd groups experienced clinically significant wound drainage
(in excess of 1000 ml).

The transfusion requirements in the three treatment groups are
summarized in the following table:

---------- Treatment Group~—=—===mw==

10 mg gqd 40 mg qgd 30 mg glzh Total
Number of Patients n=161 n=199 n=208 n=568
Units Transfused: .
0 Units 128 (80%) 138 (69%) 151 (73%) 417 (73%)
1-2 Units 26 (16%) 36 (18%) 40 (19%) 102 (18%)
> 2 Units 7 (4%) 25 (13%) 17 (8%) 49 (9%)
Patients receiving Blood Transfusion :
N 33 (20%) @ 61 (31%) 57 (27%) 151 (27%)
Mean (Units) . 2.2 2.8 2.5 2.5
8.D. 1.47 1.93 1.43 1.66
Range 1~8 1-13 1-8 1-13
ADVERSE EVENTS:

Overall, 562 of the 568 patients (59%) who received any study
medication reported at least one adverse event. The overall

incidence of adverse events was similar among the three treatment

groups.

The majority of the adverse events were mild to moderate in
severity. The incidence of adverse events regarded by these
investigators to be severe was 18% in the enoxaparin 10 mg gd
group (29/161 patients), 23% in the enoxaparin 40 mg gd (45/199
patients), and 20% in the enoxaparin 30 mg qi2h group (42/208
patients).

The distribution of the adverse events by body systems is
summarized in the table 12.1.

o .S ame ¥ .
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_ Table 12.1
Susmaty ot‘:?:;:. :::n::.:{.:ody Systea
{Appendix 8.13) .
All Adverse REvents [
Srepteent Group. oy
guarall 3500830 A2 (tewd  L.000  06UP9M)  R.000
Nody as & Whole 156 (37%) 192 (96%)  1.000 200 {96%) 0.703 ;
Cardiovascular 33 (26v) 53 (27%) 0,629 69 (33%)  0.066 \
pigestive 104 (65%) 145 (73%)  0.208 163 (78%) 0.00s" |
Sealc/Lysphatic 13 (8%) 26 (38) 0172 40 (19%)  0.003" P
T erion 16 (200) 25 (338)  0.506 25 (13%) 0.817 B
. ?::::::::a::‘ ‘ 4L (asy) 58 (V) 0.477 52 (388)  1.000
Jusceloskeletal 20 Q18%) A8 (9%)  0.099 25 (A2%) 0.442
Nervous of (S58) 117 (S98)  0.455 107 (S1%) ° O.599 .
Resplzatory  26(22%) ST (23) 0405 S1(18%) 0.7
gxin and appendages - €5 (600) 59 (300)  0.03" 70 (38%) 0.5
Special Senses 12 (M 7 ¢ &%) 9.104 7 (3 0.097
Urogemital 45 (208) 60 (308%)  0.727 65 (31%)  0.566

P-valus from two talled Fisher's Bxact test comparison wversus
enoxaparin 10 mg QD.

b Percents are based on number of treated patlents
) in each treatmmmt group. : ' N

*  Indicates p<0.05.

The incidence rates of adverse events affecting the digestive
system, specifically nausea and anorexia, were higher in the

enoxaparin 30 mg qlzh group. U ._vwmm__:

The overall incidence of adverse events affecting the
cardiovascular system (hemorrhage) and the henic/lymphatic system
was highest in the enoxaparin 30 mg ql2h treatment group and
lowest in the 10 mg qd group and reflected the incidence of
major/minor bleeding and anemia. .

The incidence of the adverse events which were regarded as
related to study medication are summarized in table 12.3.

With the exception of the adverse events involving the
hemic/lymphatic system, the overall incidence rates of adverse

w .S e .



T et e s

NDA 20-164
Page 143

all three treatment groups. The most common adverse events vere
represented by fever, headache, pPain, abdominaj pain, naugea,
vomiting, constipation, abnormal liver function tests, anorexia.

" The incidence of ecchymosis wag greater among patients receiving

moderate severity. The incidence of at least one severe adverse
events considered study medication related was 2% in the
enoxaparin i1omg qd group, 3% in the 40 mg gd group and 1% in the

30 mg gql2h group.
Table 12,2

Summary of Adverse Rvents By Body Systen
~Bxcluding Those Not Study Drug Related-

" (Appendix-B,14) . -

Mverse l:mts ~——
Querall RN MY 1000 23n g0
Body as & Wmole 19 3 22 (a1 o.ece 25 (12¢)  1.000
Cardiovascular 6 (4a8) 12y €%)  0.344 12 ¢ 6v) 0.46¢
Digestive 21 (13%) 20 (2003 ©.407 21 (10%) 0.411
ah-:qkny-phaena 3 ( 23) 11 ( 6%) 0.100 17 ( ey) 0.009"
’:3:22:2: Bite 4 2¢) 21y 0.4 6(3)  1.000
1::::?:::;::d 7 ¢ e 8 ( &) 1.000 5 ( 2v) 0.378
Musculoskeletal 1 ¢(<s) 1 (<18) 1.000 3 1w) 0.638
Nervous 6 ( a) §({N) o0.773 7 ¢ 3%) 1.000
Respiratory 6 ( av) 3(2%) 0,308 7 ¢ 3w 1.000
Skin and Appendages 11 ¢ 74y M (V) 1.000 12 ( &%) 0.672
Special Senses 2 (1) 1 (<1%) 0.s89 1 (<1%) 0.503
Urogenital 4 ( 2v) 1 {<1%) 0.177 5( 2%) 1.000

a P-value from two tailed risher's Exact test comparison versus enoxaparin 10 mg Qn.
b Percents are based On number of treated patients in sach treatment group.
»

Indicates p<0.0s.

Two patients in the enoxaparin 40 mg gq group died of MI. 1In one
patient, the MI wag considered to be associated with blood loss
secondary to study medication,

——————— . -
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Overall, 26 of the 568 treated patients experienced adverse

events requiring premature discontinuation of treatment.

The occurrence of adverse events, serious adverse events and
their classification are summarized in the following table:

lomagd 40 mggd 30 ma qizh Toftal
n{%) n(s) n(%) n(s)
Patients treated: 161(100%) 199(100%) 208 (100%) 568 (100%)
Patient with

Adverse Events 8( 5%) 9( 5%) 9( 4%) 26( 5%)
Number of
Adverse Events 14( 28%) 13( z6%) 23( 46%) 50(100%)
Events related to
study medication 6/14 7/13 16723  28/50
Deaths 0 2 0 2/568
Patients with non-fatal 7
adverse events: 13{( 8%) 16( 8%) 10{ 5%) 39( 7%)
Rehospitalization 6 4 1
Prolonged
Hospitalization 4 9 6
Life-threatening
Events 3 3 3
Number of serious
Adverse Events: 22( 34%) 24( 37%) 18( 28%) 64(100%)

CLINICAL LABORATORY EVALUATION

Increase in platelet count occurred in all three treatment
groups. A dose-dependent increase from baseline in SGOT and SGPT
was observed. The elevations of the transaminases were
reversible and the values had returned to baseline at follow-up
evaluation. Elevation of alkaline phosphatase was noted in all .
groups and it was likely related tc the bone surgery.

The results of these laboratory tests are shown in table 15.
Laboratory values of possible clinical significance noted in al
three treatment groups are summarized in table 16. :
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ab
Mean Changes from Baseline of Concern
in Laboratory Test Values
{A\ppendices 3.15 and B.16)

*

Zreateant Group
Parameter 10 mq QD 40 »qg QD 30 aq gl2h
8 Mean Change n Mean Change n Mean Change
Hegatology i
Platelety i
(4 x 10°/0m? |
Baneline 145 239.6 - 181 234.4 =~ 192 235.8 -
——— Day 7 110 366.9 123.1 151 361.4 127.2 160 369.9 127.1 .

- End of Study 132 421.2 167.9 171 298.3 183.4 173 408,0°170.6

A Follow-up 129 523.0 281.0 166 504.6 270.3 18S rxo.: 271.6
c- Ssrup Chemistsy ot
Alkaline
Phosphatase
(/L) :
Baseline 159 90.8 - 196 88.6 - 206:88.9 -
End of Study 143 101.9 10.0 179 104.1 1.1 193 107.5 17.8
Follow—up 135 120.3 30.3 171 119.4 31.9 170 120.3 30.6
' seoT(u/L) i

Baseline 1S 24.4 -~ 196 28.0 -~ 208} 25.3 -
End of study 141 37.6 13.1 180 47.0 18.7 192 46.3 20.8
Follow-up 136 27.6 3.1 173 25.5 =2.2 171 24.2 =1.7

SGPT(U/L) . .
Baseline ' 136 24.6 - 168 23S
End of Study 116 42.3 17.1 147 S4
Follow-up 100 29.4.. 4.9 137 132

«§ 29.5 139 60.3 3¢.9
-5 0.0 133 27.2 2.8

+ Basslins for hematology parameters was post-surgery, day 1 of study

drug treatment. Baseline for serus chemistry parameters was
presurgery. . . . .

—_——— - . . - . . C e e b pm by
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. ;
‘Summary of the On-Study Incidence of Patients vith Clinlcally Signiticant
Values for Selected Laboratory Parameters
(Appendix 8.19)
Patanater Tu_gimﬁ_ﬁzm__———-.
3 (T . 10 =9 Op povajue” 2089 Giih R-valus
B (%) n {V) s (V) n (%)
All Treated Patlieants 161(100!} 199{100%) 208(100%]) SE8(100%)
Platelatss rhtonbocytopcnu"
Mird C17¢ 118) 2 12%) 0.866 28( 13%) 0.427 &8 12%)
Modarats 1t <1%) 2{ %) 1.000 1( <1%) 1.000 4( <1%)
’ Platelets: Thrombocytosis® :
Mixa 98¢ G1e) 134( 67%) 0.224 138( 66%) 0.325 370{ 65%)
: Moderite 44( 27%) 59( 30V) 0.641 d4( 22%) 0.177 ~ 2AT( 260)
< ,rg,'.,.~w~r~--~--~—~v- 20 18) A <18)-0. le—ﬂ——*———2~(¢lt)"—1-000-"~-- 8¢
luogldblm .
< & ga/dL 1S( 9%) “25( 1) 0.400 32{ 15%) 0.0“ 72¢ I3N)
Dec > 2 gw/dl 35( 22%) _S3( 27%) 0.324 69( 330) 0.019 __157( 28%)
Total Sllirubin: !
> 2 mg/dL 1{ <1s) 1.000 1( <is) 2.000 2( <1%)
8007 . ' .
3-6x Mormal 5( 3%) 11( 6€%) 0.313 7( 3%) 1.000 23( 48)
> éx Bormal 0 1( «<1%) 1.00C 1( <18} 1.000 2( <1%)
SGPT:
3~6x Wotmal 4 2v) 9 5%) 0.39 o( 4%) 0.40¢ 22( M)
» 6x Normsl 0 4¢ 29} 0.10 . 3( %) ‘0.260 7¢ 1%)
Alkaline Phosphatase: : - . .
» 2x Normal §({ 4%) 30{ S%) 0.61% 100 35%) 0.798 26( S%)
bt
o 230 mg/aL 6 &%) 12( 6€8) 0.34¢ 3( 1V G.i8é T 3L( AW)
Creatinines .
22 mg/éL 2t 18) & 2%) 0.695 1( <1s) 0.583 ¢ 1%)

e e ——— ——— =

€y

% P-values fzom two-talled Pisher's Exact Test eupuim versus the

b Platalets, thr topen
z < lower limit o

uild, 100,000/

fas

Nodezate, 20.000/-P < : < 100,000/am”;

savere, x < 20,000/
e Platalsts, thr
Mils,
- Modsrats., 600,000 /.

mmu

Sevese, X > 1,000,000/am’.

Dec, Decrease.

Normal, upper liait of bwutlgno:'

. tm‘at" 940 .08,

uppez limit of noTmal < x ¢ §00,

-’a | -
- < % < 1.000.000/-‘ T

A0TMALy

s normal range.

10 o5 Aose grONp
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Mild thrombocytopenia occurred with similar frequency in all
three groups. The proportion of patients with drop in hemoglobin
greater than 2 gm/dL or with hemoglobin values of less than 8
gm/dL was higher in the enoxaparin 30 mg gl2h group.

The number of patients in each of the three treatment groups ;ith
markedly abnormal laboratory values are summarized in the
following table:

~e—-me-==Treatment Group--~--====--

10 ma gd 40 magd 30 mg gl2h TITotal

Laboratory Parameter n n n n
Hemoglobin < 7gm/dL 1 3 4 8
Platelet count <10%/mm’ 1 2 1 4
platelet count >10%/mm’ 2 1 27 T 8
ALP >300 U/L 3 3 6 12
SGPT >6x UNL 0 4 3 7
SGOT >6x UNL 0 1 1 2
Bilirubin >2mg/dL 0 1 1 2
BUN »30 mg/dL 6 12 3 21
Creatinin > 2 mg/dL 2 4 1 7

CONCLUSIONS AND COMMENTS:

The study assessed the effect of three regimens of enoxaparin: 10
mg QD, 40 mg QD and 30 mg gl2h on the prevention of DVT in
elective hip replacenment.

The study has shown that the post-operative administration of
enoxaparin at the dose of 30 mg gl2h was associated with a
incidence rate of DVT of 11%; this represents a statistically

and clinically significant reduction from the 25% incidence rate -

of DVT observed when 10 mg QD of enoxaparin were administered.
The dose of 40 mg QD reduced the incidence of DVT to 14%; this
represented a statistically significantly lower rate than that
observed with 10 mg QD, but it was not significantly different
from the effect of 30 mg qglzh.

The incidence of combined major and minor bleeding complications
was 13% in the 30 mg ql2h dose group and 5% in the 10 mg QD dose
group; this difference was not statistically significant. The
incidence of major bleeding in the 40 mg QD and in the 30 mg gl2h
dose groups was 4% and 5% respectively, versus 2% in the 10 mg QD
dose group. This difference was not statistically significant.
More patients in the 30 mg gl2h dose group experienced drop in
hemoglobin of more than 2 gm/dL than in the other dose groups,
however, the transfusion requirements were similar in all three
groups.
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An apparent dose-related increase from

was observed. This
event as similar dos
previously described

enoxaparin. The etiology of this reversible abnormality is

unknown.

baseline in SGOT and SGPT

did not represent an unanticipated adverse

e-related increa
with the admini

se in transaminases have been
stration of both heparin and
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OVERALL SUMMARY:

The sponsor has submitted the results of four controlled studies
in support of the claim that enoxaparin is safe and effective for
the prevention of thromboembolic complications following elective
hip replacement. An overview of the four studies is presented in
the following table:

Protocol Study Treatment Start Treatment Groups

Number Design Location and Duration and Regimen

ENO 884 D-B Canada Within 12-24 hr Placebo Control
Placebo~ post-cp. Up to Enoxaparin 30 mg ql2h
Controlled 14 days post-op.

PK 523 D-B Canada Within 12-24 hr Heparin control
Controlled post~-op. Up to 7500 IU gl2h

14 days post-op. Enoxaparin 30 mg ql2h

PK 525 Open-label us Within 2 days Heparin control

Controlled post-op. Up to 5000 U géh

7 days post-op. Enoxaparin 40 mg QD
Enoxaparin 30 mg gl2h

PK 526 D-B Us Within 2 days Enoxaparin 10 mg QD
Dose-ranging post-op. Up to Enoxaparin 40 mg QD
7 days post-op. Enoxaparin 30 mg ql2h

Prior to the North American clinical trials, the efficacy and
safety of enoxaparin in the prevention of DVT in orthopedic
surgery had been investigated in Europe. Three clinical trials
were conducted in Europe: one trial compared the effect of four
regimens of enoxaparin: 40 mg gqd, 60 mg qd, 30 mg gizh and 20 mg
ql2h; the second trial demonstrated that doses of 40 mg gd or 20
ng ql2h were effective in preventing DVT in orthopedic patients;
the third trial showed that the 40 mg gd regimen was more
effective than unfractionated heparin 5000 U g8h in reducing the
incidence of DVT in orthopedic patients.

In the European studies, the subcutanecus administration of
enoxaparin was started few hours before surgery and was continued
for 10-14 Adays.

In the North American clinical studies, the enoxaparin regimen
was adapted to the current orthopedic practice which favors the
post-operative initiation of prophylactic anticoagulation to
reduce. the risk of perioperative bleeding. Treatment was, in
fact, initiated 12-24 hr post-surgery in the two canadian studies
and within 2 days post-operatively in the US studies.

L-L_. / -‘.‘ - —L_-L‘
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The enoxaparin dosage used in these trials was selected on the
basis of data from PK studies, from studies on experimental
thrombosis and from the results of the European trials. As the
preoperative dose of enoxaparin was onitted in the north american
studies, a twice daily administration of enoxaparin vas selected
in the attempt to reduce the risk of thromboembolic events

originating intra-operatively.

A total of 1940 patients received study drug therapy in the four
North American trials included in this NDA: of them, 1349
received enoxaparin, 50 received vlacebo, and 541 received
heparin. The number of patients, their demographic
characteristics and selected surgery parameters of each treatment

group for each trial are summarized in table 2.1. No significant

differences were noted among treatment groups in each of the
studies.
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SUMURY OF DEHOGRAFUIC INFORMATION AMD SRLEICTED SURGCIRY PARMAMETERS FOR ALL TREATED PATIDNTS

fcial g0 i e} No—px 13—t | 25426 11 PE_§1§ (
Tiaatasat Groey Riacebe Rmonamazis Esouaverls Nevetls Esckeveriy Enprapaiis EnOsapecin Rensenazis
Dogs 30mg J0my %0010 10ng [T > 40mg Jomg %ﬂl
Tagines (Qlik) (qldk} {qizh) {qih) (oD) {00) {qldh) ({1 {1k 1) ash}

CR TR (Y] M) B () BV n (8 LI LY Y () A
mnﬂ'lmlﬂunm.u 50 % 3 m 161 i 208 203 198 200
ta '
fale 19 (30%) 26 (32%) 143 (440) 160 {48%) 107 (6641 127 (S48} 134 {604} 9% [4PY) 9D (3043 101 (408}
Fomale 1 (63 24 (40N) 208 (BE%) 172 (530) $4 (348). 72 (DES] 84 (40%) 204 (S1N) 97 [RON) 108 (S2y)
ml":ho’ Pailens 0 $0 "y m 161 1) 07 203 - 198 209
fenpez of Patiauts < 53 31 q420) L8 (I60) 138 (438) 121 (268) 65 (4MN) 84 {420) 90 (448) 96 (478) NI (AN} 8L (3N}
Weshor of Poslects 2 65 29 (800) 02 (440} 198 (89%) 213 (S4%) B2 (BN LB (BNOS__ 117 {368) 107 {EIt) 311 (B70) 120 {61V) T
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Table 1.4 summarizes the treatment groups, the treatment
regimens, the total number of patients randomized, treated and
evaluable, as well as the reasons for exclugsion from analyses.
T™wo efficacy analyses were performed in each study: one analysis
included all the patients who had received study treatment and
had undergone any evaluation of efficacy (all treated patients),
the second analysis included all the patients who had received
full treatment, had had definite evaluation of efficacy, and had
not incurreda any protocol violation (evaluable patients).

PARLE 1.4
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{8y Tria\/Reginen)
Tehad o e | gttt il eyl .
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The overall DVT findings (defined as percentage of treatment
failure) for all treated patients with efficacy data of each
. treatment group in each study are shown in Figure I.
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The efficacy results expressed as total numbers of DVT, overall
incidence of DVT and incidence of proximal DVT in the all treated

patients and in the evaluable patients groups in each treatment ¢
group are summarized in Table A.
=TABRLE A-

Group Blcb Epoxap Enoxap Hepar Hepar
Dosing Reqimen 10 mg 30 mg 40 mg 5000V 7500U

Qb ql2h QD q8h glzh
Ixial Ko,
ENO 884
All _Irzeated; 50 50
Overall No. DVT 23 5
DVTS 46% 10%
Proximul DVTS 22% 2%
p~value 0.0002
Evaluable Patients: 3 27
Overall No. DVT 49 4
YIS 1% 15%
PE_522
All TIreated: 333 332
Overall Ro. DVT 57 63
DVTS 17% 19%
Proximal DVTS 5% 1]
p~value versus Heparin 0.5317
Evaluable Patients: 236 250
Overall No. DVT 43 $8
DVTS 18% 23%
=valye versus Heparin —0.1611
EK 526
All Treated: 161 209 199
Overall No. DVT 40 22 27
DVTs ' 25% 11 14%
Proximal DVTS 11s 4% ss
p-value versus 10 mg QD 0.0008 0.0168
p~value versus 40 mg QD 0.3369

H 116 143 149
Overall DVT 36 16 21
DVTS 3ls 11 14%
p-value versus 10 mg QD 0.0008 0.0054 ;
p-value versus 40 g QD _0.4783 |
EK _52% |
All Treated: 194 203 207 1
Overall No. DVT 9 30 24 |
DVTS 5% 15% 12% i
Proximal DVTS 2% 4% 5% '
p-value versus Heparin 0.02'78 0.2366
p-value versus 40 mg QD 0.0002 ;
3 136 136 142

Overall DVT 8 28 21 '
DVTS 1] 21% 15%
p-value versus Heparin 0.1030 0.0636

-.0,0003
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The enoxaparin regimen of 30 mg gl2zh was superior to placebo and
to enoxaparin 10 mg QD in preventing DVT in elective hip
replacement. When compared to heparin, enoxaparin 30 mg gl2h was
more effective than heparin 5000 U g8h and was as effective as
heparin 7500 U gi2h. The enoxaparin regimen of 40 mg once daily
was as effective as enoxaparin 30 mg gl2h in one study and was
less effective in another study.

Table B shows the overall pooled incidence of DVT, proximal DVT
and PE from all studies for each dose regimen. The studies
differed in design and duration of therapy and their pooled
results is not meant to represent a metanalysis, but rather to
show the overall incidence of proximal DVT and PE in each
treatment group. The incidence of proximal DVT was higher in the

placebo, enoxaparin 10 mg QD, and heparin 5000 U g8h-groups—than-- -

in the other tbree groups, however, the difference was not
statistically significant. No correlation is apparent between
the number of proximal DVT and incidence of PE in each treatment
group. The occurrence of PE was higher in the combined heparin
groups (6/539) than in the enoxaparin 30 wmg ql2h group (1/786).

=TABLE B-

Group Plcb Enoxap Enoxap Encxap Hepar Hepar
pPosing Regimern 10 mg 30 mg 40 mg 5000 U 7500 U

oD gl2h QD g8h qlzh
Total Patients 50 161 786 402 207 332
Overall No. DVT 23 40 S3 57 24 63
Overall DVTS 46% 25% 11.8% 14% 12% 19%
No. Proximal DVT 11 17 29 17 10 18
Proximal DVTS 22% 11s 3.6% 4.2% 5.0% 5.4%
No. PE 1 1 1 2 4 2

The incidence rates of DVT were analyzed ir all subgroup by
demographic parameters (gender, age, weight), current smoking
status, type of surgery, anesthesia and surgical characteristics
that may influence the outcome of the study. The effect of
enoxaparin 30 mg gl2h appeared to be consistent across the
subgroups in all four studies. Two studies analyzed the
incidence of DVT in smokers and non-smokers within the enoxaparin
30 mg q12h regimen, the incidence of DVT was 6% and 10% for
smokers and 4% and 11% for non-smokers.

Wwith respect to the type of surgery, the incidence of DVT ranged
from 5% to 16% for primary hip replacement and from 0% to 23% for
revision surgery, the latter group was, however, small.

Antithrombotic prophylaxis was started within 24 hours from
surgery and was continued for 10-14 days in two studies, while it
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was started within two days postoperatively and continued for
only 7 days in the other two studies. The retes of treatment
failures did not differ significantly according to initiation or
duration of treatment.

No studies have been performed to compare directly the
effectiveness of preoperative versus postoperative initiation of
enoxaparin therapy. Only one study designed to assess the
efficacy and safety of enoxaparin with subarachnoid block or
general anesthesia compared 1) enoxaparin administered 12 hours
prior to general anesthesia, 2) enoxaparin administered post-
subazchnoid block and immediately precperatively and 3)
enoxsvarin administered after subarchnoid block and after
surgery. The results showed that the three groups were

- - ——gtatistically comparable for both efficacy and safety.

Safety evaluation included all patients who had received any
amount of study medication regardless of efficacy evaluation.

The most pertinent adve 2 events for both enoxaparin and heparin
were represented by bleeding complications. A summary of the
combined major and minor bleeding events reported in the all
treated patient population from each study is shown in Table C.

=TABLE C-
Sroup Plck Enoxap Enoxap Enoxap Hepar fispar
Dosing Regimen 10 mg 30 mg 40 mg 5000 U 7500 U
QD ql2h QD q8h glzh
Total Patients 50 161 786 . 402 207 332
Rleeding: -
Major + Minor 2 8 69 42 25 3
(4%) (4.9%) (8.7%) (10%) (12%) (9.3%)
Majozr 2 3 31 10 13 19
(4%) (2%) (3.9%)  (2.4%) (6.2%) (5.7%)
Minor 0 5 38 32 12 i2
(0%) (3.1%) (4.8%) (7.9%) (5.7%) (3.6%)

The incidence of major and minor bleeding in the enoxaparin 30 mg
gl2h and 40 mg QD was higher than the placebo or the 10 mg QD and
was similar to either heparin g-~up. The incidence of major
bleeding was lower in the enoxaparin 30 mg gizh group than in
either heparin group, but greater than placebo or enoxaparin 10
mg QD groups. However, hemorrhage was reported as cause of study
discontinuation by 5/786 enoxaparin 30 mg gl2h-treated patients
compared to 1/541 heparin-treated patients.
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When analyzed for subgroups, no differences in bleeding were
noted for gender, age and body weight in the enoxapzrin regimen;
however, a greater incidence of bleeding events occurred in the
heparin groups in wome . 1In all groups, bleeding manifestations,
mainly ecchymosis, were more frequent in patients on concomitant
therapy with aspirin or NSAID and other anticoagulants.

The analysis of all other adverse events (except bleeding) were
performed on the two heparin regimens combined under the single
group of Heparin 15,000 U/day. The incidence of serious adverse
events is shown in Table D.

=TABLE D~
‘Rosing Reqimen 10 mg 30 mg 40 mg 15.000 U
QoD ql2h ap q24h

Total Patients 50 161 786 402 541
Serious Adverse

Events 2 (4%) 13 (8%) 32 (4%) 29 (7%) 26 (5%)
Termination due to '
Adverse Events 8 (16%) 8 (5%) 29 (4%) 15 (4%) 23 (4%)

Study-related
Adverse Events 58% (?) 32% 32% 27% ki
(small sample)

Neaths 1l 1 2 2

The incidence of overall adverse events in tl.e enoxaparin 30 mg
gl2h dose group was more frequent in older patients.

No dose-related trends were observed among the three doses of
enoxaparin for the gverall incidence of adverse events. Among
the related adverse events, a dose-related increased incidence of
hemorrhage, anemia and edema were observed. The incidence of
hemorrhage was 2% wi%h the 10 mg QD dose, 3% with the 40 mg QD
dose and 5% with tiae 30 mg gql2h dose. The incidence of severe
related adverse events also showed a dose-related trend (2% in
both 10 mg QD and 40 mg QD doses and 7% in the 30 mg gl2h dese).
When the incidence of adverse events was comperad between the
gelected dose regimen of enoxaparin 30 mg gl2h ond the
conventional heparin regimens, no significant diiferences were
noted in the incidence of all adverse events, related adverse
events, and severe related adverse events. The adverse events
reported in these two major groups are shown in Tab'es 6.1.4.

-
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Table §.1.4

ADVERSE EVENTS OCCURRING AT >s2¢ INCIDENCE IN THE

ENOXAPARIN 30 NG QLZH OR WEPARIN TREATMENT REGIMENS
1

PR32 K

(Bx in r )
Enoxaparin Heparin
30 mg ql2h 15000 U/24h
u=528 N=541
Body Systea/ Severe  Jotal Severe  Iotal
COSTART Term ) |
BODY AS A WHOLE 2% (1] 1) 13
Fever 4 4 ®n <14 n
Pain <1t 2% 13 3
CARDIOVASCULAR 3] -1 a 9%
Hemorrhage <1 ) 1 <l% 1]
DIGESTIVE 18 6 " n oL T
Mausea <13 an <14 24
vomiting . 08 <14 «1% 24
REMIC/LYMPHATIC | 0 7" A 118 ' s
Ecchymosis . <18 13 <14 24 :
Bypochromic aneais 1% 449 n bi) ,
INJECTION SITE
REACTIONS <1% 2% <14 k §
Injection Site
Hemorrhage o¢ <ls «1% 2%
METABCLIC/
NUTRITIONAL k11 ”n F3 ] 1)
Edema 0 EL <14 2%
Pezipheral Eduma 1] 4 ) L] I
NERVOUS <t " 2 a :
Confusion <i% 2% <14 1s .
Dizziness on <1y <1% ] ' 7
RESPIRATORY <18 2% <1y 2 i
SKIN ARD APPENDAGES <% 1 <1y 4 :
UROGENITAL <14 2% <14 s

Extracted from Appendix A.6.2.

- .

Mean increases from baseline were reported for platelets,
alkaline phosphatase, LDH, SGOT and SGPT for both enoxaparin and
hoparin regimens. A dose-related increase in SGOT and SGPT was
observed with enoxaparin, the increase seen with enoxaparin 30 mg
qlzi was similar to that seen with heparin 15.000 U/24h.

The increased levels of alkaline phosphatase were most likely

attributable to bone reformation secondary to surgery. The
increased platelet counts represented reactive thrombocytosis
secondary to surgery. (The laboratory values which showed

L & -
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changes considered as possibly clinically significant are
summarized in Table 8.3.) /

Paraseter Heparin .
\ H
Value __ l0wmgQo _40mgQ0 . . 20sqql2b _ ___ 15000 U/24h '
% (%) W (V) % (V) R (%) ¥ (%) |
All Treated S0 (1008) 161 (3008) 402 (100V) 7686 {100%) 54) (100%) 1.
Platelets: Thrombocytopenia® o :
el TRl e MAR - et & € GRS TTTINIS) T80 (128)- e 341 4208) — ... 202 (39N} —. -
Noderate 1 ( as) 1 (<iv) § { 318) 17 ( 2%)° 17 ( M)
Severe 0 ( O%) 0 ( 0%) 0 ( 0%) 0 ( 0%) 1 (<18}
) Platelets: Throwbooytosis? - . o
uiid 9 (10%) 8 (61V) 259 (64%) 499 (63%) 381 (6S%)
Modacate 9 (18%) 44 (21 120 (30%) 218 (27%) - 364_(2MV)
i Severe 0 ( 0%) 2¢(1%) 4 (<18) !Icqt) 4 (<1%)
Remoglobiss . ' e
<8 gw/aL 1 {2%) 1% { N 33 {13%) 102 {138) S (16%)
;- Dec 2 2 ga/dL & (12W) 35 (22%) 102 (25%) 204 (26%) 149 (28%)
007
3=6x Norsal ] 5 ( 3 19 ( S%) 2 (M) .. 19 ( &)
>62 Normal 0 0 ( 0%) 2 {<1i%) 4 (<1%) 3 (<1%)
8GPT1 .
3-6x Normal 0 4 ¢ 2%) 17 ( ) () 22 ( )
>6x Normal 0 . o ( 0V) 6 { V) 10 ( 1%) 7 (1)
Pilizubing
- » 2 gw/dL 0 0 2 (<1%) 3 (<1%) 5 (<18) if
Alk~Phosphatase: ;
>2x Mormal 2 ( &0) 6 ( V) 21 ( %) 3% ( 5%) (M)
Creatinines: :
>2 mg/aL 0 : 2 ¢ 1Y) 4 (<IN) s ( 18) 4 (<€1N) i l
I - BURs } i
. 230 mg/dL 0 6 ( N) 19 ( 5%) 25 ( 3%) 32 { 6%) g

a Platelets, thrombocytopenia:
Mild, 100,000/#a% < x < lower limit of normals
Noderate, 20,000/me? < x < 100,000/ss;
Severe, x < 20,000/am%)
b Platelets, thrombocytosiss
Mild, upper lisit of normal < x < 600,000/sm;
Moderate, 600,000/m < x < 1,000,000/me%; -
Severe, x > 1,000,000/,
nre, Decredze; Normal . .~ow- 'iait of normal range.
© A data entry error was made for .he end of study platelst count
TO)L fublect Lumdes ST le in thT SNOXADATia treatasnt group. The
erronscus value of 30,000/ temains in the database and is included
in the total number of patients for whom moderate thrombocytopenia was
reported. The correct value fzom the case report from is 306,000/2a°,
Extracted from Appendix A.lS5.

|
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Mild thrombocytopenia was frequently observed in all treatment
groups. It must be noted that moderate thrombocytopenia is
defined here as a platelet count less than 100.000 cmm and as low
as 20.000 cmm. However, given the fact that the clinical
significance and the etiological implications of a platelet count
of 100.00 cmm are quite different from those of a platelet count
of 20.000 cmm, a lower value of 50.000 cmm seems more appropriate
for the definition of moderate thrombocytopenia. It is of
interest that the cases of thrombocytopenia reported with the
administration of enoxaparin ranged between 100.000 and 75.000
cmm and occurred in the first few post-operative days. This
degree of thrombocytopenia is likely related to the surgical
procedure. On the other hand, in study PK 523 three patients in
the heparin group experienced reductior. of platelet count of
18.000, 28.000 and 34.000-cmm-respectively. In these patients,
the onset of thrombocytopenia was more delayed (day 9, & and 9)
suggestive of heparin-induced thrombocytopenia. One heparin
patient in study PK 525 was reported to have experienced
thrombocytopenia with thrombosis. It must be emphasized,
however, that the administration of enoxaparin in these studies
has been of limited duration and that none of the patients had
received the drug previously. Thus, at present, it is not
possible to determine whether this compound is less immunogenic
than unfractionated heparin or whether it cross-react with
heparin-induced antibodies.

SUMMARY OF SAFETY FROM EUROPEAN STUDIES AND POST-MARKETING
SURVEILLANCE: .

Fnoxaparin is approved in Europe and in several other countries
for prophylaxis of DVT and PE in orthopedic surgery, and for
anticoagulation in patients on hemodialysis.

A summary of the adverse events encountered during the. European
Phase II and III clinical trials, spontaneously reported during
the post-marketing surveillance, or reported in the course of
other clinical trials has been included with the NDA.

A total of 1463 patients received enoxaparin during phase II and
III trials. The overall incidence of adverse events ranged from
13 to 36% across the treatment groups. The majority of adverse
events were represented by injection site hematomas and wound
hematomas. The incidence of wound hematoma with enoxaparin 30 mg
glzh was higher than that reported in the North American trials
and probably due to the preoperative administration of the drug.-
The adverse events encountered in the studies that assessed the
enoxaparin for other indications (hemodialysis, cardiopulmonary
bypass) consisted mainly in bleeding complications or lack of
efficacy.
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The European post-marketing clinical trials reporting of adverse
events included eight patients who experienced serious and
unexpected adverse events represented by hematoma, anemia, MI,
intestinal necrosis, 2 reports of DIC, circulatory failure, CVA.
Of these 8 patients, 3 died, 2 recovered with sequelae and 3
recovered.

Nineteen serious adverse events not reasonably associated with
study medication were reported in 19 patients. They included 9
PE, 3 MI, 2 CVA, 2 DVT, 1 each of cardiac failure, sepsis and

renal cyst,

Since approval of enoxaparin in Europe in 1987, 40,000,000 doses
have heen sold for an estimated patients population of 4,000,000.
Post-marketing- spontaneous reporting of adverse events include
218 events involving 181 patients. Adverse events included 47
cases of hemorrhagic manifestations, 45 cases of thrombocytopenia
and 25 cases of hypersensitivity including three cases of
anaphylactoid reactions.

Twenty-five patients with heparin-induced thrombocytopenia were
treated with enoxaparin iv or sc; one patient developed
reversible renal failure, one patient developed LMWH-induced
thrombocytopenia, one patient died following the development of
acute ischemia of the lower extremities (?heparin-related
thrombotic syndrome), and one patient died of GI bleeding after
discontinuation of enoxaparin and initiation of oral
anticoagulant therc¢nwy.

CONCLUSIONS:

In conclusion, enoxaparin at the dose of 30 mg gql2h effectively
reduced the risk of DVT in patients undergoing elective hip
replacement surgery as compared to placebo or to a lower dose of
enoxaparin. Compared to heparin, the enoxaparin regimen of 30 mg
gl2zh was superior to heparin 5000 q8h and at least as effective
as heparin 7500 bid. No assessment of risk reduction for PE
could be made even by pooled incidence.

A regimen of enoxaparin 40 mg QD was evaluated in two studies.
The efficacy results were comparable to thosa of the 30 mg gl2h
regimen in the better performed study. The enoxaparin 40 mg QD
could represent an alternative regimen for patients in whom
single daily injections are preferred. However, the only
formulation proposed for marketing consists of prefilled syringes
containing 30 mg of enoxaparin.

The risks of enoxaparin thérapy were those expected of anti-
thrombotic therary and were at least comparable to those of
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heparin therapy. No adverse events unique to enoxaparin were
observed.

RECOMMENDATION:

Approval of enoxaparin for the prevention of DVT in patients
undergoing elective hip replacement surgery is recommended. The
regimen of 30 mg gil2h, subcutaneously, starting 12-24 hours post-
operatively and continued for 7-14 days is recommended.

;5512225(67222L129 Y i 4

Lilia Talarico, M.D. -—
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES ‘
PUBLIC HEALTH SERVICE |

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH \

DATE: June 17, 1992

FROM: Lilia Talarico, M.D., Medical Officer, HFD-180
SUBJECT: Mis§ing Table 7.1 in Medical Officer’s Review

- TO: NDA 20-164

The table shown below should have been included on page 36 of the review of NDA 20-164.

Pglc 7.1
Cross Tabulation of 125I-pibrinogen Scan Findings with
Corresponding Venography Findings
(Appendix 38.7.))

Cunopondlo; Pindings
ibeinogen ¥ Yenogrgphy Pindings  In Agresment
Pinding £ finding B _(V)8 Pinding p
Ragative n Bagative 32 (84%) Negative 32

Fositive 6 (16Y%)
Positive 29 Hegative 9 (3lv) Positive 20

Positive 20 {63\)

Total €7 67 52
Overall Agreement (78%)
a Percent of patients with non-venographic findings.
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DIVISION OF GASTROINTESTINAL AND COAGULATION DRUG PRODUCTS
MEDICAL OFFICER’S REVIEW

NDA: 20-164 - DEC - oo

Sponsor: Rhone-Poulenc Rorer Pharmaceuticais Inc.
Drug: Enoxaparin, Lovenox

Class: Low Molecular Weight Heparin

Indication: Prophylaxis of thrombosis

submission: Safety Update Report

Date of Submission: 11-10-92

Date of Review: 11-23-92

Medical Reviewer: Lilia Talarico, M.D.M'

The sponsor has submitted an update of the Integrated Summary of
Safety for the period 1-1-91 through 6-30-92. The safety update
included all adverse events occurred in the course of European
phase I trials, European Phase III clinical trials and North
American phase III clinical trials, and the post-marketing
spontaneous reports of adverse events.

The phase I studies were performed in normal subjects who
received single or multiple doses of enoxaparin. Comparator
regimens were heparin or dextran. No serious events occurred in
the course of these studies; most adverse events were represented
by injection site hematomas.

The European phase III studies consisted of 4 controlled studies
in which a total of 825 patients participated. Enoxaparin was
admninistered sc once or twice daily for 7 to 12 days.

PK 524 was a comparative study of enoxaparin and heparin in
patients undergoing general surgery. 1In this study, 4 deaths
were reported among patients who received enoxaparin and 7 deaths
among patients who received heparin. One patient on enoxaparin
developed heparin-induced thrombocytopenia. -

Protocol PK 528 compared enoxaparin and heparin in the treatment
of proximal DVT,

Protocols PK 534 and 536 compared enoxaparin and placebo in
prevention of DVT in general surgery. No serious adverse events
were reported in studies PK 528, 534, and 536.

R, D
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The adverse events occurring in the course of these studies in 5
the enoxaparin treated patients are summarized in table 2.2.

A total of 750 patients participated in the North American phase
III trials. Enoxaparin was administered sc as a once daily dose 4
of 40 mg or twice daily at the dose of 30 mg. The treatment

duration ranged from 4 to 28 days.

Protocol PK 527 compared enoxaparin to placebo for prevention of
DVT in patients undergoing knee surgery. No major bleeding
complications occurred in the enoxaparin group, one major
bleeding event occurred in the placebo group. More than three
fold increases in ALT and AST occurred in 8 placebo and 10
enoxaparin patients. Three patients withdraw from the study.
Protocol PK 540 compared enoxaparin to placebo in the prevention
of restenosis following PTCA. A total of 458 patients
participated in the study, 227 of them received enoxaparin 40 mg
QD. The mean duration of treatment was 24.3 % 8.18 days. The
overall incidence of bleeding, major and minor, in the enoxaparin
group was 108/227, 48%, compared to 79/231, 34% in the placebo
group; the difference was statistically significant (p<0.05).
The incidence of major bleeding, however, was not significantly
different in the two groups: 1% (3/231) in the placebo group and
4% (10/227) in the enoxaparin group. Ecchymoses were more
frequent in the enoxaparin group. Two patients, one in each
group, died during the study of arrhythmia unrelated to study
treatment. Twenty-two patients in the placebo group and 16
patients in the enoxaparin group were discontinued because of
various adverse events.

Prctocol 547 is an ongoing study that compares enoxaparin and
heparin for the prevention of DVT in knee replacement. One case
nf heparin-induced thrombocytopenia and two cases of PE were,
reported in the heparin group. Nine patients in the heparin
group and 5 patients in the enoxaparin group were discontinued
for various adverse events.

The adverse events occurring in the course of these studies in
the enoxaparin treated patients are summarized in table 2.3.

A total of 124 spontaneous reports of adverse events occurring in

98 patients were collected during post-marketing surveillance. 1
Twenty~-six (26) of the events were serious and 98 non-serious. !
The serious events included 14 cases of bleeding, three of which
intracerebral, one case of skin necrosis, two thrombophlebitis,

one PE, five cases of thrombocytopenia and two of purpura (?
thrombocytopenic), one thrombocytosis. ' -
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Review of the safety data from 1-1-91 to 6-30-92 shows 15 serious
events, including 6 deaths, in which there was a reasonable
possibility that the event may have been caused by the drug.
Th.ree of the deaths were considered unexpected events. Among
these deaths there was a patient who developed heparin-induced
thrombocytopenia and thrombosis associated with administration of
enoxaparin. This case was reported in the medical literature.
The second case was a patient with thrombocytopenia, CVA and
peripheral ischemia. The third case was a patient who died of
cardiac arrest. ,

Eleven cases of lack of efficacy were reported: six cases of PE
and 5 cases of DVT.

The sales of enoxaparin during 1991 and the 1st half of 1992
exceeded those in the previous years 1989 and 1990. The total
worldwide sales of enoxaparin for 1991 were 24.3 million of doses
(31.4 and 12.9 million of doses for 20 mg and 40 mg
respectively). Those for the period 1-1-92 to 6-30-92 were 16.3
million of doses (7.7 and 8.6 million of doses for 20 and 40 mg

respectively).

The sponsor has submitted the CRF of all the 55 discontinued
patients or patients who died in North American phase III
clinical trials, inclusive of placebo or heparin controls.

The safety data reports (CIOMS) were provided only for the eight
patients with serious and unexpected events reasonably associated
with the use of enoxaparin.

With the exception of 5 cases of heparin(enoxaparin)-induced-
thrombocytopenia (HIT) and one case of thrombocytopenia with
thrombotic complications (White-clot syndrome), the overall
incidence and distribution of the other adverse events were
similar to those reported with the NDA submission on 12-30-91.
The cases of thrombocytopenia are listed below:

1. One patient in study PK 524 (European phase III studies).
CRF from European studies were not provided.

2. Case DP04310= HIT with thrombotic complications and death.

3. Case PKS0092= HIT and CVA with positive test for heparin-
dependent antiplatelet antibody.

4. Case PKS01160= Thrombocytopenia with CVA and lower limb
ischemia (? HIT with arterial thrombosis).

5. Case PKS01071= Thrombocytopenia and phlebitis (no CRF or
CIOMS form provided).

ey
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6. Case PKS01175= Thrombocytopenia; death secondary tc¢ CVA (no
CRF or CIOMS form provided).

It is possible that more cases of thromhocytopenia have occurred.
In fact, the cumulative spontaneous reporting tabulated from 1987
to June 1992 includes 64 cases of thrombocytopenia, beside 15
derinitions of "purpura®" or "decreased platelets".

The adverse reaction defined simply as "purpura - and skin
necrosis" may represent another case of HIT with thrombosis.

: As expected, heparin-induced
immune thrombocytopenia can cccur with enoxaparin. At least one
documented case of HIT with thrombosis has been described as
well. At present, it is still unclear whether the frequency and
the overall risk of these adverse reactions will be lower with
enoxaparin and other low molecular weight heparins than with
unfractionated heparin.

The sponsor should be requested to submit all safety reports of
moderate or severe thrombocytopenia (platelet counts below
75.000/cmm) and any other report of possible HIT with thrombosis
in order to better evaluate the risk and include the information
in the labeling. The proposed labeling for enoxaparin makes
reference to HIT, however there is no definite statement that
enoxaparin itself can induce HIT and HIT with thrombosis.

The spcnsor should also be requested to analyze all adverse
events reported by patient demographics, dose, dose duration, and

indication.
. | 6%152?‘22;25;~t, A0

Lilia Talarico, M.D.
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NDA 20-164
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Enoxaparin NOA $20-164
Safety Update Report

. Table 2.2

: DRUG RELATED ADVERSE EVENTS BY BODY SYSTEM FOR
R PATIENTS WHO RECEIVED ENOXAPARIN ADMINISTERED SUBCUTANEOUSLY IN
R > PHASE IIT BUROPEAN CLINICAL TRIALS

— Patient Exposure
: BB Enoxaparin Dusage Group
& Study 1 mg/kg bid 20 mg od 40 mg od

. PK 524 -- 718
T PK 528 67 -
| PK 534 - 16
PK 536 -

-

- 24
Total 67 734 24

| Number of Adverse Events
| Body System Enoxaparin Dosage Croup

Adverse event 1 mg/kq bid 20 mg od 40 mg od |
| Injection Site . - S |
eaction
Heta toma 1 100 10

Body as a Whole
eath 4
Retrosternal pain
Tiredness
Wnouynd hematoms 101
Hematoms
venipuncture | 1 -
Hematoma from |
ph!ebography J i
puncture site 1 -

[ - |

Tt
i

1
A =t g

Cardiovascular
Bradycardia - 1
Hypotension - - 1

Digestive
Intestinal
obstruction -

Hemic & Lymphatic
Heparin induced
thrombocytopenia - 1

Resgirator! .
Dyspnea - - 1
Epistaxis 1

|
Urogenital |

Urinary retention | - - 1 |
i
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Table 2.3

DRUG RELATED ADVERSE EVENTS BY BODY SYSTEM FOR

PHASE III NORTH AMERICAN CLINICAL TRIALS

Patient Exposure -
noxapartin Dosage Group
Study_ 30 mg q 12 hr 40 mg qd
PK 527 65 -~
PK 540 - 227
PK 547 [161] -
Total 227

PATIENTS WHO RECEIVED ENOXAPARIN ADMINISTERED SUBCUTANEQUSLY IN

Number of Adverse Events

Body System noxaparin Dosage Group
Adverse event 30 mg q 12 hr 40 mg qd
T Injection site
eaction
Hematoma 34
Pain - 11
'Lﬁodx as a Whole
“Death - 1
Chest pain 1 11
Abdominal pain - 4
Bleeding 7 118
Incision
inflammation 1 -
Cardiovascular
Angina pectoris - 4
Qﬁssakizs
ausea - 6
Hemic & Lymphatic
“Ecchymosis - 22
Bruising | 1 -
Metabolic &
Nutritional Disorders
Tncreased ALT or AST | 10 -
Knee edema 1 - I
Respiratory
Dyspnea - 5 '
Skin & Appendages |
| Pruritus | 5 |
| Rash | 3 L

el
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Sponsor: Rhone-Poulenc Rorer
Drug: . Lovenox (Enoxaparin)
Class: Low Molecular Weight Heparin
Indications: Prevention of Thromboembolic complications of Hip
replacement surgery.
Submission: Review of medical literature to support

indications of Lovenox in hip replacement
Medical Reviewer: Lilia Talarico, M.D.
Date of Review: 2-19-1993

On December 8, 1992, the sponsor requested a change in the proposed
draft of Lovenox labeling to extend the proposed indication for the
prevention of deep vein thrombosis (LVT) following surgery for hip
replacement to include prevention of pulmonary embolism (PE).

In support of the change, the sponsor has tabulated all cases of PE
‘raported in the four studies submitted in the NDA for Lovenox.
A total of 12 occurrences of verified PE were reported for the
total study population of 1937 patients. The cases were
distributed as follows:

One case was reported among the fifty patients treated with
placebo;

One case was reported among the 785 patients who received

Lovenox at the recommende=d dose of 30 mg ql2h;

’ Five cases were reported in the two combined groups of
patients who received heparin to a total dose of 15000 U/24h (5000
U/gBh or 7500 U qgi2h);

Five cases were reported in the two combined groups of
patients who received a single daily dose of Lovenox (10 mg or 40
ng) .

The incidence rates of PE are summarized in the following table:

Table V: Incidénce Rates of Pulmonary Embolism

in North American Enoxaparin Clin{cal Trials -
Enoxaparin HEPlrin’ - Enoxaparfﬁ
Trial 30 mg ql2h 15000 U/24 H Placebo Once Daily
ENO 884 2% (1/50) ND 22 (1/50) ND
PK 523 | 0 (07333, - 0.3 (1/332) ND | ND )
PK 525 0T (0/194) 1.9 (4/207) ND 0.52 (1/203)
PK526 07 (0/208) ND }QD 0.1 (4/360)
Total 0.17.. (1/785) 0.92 (-§1539) . 22 (1/50) 0.92 (§1563)

ND: Not Dosed



Review of these data, however, indicate that the association
between occurrence of PE and failure of the underlying prophylactic
antithrombotic therapy to prevent DVT was not always documented.
Seven of the 12 cases of PE occurred in patients who had had
negative bilateral venograms at the end of study treatment and
subsequently developed DVT and PE 8 to 11 days later.

The reasons for these findings are unclear; beside erroneous
reading of the venograms, the possibility that the thromboembolic
event initiated after +the termination of the prophylactic
anticoagulation must be considered. Two of these six cases
(patients 915 and 1110 from study PK525) were, in fact, allocated
among the complications of venography by the sponsor.

One patient included in the Lovenox 40 mg g 24h was a patient who
had developed DVT on day 6 of therapy with Lovenox. The patient was
started on unfractionated heparin therapy and three days later
developed Heparin-Induced Thrombocytopenia with multiple thromboses
and PE.

The relationship between DVT and PE has been adequately documented

in the published medical literature. It is well recognized that

DVT represents the source of PE in at least 90% of cases.
The source of thromboembolism in the remaing less than 10% of cases
is represented by upper extremities venous thrombosis, embolism
from right-sided cardiac chambers, pelvic veins. The incidence of
PE from sources other than DVT has incresed with the introduction
of subclavian veins access devices and with intravenous drug akuse.
Clinically silent PE (detected by perfusion lung scan) occurs at
the time of presentation in about 50% of patients with documented
DVT. Conversely, asymptomatic DVT is found in approximately 70% of
patients who present with confirmed symptomatic PE.

Effective therapy of DVT effectively prevents the occurrence of PE.
Antithrombotic prophylaxis is equally effective in preventing DVT
and PE in patients at risk, as in the case of orthopedic surgery.
Prior to the introduction of heparin therapy, the frequency of
post-operative PE ranged from 20 to 60% and that of fatal PE from
5 to 20%.

A meta-anr~lysis of the incidence of DVT and PE with perioperative
administration of subcutaneous heparin from more than 70 randomized
clinical trials with 16.000 patients undergoing general, orthopedic
and urologic surgery was published in 1988 by Collins et al.
(Collins R. et al.: Reduction in fatal Pulmonary Embolism and
Venous Thrombosis by perioperative administration of subcutaneous
Heparin, N.Engl.J.Med.,318:1162-1173, 1988).

The results showed that perioperative administration of heparin
reduced the risk of thromboembolic complications (DVT and PE),
irrespective of the type of surgery.

The data are summarized in the following tables:

[~ A
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Incidence Rates of DVT in the Meta-Analysis of PE and
Heparin Clinical Trials!'

No.of Patients No. of DVT (%) % 0dds Red.

Heparin Control Heparin control (+ sD)
General Surg. 3966 3396 355( 8.9%) 760(22.3%) 67 + 4
Orthopedic 635 619 151(23.7%) 294 (47.4%) 68 + 7
Urologic 129 129 18(13.9%) $3(41.0%) 75 +15
Tot.All Trials 4730 4144 524(11.07%) 1107(23.4%) 68 + 3

1. Collins, R., et al.: Reduction in Fatal Pulmonary Embolism and
Venous Thrombosis by perioperative administration of subcutaneous
Heparin.

oy

£ ' Table IV: InC1dence'Ritdi"éf“PﬁImOhlry'EmboliSm;‘
in the Metaanalysis of Pulmonary Embolism and Heparin Clinical Trials

Nonfatal Pulmonary Fatal Pulmbnary

Subgroup of Embolism ' Embolism
Trial Heparin Control Heparin Control
International 14/2230 19/2250 6/2230 19/2250
Multicenter Trial -
Other 1:1 Trialz © 76/4546 117/4588 13/4136 36/4176
Other Zél or 3:1 15/1103 11/401 0/941 0/351
Trials
Tot.All Trials 105/7879 14777239 19/7307 55/6777
£ Incidence 1.33% 2.03% 0.26% 0.81%

Typical % Reduct.
in odds (+ sD) 40+11 65+15

1. Collins, R., et al.: Reduction in Fatal Pulmonary Embolism and
Venous Thrombosis by perioperative administration of subcutaneocus

Heparin.
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The overall rate of DVT decreased from 23.7% in control patients to
11.1% in the heparin treated patients. The incidence of non-fatal
PE was reduced from 2.0% in the control patients to 1.3% and that
of fatal PE from 0.8 in the control patients to 0.2% in heparin
treated patients. :

The results of these studies clearly demonstrated that prophylactic
therapy with heparin reduced the incidence of post-operative DVT
and that this reduction was associated with a reduction of PE.

A statistical analysis of the incidence of PE among the various
treatment groups in the clinical studies of the NDA of Lovenox has
not been performed. However, counting all cases of PE, the overall
incidence rate of 0.1% in the enoxaparin 30 mg bid group, compared
to that of 0.95% in the pooled comparator groups (placebo, heparin,
or inadequate enoxaparin therapy), indicate a noticeable risk
reduction in the former qroup.

It seems, thus, appropriate that the labeling should reflect the
association of effective treatment of DVT with reduced risk of PE.
The sponsor has proposed the following wording for the Indication
and Dosage: "Lovenox injection is indicated for the prevention of
DVT and PE following hip replacement svrgery." However, given the
data available from the NDA, it may be more appropriate to use the
following wording: "Lovenox injection 1is indicated for the
prevention of DVT, which may lead to PE following hip replacement

surgery".

The Safety Update Report submitted in November 1992 which included
all adverse events reported from the US and European studies and

from postmarketing spontaneous report, indicated that Hepar._n-.

Induced Thrombocytopenia (HIT) can be induced by Lovenox and that
one case of HIT with thrombosis has been reported.

The sponsor should be requested to assess the risk of enoxaparin-
induced thrombocytopenia and thrombosis and to submit the data in
order to determine whether additional information should be
included in the labeling.

The sponsor was requested to provide this information as well as an
analysis of all adverse events by patients demographics in December

1992, -
A Sl

Lilia Talarico, M.D.
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NDA #: 20-164

Drug: Enoxaparin

Applicant: Rhone-Poulenc Rorer

Indication: Prevention of Deep Vein Thrombosis (DVT) in patients undergoing elective total hip
1replacement (THR) surgery

NDA Drug Classification: 1P

Clinical Reviewer: Lilian Talarico, M.D.

Volumes Reviewed: 1.1, 1.32-1.74 July 31, 1991

Four controlled clinical trials are submitted in the statistical NDA package (sec Table B.1).

w

Protocol #EN0884: double-blind, multicenter, randomized
placebo controlled study with a total of 100 patients,

Protocol #PK526: multiple dose, double-blind, multicenter, randomized dose finding study
with a total of 602 patients,

Protocol #PK523: double-blind, multicenter, randomized, Ca heparin controlied, with a total
of 669 patients and

Protocol #525: Multiple dose, open label, multicenter with a total of 607 patients.

After our discussion with the medical review division, it was decided that the statistical review
should concentrate on two studies: Canadian study ¥#EN0884 and United States study #PKS526.

Therefore, this review addresses the efficacy of enoxaparin 30 mg q12h in placebo controlled sudy
#EN0884 and dose finding study #PK526.

Statistical Issues

1. In the placebo controlled study (EN0884), after 24 (24%) patients were randomized, the
sponsor saw no events of DVT in either the active or placebo group. The sponsor then changed the
protocol. After the protocr! change, the data had a considerable number of DVTs in the placebo

ouf and some in the enoxaparin group. How does this protocol change impact the statistical
results cliamed by the sponsor in favor of enoxaparin is a statistical issue for this trial.

2. The venography readings for the dose-response study (#PK626) were evaluated by two

independent panels. The sponsor reported the comparison results with p-values for one panel only.

Are the statistical results in favor of enoxaparin consistent for the two panels?

1
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These (two) issues in the review have been discussed with the medical officer, Dr. Lilian T alarico, -
M.D. '

i A

1 CANADIAN STUDY #EN0884 (placebo controlied)
1.1 STUDY DESIGN

This was a randomized, mulsicenter, double-blind, parallel-group, placebo controlled trial
comparing the safety and efficacy of enoxaparin in the prevention of deep vein thrombosis (DVT)

in patients after elective total hip replacement (THR) surgery. The patients were treated with
enoxaparin 30 mg q12h or placebo (q12h), given subcutaneously twice daily for a period of 3-14

days. Three centers participated in the study.
Patients qualified for this trial if they

.

iy W

~— were 40 or more ycars old

- were undergoing total elective hip replacement

Patients did not qualified if they had any of the following conditions:

-- second or subsequent hip replacement :

— generalized bleeding disorders
| -- allergic to iodine or radiopaque dye
| -- pregnancy and lactation
~ participation in the evaluation of any non approved drug in the preceding four weeks
-- diseases or treatments which can interfere with the kinetics of PK 10 169
Qualifying patients were randomized in blocks of size 10 in a double-blind fashion to receive either

enoxaparin or placebo in a 1:1 ratio using a randomizaton schedule generated by the sponsor.
Table 1 shows the schedule of evaluations for each patient. Patients evaluations included
complete medical history, IPG, 125I-fibrinogen scan, lung scan, RBC, PT, APTT, bleeding
assessments, clinical labs, physical exam and bilateral venography. This table also contains the
summary of patient demographics (bottom part).

Sample Size Estimation

4

A sample size of 100 randomized patients with 50 evaluables in each wreatment group was planned.
With 50 patients per treatment group, a power of more than 95% (by sponsor's recalculation) wus
postulated to detect a thrombosis rate of 15% for enoxaparin and 50% placebo.




Primary Efficacy Endpoints

The primary efficacy endpoint is the incidence rate of DVT, that is, incidence rate of treatment
failure.

" Evidence of the efficacy endpoint (DVT) was obtained from bi n ja v
clinical evidence of DVT. A positive venogram was defined by a positive finding in either the
operative or non-operative limb, or both limbs. A negative finding was defined as a negative

bilateral venogram.

Clinical evidence of DVT was defined as either a positive result from another vascular examination
(IPG or 125]-fibrinogen scan) or other clinical evidence such as pulmonary embolism or

administration of anticoagulant therapy for the treatment of DVT.

The protocol stated a mandatory venography for all patients during days 10-14:
“If the leg scan becomes positive in the non-operation thigh, or if the IPG is positive a
venogram will be perfomed immediately, otherwise it will be done between day

10 and day 14 postoperatively™.
However, the mandatory venography was not done in some patients.

All treated patients who took study medication and had received at least one clinical evaluation after
administration of study medication were classified into one of these five (5) groups: -

(a) Group 1: This group contained all patients whose DVT was confirmed by contrast
media venography (VG +ve),

(b)  Group 2: This consisted of patients who had a negative bilateral VG (DVT was not
confirmed by contrast media venography, VG -ve),

(c)  Group 3: This group had patients whose venography was not done (ND) or was
inadequately (IN) performed but had a DVT confirmed by clinical evidence (that is,
had a +ve result by the noninvasive procedure),

(d)  Group 4: This was composed of patients whose venography was not done (ND) or
was inadequately (IN) performed and DVT was not confirmed by clinical evidence
(that is, had a -ve result by the noninvasive procedure) and

(¢)  Group 5: This group consisted of those patients who had no other clinical evidence
of DVT; this group had no venography taken.
1.2.0 SPONSOR'S ANALYSIS RESULTS
The efficacy analyses were performed
1. by the intent-to-treat (ITT) principle,

2. for the evaluable subset, consisting of Group 1 and Group 2 only.
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The sponsor reported 2-sided p-values-for (reatment comparison between enoxaparin and placebo |
as statistically significant if 2-sided p<05. X

A total of 100 patients were randomized; 50 in the placebo and 50 in the encxaparin gfoup. The
ITT analyses included all patients who had at least one post-treatment clinical evaluation.

T

The sponsor claimed that the two treatment groups were comparable with respect 1o demograpl.ic

characteristics (no statistical tests were carried by sponsor to support this claim). This reviewer’s
observations did not disagree with this claim.

y 4

¢

1.2.1 Sponsor's DVT Results/ITT & Efficacy Subset

Below is a summary of the sponsor’s findings for both the ITT and evaluable subset analyses
(details are given in attached Table 2).

_I'.!‘l.'

Treatmant overall Placebo . Enoxaparin

railure (N=100) (N=%0) (N=30)

Total 28(18%) 23 (46%) 5{10%)

proxinal 12(12%) 11(23%) 1(2%)

pistal 14 (143} 10(20%) 4(8%)
Indeterminatal 2(2%) 2{4%) 0(0%)

odds Ratio 8.34 L
‘|p~valua 0.0002

95% CI : (2.72, 25.56)| .. -

Evaluable

Treatament Overall Placebo Enoxaparin

Failure (N=58} {N=31) (N=27)

Total 23 (40%) 19(61%) 4 (15%)

Proximal 10(17%) 9 (29%) 1{4%)

Distcal 13(22%) 10{32%) 3{31%)
Indeterminate| 0(0%) 0(0%) a(ox)

odds Ratio 10.18

p-value 0.000%

95% CI (2.57, 40.25)

1.3 REVIEWER'S EVALUATIONS & COMMENTS/ STUDY # EN0834
Protocol Change

This reviewer was concemed about the change in the protocol. The sponsor changed the protocal
after they saw no DVT in the first set of 24 (11 placebo and 13 enoxaparin) patients randomized.
After the change in protocol, there were frequent DVTs in the placebo and some in the active
group: 23/39 (placebo) and 5/37 (enoxaparin).

Failure Rates Before/After Protocol Change

] Placebo(P) Enoxaparin(F) (E-P)# p*
Nefore a/1l1 0/13
K hange (=0%) {=0%) 03 No Result
After 23/39 s/37 '
»: 2.sided p Fisher's exact. | Crange (=591 (m1ad) 453 <0001
4
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Sepsitivity Analysi

This reviewer has looked into several scenarios(see table below) to evaluate the impact of the
interaction effect due to the protocol change.

»_

Consider scenario #4, where for the first 24 patients, it is assumed that all 11 placebo patients
(before the change) had no DVT, but 8 of the enoxaparin patients (before the change) had DVTs.
Under this scenario, this reviewer found that the difference between the two groups, although still
in favor of enoxaparin, was not statistically significant at the .05 level of significance; Fisher's

exact p=.06.

- / _——

iy

However, in this reveiwer's assessment, a realistic secenario is the expected number of events for
the 13 patients in the enoxaparin group (before the protocol change) under the null hypothesis of
no treatment difference (see scenario #2). This expected number of events is equal to (placebo
failure rate)x(13 enoxaparin patients) =.46x13=6 events. Enoxaparin 30 mg ql2h is still
significantly different from placebo, in favor of encxaparin, under the penalty of 6 DVTs (the
expected number of events under the null hypothesis); p=.0196.

Sensitivity Analysis

B
. Soenaric # |Placebo(P) |Enoxaparin(E) |(z-P)# | P*
f 3 {0+23) /%0 {3+5) /50 .
: (»46%) {=20%) -26% .0102 v
2 (0423} /50 {6+5) /50 :
(w46%) (22%) - -24% | .019¢
(0+23) /50 (7+45) /50
3 (=4 8%) {=24%) -22% 0217
(0423} /50 (845) /50
4 (=g6%) (w26%) -20% | .0601
(0+23) /30 (3+5) /50
s (=46%) (=28%) ~188 | .0969

#: (enoxaparin-placebo) failure rate: negative difference favors drug
*; 2.sided p Fisher's exact

Scenario # : Out of 11 placebo patients none had DVT.
#1. 5 out of the 13 enoxaparin patients had DVT,

#2. 6 out of the 13 enoxaparin patients had DVT

#5. 9 out of the enoxaparin patients had DVT.

Therefore, in this reviewer's assessment, the data in this trial supported the sponsor's claim that
enoxaparin 30 mg q12h was effective in the prevention of DVT in patients undergoing elective hip .
replacement surgery. :

2
4

This reviewer also checked the randomization for this trial and it was QK.
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{1 United States STUDY # PK526 (dose finding)

2.1 STUDY DESIGN

This was a randomized, multicentex double-blind, paraliel-group, placebo controlled trial
comparing the safety and efficacy of tliree regimens of enoxaparin in the prevention of deep vein
thrombosis (DVT) in patients after elective total hip replacement (THR) surgery. The patients were
treated with enoxaparin 10 mg qd, or 40 mg qd, or 30 mg q12h, given subcutaneously for a period

- of 7 days. Thirty-two (32) centers participated in the study.

Patients qualified for this tial if they
— were 40 or more years old
— were undergoing total elective hip replacement
.- pre-surgical noninvasive vascular examination performed within 14 days prior to surgery

negative for DVT in lower extremities

Patients did not qualified if they had any of the following conditions (see Table A for more
exclusion criteria): : i

- positive results from pre-surgical noninvasive vascular examination
-- surgery on the ipsilateral hip within the preceding year

- history of previous venous thrombosis, generalized bleeding disorders, heparin associated
thrombocytopenia

— fernales of child-bearing potential

Qualifying patients were randomized in blocks of size 6 in a double-blind fashion to receive either
enoxaparin 10 mg qd, or 40 mg qd, or 30 mg q12hin a 1:1:1 ratio. The randomization was done
by assigning the next available patient number using a randomization schedule generated by the

SpONSOr.

Table 3 shows the schedule of evaluations for each patient. Patients evaluations included
complete medical history, 12-lead ECG, chest X-ray, interim history, dusing, bleeding
assessments, clinical labs, physical exam and noninvasive vascular operative site. This table also
contains the summary of patient demographics (see bottom part).

Primary Efficacy Endpoints
See Canadian study (#EN0884)

. A
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Sample Size Estimation

A sample size of 600 randomized patients with 200 evaluables in each treatment group was planned
in order to achieve 80% power.

2.2.0 SPONSOR'S ANALYSIS RESULTS

The efficacy analyses were performed

1y} by the intent-to-treat (ITT) principle,

2) for the evaluable subset

The sponsor reported 2-sided p-values for treatment comparison between enoxaparin 10 mg qd and
30 mg q12h, 10 mg qc: and 40 mg qd, and 30 mg q12h and 40 mg qd as stanstically significant if

-2-sided p<.05.

A total of 572 patients were randomized; 161 in the 10 mg qd, 201 in the 40 mg qd and 210 in the
30 q12h treatment group. The ITT analyses excluded four of the randomized patients (2 in 40 mg
qd and 2 in 30 mg q12h) because they received no study medication and had no post-treatment

clinical evaluation.

The sponsor claimed that the two treatment groups were comparable with respect to demographic
characteristics (no statistical tests were carried by sponsor to support this claim). This reviewer's
observation did not disagree with this claim.

2.2.1 Sponsor's DVT Results/ITT & Efficacy Subset

Below is a summary of the %Ponsor's findings for both the ITT and evaluable subset analyses
(details are given in attached Table 4).

ITY
Traatment 10 »g od 40 mg gd 30 mg qlzh
Failure (N=161) (N=199) {N=208)
Total 40(25%) 27 (14%) 22{11%)
Proximal 17(11%) 9(5%) 8(43)
Distal 20(12%) 12 (6%) 8(4%)
Noninvasive 3{2%) 6{3%) 6(3%)

Evaluable
Treatment 10 =g qd 40 mg qd 30 mg qizh
Failure (N=116) (N=149) (N=143)
Total 36(31%) 21{14%) 16(11%)
Proximal 16(14%) 9 (6%) B(6%)
Distal 20(17%) 12(8%) 8(6%)

7
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Compariscns: | of Evants {Percant) 2-sided p values
ITT 19 mg _ad 40 mg gd

{N=161) (N=199) (N=208)
# of Patients| 40(25%) 27(14%) 22 (11%)
10 mg vs - 0.0168+% 0.0008#%
40 mg vs - - 0.3369
Evaluable {N=116) (N=149) (N=143)
F of Patients| 36(3.%) 21(14%) 16(11%)
10 =g vs - 0.0054% 0.0008*
40 mg vs - - 0.4783

2.3 REVIEWER'S EVALUATIONS & COMMENTS/ U.S STUDY # PK526
Consi ¢ The Two VG Readi .

This reviewer has looked at the sponsor’s (ITT and evaluable subset) analyses results of the two
venography readings:

1. the sponsor's analysis (ITT and evaluable subset) results according to investigator's
interpretations of DVTs (submitted) with the NDA, and y

7. the results according to the Yale centralized pannel’s interpretations of DVTs (submitted at the
reviewer's request; see Table 4).

The two results were supportive of each other.

Results for 30 mg q12h & 40 mgqd

The sponsor's analyses results of the of DVTs efficacy data (based on ITT and efficacy methods)
suggest that both the 30 mg q12h and the 40 mg qd doses were significantly superior over the 10
mg dose qd in their effectiveness in preventing deep vein thrombosis in patients undergoing
elective hip replacement surgery. There was, however, no staristically significant difference
between the 40 mg qd and the 30 mg q12h doses in their effectiveness in the prevention of DVT in

patients after hip replacement surgery.

In this reviewer's assessments, the efficacy data in this trial supported the sponsor's claim that
enoxaparin 30 mg q12h was more effective than enoxaparin 10 mg qd in the prevention of DVT in

patients undergoing elective hip replacement surgery.

III, OVERALL CONCLUSION

The efficacy data in this trial (study #EN0884 & #PK526) supported the effectiveness of
enoxaparin 30 mg q12h in the prevention of deep vein thrombosis in patients undergoing elective

hip replacement surgery.
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Concur:

Alodd,

A.J. Sankoh, Ph.D.

Mathematical Statistician

Dr. Huque #ﬂ)‘;‘% /‘fz,
Dr. Dubey 8—” ?y

cc:  Orig. NDA 20-164

- 180

- 180/Dr. Fredd
HFD - 180/Dr. Talarico
HFD - 180/Ms. Hassell
HFD - 713/Dr. Dubey
HFD - 713/Dr. Huque
HFD - 713/Dr. Sankoh

Chron.
Sankoh/x4710/A1S/05-07-92

(File:DRU 1.3.2 NDA]
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Table B.1

OVERVIEW OF STUDIES IN THE PAEVENTION OF DEEP VEIN THROMBOSIS IN HIP WRPLACEMENT SURGERY
. (DATA FOR ALL TAEATED PATILNTS) .

- Pratocol Ftudy Desigs Langeh of Treatment Musber Age Rangs® ' . no. (1) Bo. (V)€
Mumber Treatmant & Dosas/ Treated/ {Nean) Male/ White Mon- Paclencs
Day Rvaluable®/ Pemada® mlack  evaluable® vith
Conpleted . ocher® vy
L SERFN TN SNERASARS SN SRR NS Ra L 1
DY 184 Placebo Contrplied 3-14 Dagys Placebo 56/31/23 14-81 (67.4)  38/62 ns 19 {19) 23 {46) ‘
Double Blind (ql2h} - . i
Enox &0 =g 50/17/18 Q24 (66.0)  S3/48 ns 23 (46) s (10) o
t30 qL2n)
PR 51 Controlled 3-14 Tays Mep 1500070  332/250/260  d0-91 (66.7) 48/52 NS 02 (25%) £3 (19) ;
Pouble B1ind (7500 ql2h) :
Enex 18 mq 333/2367200 40-9) {66.2) 44/56 ns 37 (29) 37 (1) :
(20 qlL1h) i
K $26 Dosa Rasging 3«7 Days Enox 10 wyg 161/116/108  31-03 (63.9) &6/34 947472 45 (28) 40 (25)
Double Mlind Enex 40 =y 199/149/139 39-03 (£4.8) 64736 N6/ 30 (28) 7 {14}
Enox §0 ng 208/143/145  40-08 (65.2) 60746 92/7/% &5 (31) 22 (11)
(30 ql2h)
/% 533 Coatrolled 3=7 Days Nep 135000V £09/142/130  37-00 (£5.6) 48/32 45/24/1 €7 (32) 28 {12) ;
Opea Label (3000 gin) . b
: EZnox 40 mg 203/136/148  40-31 (65.0) 49/51 90/9/) &7 (33) 0 a5
Encx 60 g 195/136/137  40-99 (4S5.6) SO/50 827771 59 (30} (s
{30 qi2n)
- nm anm ma = saan 11

Inox = Enoxapatrin
Nep =  Calciom Raparin (PX 523), Sodium Haparin (PX 525).
NS & Not Specified

a Nay isclude some discontiausd patients who vers svaluable.
] Results for all-treatsd patients. {
- Based on all~treatsd patients. Thrae patients in PX 525 (two in the heparin group, one in the enoxaparin 30 mg gllh group) recsived

sedlication but did not have & clinical assessmant pecfocmed.,
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Table 2/8tudy #ENoggq

Statistical Results of Deep Vain Thrimhosis Pladings by Trsutment &r
AVl Traated Pationts with lfﬁcu::'u:: i

wfyarall_ ~Llacaka Kogxassrin
Numbar of Patients 100 L 0
Trastasnt 'allw.'-' 28 {20%) 3{40%) S{10%)
PROXINAL 120118) 191}
MISTAL . Ham)
THOETERNINATE {OTHER) ‘;:;‘::’ ‘:Em} :““
Traatnent Conpurigen,
Incidance af Yrostment Fatlures ' Odes Ratte p-vllu‘" 955 Confldence la:ornl
Pisceso 1 Enoxaparin 30 mg § 120 .34 0.0002" d.rz. .58

statiscical Resutts of Desp Yein Throsbests Fiadiags By Treatmmnt Qroup
Evalustla Pationts i

~Ayacall. —Placabn Eopunnacic
thanbar sf Patients 2 ] n n
Treatapat Falleres® 23(e08) i) 4{13%)
PROXINAL | 0(17%) (29%) ()
BISTAL 13(223) 10031%) H1vw)
INOETERWINAYE (OTHER) o a o
Traztmont Comparinen)
Incivence of Treatment Fatlvres Qdds Astie . povalue®: € 5% Contidence [ntervel
Piscens. : Enoxsparin 30 ag q 120 w.u a.0000" (2.57, #0.23)

Tz the S trastment Tatlures ts defined &

T Fec this At) Traated afficacy DM":' oty patients mith st Sesat ene i inteal svaluation [Outcems Groups 1 threwph 8).

oVl (Outcama Groups 1.3 m ::.:::lc regransion model with tresteant and center affects.

B fug-pléed p-vitves from
€ o ingicates p<0.08.

¢
¢

s the nusher af patiants with any pasitive avigence of




Table A/Study #PKS526

EXCLUSION CRITERIA

[ ——— T S T R = IR IR
ot e [ T A

Female patients of child~bearing potential.

Positive results £ rgi
rom pre—surgical i
vascular examination. g noninvasive

Surgery on the ipsilater o
preceding year. psilateral hip within the

Documented  histor i
of
thrombosis. ¥ prévious venous

History of generalized bleeding disorders.
History of heparin-associated thrombocytopenia.

Eye, spinal cord, or CNS s .
months of entry into study‘.“gery within three

Active ulcerative disease - of thé
gastrointestinal tract. :

Uncontrolled hypertension (blood pressure
greater than or equal to 180/105 mmHqg) .

Uncontrolled asthma.

Documented allergy to unfractionated heparin.
Allergy to fish or swine products.
Allergy to iodine or radiopaque dye.

Allergy to sulfites.

Regular use of the following medications for
the four days preceding hospitalization or
requirement for use during hospitalization:
aspirin, aspirin-containing products, or non-
sterocidal anti-inflammatory drugs (NSAIDS).

Current evidence of drug (excluding tobacco
products) or alcohol abuse.

Treatment with other investigational drugs
within the previous four weeks.

Any disease or requirement for treatments that
might interfere with the action, kinetics, or

evaluation of enoxaparin.

Clinically significant abnormality on physical  °

examination,chestx-ray,cn:electrocardiogram.

Clinically significant abnormal laboratory
value.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES

B PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

gy EOUK DRU e VALUS N AND REDKP

DATE:

FROM: Mordecai Friedberg, Mathematical Btatistician
Division of Biometrics, HFD~715

TO: Enoxaparin Injection, NDA 20-164

SUBJECT: Statistical deficiencies associated with the

Sponsor's submission dated May 1, 1992

The sponsor provided FDA with the statistical analyses of anti-
Xa assay activity in the iudustrial enoxaparin lots within the 20
mg/syringe and 40 mg syringe lots separately. Only the lcwer
confidence interval was stated. However, FDA needs the upper
confidence interval as well.

Further, no analysis was provided for the anticoagulant assay
data, which we also require. This should be accomplished in the
same manner as the anti-Xa assay analyses.

, 7
Mordecai Friedberg ;;}”/’

Mathematical sStatistician

cc: Original NDA 20-164
HFD-180
HFD-180/Dr. SieczkowskiyM&T™Collier - \
HFD-715/Chron o '
HFD-715/Dr. Fairweather/Dr. Tsong/Mr. Friedberg
HFD-715/ NDA 20-164 Enoxaparin Injection
HFD-715/MF $5/5/92 wpS51/Memol9

<
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NDA #£: 20-164 _ pate: AN 4 o33

Applicant: Rhone-Poulenc Rorer Pharmaceuticals Inc.
Name of Drug: Lovenox (Enoxaparin) Injection
Documents Reviewed:

1. NDA Amendment, Date of Document, August 11, 1992 (corrected
versions of Appendices XV of June 29, 1992 Amendment),
"Statistical Evaluation of Enoxaparin Stability Data for the

Anti-Xa and Anti-coagqulant Activity: 20 mg and 40 mg per
syringe®", ARR 92-013, May 29, 1992.

2. NDA Amendment, Date of Document, Dec. 17, 1992.

Introduction

Rhone-Poulenc Rorer has asked for an expiration dating period of 24
months for Lovenox (Enoxaparin) injection, 30 mg pre~filled syringes.
The reviewing chemist, Dr. Joseph Sieczkowski, HFD-180, has requested
the Division of Biometrics to perform a statistical review and
evaluation of the sponsor's stability data.

Degjan

Six industrial lots of enoxaparin injectable solution (10 mg/0.1 mlL),
packaged in 20 mg syringes (0.2-mL/syringe - lot # 2014, 2015, and
2016) and 40 mg syringes (0.4 mL/syringe - lot # 4007, 4008, and
4009) were placed in stability testing for 24 months under the room
temperature storage condition. The test intervals were 0, 6, 12, 18,
and 24 months. Additional six pilot lots packaged in 20 mg {(lot #:
CB 3125, CB 3323, CB 3324) and 40 mg (lot #: CB 3325, CB 3443, and CB
3444) vere stored at room temperature for 36 months. The test
intervals were 0, 6, 11, 12, 18, 24, and 36 months for 20 mg
syringes, and 0, 5, 6, 12, 18, 24, and 36 months for 40 mg syringes.
In the December 17, 1992 subnmission, the sponsor also included
stability study of three lots of enoxaparin 30 mg (0.3 mL) pre-filled

syringes. These three lots of enoxaparin (lots #: 34, 35, and 36 0r

callied CB 5596, CB 5597, CB 5598) were manufactgred at the industrial
scg.le proposed to be tested at 4 C, 25C, and 30C for 3 years, and
37°C for 3 months. However; in this submission, the sponsor
submitted only up to six weeks of data of 30 mq syringes, The test
intervals are 0, 2, 4, and 6 weeks for 25°c, 30°C, and 37 C and 0 and
6 weeks for 4°C. Table 1 lists the test variables and their
specifications for enoxaparin injection 30 mg pre-filled syringes.

Spensor's Analyvses

:
i
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The sponsor conducted two sets of statistical analyses in these
stability studies. The first set included the statistical analyses
of enoxaparin 20 mg and 40 mg data. The second set included the
statistical analyses of 30 mg data.

The simple linear regression analyses were applied to asmays of anti-
Xa and anti-coagulant activity of lots packaged in 20 and 40 mg
syringes. The first regression model for each assay and size
included terms for lot differences in initial potency and stability.
The second and final models pooled three lots, provided that lot
stability differences had a statistical significance level above
0.25. The final model had a common intercept if initial lot
differences in the first model had a statistical significance level
above 0.25.

Stability through 36 months was determined if the projected lower 95%
one-gsided confidence limite of the final regression were above the
lower specification limit for both anti-Xa and anti-coagulant
activity. :

Analysis of covariance models for effects of size, lots within size,
months, and the interaction terms with size and lots on anti-Xa and
anti-coagulant activity were also evaluated to confirm similarity
between lots packaged in 20 and 40 mg syringes.

In a secondary analysis, the Ruberg and Stegeman procedure ("Pooling
Data for Stability Studies: Testing the Equality of Batch Degradation
Slopes,"™ Biometrics 47, pp. 1059 - 1069, 1991) was used to determine
the critical significance for pooling. The alternative arrays of
slopes for this analysis were chosen to give 80% power to detect
slope differences equivalent to an anti-Xa assay difference of 12% or
an anti-coagulant assay difference of 24% between two batches at 36
months. The sponsor reported critical values for each dose
strength/assay/production-pilot batch combination. The reported
critical value of each case is the largest value estimated under two
slope difference arrays. These regression results were not
submitted.

Based on the above statistical analyses of the 24 mcnths of 20 mg and
40 mg data from the industrial batches as well as statistical

analyses of the 36 months of 20 mg and 40 mg data from the pilot - -~

group, the sponsor concluded that "jit is anticipated that the current
formul:tion cf enoxaparin (10 mg per 0.1 mL), packaged in a syringe
containing between 0.2 mL (20 mg per syringe) and 0.4 mL (40 mg per
syringe) will remain within acceptable limits at least 36 months
under the room temperature condition. Anti-Xa and anti-coagulant
assay stability profiles from the industrial batches through 24
months are generally similar to the pilot batches profiles through 36
months. The industrial batches show much less variability. Both
dosage forms (20 mg and 40 mg per syringe) demonstrate similar
stability."

o S s K
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Similar analyses as described above were performed on the assays of
anti-Xa and-anti-coagulant activity of three lots of enoxaparin 30 mg
pre-filled syringes after 6 weeks of storage under various
temperature conditions. These analyses indicate the following
results: (1) Anti-Xa and anti-coagulant actiyity of the product are
independent of the temperature of storage (4C, 25C, 30C, or 37C).
(2) Even accelerated stability storage conditions for 6 weeks do not
cause a change in anti-Xa and anti-coagulant activity. (3) All three
lots of enoxaparin 30 mg pre-filled syringes exhibited the same
stabllity profile for anti-Xa and anti-coagulant activity. (4)
Enoxaparin 30 mg pre-filled syringes when stored at 25C demonstrated

an anti~Xa activity change with time which is not distinguishable
from zero.

Noted that the sponsor used 90%-~110% of labeled potency as the
specification limits for assay of anti-Xa activity for enoxaparin
20mg, 30mg, and 40mg, 72%-141% of labeled potency for assay of anti-
coagulant activity for 20 mg and 40 mg, and 67.6%-132.4% of label
pctency for assay of anti-coagulant activity for 30 mg.

Based on the stability data and analyses of enoxaparin 20 mg, 40 mg,
and 30 mg pre~-filled syringes, the sponsor stated that "accepting the
fact that enoxaparin 30 mg pre-filled syringes have the same
stability profile as enoxaparin 20 mg and 40 mg syringes and, based
on the stability data in the NDA (which shows that the product is
stable for at least two years when stored at < 25C), it is
reasonable to also expect at least 24 months of stability for
enoxaparin 30 mg pre-filled syringes when stored at < 25C."

Reviewer's Analyses

The statistical procedures given in the FDA "Guideline for Submitting
Documentation for the Stability of Kuman Drugs and Biologics"
(February, 1987) was applied to the stability data provided by the
sponsor. The reviewer analyzed the assays of anti-Xa and anti-
coagulant activity of enoxaparin 20 mg and 40 mg for both industrial
and pilot batches. The assay data of ant}-Xa and‘Pnti-coagulant
activity of enoxaparin 30 mg stored at 25 C and 30 C were also
analyzed. The specification limits for assays of anti-Xa and anti-
coagulant activity were applied as sponsor specified. The -
statistical analyses and results are as follows:

I.. 20 mg and 40 mg syringes room temperature stability data
I.a. Statistical analyses

(1) The assay of anti-Xa activity of enoxaparin 20 mg, industrial
batches, stored at room temperature,

Table 2 presents the data and analysis of variance table of lots

oy )
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2014, 2015, and 2016 under room temperature condition. Based on the
p-values of statistical tests for selection of degradation curve
models, the model of common intercept and common slope was selected.
The 95% lower confidence bound for the regression line was
calculated.

(2) The assay of anti-Xa activity of enoxaparin 40 mg, industrial
batches, stored at room temperature.

Table 3 presents the data and analysis of variance table of lots
4007, 4008, and 4009 under room temperature condition. Based on the
p-values of statistical tests for selection of degradation curve
models, the model of common intercept and common slope was selected.
The 95% lower confidence bound for the regression line was
calculated.

(3) The assay of anti-Xa activity of enoxaparin 20 mg, pilot batches,
stored at room temperature.

Table 4 presents the data and analysis of variance table of lots CB
3125, CB 3323, and CB 3324 under room temperature condition. Based
on the p-values of statistical tests for selection of degradation
curve models, the models of separate intercepts and separate slopes
were selected. The 90% upper and lover confidence bounds for the
three individual regression lines were calculated.

(4) The assay of anti-Xa activity of enoxaparin 40 mg, pilot batches,
stored at room temperature.

Table 5 presents the data and analysis of variance table of lots CB
3325, CB 3443, and CB 3444 under room temperature condition. Based
on the p-values of statistical tests for selection of degradation
curve models, the model of common intercept and common slope was
selected. The 95% lower confidence bound for the regression line was
calculated.

(5) The assay of anti-coagulant activity of enoxaparin 20 ng,
industrial batches, stored at room temperature.

Table 6 presents the data and analysis of variance table of lots

2014, 2015, and 2016 under room temperature condition. Based on:the . -

p-values of statistical tests for selection of degradation curve
models, the models of separate intercepts and separate slopes were
selected. The 90% upper and lower confidence bounds for the three
individual regression lines were calculated. :

(6) The assay of anti-ccagulant activity of enoxaparin 40 mg,
industrial batches, stored at room temperature.

Table 7 presents the data and analysis of variance table of lots
4007, 4008, and 4009 under room temperature condition. Based on the
p-values of statistical tests for selection of degradation curve
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models, the model of common intercept and common slope was selected.
The 95% upper confidence bound for the regression line was
calculated. - \

(7) The assay of anti-coagulant activity of enoxaparin 20 mg, pilot
batches, stored at room temperature. ‘

Table 8 presents the data and analysis of variance table of lots CB
3125, CB 3323, and CB 3324 under room temperature condition. Based
on the p-values of statistical tests for selection of degradation
curve models, the models of separate intercepts and separate slopes
were selected. The 90% upper and lower confidence bounds for the
three individual regression lines were calculated.

(8) The assay of anti-coagulant activity of enoxaparin 40 mg, pilot
batches, stored at room temperature.

Table 9 presents the data and analysis of variance table of lots CB
3325, CB 3443, and CB 3444 under room temperature condition. Based
cn the p-values of statistical tests for selection of degradation
curve models, the models of separate intercepts and common slope were
selected. The 95% lower confidence bound for the three individual
regression lines were calculated.

I.b. Results of analyses

Based on the above analyses, we found that the assays of anti-Xa and
anti-coagulant activity of enoxaparin 20 mg and 40 mg syringes are
stable after 36 months storage under room temperature condition.

II. 30 mg syringes 25°C and 30°C stability data
ITI.a. Statistical analyses

(1) The assay of anti-Xa activity of enoxaparin 30 mg, stored at
25C.,

Table 10 presents the data and analysis of variance table of lots CB
05596, CB 05597, and CB 05598 stored at 26’C. Based on the p-values
of statist1ca1 tests for selection of degradation curve models, the
model of common intercept and common slope was selected. The 95% :
lower confidence bound for the regression line was calculated. - i

(2) The assay of anti-Xa activity of enoxaparin 30 mg, stored at Q
30¢C. 3

Table 11 presents the data and analysis ofovariance table of lots CB
05596, CB 05597, and CB 05598 stored at 30 C. Based on the p-values
of statistical tests for selection of degradation curve models, the
models of separate intercepts and common slope were selected. The
95% lower confidence bound for the three individual regression lines
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were calculated.

(3) Tpe ass&Y‘of anti-coagulant activity of enoxaparin 30 mg, stored
at 25°¢C.

Tazble 12 presents the data and analysis of variance table of lots CB
05596, CB 05597, and CB 05598 stored at 25C. Based on the p-values
of statistical tests for selection of degradation curve models, the
models of separate intercepts and separate slopes were selected. The
90% upper and lower confidence bounds for the three individual
regression lines were calculated.

(4) The assay of anti~coagulant activity of enoxaparin 30 mg, stored
at 30°<.

Table 13 presents the data and analysis ofovariance table of lots CB
05596, CB 05597, and CB 05598 stored at 30 C. Based on the p-values
of statistical tests for selection of degradation curve models, the

models of separate intercepts and common slope were selected. The

95% lower confidence bound for the three individual regression lines
were calculated.

IX.b. Results of analyses

" Based on the above analyses, we found that the assay of anti-Xa
activity of epoxaparin 30 mg syringes is stable after 18 weeks
storage at 25 C, and after 11 weeks storage at 30 C. The assay of
anti-coagulant activity of enoxaparin 30 mg syringes is stable after
22 weeks storage at 25C, and after 24 weeks storage at 30 C.

Although the assay data suggest a 11-24 weeks expiratien datin
period for enoxaparin 30 mg syringes stored between 25C and 30¢C,
however, in this study, every lot of enoxaparin 30 mg syringes
configuration has sample data only up to 6 weeks. The above
estimated expiration dating periods were based on the data
extrapolation beyond the range of storage time actually observed.

summary

Rhone-Poulenc Rorer has asked for an expiration dating period of :24
months for Lovenox (Enoxaparin) injection, 30 mg pre-filled syringe.
To support his reqguest, the sponsor conducted two sets of stability
studies. The first set included the stability study of the 24 months
enoxaparin 20 mg and 40 mg data from the industrial batches as well
as the stability study of the 36 months enoxaparin 20 mg and 40 mg
data from the pilot group. The second set included the stability
study of three lots of enoxaparin 30 mg pre-filled syringes after 6
weeks of storage under various temperature conditions. Noted that
the sponsor used 90%-110% of labeled potency as the specification
limits for assay of anti-Xa activity for 20 mg, 30 mg, and 40 mg,




-7‘

72%-141%_of labeled pPotency for assay of anti-coagulant activity for
20 mg and 4¢ ng, anqd 67.6%-132.4% of label Potency for aAssay of anti-
Coagulant activity for 3¢ ng.

viewer anzlyzed the assays of anti-xa and anti-coagulant
t

The re
activity of enoxaparin 20 ng and 40 mg syringes for both industria)

and pilot batches. The assays of anti-x

Although the assay data Suggest a 1l-24 weeks gxpizg;ign ggginq
nenim_:mmwm_;g Bd_syringes gtored between 25¢C and 30°¢c,

however, in this stugy, every lot of enoxaparin 30 Ng syringes
configuration has sampile data only up to 6 weeks. The above
estimated expiration dating periods were based on the data
extrapolation beyond the range of storage time actuagly observed. The

(yﬁaf {‘%-J\ ti""‘\
nghne Lin, Ph.D.
Mathematica}l Statistician

concur: Lot X Jé /A&/ 73

Karl X. Lin, PhiD., Group LeadeYr, Sarp

CC¢: Original Npa 20-164

HFD-180/Dr. Fredq

- HFD-180/pr, Sieczkowski
HFD-180/Ms. Collier -
HFD-710/Chron
HFD~715/py. Karl Lin
HFD~715/pr. Daphne Lin
HFD-715/Chron (SARB)
HFD-?IS/DRU 2.1.1, Lovenox, Rhone~Poulenc Rorer Pharm, inc,
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ACR/ERI/DOSSIERS ‘ January 1991
JCA/BC - 254/91

Table 1 ‘ o o .
ENOXAPARIN INJECTION

SPECIFICATIONS FOR 30 PREFILLED SYRINGES
(0.3 ml fi17 in a 0.5 ml syringe)

Control tests Specifications

1. Appearance

2. ldentification of enoxaparin

2.1 Precipitation with
protamine sulfate

2.2 UV, spectrum
2.3 Sodium

3. Physical & chemical tests
3.1 Extrudable volume
3.2 pH
3.3 Relative density (R.T.)
3.4 Particulate matter, USP

4. Assays
4.1 Anti-Xa activity

4.2 Anticoagulant activity
(EP or USP)
4.3 Free sulfates
5. Biological tests
5.1 Sterility test, USP

5.2 Pyrogen test, USP

(a) As per the LMWH Intérnationa] Reference Standard (W.H.0.)
(b) Tentative limit

O
]
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Table 2

ENOXAPARIN INJECTION
Anti-xa Activity Assay
20mg / Industrial Batches

Stability Analysis

N TIME 1 2 _3 ‘
0 96.0  99.0 97.0
6 97.3  94.8 97.0
12 94.5 95,3 g4.3
18 96.5 95.8 g97.p
24 95.5 95.0 g7.s

Analygis of Variance Table

SOURCE 88 DF MS F P
A 4.46 4 1.11 0.56828 0.69236
B 1.16 2 0.58 0.29612 0.75067
C 3.30 2 1.65 0.84044 0.46277
D 17.65 S 1.96
E 138726.90 6 23121.15
Batch a11

Fitted Line : Y = 96.686666667 + ~0.043333333 x

95% One-sideq Lower Confidence Limit
Common Intercept and Common Slope
ESTIMATED

DATING PERIOD
BATCH (MONTHS/WEEKS)

All €5
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Table 3

ENOXAPARIN INJECTION -
Anti-Xa Activity assay S ,
40mg / Industrial Batches

Stability Data

TIME 1 2 3
0 97.8  96.6  95.(
6 95.6 95.6  95.s
12 95.5  95.9  94.4
18 97.4  97.6  96.6
24 93.8 94.0 93.9

Analysis of Variance Table

SOURCE 88 DF MS F )
A 4.03 4 1.01 0.53721 0.71249
B 2.72 2 1.36 0.72410 0.51098
C 1.31 2 0.66 0.35032 0.71366
D 16.88 9 1.88
E 137327.64 -6 22887.94
Batch all
Fitted Line : Y = 96.38 + ~0.058333333 X

95% One-sided Lower Confidence Limit
Common Intercept and Common Slope
ESTIMATED

DATING PERIOD
BATCH (MONTHS /WEEKS)

All 56
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‘Table 4

ENOXAPARIN INJECTION

Anti-Xa Activity Assay
20mg / Pilot Batches
Stability Data

TIME 1 _2 _3
) 0 105.0  98.0 98.5
6 105.0  97.5  101.5
11 101.5 . .
12 . 96.0  101.%
18 101.5 99,0 96.5
24 97.5  95.0 96.0
36 100.5  99.0 98.5

Analysis of Variance Table

SOURCE 8S DF MS F
A 75.05 4 18.76 4.27964
B 61.19 2 30,60 6.97882
C 13.86 2 6.93 1.58047
D $52.61 12 ' 4.38
E 177698.89 6 29616.48
Batch 1

Fitted Line

Fitted Line

Fitted Line

P

0.02218
0.00976
0.24588

: Y = 104.49450226 + -0.168073827 X

Batch 2

Batch 3

95% One-Sided Lower Confidence Limit

Separate Intercepts and Separate Slopes

ESTIMATED
DATING PERIOD
BATCH (MONTHS /WEEKS)

b S 53
2 80

3 50

Y = 97.207142857 + 0.0130952381 X

Y = 100.00714286 + -0.078571429 X
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" Table 5

ENOXAPARIN INJECTION

Anti-Xa Activity Assay
40mg / Pilot Batches
Stability Data

" TIME 1 _2 3
R . 0 99.0 9605 95.1
- . 98.3 100.3
6 97.5 . .
12 98.3 98.2 99.6
18 94.3 92.9 92.2
24 94.3 96.0 95.1
36 95.3 98.3 94.8

Analysis of variance Table

SOURCE SS DF MS F P
A 7.86 4 1.97 0.33015 0.85243
B 0.80 2 0.40 0.06742 0.93516
C 7.06 2 3.53 0.59289 0.56814
D 71.43 12 5.95
E 167449.61 6 27908.27
Batch All

Fitted Line : Y = 97.627290076 + ~0.07444483 X
95% One-Sided Lower Confidence Limit
Comnon Intercept and Common Slope
ESTIMATED

DATING PERIOD
BATCH (MONTHS/WEEKS)

All 57 ‘
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‘Table 6

ENOXAPARIN INJECTION
Anti-coagulant Activity Assay

20mg / Industrial Batches

Stability Data

TIME 1 _2 _3
T . . 0 10008 10904 12207
6 102.3 107.8 117.2
12 104.7 107.0 116.4
18 100.8 107.0 117.2
24 104.7 107.0 115.6

Analysis of Variance Table

SOURCE §S DF MS F P
A 618.29 4 154.57 $8.006 0.000002
B 597.10 2 298.55 112.035 0.000000
C 21.19 2 10.60 3.977 0.057868
D 23.98 9 2.66
E 180062.26 6 30010.38
' Batch 1
Fitted Line : Y = 101.4 + 0.105 X
Batch 2
Fitted Line : Y = 108.76 + =0.093333333 X
Batch 3
Fitted Line : Y = 120.66 + ~0.236666667 X

95% One-Sided Lower Confidence Limit
Separate Intercepts and Separate Slopes
ESTIMATED

DATING PERIOD
BATCH (MONTHS /WEEKS)

1 84
2 84
3 84



Table 7
ENOXAPARIN INJECTION
Anti-coagulant Activity Assay
40mg / Industrial Batches
Stability Data

TIME 1 2 3
0 96.1 97.7 94.1
6 98.4 96.9 96.9
12 97.7 100.4 98.1
18 98. 4 95.7  96.5
24 99,2 99.2 98.8

Analysis of Variance Table

SOURCE 88 DF MS F
A 6.60 4 1.65 0.74131
B 3.96 2 1.98 0.89041
C 2.63 2 1.32 0.59221
D 20.02 9 2.22
E 142922.15 6 23820.36
Batch All

Fitted Line : Y = 96.473333333 + 0.0944444444
95% One-Sided Upper Confidence Limit
Common Intercept and Common Slope
ESTIMATED

DATING PERIOD
BATCH (MONTHS /WEEKS)

All 84

P
0.58721

0.44377
0.57330

X
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Table 8

ENOXAPARIN INJECTION
Anti-coagulant Activity Assay
20mg / Pilot Batches

Stability Data

TIME _1 _2 _3
0 110.9  128.1 98.4
6 111.6  129.7  101.1
11 112.5 . .
12 . 123.4  101.6
18 110.9  114.1 90.6
24 106.3  125.0 98.4
36 115.6  115.6 96.9

Analysis of Variance Table

SOURCE S8 DF MS F
A 1923.39 4 480.85 26.9174
B 1851.89 2 925.95 51.8337
C 71.49 2 35.75% 2.0011
D 214.37 12 17.86
E 222130.40 6 37021.73
Batch 1
Fitted Line : Y = 110.50537993 + 0.0501865305
Batch 2
Fitted Line : Y = 128.36428571 + ~0.357142857
Batch 3
Fitted Line : Y = 99.46 + ~-0.101666667

95% One-Sided Lower Confidence Limit
Separate Intercepts and Separate Slopes
ESTIMATED
DATING PERIOD
BATCH (MONTHS /WEEKS)
1 84
2 84

3 81

P
0.00001

0.00000
0.17783

X

X
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Table 9
ENOXAPARIN INJECTION

Anti-coagulant Activity agsay

-TIME

0

6

12
18
24
36

SOURCE
A 1453.
B 1424.
C 28.
D 151.
E 214862,
Fitted Line

Fitted Line

Fitted Line

40mg / Pilot Batches
Stability Data

_1 _2 _3

127.3  114.8  100.8

. 106.6 94.9
119.1 . .
124.2  107.0 99.2
113.3  105.5 99.6
118.8  103.9 99.8
120.3  10s.5 99.2

Analysis of Variance Table

8S

06
96
10
13
54

20

DF MS F P
4 363.27 28.8573 0.00000
2 712.48 56.5984 0.00000
2 14.05 1.1162 0.35926
12 12.59
(3 35810.42
Batch 1
Y = 122.32735198 + -0.114209499 X
Batch 2

Y = 109.02498373 + =0.114209499 x

Batch 3
Y = 100,72498373 + -0.114209499 X

95% One-sided Lower Confidence Limit

Separate Intercepts and Common Slope

ESTIMATED
DATING PERIOD

BATCH (HONTHS/WEEKS)

1 84
2 84
3 84
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Table 11

ENOXAPARIN INJECTION

Anti-Xa Activity Assay

3omg / Industrial Batches
Stability Data at 30 Degrees Temp.

TIME

- .0
2
4
6

1 2 3

99.7 98.0 97.3
96.0 96.7 94.6
96.3 96.7 96.7
98.0 96.7 93.7

Analysis of Variance Table

SOURCE 88
A 8.70
B 8.04
o 0.65
D 13.06
E 112224.42

Fitted Line :

Fitted Line :

Fitted Line :

Y =

Y=

Y =

DF

ODOANNDA

MS F
2.17 0.998953
4.02 1.84829
0.33 0.14956
2.18
18704.07

Batch 1

Batch 2 |

Batch 3

95% One-Sided lLower Confidence Limit

Separate Intercepts and Common Slope

BATCH

ESTIMATED
DATING PERIOD
(WEEKS)

15
14

11

P

0.47564
0.23692
0.86420

X

X

X



Table 12

ENOXAPARIN INJECTION o
Anti~-coagulant Activity Assay S

30mg / Industrial Batches
Stability Data at 25 Degrees Temp.

TIME 1 _2 _3
T . 0 88.2 9008 8908
2 86.6 89.8 89.8
4 86.6 90.8 89.8
6 88.7 94.0 88.7

Analysis of Variance Table

SOURCE 88 DF MS F P
A 34.27 4 8.57 6.2605 0.02470
B 29.28 2 14.64 10.6998 0.01050 W
C 4.98 2 2.49 1.8213 0.24092 :
D 8.21 6 1.37 3
E 96086.97 6 16014.49 1
| Batch 1 | |
Fitted Line : Y = 87.3 + 0.075 X |
Batch 2 }
Fitted Line : Y = 89.76 + 0.53 X |
Batch 3 |
Fitted Line : Y = 90,02 + -0.165 X

95% One-Sided Lower Confidence Limit

Separate Intercepts and Separate Slopes

ESTIMATED
DATING PERIOD |
BATCH (WEEKS) i
1 22 |
2 24

3 24
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SOURCE

MOAO®»

Fitted Line : Y =

Fitted Line : Y =

Fitted Line : Y =

Table 13

ENOXAPARIN INJECTION
Anti-coagulant Activity Assay

30mg / Industrial Batches
Stability Data at 30 Degrees Temp.

TIME 1 _2 _3
0 88.2 90.8  89.8
2 86.6 87.7  89.8
4 85.6 88.7  88.7
6 86.1 89.8  89.8

Analysis of Variance Table

S8 DF MS F
21.62 4 5.41 4.50500
20.50 2 10.25 8.54236
1.12 2 0.56 0.46764
7.20 6 1.20
93939.64 6 15656.61
Batch 1

Batch 2

Batch 3

95% One-Sided Lower Confidence Limit

Separate Intercepts and Common Slope

ESTIMATED
DATING PERIOD
BATCH (WEEKS)
1 24
2 24

3 24

87.145 + =0.173333333
89.77 + -0.173333333

90.045 + -0.173333333

P

0.05066
0.01756
0.64753
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PHARMACOLOGISTS REVIEW COVERSHEET

NDA No. : 20~164

SPONSOR : . Rhone~Poulene Rorer Pharmaceuticals, Inc.
DRUG : Enoxaparin

CATEGORY : Prevention of DVT

EVALUATION:

MAR

* Thi submission generally consistent with Agency‘s Formac
Yes (X)

Guideline:
* Appropriate studies submitted:

* Primary adverse pharmacological effect:

Yes (X)

Hemorrhage

S g
o /'/,' v //

| | 1992

No ()

No ()

* Target organs in toxicity studies: Liver, Kidney, exocrine Pancreas
and Parathyroid

* Reproductive or developmental toxicity:
If Yes, explain briefly:

* Carcinogenicity studies:

Numbaer of studies: Rat ( ) Mouse ( )

Results: +, -, * {)
Site of tumors:

* Sub-chronic/Chronic blood level studies:
* GLP problems:

* OTHER COMMENTS:

()

Rat ( )

Yes ( )

Other ( )

)

Dog ( )

Yes

()

No (X}

Other ( )

No (X)
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NDA 20,164 Review 1

Reviewer: Tanveer Ahmad, Ph.D.
Pharmacologist, HFD-180

Spongor & Addregs: Rhone~Poulene Rorer Pharmaceuticals Inc.
Fort Washington, PA 19034

Rate of Review: 2/21/92
Date of Submisgion: Original: 7/26/91; Resubmireion: 12/30/91

Date ©f H¥D-180 Receipt: Original: 7/29/91; Resubmission: 1/03/92

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
(Original Summary)

Drug: Enoxapa-in (injection)/ RP 54553/ PK 10169 (low M.W. heparin)

-

Average M.W. = 3500 - S500 daltons

: Each injection syringe contains 30 mg of enoxaparin sodium salt
in 0.3 ml of sterile water.

Category: Antithrombotic agent

: Prophylactic therapy for DVT in patients
undergoing hip replacement surgery.

Doge: 30 mg BID s.c. for 7-10 days (1.2 mg/kg; 50 kg body weight assumed)
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PRECLINICAL STUDIES AND TESTING LABORATORIES:

Iype © Study/Report # DPrug Batch#
Pharmacology
Absorption: 464/061/ FP-573/608/
Rats & dogs 463/019 3055115
Distribution:
Rats & Dogs
Metabolism:
Dogs
Excretion:
Rats & Dogs
Acute Toxicity:
Mice & Rats 027/02/064 812
P AN
Mice, Rats & Dogse : 041/066/ 812
065/012
Subacute/subchronic/
Chronic Toxicity:
13~week (s.c.) 057 573
é-month (s.c.) 094 3214-01
26-week (i.v.) 054 781
Monkey
26-week (7.c.) 095 3214-01/3214-02
26~veek (i.v.) 05% 781

Reproductive Toxicity:
Fertility & Reproductive
Pexrformance (Segment I)

Rat (s.c.) 018 S§73R
Teratology (Segment II)
Rat (i.v. & s.c.) 040/014 812/573R
Rabbit (i.v. & s.C.) 039/016 930/573
Perinatal /postnatal
(Segment III)
Rat (s.c.) 011 RS73
Mutagenicity:
Ames Test 04 573
Double Locus Cell
Mutation Assay 05 573
Chromosomal aberration tests
in cultured human lymphocytes 06 573
.Chromoscmal Aberration Teet
in Rat Bone Marrow 03 573

Special Toxicity Studies:
Local Tolerance Study

in Dogs | 08 ' 3055-32
Sensitization Test in
Guinea Pigs 09 812

Hemolytic and Precipitating
Properties 07 812




NDA 20-164
Page 3

PHARMACOLOGY :

The coagulation mechanism consists ci the plasma (intrinsic pathway) and
tissue thromboplastin (extriusic puathway) systems and both are important for
normal hemortasis., Activation of factor X can be achieved by either intrinsic
or extrinsic pathway. Extrinsic pathway is dependent on factor VI1I, calcium,
and tissue factor, while intrinsic pathway is dependent on factors VIII, IX,
X, XI, XII, calcium, PF3 and also on factor II. Once factor X is converted to
factor Xa from either the intrinsic or extrinsic system, it forms a calcium
mediated bridge complex with phospholipid, PF3 and factor V which in turn
convert prothrombin to thrombin, and this thrombin is responsible for the
formation of fibrin, activation of factor XIII and thrombus. Antithrombotic
activity is defined as prevention of thrombosis (coagulation occurs within
blood vassels). Heparin has been used for prevention of deep vein thrombosis
in total hip replacement surgery. Heparin inhibits blood coagulation. It
binds to antithrombin III (major effect) and the complex become much more
powerful inhibitor of factor Ila (thrombin) than antithrombin III alone.
Antithrombin III inhibits a number of coagulation factors (IXa, Xa, XIa and
XIXa), and inhibition of these factors are strongly augmented by the presence
of heparin. Heparin also inhibits the activation of prothrombin by Xa in the
absence of antithrombin I1I. Heparin has also been reported to produce
thrombocytopsnia. Enoxaparin is a low molecular weight heparin which has
anticoagulant activity as well as antithrombotic activity. Enoxaparin mainly
inhibits factor Xa activity and inhibition of factor IIa activity was less
than the unfractionated heparin. Furthermore the antithrombotic dose of
enoxaparin has very little anticoagulant activity. In contrast, heparin has
egquivalent antithrombotic and anticoagulant activities. N

In various experiments, enoxaparin dose was expressed in mg/kg, anti IIa
unit/kg or anti Xa unit/kg. The anti IXa and Anti Xa units were agsessed by
utilizing enzyme specific chromogenic substrates for factor IIa and Factor Xa
respectively. The potency of enoxaparin in terms of biological activities
ware as follows:

Enoxaparin:
l1mg = 53.2 anti IIa units = 133.2 anti Xa units

Heparin (comparator):
1 mg = 200 anti IIa units = 200 anti Xa units

Primary Activity
1. Antjthrombotjc Activity:
Antithrombotic activity of eroxaparin was assessed in various animals models:

8 eport 00470): In hamster cheek pouch model, thrombus was induced
by iontophoretic application of ADP to venule of the hamster cheek pouch. A
s.c. dose of 312 anti-Xa units/kg of enoxaparin produced no inhibition of
thrombus formation, while s.c. doses of 625 and 1250 anti-Xa units/kg reduced
thrombus size and the maximum reduction was about 30% at the highest tested
dose.

Rabbit (reporte # 60, 100474, 100092, 100467 and 100469): Fourteen separate
studies were conducted to assess the antithrombotic activity of enoxaparin in
rabbits. In 4 of the studies drug was given via s.c. route (0.5-5 mg/kg or
25-200 codex units/kg) and in the remaining studies drug was given via i.v.
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rovte (10~5000 mcg/kg, S5-10 codex units/kg or 2.5-1000 anti-Xa units/kg). 1In
all these studies venous stasis model were used and thrombus was induced by
various thrombogenic agents (tissue thromboplastin, factor Xa, rabbit serum,
human serum and prothrombin complex with russell‘s viper venom). Both s.c.
and i.v. doses of enoxaparin dose dependently block venous thrombus formation,
when given prior to the thrombogen challenge in these studies. The ED50s were
45, 40 and 30 mcg/kg when prothrombin complex with RVV, bovine factor Xa and
activated prothrombin werea uped as thrombogenic challenger respectively. In
addition, enoxaparin prevented further development of a previcusly formed
thrombus when given after the thrombogen challenge. In some experiment
heparin (165 or 400 anti~Xa units/kg) was alsc compared for its antithrombotic
activity with that of enoxaparin. There were no significant differences
between the antithrombotic activities of enoxaparin and heparin.

Antithrombotic activities of enoxaparin (31-250 anti~-Xa units/ml) and heparin
{12.5-100 i.u./ml) were also measured in whole blood and platelet rich plasma
in vitro by using chandler loop technique. Both drugs prolonged the thrombin
induced platelet aggregation and thrombus formation in the loop.

pog_{report 100466 and 100474): Enoxaparin (0.625-10 mg/kg, 8.c. or 2.5 mg/kg
i.v. bolus) produced dose related inhibition of coronary artery thrombosis in
dogs and alsic inhibited the reduction of coronary blood flow associated with
thrombus formation. The dvuqg also produced marked inhibition of factor Xa
activity along with slight . hibition of factor Ila activity.

Enoxaparin (4.5 mg/kg i.v. bolus plus 1.6-3.2 mg/kg/hr for 3.5 hr)
significantly reduced further development of previously formed thrombus when
given 1 hr after thrombus induction. Most importantly there were .no
differsnces between circulating platelet counts in control and enoxaparin
treated groups.

Monkey {report # 100092): Enoxaparin (1 mg/kg, s.c.} markczdly inhibited
(66-73%) generation of fibrinopeptide A in the monkey plasma. Thus suggesting
that the drug has antithrombotic activity.

Sheep (report # 100468): Both enoxaparin (2 mg/kg, i.v.) and heparin
(equivalent anti-Xa unit as enoxaparin) prevented clotting in arteriovenous

shunt model in sheep.
2. ctiv 3

Effect of enoxaparin on various parameters of hemogtasis such as prothrombin
time (PT), partial thromboplastin time (PTT) and thrombin time (TT) were
assessed in rabbit, monkey, dog, sheep and human. PT is a screening test for
extrinsic pathway of coagulation. It measures not only factor II but also

. measures factors I, V, VII and X. PTT is a screening test for intrinsic
pathway of coagulation., It measures factors I, I, VIII, IX, X, XI and XII.
1t dose not measures factor VII and platelet factor 3. PTT is widely used for
monitoring heparin therapy, an increased APTT is indicative of decreased
levels of one or more of the coagulation factors in the intrinsic pathway. TIT
is a one-stage clotting method, in this test thrombin is added to plasma. and
the time required for clot formation ) a measure of the rate at which fibrin
is formed and the Lesi i3 unaffected by the levels of the other coagulation
factors. This test is ¢geaerally used for D.I.C. diagnosis, monitoring
thrombolytic therapy and for screening for the presence of heparin.
Additionally, in some experiment Anti~Xa and Anti-IIla activities were also
measured by using enzyme specific¢ chromogenic substrates.
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din Vitro

gggp;;_nggg;;_g_;gggzgl: In rabbit plasma both enoxaparin and heparin
prolonged TT (thrombin time) and APTT (activated partial thromboplastin
time), and enoxaparin wae less active than heparin. Furthermore, enoxaparin
potentiation of thromhin { .ibition by antithrombin III was significantly less
than heparin under the same experimental conditionse, while enoxaparin and
heparin both wers equipotent in potentiation of the inhibition of factor Xa
activity by artithrombin III.

— X7 _(seC) APTT (sec)
control 10.9 + 0.3 19.3 + 0.5
Heparin (2 anti-Xa units/ml) 150 150
Enoxaparin (2 anti-Xa units/ml) 19.3 + 0.6 30.9 + 0.9

Collagen induced aggregation of washed rabbit platelets was inhibited dose
dependently by heparin (0.25-50 anti-Xa units/ml) and as well as enoxaparin
{(0.25-50 anti-xa units/ml). Heparin was much more cffcctive-than‘enoxapurin,
since a heparin dose of 5 anti-Xa units/ml (34 mcg/ml) inhibited collagen
induced aggregation by 62+9% while enoxaparin (25 anti-Xa units/ml = 312.5
meg/ml) produced only 16% inhibition of the aggregation. 1In vitro, heparin
has been reported to botl. induce and inhibit platelet aggregation, and precise
mechanism has not been establighed.

92): In monkey plasma, enoxaparin prolonged
both TT and APTT. The effect on TT was much greater than APTT since TT was
doubled at 1.25 meg/ml while 10 mcg/ml was needed to double the APTT.
Furthermore, heparin was much more active than enoxaparin in thisg experiment
because a concentration of 1.25 mcg/ml of heparin was sufficient to triple the
thrombin time and s meg/ml

wag sufficient to prolonged the APTT from 30 sec to greater than 200 sec.

-—1IT (sec) _APTT (sec)
control 31.1 + 6.0 30.6 + 3.5
Enoxaparin 78.4 + 12.0 31.2 + 3.0
(1.25 mcg/ml=0.16 ant.-Xa units/ml)
Enoxaparin 300 65.4 + 7.1

(10 mcg/ml=1.3 anti-Xa units/ml)

In another in vitro experiment it was shown that enoxaparin (2.5 mcg/ml)
produce no change in PT (prothrombin) but prolonged TT (thrombin time) and
APTT (activated partial thromboplastin time) and inhibited factor Xa activity.
Similar results were seen when heparin was used but with respect to APTT and
TT heparin was more effective than enoxaparin. :
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PT APTT TT Anti-Xa Activity
{sec) {sec) {sec) % inhibition
Control 10.5+0.7 32.3+#5.7 16.9+2.0 0.0
Enoxaparin 10.3+x0.4 54.9+5.6 81.1%7.9 73.1+1.0
(2.5 meg/ml)
Heparin 11.4+0.6 70.2+8.4 150 67.745.0

(2.5 mcg/ml)

Dog (report # 100474): In dog plasma, heparin and enoxaparin (0.25-12 meg/ml)
each dose dependently prolonged APTT and TT. Five mcg/ml of heparin triple
the APTT time while 12 mcg/ml of enoxaparin was not sufficient to double the
APTT, and 1 mcg/m)l of heparin triple the TT while 7-8 mcg/ml of enoxaparin was

required to get the same effect. Thus heparin was much more active than
enoxaparin in these experiments.

Sheep (report # 100468): 1In sheep plasma, enoxaparin (0~10 mcg/mi) dose
depandently increased anti-Xa activity (up to 6 fold), anti-thrombin activity
{up to 0.3 fold) and prolonged APTT (from about 49 sec to about 85 sec).

Furthermore, on mcg/ml basis, enoxaparin was less active than heparin in this
experiment.

gle Beded .
Anti~IIa Activity

Anti-Xa Activ;ty

P ng oam
Anti~Coagulant
Activity (APTT)

Heparin 0.48 0.19 0.23
Enoxaparin 1.0 1.0 1.0

Human (report # 100092): In human, encxaparin (0.62-10 mcg/ml) had no
significant effect on platelet aggregation induced by RDP, epinephrine,
collagen and arachidonate. Thrombin induced platelet aggregation was
inhibited completely at 2.5 mcg/ml since this agent has direct anti-IIa
activity. In whole blood, enoxaparin or heparin (3.12-100 mcg/ml) both dose
dependently increase the production of TXB2 and PF4, and enoxaparin was less
active than heparin in this experiment.

IXB2 (pg/ml) . PF4 (ng/ml)
saline 128 + 11 130
Enoxaparin 164-310 100-400
{3.12-100 mcg/ml)
Heparin 194-450 200-780

(3.12-100 mcg/ml)

In human plasma, heparin (0.03-1.00 anti-Xa units/ml) significantly and dose
dependently prolonged PT, APTT, and inhibited factor-~Ila and factor-Xa
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activities. Similar results were seen with enoxaparin but of a lesser
magnitude. It should also be noted that enoxaparin inhibited factor-Xa
generation only when antithrombin III was present. Additionally enoxaparin
concentration dependently inhibited fibrinopeptide A generation and several
components of contact activation system: factor XII, Factor XI, Kallikrein and
Fitzgerald factor.

BT (sec) APIT (sec) IT (sec)
Control 10.4-11.4 ?1.2 9.9
Enoxaparin 11.3-12.4 31.2~53.5 9.8~30.2
{0.03~1 anti-Xa units/ml)
Heparin 10.7-16.8 31.6- 150 9.4~ 150

(0.03~1 anti-Xa units/ml)

Bx Vive/In Vivo

Effect of enoxaparin on various parameters of hemostasis were assessed in
rabbits and monkeys:

Rabbit (report # 100470): Enoxaparin (313-1330 anti-Xa units/kg, s.c.)
inci2ased bleeding time, clotting time, APTT, TT and increased plasma anti-Xa
acivity in ex-vivo hemostasis test. With respect to anti-Xa activity,
eroxaparin was more potent than heparin. Both enoxaparin and heparin had no
significant effact on PT, plasma fibrinogen levels, plasma antithrombin
levels, and the amounts of protamine (in vitro) needed to neutralize high
doses of PK-10169 (1334 anti-Xa units/kg) and heparin (260 i.u./kg) were not
significantly different.

Post 1 hr Whole Blood
Clotting Time (min)

Bleeding Time (min)

Control 1.00+0.10 2.00+0.25
Enoxaparin

313 (anti-Xa units/kg) 1.50+0.16 3.80+0.22
534 (anti-Xa units/kg) 1.50#0.16 4.45+0.31
1334 (anti-Xa unitse/kg) 1.40+0.13 6.10+0.40
Heparin

105 4.u./kg 1.50+0.14 2.85+0.06
167 i.u./kg 1.46+0.13 5,.80+0.37
105 i.u./kg 1.51+0.10 4.82+0.32
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Post ter dr dm stration

APTT (8ec) TT (sec) Anti-Xa Activity
(usp units/ml)

Control 16.1740.83 6.40+0.23 0.3240.12
Enoxaparin
313 (anti~-Xa units/kg) 23.7440.52 10.16+0.45 2.49+0.C8
534 (anti-Xa units/kg) 28.10+0.64 8.7410.30 3.18+0.13
1334 (anti~Xa units/kg) 33.14+0.91 16.02+1.09 not done
Heparin
105 i.u./kg 21.9040.82 7.78+0.13 0.29+0.02
167 i.u./kg 24.80+1.14 12.04+40.42 not done
105 i.u./kg 27.66+1.86 11.981+0.67 0.61+0.09

A single i.v. dose (1 mg/kg) of enoxaparin to rabbits also gave similar
results. Furthermore protamine (in vivo) neutralized enoxaparin induced
anti-IIa activity but had no effect on anti-Xa activity or on TT and APTT
prolongation.

: When enoxaparin (80 anti-Xa units/kg)
was given to monkeys intravenously, it produced equivalent degree-of
inhibition of factor IIa and factor Xa activities. However if the same dose
was given via s.c. route then inhibition of factor Xa activity was
significantly greater than the inhibition of factor IIa activity ( data
presented graphically). In another experiment, 1 mg/kg i.v. dose to monkeys
resulted in marked prolonged TT and slight prolonged APTT and no significant
effect on PT, along with marked inhibition of factor Xa activity and slight
inhibition of factor IIa activity. 1Inhibition of factor Xa activity lasted up
to 12 hours after the drug administration. :

3. Eibrinolytic Activity

Rabbit (report # 100470 and 100467) Subcutaneous adninistration of enoxaparin
(1330 onti-Xa units/kg) or heparin (260 i.u./kg) had no effect on plasma
concentrations of fibrin and fibrinogen degradation products and lysis time of
the euglobulin fraction. However, in rabbit venous stasis model, aminocaproic
acid (fibrinolysis inhibitor) decreaged the anti thrombotic activity of
enoxaparin (2.5 and 5.0 mg/kg, i.v.) by approximately 50%, thus indicatin

that enoxaparin had fibrinolytic activity. .

Monkey (report ¥ 100092): Euoxaparin (10,000 anti-Xa unit, i.v.) elavéted
tissue-plasminogen activator concentrations in monkeys, thus indicating that
the drug has fibrinolytic activity.

Buman_(report # 100092): In human daily administration of enoxaparin
(2500-12500 anti-Xa unit/day for 5 days) increased tissue plasminogen
activator and B beta 15-42 related peptide concentrations in plasma and
decreased the lysis time for euglobulin fraction in whole blood, thus
indicating enoxaparin had fibrinolytic activity. However in in vitro
experiments, concentrations of 5-25 mcg/ml of enoxaparin had no significant
effect on fibrinolytic activity (fibrinogen, fibrinogen degradation products
or plasminogen concentrations) in human plasma.
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ventio xperiment Dispemi ed vascula ocaqulation IC) by
xapa at 00474): IDnoxaparin 5 mg/kg s.c. or i.v.)}

protected rats from E.Colj induced experimental DIC.

In conclusion, enoxaparin and heparin both are antithrombotic in various
animal models, and both prolonged APTT and TT and inhibited factor IIa and
factor Xa activities. One important distinction between the two drugs is that
enoxaparin markedly inhibited factor Xa activity and slightly inhibited factor
IIa activity, while heparin inhibited both factors equally. Furthermore,
heparin had greater anticoagulant activity and produced greater inhibition of
platelet aggregation induced by various agents than enoxaparin at similar dose
levels. Hence the antithrombotic activity of enoxaparin may be related to its
relative specific inhibition of factor Xa and drug may cause less bleeding
and/or thrombocytopenia compared to heparin at similar biologically active
dose.

Secondary Activity

1. Effect on CNS: 1In mice, 3 different tests (acetic acid test, hot plate
test and tail clip test) were used to assessed the analgesic potential of
enoxaparin. A s.c. dose of enoxaparin (1250 anti-Xa units/kg) did not produce
analgesia in these tests, while morphine (10 mg/kg, s.c.) was active in all 3
tests.

2. [FEffect on Cardjovascular Parameterg: In rabbits, no significant
differences were observed in heart rate, blood pressure and ECG between
anoxaparin (1330 anti-Xa units/kg) treated and saline treated (control)
animals. .

3. o) t : In rabbits, a s.c dose of 1330 anti~Xa units/kg
had no significant effect on the renal functions (water intake, urine volume,
excretion of Na*, K', Cl, urea and creatinine). :

4. Anti-Inflammatory Activity: Enoxaparin doses of 312, 625 and 1250 Anti~Xa
units/kg (8.c.) significantly reduced carrageenin induced edema in rats. No
positive control was included .n the test.

S. In Vitro Effect on Smooth Muscles:

: Enoxaparin (32-500 Anti-Xa units/ml) had no effect on
noradrenaline-induced contraction of portal vein of female rats. However, the
highest tested dose inhibited the spontaneous activity of the portal vein.

Ileum from Guinea Pigs: Enoxaparin (63-250 Anti-Xa units/ml) had no effect on

acetylcholine-~ or histamine-induced contraction of ileum in guinea pigs.
However, the highest tested dose increased the spontaneous activity of the
ileum in guinea pigs. :

Duodenum from Rabbits: Enoxaparin (63-250 Anti-Xa units/ml) had nc effect on
the spontaneous activity of the dvodenum in rabbits nor any effect on
adrenalin-induced relaxation.

6. Effect on Plasma Lipase Activity and Lipid Constituents: Enoxaparin (1330

Anti-Xa units/kg, s.c.) significantly incresased (58 %) plasma lipase activity
in rabbite at 20 min after the drug adminisuration, at 60 min after the drug
administration lipase activity returned to base line values. Heparin (260
i.u./kg) had no effect on plasma lipase activity in rabbits. In another
experiment, both enoxaparin (313 and 534 Anti-Xa units/kg, e.c.) and heparin
(105 and 167 i.u./kg, s.c.) significantly increased non-esterified fatty acids
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in rabbit’s plasma, and enoxaparin produced no marked changes in plasma
cholesterol, plasma triglycerides and phospholipids levels.

ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION (ADME):

The ADME studies were conducted in rate and dogs. Sponsor has submitted
additional ADME studies in rats, dogs and monkeys in the resubmigsion dated
Decembar 30, 1991.

RAT:

of "™rc-e a

- a inis tioc
61 and 046

ethodg: Male Wistar rats were given 286 (n=2), 800 (n=7) and 2860 (n=2)
mcg/kg (39, 114 and 371 anti-Xa unit/kg respectively) of c-~enoxaparin.
Blood samples (0.25 ml) were collected from left carotid at 5, 15, 30, 45, 60,
75, .90, 105 and 120 minutes after the injection. After each sample collection
animals were injected 0.25 ml of saline to maintain constant volume. Plasma
radiocactivity was determined by LSC and plasma anti-Xa activity was also
monitored by a photometric assay (Tein and Lie: Thrombosis Research, 10, 399-
410, 1977).

Resulte:
Sharmacokinetics of " Tc-enoxaparin jin Rats -
te . o8
Dose Antji-Xa Activity Radjoactivity
(Anti- Xa Unit/kg) t,» alpha t,; beta t,» alpha t,, beta
{min) (min) {min) (min)
39 - - 5.0 59
114 2.7 106 2.1 169
371 3.5 83 5.0 92

Both plasma radioactivity and anti-Xa activity falls bi-exponentially as a
function of time. No pharmacological effect (anti-Xa activity) was seen in
low dose treated rats, while the mid dose showed & clear anti-Xa activity
(without any severe modification in coagulation). The highest dose induced
severe bleeding and 1 out of 2 rats had urinary hemorrhage. Even though this
animal was not included in the calculation, nevertheless, due to exaggerated
pharmacological effect, changes in the blood volume and coagulation might
affect the assays. The pharmacokinetics of radiocactivity-fall was independent
of enoxaparin dose. It should be noted here that enoxaparin is made up of
heparin fractions with molecular weights ranging between 1800-10,000 dalton,
and therefore will have variable pharmacological activity. It is not possible
to correlate pharmacological activity (anti-Xa) and the amount of enoxaparin
detected via radioactivity count. Furthermore one cannot compare the half-
lives obtained via biological assay of the drug with that of heparin
(comparator), because anti-Xa activity was needed to measure enoxaparin while
a different method (namely APTT) was used to measure heparin. However,
sponsor tried to compare the half-lives of enoxaparin and heparin in rats as
measured by a fall in radioactivity. The t,;s were 80.6 minutes and 169
minutes for heparin and enoxaparin respectively. This long half-life of
enoxaparin compared to heparin might be of some therapeutic value.

F;V'U
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a - e
n - i
(Report # 61 and 100474)

thodg: Male Wistar rats were given ™ Tc-enoxaparin (114 anti-Xa units/kg =
0.880 mg/kg) intra-arterially. Three animale were sacrificed at each time
point. The time points were S, 15, 30, 90, 105 and 120 minutes after the drug
administration. Varioue organs were collected and radioactivity was
determined by LSC (blood samples were not collected).

Resulte: The radioactivity accumulated in liver and kidneys. The C,, of
radiocactivity in tissues were seen at 30 minutes after injection.
Radicactivity was also detected in heart, lung, spleen, and thyroid gland.
The detected radiocactivity may represent the unchanged drug and/or its
metabolite(s) and it is also not known whether metabolite(s) have anti-
coagulant activity or not.

Pharmacokinetics of ™ Tc-enoxaparin After

O
(Report # 100464)

odas: Male Wistar rats were given 0.5 (n=6}, 1.14 (n=5) and 2.5 (n=3)
mg/kg (65, 148 and 325 anti~ Xa unit/kg respectively) of **Tc-enoxaparin.
Blood samples (0.25 ml) were collected from left carotid at 0, 1, 2, 3, 4, S,
6, 7, and 22 hours after the injection. After each sample collection animals
were injected 0.25 ml of saline to maintain constant volume. Plasma
radioactivity and plasma anti-Xa activity were monitored.
Resultg: The kinetic radioactivity fall for all three doses were similar (no
kinetic parameters were calculated’. The maximum plasma concentration of
radioactivity was seen between 2-° liours after the drug administration and-
remaining constant until 22 hours (last sampling time point). However, the
anti-Xa activity at mid and high dose (no anti-Xa activity was detected at low
dose) reached maximum at 4-5 hours after the drug administration and then
declined rapidly. Thus the curves of anti-~Xa activity and radioactivity do
not match. One can only conclude that after 7 hours of the drug administration
the observed radiocactivity might represent bioclogically inactive enoxaparin
and/or its metabolites.

« Adm (-]
(Report # 100464)

I3

ethods: Male Wistar rats were given ™Tc-enoxaparin (1.142 mg/kg, 52 anti-Xa
unit/rat) via S. C. Route. Three rats were sacrificed at 2 and 4 hours after
the drug administration and various organs (heart, spleen, lung, liver,
thyroid, artery, vein, kidney and skin) were collected. Urine sample was also
drawn via paracentesis vesicae. In all samples, total radiocactivity was
determined by LSC.

Results: There was a large accumulation of radioactivity in kidneys and urine
and the next highest concentration was in the liver. Radiocactivity was also
detected in heart, spleen and lungs. Two additional observations should be
mentioned here: _

(1) thyroid had significant amount of radiocactivity, which indicates the
presence of free TcO,, since per-technetate ion follows the same metabolic
pathway as iodine and heparin does not bind thyroid (Perdrisot etal;
Biomedicine et pharmacotherapy, soumis a publication).
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(2) Vascular endothelium (arterial or venous) alsoc had significant amounts of
radiocactivity.

c -en
L] [ ] dm
(Report # 100464)

Methods: Five male Wistar rats were given ™Tc-enoxaparin (1 mg/kg, 0.8
mcli/rat) via s.c. route. Urine samples were collected from each rat at every
8 hour intervals through 48 hours, and the intervals for feces collection were
0-8, 8-24, and 24-48 hours. In all samples radiocactivity was determined by
LSC.

Regultg: At the end of 48 hours, about 50% of the radioactivity was excreted
in the urine while about 1.28% of the radiocactivity was eliminated in the
feces. About 25% of the administered radiocactivity was excreted in the urine
by the end of the first 8 hours.

(Report # 6800-963/1A)

Methods: Male Crl:SD(CD)BR strain rats (n=5/dose group) were given a single
dose of ®s-enoxaparin either subcutaneously (0.425, 0.85 and 1.7 mg/kg) or
intravenously (0.425, 0.85 and 1.7 mg/kg). Additionally, one group of rats
were given ¥Ys-enoxaparin (0.85 mg/kg) intravenously for 7 consecutive days.
Blood samples were collected from tail vein at 3, 6, 15, 30 minutes 1, 2, 4,
8, 16, 24, 48 and 72 hours after single dose administration, and on day 7 from

. rats receiving multiple dose. Additionally blood samples were also collected

at 24 hour after each dose (day 1-6) from rats receiving multiple dose of the
drug. The concentration of the radioactivity in whole blood was measured by

LSC. The above procedure was repeated using non-radiolabelled enoxaparin and
blood samples were collected by cardiac puncture at the abov2 specified time

period and analyzed for anti~Xa activity in plasma.

Urine and feces samples were collected from 0.85 mg/kg dose group (i.v. and
s.c.) following the administration of **S-enoxaparin. The collection time
intervals were 0-12, 12-24, 24-48, 48-72, 72-96, 96-120, 120-168 hours after
single dose administration and after 7 daily i.v. doses of the drug.
Additionally, urine and feces samples were also collected every 24 hours on
days 1-6 from rats receiving multiple i.v. doses.

For assessing biliary excretion, ten bile duct cannulated rate were given a
single dose of 0.85 mg/kg of ¥S-enoxaparin via §.C or I.V. route (5
rats/route). Bile samples were collected at 0-0.5, 0.5-1, 1-2, 2-4, 4-8, 8-24
and 24-48 hours after the drug administration. Additionally, urine samples
were collected during 0-4, 4-8, 8-24, and 24-48 hours after drug
administration and feces were collected during 0-8, 8-24 and 24-48 hours after
drug administration. The total radiocactivity in the samples were measured by
LSC.

In the above pharmacokinetics experiment, 3 rats/dose group were killed at 6,
30 minutes, 1 and 8 hours after single dose administration and after 7 daily
i.v. doses of the drug. Plasma radiocactivity was assessed and percent protein
bound was determined.

Regultg: Irrespective of route of administrations, the C,, values of
radioactivities in whole blood after single dose were linear with dose (Table
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I: Spongor‘’s table 7.1, volume 2.8, page 48). Furthermore, C,.. value after 7
daily i.v. doses of 0.85 mg/kg (4.401 % 0.415 mcg equivalent/g) was similar to
Cox Value obtained after a single dose (4.090 £ 0.384 mcg equivalent/g). Thus
the data indicate that there is no significant accumulation of the drug.
similar conclusions can be drawn if one compares AUC values. The T, values
were 0.45-0.7 hour, and 0.05 hour after s.c. and i.v. dose respectively. The
t,, ranged from 5.574 ¢ 0.421 hour to 10.48 = 4.308 hour. This wide range in
t,, value is due to secondary and/or tertiary rise in whole blood
radioactivity, and this rise may be due to the appearance of enoxaparin
metabolites and/or ¥s-sulphate ions.
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Plasma mean maximum anti-Xa activity over the tested s.c. or i.v., dore rauge
also increased linearly with dose (Table II: Sponsor‘s table 7.16, vOlume 2.8,
page 63). Comparison of AUC values (plasma anti-Xa activity ve time curve) at
various s.c./i.v. doses confirm this linear relation. The t,; after single
s.c. dose ranged from 0.837-2.149 hour and 0.330-0.€79 hour after single l.v.
dose. Due to a secondary rise in plasma anti-Xa activity (similar to that
observed for whole blood radiocactivity) it was difficult to assess the t,,
values. Therefore sponsor used 0.5 hr - 2 hr sampling points to calculate ¢, !
of single low s.c. dose and 1-8 hour sampling points to calculate t 8 of mid
and high s.c. single doses. Similarly, 0.05-1 hour and 0.5-2 hour sampling .
points were used to calculace t,,8 of single mid and high i.v. doses i
respectively. AZter 7 daily i.v. doses of enoxaparin (0.85 mg/kg), plasma

anti-Xa activity did not accumulate significantly and the kinetics were

similar to that obtained after a single i.v. dose of 0.85 mg/kg of enoxaparin.
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Following s.c., i.v. or repeat i.v. administration of »s-enoxaparin (0.85
mg/kg), about 64-72% of radicactivity was excreted in the urine and 7.6-10.9%
of radioactivity was eliminated in the feces (biliary excretion = 2%) by the
end of 168 hours after the drug administration (Table III: Sponsor‘s table
7.25, volume 2.8, page 73). A major portion of the administered radicactivity
wrs excreted during the first 12 hours after drug administration.

TABLE® 111

Summary of excretion of radioactivity follewing either svbcutanesus
) or intravenous doses of (*S)-snoxaparin te the rat

. -

Subcut snaps Inirovensus it
0.45 sy/ig) 10.05 mgfigl tumzl‘

.05 A
rim on ) na
Coponrh s.ne m 2.0
[T e 1 (%) L
Cage Bebris 0.0 ™ .o
Corcass s e L
Yota) 82,18 .27 2.1

* 7 dotly dosns

s = Sponsor’s tabla 7.25, volume 2.8, page 13

In-vivo, about 85-90% of the drug was bound to rat plasma proteins but 8 hours
after the drug administration (s.c., i.v., or 7 daily i.v. doses) the plasma
protein binding decreased to approximately 10-20%.

Thus pharmacokinetics of radiocactivity after single s.c., single i.v., or 7
daily i.v. doses of ¥S-enoxaparin were linear with tested doses and
independent of route of administration. Furthermore, bioclogical activity
(anti-Xa activity) profile is similar to pharmacokinetics profile.
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pistribution of ¥s-enoxaparin After I.V. and S.C.
Adminietration of the Drug to Rate
(Report # 9613/1B)

ag;hggg: Male rats were given a single dose of ¥s-enoxaparin (0.85 mg/kg) or
S-heparin (equivalent to enoxaparin anti-Xa activity) by i.v. and s.c. route.
At 5 minutes, 1, 2, 24, 72 and 168 hours after the drug administ:ation, one
rat/dose group was sacrificed and 6 sagittal sections (about 25 mem) were
obtained and auto-radiographed. Three rats/dose group/time point were
sacrificed at the above mentioned time intervals and various organs were
collected and radicactivity was measured by LSC.

Additionally, rats were also given ¥S-enoxaparin (0.85 mg/kg, i.v.) for 7
consecutive days. Three rats/time point were sacrificed at 24 hours after the
lst, 3rd, Sth, and 7th dose and on 3, 7, 14 and 28 days after the last dose
{7th dose).

Results: The pattern of distribution of radicactivity was similar whether the
drug was given as single s.c., i.v. or multiple i.v. doses of ¥s-enoxaparin
(Table IV: Spongor's table 7.1, volume 2.8, pages 53 and 54; Table Vi
Sponsor’s table 7.11, volume 2.8, pages 64 and 65; Table VI: Sponsor‘s table
7.23, volume 2.8, pages 75 and 76). The radioactivity distribution was rapid
and wide spread. Kidney, liver and cartilage (aorta and trachea) had high
levels of radioactivity and very low amounts of radioactivity was found i-
CNS. Clearance of radicactivity. from the systemic circulation was rapid
(blood conc. of radiocactivity was below detection limit by 72 houra) but
clearance from tissuss were prolcnged (moderate level of radiocactivity was
seen aven 28 days after dosing). In multiple dose study (7 daily doses),
radioactivity in all tiseue accumulated and the levels were 3-5 fold greater
than the ianitial values. However, the anti-Xa activity after 7 daily dozes
were comparable to what was found after sinyle dose (see above). Therefore,
one can conclude that radiocactivity remairing in tissues is inactive drug
and/or its metabolite(s). ¥S~Heparin gave similar results.
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B TABLE® 1v

ctivity in tissues following i single

: Mean concentrations of radioa
in to male rats

subcutaneous admini stration of (°S)-enoxapar
at 2 nominal dose level of 0.85 mg/kg body weight.

; -
% Ry equivalents of (™s)-enoxaparin /g
E Tissue 5 min 30 min 1h Zh 4h
§ Adrenals 0.134 0.363 0.452 0.732 0.42¢
! Aorta 0.65) 4.041 3.361 1.339 0.798
: Bladder 0.325 2,88 3.053 a3 1.036
;‘ 8locd 0.397 .0.727 0.577 . 0.260 0.217
Brain 0.904 0.013 0.017 0.017 0.012
Caecum " 0.082 0.487 0.55% 0.783 0.781
Fat - 0.083 0.176 2.21% 0.822 0.142 -
Heart 0.118 0.333 0.423 0.380 0.230
Kidney | * 0.763 2.742 2.480 | 2.817 2.052
Large Intestine 0.097 0.334 0.495 0.828 " 0.650 '
Liver 0.123 ~ 0.492 0.937 . , 1.305 1.587 '
Lungs 0.148 0.394 0.434 0.462 0.354
Mesanteric Lymph Nodes 0.113 - 0. 449 0.679 0.937 0.765
Muscle 0.031 0.144 0.176 . 0.187 0.170
Pancreas 0.114 " p.4B) 0.599 0.817  0.773
Pituitary . 0.138 0.319 0.653 0.294 0.897
Plasms 0.583 1.117 0.292 0.393 0.299
Prostate Sland 0.106 1.731 2.398 e.921 0.510
Skin 0.056 0.343 0.466 0.438 0.432
small Intestine 0.087 0.293. 0.564 0.876 0.917
Spleen 0.081 0.314 0.416 0.489 0.472
Stomach 0.087 0.330 0.524 0.544 ¢.521
Testes *0.006 0.140 0.1561 0.233 0.237
Thymus 0.049 0.180 0.206 0.23s  0.189
Thyroid 0.444 1.231 1.882 1.554 1.339
Trachea 0.229 0.785 0.697 1.0z  0.7m2
Vena Lave 0.195 C.388 D.408 1.270 0.483

a = Sponsor's table 7.1, Volume 2.9, Page 53
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TABLE? IV Cont.

Mean concentrations of radioactivity in tissues following a single

subcutaneous administration of (“S)-enoxaparin to male rats
at a nominal dose level of 0.85 mg/kg body weight.

xg equivalents of (*™s)-enoxaparin /g

Tissue B h 24 h 72 h 186 h
Adrenals ‘0.414 - 0.253 0.176 0.135
Aorta 0.5535 0.253 0.254 0.122
8ladder " 0.924 0.542 0.257 0.208
Blood . 0.193 0.050 N . ND
Srain 0.025 0.008 0.009 NO
Caecum 0.948 0.728 0.283 0.18?
Fat 0.129 p.022 - _ . 0.0 0.031
Heart 0.276 0.171 0.123 0.082
Kidnay . 2.123 1.1 1.225 0.624
Largs Intestine 0.760 -0.607 0.248 0.152
Liver . - 1.392 0.862 0.575 0.349
Lungs 0.385 0.248 0..1.55 6.112
Mesenteric Lymph Nedes 0.707 0.278 0.355 0.165
Muscle 0.128 0.079 0.055 0.034
pancreas 0.600 : 0.431 0.280 0.200 -
Pituitary 0.424 0.243 0.180 0
Plasma ‘ 0.253 0.069 0.015 O
Prostate 6land 0.462 0.191 0.118 0.083
Skin © 0.398 0.246 0.180 0.125
Small Intestine 0.918 0.605 0.268 0.191
Spleen " .40 0.560 6.210 0.205
Stomach 0.485 0.420 0.220 0.174
Testes . 0.207 0.134 0.078 0.049
Thymus .0.205 0.109 0.079 ~0.052
Thyroid 0.983 1.338 0.698 0.281
Traches 0.913 0.677 0.532 0.380
VYcna Cava 0.410 0.346 0.206 0.116

ND = Not Detected

a = Sponsor's table 7.1, Voluz. 2.9, Page 54
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TABLE® v

radioactivity in the tissues following 2 single
15)-enoxaparin to male rats
body weight.

Mean concentration of
intravenous administration of (
at a nominal dose level of 0.85 mg/kg

55 equivaients of (73)-encxsparin /9

Tissue g min 30 win 1 h 2h 4 h

Adrenals 1.747 0.776 0.484 0.428 0.382
Acrta 4.537 1.794 0.753 0.712 0.528
Bladder 16.42 2.897 2.985 1.758 0.935
#1cod 2.054 0.849 . 0.250 © 0.8 0.132
Brain . 0.282 0.025 _ . 0.008 0.009 0.014
Caecus T ras 0.914 0.579 0.741  0.828
Fat 0.594 0.259 .37 0.173 0.1¢8
Heart 1.124 0.462 T 0.388 8.318 0.288
Kidney 9.7%3 4.083 2.895 - T 2.544 2.849
Large Intestine 1.188 . . 0.664 0.558 0.837 0.479
Liver 1.018 1.129 1.219 1.242 1.108
Lungs 1.324 0.622 0.460 0.406 n.sss‘
Mesenteric Lymgh Nodes 1.658 1.243 0.242 . 1.062 1.374
Muscle  p.412 0.249 0.214 0.172 0.152
Pancreas 1.126 0.820 0.895 0.702 0.662
Pituitary 1.207 0.676 1.588 1.228 1.029
Plasma £.235 1.325 0.325 p.22¢  0.170
Prostate Glands 2.389. 0.ns 1.090 0.408- 0.365%
Skin 0.845 0.707 0.667 0.521 0.417
Smal) Intestine 1.232 £.785 0.984 0,950 0.790
Spleen o 0.868 0.661 0.642 0.574 0.4%0
Stomach 1.068 0.557 0.618 0.465 0.478
Testes 0.258 - 0.183 0.22 0.203 0.198
Thymus 0.554 ~ 0.282 0.241 0.205 0.201
Thyroid 3.126 1.120 2.597 2.2 1.014
Traches 1.905 0.940 1.065 0.724 0.898
Vena Cava 2.814 0.596 0.600 0.538 0.428

a = Sponsor's table 7.11, Volume 2.9, Page 64
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TABLE® V cont.

Mean cancentration of radicactivity in the tissues following a single
intravenous administration of (3S)-enoxaparin to mle rats
at 2 nominal dose level of 0.85 mg/kg ‘pody weight.

a9 equivalents of (™S)-encxaparin /g

Tissun s h 24 h 2 h 163 h
Adremals 9.114 6.214 0.129 0.090
Aorza 8.311 0.282 0.250 G.089
Bladder 0.5892 0.400 0.22¢ 0.178
8locd 0.12¢ 0.033 a0 x0

Brain 0.017 ND 0.025 0.003
Caecus . 0.547 0.309 0.278 0.186
Fat " 0.095 0.0.8 * _  0.017 ° 0.007
teart 0.187 0.170 0.144 0.071
Kidney ' 2.760 2.413 1.890 0.785
Large Intestine 0.631 0.325 0.213 6.129
Liver 0.965 0.686 0.458 0.2¢3
Lungs 0.323 0.231 0.151 0.100
Mesenteric Lympn Nodes 0.574 0.525 0.341 0.181
Muscle 0.124 0.080 0.055 0.030
Pancress 0.486 0.391 0.266 0.180
Pituitary 0.268 0.159 0.071 ND

Flasma 0.174 0.037 0.008 KO

Prostate Glands 0.407 6.108 g.0se 0.061
Skin 0.378 9.251 0.180 0.115
Small Intestine 0.747 0.352 0.253 0.177
Spleen 0.449 0.335 0.255 0.160
Stomecn 3.491 2.370 0.201 0.150
Testes 0.171 0.L39 0.08% 0.044
Thymus 0.187 - p.0gl 0.085 0.050
Thyroid 0.768 0.495 0.473 0.240
Traches 0.478 0.532 0.387 0.285
Vena Cava 0.248 0.190 0.143 0.103

KD = Mot Detected

a = Sponsor's table 7.11, Volume 2.9, Page 65
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TABLE® VI

Mean concentratiorns of radioactivity in tissues following multiple
intravenous administrations of (**S)-enoxaparin to male rits
at a nominal dose level of 0.85 mg/kg body weight.

Ag equivalents of (‘5)-¢nou¢nnrin /9

Tissue 2¢ hpd Whpd 3 24 hpd$ 4 hpd?
Adranals | 0.206 0.452 0.804  1.035
é Aorta 0.200 3.508 0.733 1.089
a Bladder 0.452 0.725 1.468 " 1.895
Blood . 0.036 0.041 0.052 0.053
¢ Brain 0.007 0.025 0.043 0.052
Caecum . 0.584 1.050 2.182 2.267
" Fat ) 0.054 030 , ., 0.58 0.208
i Hesrt 0.145 0.355_ 0.549 0.644
i Kidney 2.474 5.737 10.33 12.49
| Large Intestine 0.389 1.013 1.107 1.58 °
Liver 0.698 1.773 2.782 3.005
Lungs 0.187 0.53¢ 0.906 1.024
Mesentaric Lymph Modes 0.385 0.841 " 1.026 1.899
Muscle 0.071 0.178 0.247 0.364
Pancreas 0.33¢ 0.806 1.208 1.825
Pitultary 0.256 0.341 0.261 1.025
Plasma 0.032 0.057 0.065 0.061
Prostate Gland 0.237 0.501 0.506 0.686
Skin 0.252 0.575 0.943 1.218
Small Intestine 0.477 1.004 1.812 1.735
Splaen 0.375 0.863 1.520 1.673
Stomach 0.354 0.722 1.048 1.428
Testes 0.088 0.224 0.251 " p.448
Thymus 0.107 0.306 0.503 0.482
Thyroid : 0.631 1.494 . 2.303 1.629
Trachea 0.555 1.076 2.208 2.353
Vena Cava 0.233 0.1232 0.808 1.028

a = Sponsor's table 7.21, Volume 2.9, Page 75

3
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TABLE® ¢I Cont.

in tissues following multiple
oxazparin to male rats
Jkg body weight..

Mean concentrations of radioactivit;:‘
{ntravenous administrations of (TS)-en
at a nominal dose level of 0.85 mg

ag equivalents of (7S)-encxaparin 5
Y deyspd 7 4 dayspd7 28 days pd 7

; Tissus 3 days pd ?
Adrenals 0.732 0.642 0.394 0.204
" forta 1.136 0.563 0.503 0.358
: Slacder 1.234 1.107 0.771 0.529
Blood 0.034 0.015 no ]
Bratn 0.051 0.136 0.040 0.029
Caecum 2.033 1.369 0.907 ° 0.536
Fat | 0.154 0,08 _ _ 0.08 0.020
Heart T .67 0.384 0.284 0.191
Kidney 9.236 s.868  2.7% 0.751
Large Intestine 1.281 0.829  0.532 0.155
Liver 2.620 1.920 0.962 0.510
Lungs 0.943 0.56% 0.555 0.244
‘ Hesanteric Lymph Nodes 1.480 0.516 0.719 0.445
Nuscle | 0.338 0.176 0.144 0.081
Pancreas 1.427 1.191 0.584 0.352
Pituitary 0.889 1.147 0.530 0.379
. Plases 0.040 0.018 0.005 ND
Proztate §land 0.527 0.684 0.216 0.137
$kin 0.972 0.689 0.351 0.203
Small Intestine 1.764 1.217 1.033 0.47%
spleen 1.458 1.533 0.812 0.642
Stomach 1.444 0.8C2 0.667 0.303
Testes 0.386 0.287 0.226 0.157
Thymus " 0.542 0.295 0.290 0.154
thyroid 2.604 1.581 1.582 0.817
Yrachea .2.199 1.644 _ 1.300 0.202
Vena Cava 0.671 G.494 D.418 0.966

NO = Not Detected

a = Sponsor's table we 2.9, Page 76
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Furthermore, the nature of the radiocactivity in rat plasma, urine, feces,
bile, kidney and liver were also characterized by HPLC and protamine sulphate-
sepharose chromatography. Early time point, samples of plagma, urine and bil
mainly contained radicactivity species similar to ¥s-enoxaparin, but :
desulphated, while later-time point samples contained mainly lower molecular
weight species (also desulphated). Both early and late time point samples of
kidney and liver coatained mainly radiosctive species similar to ¥S-enoxaparin
but desulphated. The above phenomena wzs independent of dose or frequency of
dosing. Therefore, “S-enoxaparin metabclized by desulphation and/or
depolymerization to lower molecular weight species, and the desulphated _
enoxaparin is probably bioclogically lass potent than the parent drug. It can
also be said that the drug is initially excreted as intact compound but later
as the lower molecular weight species.

TABLE VII

6 min. A 70 71 69
B+C 30 29 31
8 hr. A 16 25 - 18
B+C 84 75 82
0-12 hr. A 76 83 76
B+C 24 17 24
24-48 hr. A a5 11 23
B+C 85 83 77
0-~4 hr. A 65 ND
B+C 35 100
8~-24 hr. A ND ND
B+C 100 100

Peak A = Desulphated enoxaparin
Peak B+C = Low molecular weight species cof desulphated enoxaparin
ND = pnot detected

Pharmacokinetics of ¥S-enoxaparin in Dogs
(Report #. 100463)

Methods: Beagle dogs (n=2-3/dose group) were given ¥g-enoxaparin
intravenously {1 mg/kg} or subcutaneocusly (0.7 mg/kg). Blood samples were
drawn at 5, 10, 15, 20, 30, 45 minutes and 1, 1.5, 2, 3 and 4.5 hours after
the i.v. administration of the drug and 15, 30, minutes, 1.5, 2, 3, &, 6, 7,
24 and 48 hours after the s.c. administration of the drug from jugular vein
for measuring plasma anti-Xa activity (using specific chromcgenic substrate)
as well as radioactivity. Urine and feces samples were also collected up to
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96 hours (intervals not clearly identified) from 2 dogs which received i.v.
dose and from 3 dogs which raeceived s.c. dose. Two dogs were sacrificed, one .
at 1 hour and the other at 6 hours after s.c. administration of the drug.
Binod, bile, urine, cerebrospinal fluid and various organs were collected and
radioactivity was measured by LSC.

Resulte: After i.v. administration, the plasma anti-Xa activity decreases in
a monophasic manner, while decline in radiocactivity is triphasic. It should
be noted here that biological activity disappeared from the plasma faster than
the radioactivity, and the apparent volume of distribution was greater for
radiocactivity than for biological activity. Thus the biological activity
appears to be limited to the plasma volume whereas volume of distribution as
measured by radicactivity reflects a distribution of radicactivity in the
extravascular compartments.

Parametere Anti-Xa Activity v

T,n (hr) - 1.48 : alpha = 0.05
.beta = 0,38
Term = 3.58

VD (L/X%9) 0.083 0.45

Clyin {L/hr) 0.578 1.3115

After s.c. administration, the plasma anti-Xa activity and radiocactivity both
declined in biphasic manner. The Cmax for anti-Xa activity was almost double
than that for radicactivity, and the t,, alpha and t,, beta for anti-Xa
activity as well as radioactivity were comparable. According to sponsor, the
ratio of area under s.c. and i.v. curves {corrected for dose administered) is
greatar than one. Hence, enoxaparin is completely biocavailable via s.c.
route.

Cmax (meg/ml) 3.28 1.45
Tmax (hr) 2.5 1.67
T1/2 alpha (hr) 2.57 3.0
T,» beta (hr) 20.35 - 17.67

VD apparent (L/kg) 0.41 1.18

CL plasma (L//hr) 0.286 _ .65
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Qrgans i hx £.hx
Plasma 2.23 0.73
Blood 1.17 0.49
Bile - 0.38
Urine 75.6 150.20
csF 0.023 0.032
Liver 4.80 8.84
Kidney 5.19 3.20
Adrenals 1.30 2.57
Spleen 1.05 1.57
G.I. Tract 0.97 1.15
Lungs 0.97 0.87 -
Blood Vessels 0.73 0.60
Heart 0.55 0.54
Brain 0.04 0,07

The highest concentrations of radiocactivity were measured in liver, kidneys,
adrenals, spleen, G.I. tract an2 low congentrations were found in lungs,
heart, and blood vessels. The low concentraticns in the blood relative to
plasma indicate that there is no intraerythrocytic accumulation of the
radiocactivity. Substantial amounts of radioactivity in the urine indicates
elimination of the labelled product by renal route, while bile excretion wasz
negligiblae.

t Irrespective of the route of administration, about 56-68% of the
administered ,adicactivity was excreted in the urine in 96 hours, and fecal
elimination amounted to lese than 5%. About 45% of the administered
radiocactivity was excreted in the lst 24 houir in the urine.

Metabolism: About 38-60% of urinary radiocactivity (0-24 hr) after i.v. dose
represented unchanged drug or biologically active drug (ie having anti-Xa
activity), while 34-40% of urinary radioactivity (0-24 hr) after s.c. dose
represented biologically active drug.

The above ADME study in dogs after i.v. c¢ministration of the drug (1lmg/kg)
was repeated with the following exceptions: )

(1) Blood samples were collected up to 24 hours after 1lmg/kg
dose and up to 48 hours after 3 mg/kg dose administration.
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(2) Anti-Ila activities (via chromogenic substrate) in the
plasma samples were also monitorxed.

(3) Only one dog was given 1 mg/kg i.v. dose, and two dogs
received higher dosage (3 mg/kg).

The data indicated that at 6 hours after 1 mg/kg of enoxaparin administration,
no anti-Ila activity was evident. In contrast anti-Xa activity and
radicactivity were found until 24 hour after the drug administration. Plasma
anti-Xa activity was greater than the plasma radioactivity expressed in Y¥g-
enoxaparin equivalents. Following pharmacokinetics parameters were obtained.

Bharmacokinetice Parameters of “S-enoxaparin in Dog (n=l)
After I.V, Adminigtration of ] mg/kg
Parameters Anti~Xa Anti-IIa Radioactivity
Activity  Activity __ ¥S-epoxaparin
T1/2 ((hr) alpha 1.21 0.37 0.12
beta _ 0.86
term 7.04 1.10 13.40
VD e (L/KG) 0.28  0.12 1.08
Cl e (L/hT) 0.468 1.34 0.922
AUVC_ (meg/ml/hx) 33,20 11.6 14.4

When the dogs were given 3 mg/kg of ¥S-enoxaparin, then t,, for anti-IIa
activity (19.9 hr) was much greater than what was obtained when lower dose
level was administered (1.1 hr) and VYD was increased (0.12 L/kg at 1 mg/kg VS
1.24 L/kg at 3 mg/kg) and plasma clearance was decreased (l1.34 L/hr at 1 mg/ kg
VS 0.6i3 L/hr at 3 mg/kg). Additionally, AUC value indicated that at higher
dose anti-Xa activity wae increased proportionally while there were increases
in anti-IIa activity and radicactivity but increases were not proportional to
dose.

Parameters Anti-Xa Anti-IIa gadioactivity
Activity _  Activity _ “S-enoxaparin

T1/2 (hr) alpha 1.12 0.75 0.16

beta 0.95

Term 8.1 19.90 7.88
VD e (L/kg) 0.29 1.24 1.25
CL i {L/hr) 0.36 0.63 1.87
AUC (mcg/ml/hr) 101.4 52.2 24.6

dose maco £ cs =

Methodg: In this study two dogs were given s.c. doses of 1 mg/kg/day of ¥g-
enoxaparin for 7 consecutive days. Blood samples were collected at 30
minutes, 1, 2, 3, 4, 5, 6, 7, 8, and 24 hours after the drug administration on
day 1 and on day 7 of the study. Radioactivity and anti-Xa activity were
measured in each sample.
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Resulte: The Cmax of radioactivity on day 7 was about 2 times the Cmax on day
1, and the Cmax of anti-Xa activity on day 7 was about 1.4 times the Cmax on
day 1. Additionally, the concentrations measured bz anti-Xa activity was at
least 2 times greater than the levels expressed in “S-enoxaparin equivalent.
The kinetic curves were parallel and no parameters were calculated. No
evidence of a signifjicant accumulation (may be slight) of the drug was seen
after 7 daily s.c. doses, since 24 hour after drug administration on day 1l and
day 7 the concentrations of the drug were comparable.

Plasma Concentratjon (mcg/ml)

dicactiv Anti-Xa Activity
Paramgters Dav.l DRay7] Ray 1 Ray 7
Coa 1.75 3.18 4.8 6.7
Cun 0.11 0.14 0.35 0.6

{after dosing)

ding: 1In dogs, after i.v. administration of ¥s~labelled
drug, sbout 24% of the radioactivity was bound to plasma protein (mainly to
antithrombin III) while 76% was unbound. The bound and unbound fractions were
saparated by HPLC and their biological anti-Xa activities were measured. The
bound enoxaparin inhibited factor-Xa activity and the free form had no anti-Xa
activity.

: Urinary and fecal excretion of radioactivity was also studied
after administration of 3 mg/kg {.v. dose. The results were similar to that

obtained after 1 mg/kg i.v. dose (see page 27).

RallS .
(Report # 19)
Methods: 1In this report biological activities (antithrombotic, anti-coagulant
and fibrinolytic activity) were assezsed in monkeys (n=5/dose group) after
single s.c. dose of enoxaparin (50, 100 or 200 anti-Xa unit/kg). Blood
samples were drawn prior to and at 1, 3, 6, 12, 18 and 24 hours after the drug
administration. Platelet counte, bleeding time, coagulation parameters (PT,
PTT and TT) and fibrinopeptide A levels were measured at the above mentioned
time intervals. Anti-IIa and anti-Xa activities were also monitored. Anti-
IIa and anti-Xa activities were measured by amidolytic assays and
radicimmunoassay was used to measure fibrinopeptide A levels.

: In monkeys, a dose as high as 200 anti-Xa U/kg of enoxaparin had no
significant effect on platelet count up to 24 hours (last sampling time
point). Prothrombin time was not affected at any time (up to 24 hr). This
indicates that s.c. administration of enoxaparin had no effect on extrinsic
pathway. PFurthermore, PT time is of limited value in assessing the action of
enoxaparin because in this assay thrombin is generated by activation of factor
ViIa which is largely resistant to inhibitory action of AT-III-heparin
fraction complex. Significant prolongation nf TT (which return to normal by
18 hour) were seen at mid and high dose, which indicated that anti-IIa
fragmente were also absorbed during treatment. The drug also increased the
anti~IIa activity in circulating blocd significantly, howaver this increase in
anti-IIa action was not able to produce any profound effect on PT or PTT. A
dose dependent anti-Xa activity was seen in monkeys, and at 100 u/kg the anti-
Xa activity lasted up to 18 hours, while at 200 u/kg, marked inhibition was
seen at 1 hour after the drug administration and even post 24 hour residual
inhibition was seen in circulating blood. Fibrinopeptide A generation test
assegses the collective anti-Xa and anti-Ila action of enoxaparin. This test
is more sensitive than amidolytic anti-Xa and IJa test. The data indicated
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that enoxaparin inhibited fibrinopeptide A generation and the inhibition

lastaed up to 18 hours after the drug administration.

Parameters Tine pPoge f(anti-Xa unit/kq)
thour) 50 100 200
Thrombin Time 0 24.2£1.5 24.8¢ 0.9 24,720.7
(Sec) 1 27.223.7 40.7213.2 -
3 29.2£3.6 78.1213.4 90.0x8.3
6 28.3%3.7 37.02 4.7 56.324.7 -
12 27.9+2.8 32.7¢ 6.2 37.8%2.4
18 24.0£2.0 30.7¢ 5.6 27.122.3
24 23.020.9 26.1% 1.9 24.2£2.2
IIa Inhibition 0 0.6%1.3 00 020
(%) . 1 2349 226 2419
3 23%12 2826 . 3727
6 2217 18:10 40420
12 4+5 416 1028
18 415 324 157
24 23 0£0 910
X, Inhibition 0 010 123 010
(%) 1 32410 67113 795
3 3614 79%8§ 83t5
6 304 6815 813
12 124 20%4 654
18 421 1424 374
24 424 1019 175
Fibrinopeptide A 0 »40 *40 »40
Generation (ng/ml) 1 178 1027 1043
3 51 1316 9+4
6 1123 2019 815
12 »40 2711 824
i8 >40 - 714
24 >»40 »40 *»40

Thus the drug is absorbed rapidly and completely in both rats and dogs
following s.c. administration of ¥S-enoxaparin. In rats, plasma mean maximum
anti-Xa activity over the tested s.c. or i.v. dogse range increased linearly
with dose. Due to a secondary rise in plasma anti-Xa activity as well as in
whole blood radjioactivity it was difficult to assess the t,, values. Variable
sampling time durations were used for different doses to estimate t,, values.
Half-lives for anti-Xa activity after single s.c. dose ranged from 0.837-2.149
hour (human = 5.11+/- 2.25 hr) and 0.330-0.679 hour (human = 4.04+/- 2.46 hr)
after single i.v. dose. After 7 daily i.v. doses of enoxaparin (0.85 mg/kg),
plasma anti-Xa activity did not accumulate significantly and the kinetics were
gimilar to that obtained after a single i.v. dose of 0.85 mg/kg of enoxaparin.
The pharmacokinetics of radiocactivity after single s.c., single i.v., or 7
daily i.v. doses of ¥S-enoxaparin were linear with tested doses and
independent of route of administration. Furthermore, biological aczivity
(anti-Xa activity) profile is similar to pharmacokinetic profile. In dogs,
after s.c. administration, the plasma anti-Xa activity and radiocactivity both

ML et Ay

L e 02T AR 8 M ey S ST



NDA 20-164
Page 31

declined in biphasic manner. The Cmax for anti-Xa activity was almost double
than that for rsdloactivity, and the t,, alpha (2.57-3.0 hr) and t,, beta
(17.67-20.35 hr' for anti-Xa activity as well as radiocactivity were
comparable. In rzts and dogs after s.c. administration of the drug,
radioactivity was distributed through out the body, with highest
concentrations seen in liver and kidney. The drug is metabolized by
desulphation &/or depolimerization to lower molecular weight species.
Irrespactive of the route of administration, in both species (rats and dogs),
enoxaparin was mainly excretad in the urine (56-72%) and only lesgs than 5% in
the feces (biliary excretion = about 2%), and major portion of the
administered radiocactivity was excreted during the first 24 hours after drug
administration. In dogs, about 38-60% of urinary radiocactivity (0-24 hr)
after i.v. dose represented unchanged drug or biologically active drug (ie
having anti-Xa activity), while 34~40% of urinary radioactivity (0-24 bhr)
after as.c¢. dose represented biologically active drug.

Biological activitizs (antithrombotic, anti-coagulant and fibrinolytic
activity) of enoxaparin were also assessed in monkeys. A dose as high as 200
anti-Xa U/kg of enoxaparin had nc significant effect on platelet count and
prothrombin time. Significant prolongation of TT (which return to normal by
18 hour), increase in anti-IJa activity and a dose dependent increase in anti-
Xa activity were seen in treated monkeys. Enoxaparin also significantly
inhibited fibrinopeptide A generation (assess the collective anti-Xa and anti-
IIa activities) in treated monkeys.

TOXICOLOGY ¢

In the initial IND 31,532, sponsor submitted the following studies: (1) Acute
toxicity studies in mice, rats and dogs, (2) 1l4-day s.c. dose range finding
study in rats, (3) 13-Week and 6-month a.c. toxicity studies in rats, (4)
26~Week i.v. toxicity study in rats, (S) 13~Week s.c. toxicity study in dogs,
(6) 26-Week s.c and i.v. toxicity studies in monkeys, (7) Segment I. s.c.
fertility and general reproductive performance study in rats, (8) Segment II.
s.c. and i.v. teratology studies in rats and rabbits, (%) Segment III. s.cC.
perinatal and postnatal study in rats, (10) Geanotoxicity studies: Ames
tests, double locus cell mutation assay, clastogenic activity in cultured
human lymphocytes and chromosomal aberration test in rat's bone marrow, and
(11) Special toxicity studies: local tolerance study in dogs, sensitization
test in guinea pigs, and hemolytic and precipitating test (in vitro). All the
above mentioned studies were reviewed by Dr. Sun on september 20, 1989. No
additional toxicity studies are submitted in the present NDA. Dr. Sun’‘s
review of the above studies is reproduced bellow:

Acute Toxicity:

Testing laboratory:

Date of the study: Nov. 1983 to Jan. 1984

GLP requirement: A stitement of compliance w

IncToded 1th GLP regulations was

Drug Batch No.: 812 (Potency: 57 IU/mg).
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Acute toxicity of either s.c. or f.v. administration was tested in mice,.
rats and dogs. Observation period was 14 days. The results are
summarized below,

Species/ Route of No/dose Dose range LD3O Time to . Highest Toxic

Strain adminis- level/ (mg/kg) death non-lethal signs
tion sex . dose

: Mice/NMRI s.c. 5 1470-21500 6700(M) 1-7days 2150 (1)
| | 8100CF) | ;
i Mice/NMRI 1.v. 5 681-3830 2340 5 min.- 1470 (2)
| 1 day :
{ Rats/S.D. s.c. 5 14.7-6810 >46.4 6 hrs.— 14,7 (3)
; 2 days _
% Rats/S.D. {.v. 5 215-2610 1660(M> S min. 1210 (4)
: ' 1810(F) '
Rats/S.D. 6 hr.i.v. 5 1000-21500 “1000- 6 hrs.- 1000 (5)
. infusion 10000 2 days
Dogs/ fv. .M 1000-2150 >2150* > 2150 (6

Beagle

*: no death occurred.

(1) body weight loss, decreases in food consumption and motility, muscular
hypotonia, piloerection, pale eyes, ataxia, ptosis, cyanosis, coma, abdominal
posing, bleeding and death.

(2) ataxia, decreases in food consumption, motility and body weight, dyspnea,
mydriasis, pale liver and kidney, and death.

(3) hemorrhage, ataxia, dyspnea, pale eyes, muscular hypotonia, decrzased
motility and body weight, abdominal posing, pale liver and kidney, coma, GI'
tract filled with brownish masses, and death.

(4) ataxia, dypsnea, convulsion, lateral position, miosis, exophthalzus and
death.

(5) decreased food consumption and motility, dyspnea, cyanosis, hypcthermia,
coma, posing, hemorrhage, pale liver and kidney, dark lung and death.

(6) agitation, posing, salivation, hyperventilation. No death occur-sd.



NDA 20-164

Page 33
Comment of this Reviewer:

te toxicity were similar in mice and rats. As a function of
increasing dose, enoxaparin produced ataxia, decreased motility, dyspnea,
cynosis and coma. Death frequently was preceded by convulsions. In dogs no
mortality was seen at doses up to 2150 mg/kg. At the highest tested dose,
enoxaparin produced mydriasis, increased salvation, transient loss of
pupillary reflex, hyperventalation and tachycardia.

The signs of acu

SUBACUTE AND CHRONIC TOXICITY:
14-day S.C. Dose Range Finding Study in Rats

Testing Laboratory:

GLP reauirement: Quality assurance authentication was enclosed.

Date of the study: 9/8/81 to 10/5/81 .

Animals: Charles River Wistar rats weighing 100g and 5 weeks of age were used.

Methods: Three groups of animals each consisting of § males and 5 females
were given enoxaparin (Batch No. 573, Potency: not specified) in
physiological saline at dose levels of 0, 3 and 20 mg/kg/day.s.c. for 14
days. Observation period was 14 days. No histopathological examinations,
blood chemistry, urinalysis and hematology were conducted or monitored.

Results: Appearance of swelling at the injection sites were observed. No
changes in organ weights, body weights and food consumption were seen.
Presence of an inflammatory reaction at the injection sites (females) and

subcutaneous hematoma (all animals) were observed.

13-week S.C. Toxicity Study in Rats

Tes*ina Laboratory:

Date of the studv: 11/3/81-1/13/82

GLP reguirement: A statement of comptiance with GLP regulations was included.

Animals: MWistar rats weighing 80-100g and 4-5 weeks of age were used.
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Methods: Four groups of animals each consisting of 25 males and 25 females
were given enoxaparin (Batch No. 573, Potency: 52 .IU/mg) in constant volume
(2ml/kg) at dose levels of 0 (0.9% NaCl), 3.0, 6.5, or 15 mg/kg/day s.c. in
the cervical interscapular region for 13 weeks. Blood samples were taken from
and histopatholcgical examinations were performed only in the control and the

15 mg/kg/day groups.

Results:

Mortality: There were three deaths in the animal receiving 15 mg/kg/day
during the study. Two rats were found dead during week 2. Nc obvious Cause
of death was identified based on the necropsy. The third rat died at sampljng

during week 13.

Clinical sians: Hematoma was seen at the injection site of all drug-dosed
groups. The time of appearance of these hematoma was related to the dose

level received (3-6 weeks). Injection sites needed to be dispersed during tﬁé

study in order to ensure continuity of dosing after week 1 in animals
receiving 15mg/kg/day of the compound. ,

Body weight: Statistical increase (12%) in body weight was observed in the
mailes receiving 6.5 mg/kg/day of the compound. .In females, statistically
significant increase in body weights were seen in both 6.5 (17%) and

15mg/kg/day (11%) groups.

Food and water consumptions: Normal.




NDA 20-164
Page 35

Hematolegy: Decrease in Hb (91).'RBC (11%), PCV (11%) and increase in
WBC (32%) were seen in the 15 mg/kg/day group.

Blood chemistry: ‘Decrease (33%) in AP was observed in the females
receiving 15 mg/kg/day in week 13.

Urinalysis: Normal.

Gross pathology: Hemorrhage and hematomas formations at and around the
injection sites in animals receiving enoxaparin were seen.

Organ weight: In males, decrease in testes (8%4) and brain (7%), was seen
in the 6.5 mg/kg/day group. Increase in spleen (49%) was observed in the
15/mg/kg/day group. In females, adrenzls were decreased (9%) in the 3
mg/kg/day group. Kidneys weights were increased in all drug-treated
groups (5-6%). Heart (8%) and spleen (31%) were increased in the 15
mg/kg/day group. Liver weights were increased (14-22%) in the 6.5 and 15

mg/kg/day groups.

Histopathology: Increased extramedullary hemopoiesis in the spleen and
Yver and increase white pulp in the spleen were observed in the 15

mg/kg/day group. No histopathological examinations were performed in the
3 and 6.5 mg/kg/day groups.

In conclusion, blood chemistry, hematology and histopathology were
performed in the control and 15 mg/kg/day groups. Lethal dose was

15 mg/kg/day. Hemorrhage and hematoma were present in all drug-treated
groups. Hematological parameters were typical of animals undergoing
compensation for loss of blood in that polychromasia and anisocytosis
were increased while hemaglobin concentration, RBC and PCV were decreased
in the 15 mg/kg/day. Histologically, increased hemopoiesis in liver and
spleen, and increased white spienic pulp and splenic activity were seen
in the 15 mg/kg/day group. Since complete toxicological evaluations
(blood chemistry, hematology and histopathology) were not conducted in
all dose levels, a no effect dose was not established in the study.

Six-Month Subcutaneous Toxicity Studv in Rats

Testing Laboratory:
Date of the study: 3/8/84 - 10/14/84

GLP reaguirement: A statement of compliance with GLP regulation was
included.

Animals: Sprague-Dawley rats weighing 134-233g and 43 days of age were
used.

= T
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Methods: Four groups of rats each consisting of 30 animals per sex were
given enoxaparin (Batch No. 3214/01, Potency: 12.25 Iy/ml1) dissolved in
caline at dose levels of 0, 3, 10, 30 mg/kg/day subcutaneously for 6
months. The last 5/sex/group remained on test for a 6-week untreated
recovery period. Histopathological evaluations were conducted for all
animals in the control and 30 mg/kg/day groups and from animals died or

killed during the study.

Results:
Mortality:
Males Females

Control 1 0

Img/kg/day 1 1

10 0 2

30 12 9
Clinical signs: Swelling at the injection sites was observed in 10 and
30 mg/kg/day groups. - .

Body weiaht, food codsumntion and opthalmoscopy: Normal.

Hematoloay: Hemoglobin, hematocrit and red blood cell counts-of the

30 mg/kg/day animals were lower than the controls. Higher plateizt
counts were seen in all drug-treated males and the 30 mg/kg/day females.
They returned to normal after 6-week recovery period. There were no
significant differences between anti-factor Xa of all drug treated groups

and that of the controls.

Blood chemistry: Cholesterol levels of all drug-treated males (25-80%)
and the 30 mg/kg/day females (43%) were significantly greater than that
of the controls at termination and at end of the recovery period.

Urinalvsis: Normal.

Organ Weights: Liver and spleen weights were higher in all drug-irzated
males and the females receiving 10 or 30 mg/kg/day. They were still
higher in the 30 mg/kg/day animal aTter recovery period.

Pathology: Acinar cell atrophy and interstitial fibrosis of the pancreas
occurred in animals of both sexes and in both control and 30 mg/kz/day
groups; however, more prominent in 30 mg/kg/day. The relationshizs with
the dose of the compound can't be determined since histopathologizal
evaluations were conducted only in control and 30 mg/kg/day grours.

In conclusion, the compound produced mortality at all dose levels
including the control grour. The cause of death was determined tc be

secondary to the hemorrkage and bieeding at the injection sites. Lesions
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in the pancreas were evident. At dose level of 3 mg/kg/day, elevated
cholesterol level, increased liver and spleen weights and deaths were
observed although they were reversible after 6-week recovery period. A

no effect dose was not established.

26-Week Intravenous Toxicity Study in Rats

Testing Laboratory:

Date of the study: 10/6/83 - 5/10/84

GLP reguirement: A statement of compliance with GLP regulations was
inclucad.

Aﬁimals: Sprague-Dawley rats weighing 57-72g and 5 weeks of age were
used. ‘

Methods: Four groups of rats each consisting of 25-30 maies or 25-30
females were given enoxaparin (Batch No. 781, Potency: 50 IU/mg)
dissolved 0.9% Nacl at dose levels of 0, 10, 30, or 90 mg/kg/day
intravenously into the tail vein (1ml/kg) for 26 weeks. Five rats per
sex of the 90 mg/kg/day and the control groups were selected for a
recovery period of 4 weeks. From *the 4th week, 30 or 90 mg/kg/day were
decreased to 20 or 40 mg/kg/day because of toxic effects in both groups.
Hematology was performed in blood samples collected within 24 hrs after
dosing. Complete histopathological examinations were conducted only in
both control, 90/40 mg/kg groups and the rats killed during the study.

Results:

Mortality: Deaths occurred in all drug-treated groups.

Dose group Males Females
Control 0/30 0/30
10mg/kg/day 0/25 1/25
30/20 1/25 1/25
90740 . 7130 7/30

Deaths occurred between weeks 3 and 11. Cause of death: 1nterna1
bleeding.

Clinical signs: Hematoma was seen in the 90/40 mg/kg/day group. No
geath or clinical signs were reported in the recovery groups.

Food and water consumption: Normal.

Body weight: Normal.
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Hematolegqy: At 30/20 mg/kg/day dose level, number of erythrocytes (13%)
was cdecreased. At 90740 mg/kg/day dose level, decreases in hemoglobin
(13%), erythrocytes (15%) and hematocrit (7.5%) and increase in
reticulocytes (227%) were reported. They returned to normal after 4-week
recovery period. At week 13, platelets were increased (23-29%) in both

30/20 and 90/40 mg/kg/day groups.

Clinical chemistry: Increases (20%) in blood urea wera observed in serum
of females receiving 30/20 or 90/40 mg/kg/day of enoxaparin .

Urinaly:is: Lower urine specific gravities were observed in both 30/20
and 90/4C mg/kg/day groups. They returned to normal after 4 week of

recovery period.

Opthalmoscooy: Normal.

Macroscopic examination: At 30/20 and 90/40 mg/kg/day, rats showed
adhesion in the regions of liver or kidney. Severe bleeding in the

abdominal cavity was seen.

Organ weiaht: Increased weights were found for spleen, heart, liver and
kidney at 30/20 and 90/40 mg/kg/day.

Histopathological examination: At the injection stites, inflammation,
hemorrhage and necrosis were found in all drug-treated groups.

Thrombosis in liver and adrenal were seen in the animals receiving 90/40
mg/kg/day of enoxaparin. Interstitial nephritis was seen in the
30/20mg/kg/day group. No gioss pathological inspection, nor organ weight
changes and histological examination revealed any systemic effects in the

animals of a 4-week recovery period.

In conclusion, mortalities were found in all drug-treated groups. The
cause of death appears to be hemorrhage. Other target organs of toxicity
are liver and kidney. A non-effect dose was not established.

13-Week Subcutaneous Toxicitv Study in Doas

Testing Laboratory:

Date of start and completion of tﬁe studv: 10/15/81 - 1/15/82

GLP reguirement: A statement of compliance with GLP regulations was
included.

Animals: Beagle dogs weighing 6.9-8.4 kg and 3 1/2-4 1/2 months of 2ge
were uysed.

Metnods: Four groups of -animais each consisting of 3 males and 3 ferzles
were given enoxaparin (batch No. 573, Potency: 52 IU/mg) in
physiclogical saline in constant volume of 0.2 ml/kg at dose levels cf 0,
3, 6.5 or 15 mg/kg/day subcutaneously for 13 weeks.
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Results:

Clinical signs: There were no mortalities in the study. Dermal
thickness and swelling were observed in 6.5 and 15 mg/kg/day groups.
Hematoma or bruising formation was evident in 15 mg/kg/day group.
Animals of 3 mg/kg/day group observed less than a week of dermal

thickening.
Body weight, food consumption and opthalmoscopy: Normal.

EKG: Shortening of PR interval was seen in the 15 mg/kg/day group.
Hematoloay: Normal

Blood chemistry: Normal.

Urinalysis: <A reduction of calcium concentrations and an increase in
phosphate concentration were seen in animals recciving 15 mg/kg/day.

- parathormone levels: Normal.

Organ weight: Normal.

Gross patholoav and histopnathological finding: Bones were normal. The
presence of local hemorrhage in the injection sites were found in all
drug-treated groups. Severe inflammation was present in dogs receiving
15 mg/kg/day. Animais receiving 15 mg/kg/day shaowed hyperplasia in
parathyroid. Eosinophilic leukocytosis of cervical lymph nodes appeared

in all drug-treated groups.

In conclusion, the major treatment related finding was hemorrhaging at
the injection sites. This was observed in animals receiving

15 mg/kg/day. This finding was less obvious at the dose level of

6.5 mg/kg/day. At the dose level of 3 mg/kg/day, only dermal thickening
of less than a week was seen. Thus, a no effect dose leve)l was estimated
to be 3 mg/kg/day. The study did not reveal the complete toxicity
profile of the compound. Higher dose ievels should be incorporated to

explore any target organs of toxicity.

26-Week Subcutaneous Toxicity in Monkevs

Testing lahoratory:

Date of the study: 9/19/83-8/23/84.

GLP reauirement: A statement of compliance with GLP regulations was
included. '
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Animals: Cynomolgus monkeys weighing 1.8~2.5 kg and 1 year of age were
used.

Methods: Four groups of animals each consisting of 7 males and 7 females
were given enoxaparin (Batch No. 3214/01, Potency: 12.25 IU/ml1) in 0.9%
Nacl at constant volume subcutaneously at dose ltevels of 0, 3, 10, or 30
mg/kg/day around thigh region for 26 weeks. Dose selection was based on
a range-finding study (Project MNo. 83-2751). Two animals per sex in each
dosing group were selected for a 4-week recovery period of drug-free.

Complete histopathological examinations were conducted in the control and

30 mg/kg/day groups.

Results:

Mortality: Four males and three females of the 30 mg/kg/day groups died
(days 10-172) or killed in extremis (days 119-176) during the study.

Clinical sions: Reddened area on the skin, wounds, hematomas, abrasions,

lacerations, lethargy and pale gums were seen in both 10 and 30 mg/kg/day
groups. Treated animals exhibited dose-related increases in incidence of

edema, redness, bruising, scab formation, swelling and scarring at the
injection sites. These observations disappeared by the end of recovery

period.
Oothalmoscooy, body weight, food consumption and EKG: Normal.

Hematology: Reductions in hemoglobin, hematocrit and red blood cell
counts were seen in both 10 and 30 mg/kg/day groups.

Clinical chemistry: Normal.

Urinalvsis: Normal.

Organ weight: Higher organ weights of the kidney, 1tvers and spleens
were seen in the 30 mg/kg/day group. The spleens of the 10 mg/kg/day
group were higher than that of the controls. Increased organ weights of
kidneys, livers, and spleens were still evident in the 30 mg/kg/day group

after 4 week recovery period.

Gross pathology: Lesions at the injection sites were reported in all
drug-treated groups.

Histopathology: Microscopic examinations confirmed the lesions at the
injection sites.

In conclusion, monkeys received Enoxaparin exhibited lesions &t injection
sites at all dose levels. Mortality due to excess hemorrhage were
reported at 30 mg/kg/day. A no effect dose was not establishad.

However, at 3 mg/kg/day dose level, only hemorrhage at injection sites

were seen.
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26-Heek Intravenous Toxicity Study in Monkevys

Testing laboratory:

Date of the studv: Aug. 1, 1983 - Sept. 1984

GLP reauirement: A statement of compliance with GLP regulation was
included.

Animals: Cynomolgus monkeys 3-5 years of age were used.

Methods: Four groups of animals each consisting of 4-5 monkeys per sex
were given Enoxaparin (Batch No. 781, Potency: 50 IU/mg) in 0.9%Z Nac] at
constant volume (1 ml/kg) at dose levels of 0, 5, 10, 20 mg/kg/day 1.v.
into a leg for 26 weeks. One monkey per sex at the 20 mg/kg/day and
control groups was selected for a 4-week recovery period.

Results: .
Mortality: One monkey in the 20 mg/kg/day group died.

Clinical signs: Single vomiting was found in one monkey each 'of 10 and
20 mg/kg groups. Swellings at the injection sites were seen in all
drug-treated groups. They were not observed at the end of experiments.

There were no abnormal findings in food and water consumptions, body
weight, hematology, clinical chemistry, urinalysis, EKG, blood pressure,

and opthalmoscopy.

Histoobatholoay: There were no drug-related systemic finding in all
drug-treated groups.

In conclusion, monkeys given enoxaparin up to 10 mg/kg/day did not
exhibit any signs of toxicities except swelling at the injection sites
and single vomiting were observed. At 20 mg/kg/day, one antmal died
preceded by vomiting. However, cause of death could not be determined
and was not due to hemorrhaging. Thus, a no effect dose for tf.v.

administration is 5 mg/kg/day.
SPECIAL STUDIES:

Local Tolerance Studies in Dogs

Testing Laboratory:
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Date of the study: 9/12/83 - 10/29/83

GLP requirement: A statement of compiiance with GLP regulations was
included.

Animals: Beagle dogs (3 males and 3 females) were used,

Methods: 0.6 m} of injection solution each were administered into the
muscuiar system of hind limbs (1 M), into the vena saphena parva (IV),
and beside it (para venous), under the skin of .the chest (S.C.) and into
the arteria femoralis (i.a.). The local reactions was inspected 2, 24,

48 and 96 hrs after the administration.
Results:

Intraarterial administration: Perivascular hematoma was seen.
Intramuscular administration: Hematoma and inflammatory infiltrate and

necrosis were observed.

Intravenous administration: hematoma and inflammatory infiltrates were
seen. .

Paravenous administration: Hematoma was reported both in drug-treated
and control sites. |

Subcutaneous administration: Normal.

In conclusion, the subcutaneous roufe was toleratéd without any local
reaction.

Sensitization test in Guinea Pigs

Testing Laboratoryv:

Date of the study: Aug. 11 - Sept. 16, 1983

GLP requirement: A statement of compliance with GLP regulations was
included.

Animals: Male Pirbright white guinea pigs weighing 2509 and 4Q days of
age were used.

Methods: Forty guinea pigs were given placebo, enoxzparin or positive
control intracutaneously at neck region . Seven days later, the animals
were treated topically with 2 ml of the test compound preparation by the
patch-test-technique (exposure time: 48 hrs). Two weeks aFier the
topical application, the animals again were challenged and topical
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examinations by patch-test-technigue in the flank region (exposure time
24 hrs) were performed. Testing compounds were 50% of enoxaparin (Batch
No. 812, Potency: 57 IU/mg). Positive controls were penicillin g. 4500
IU/animal and 40000 IU/animal in intracutaneous and epicutaneous

fnjections, respectively.

Results: penicillin G. caused a positive result in the study. No
sensitizing properties of 50% Enoxaparin could be demonstrated.

Hemolytic and Precipitating'Prouerties

Testing Laboratory:

Date of the study: Sept. 1983.

GLP reguirement: A statement of compliance with GLP regulation was
included.

Methods: Enoxaparin (Batch No. 812, Potency: 57 IU/mg) was dissolved in
0.9% Nac) solution and was mixed with 0.05 ml citrated blood. Eight
concentrations (0.0316-100 mg/mi) were examined. The final volume of the
preparation amounted to 2 ml. Saponin (0.0023% in water) was used as a

positive control.

Results: Enoxaparin at concentrations up to 100 mg/ml did‘not exhibit
any hemolytic potential or protein precipitating properties in human

blood.
MUTAGENICITY STUDIES

Ames Test

Testino laboratorv:

Date of the study: Feb. 1982.

Methods: Enoxaparin (Batch No. 573, Potency: 5: IU/mg) was examined at
concentrations of 8-5000 ug/plate for mutagenic activity in five
histidine-dependent auxotrophs of Salmonella typhimurium, strains TA
1535, 1537, 1538, 98 and 100. The studies were conducted in the absence
and presence of an activating system derived from rat liver (S5-9 mix).
Benzopyrene, 2~nitrofluorene, Z-aminoanthracene, g-amincacridine and
N-methyl-N'-nitro-N-nitrosoguanidine were used as positive controls.
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Results: No increase in reversion to prototrophy were obtained with any
of the five strains at the concentrations tested. Significant increases

in the number of revertant colonies were induced by the positive controls.

It was concluded that enoxaparin was devoid of mutagenic activity in the
Ames test.

Double Locus Cell Mutation Assay

Date of the study: March, 1982,

Methods: The compound (Bathc No. 573, Potency: 52 IU/mg) was examined
3t concentrations of 5, 15, 20, 25 and 30 mg/m} for mutagenic potential
by measuring its ability to induce mutation in mouse lymphoma celis at
the two genetic foci conferring ouabain and 6-thioguanine resistances.
The studies were conducted in the absence and presence of a rat-liver
gerived metabolic activating systems. Ethylmethane sulphonate and 7,12
dimethylbenzanthracene were used as positive controls.

Results and conclusion: No evidence of mutagenic activity was found.
Positive controls produced significant incrpases in the incidence of
mutant colonies. In conclusion, enoxaparin did not induced mutagenic
activity in mouse lymphoma cells at concentrations up to 30 mg/ml.

Clastogenic Activity in Cultured Human Lyvmohocvtes:

Data of the study: March, 1982.

Methods: The effect of enoxaparin (Batch No. 573, Potency: 582 IU/mg) on
chromosoma! structure was investigated in human cultured lymphocytes
exposed to concentrations of 100, 500 or 2500 ug/ml for 24 hours. The
studies were conducted in the absence and present of a metabolic
activation (5-9). Distilied water was used as negative control.
Cyclophosphamide was employed as a positive control.

Results and conclusion: No significant increases in aberrations over
controls were seen for enoxaparin treatment. The highest tested
concentration (2500 ug/ml) caused reduction of mitotic indices.. No toxic
effect was observed in cultures exposed to lower concentrations.

Positive control induced increases in chromosomal damage only when S-9
mix was included in the treatment. In conclusion, enoxaparin induced no
damage to the chromosomal structure of human 1ymphocytas.

In vivo Studv of Rat Bone Marrow Chromosome Aberration Test

Date of the study: March-July, 1982.

Animals: Charles River CD rats weighing 62-87 g were used.
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Methods: Five groups of animals each consisting of 5 maies and 5 females
were given enoxaparin (Batch No. 573, Potency: 52 IU/mg) subcutaneously
at dose levels of 0, 1, 4, and 20 mg/kg/day for five days. Chlorambucil
(15 mg/kg/day) was used as a positive control. Bone marrow cells were
sampied six hours after the final treatment.

Results:

Body weight: A reduction in body weight gain (21.5%) was seen in the
females receiving 20 mg/kg/day. _

Mitotic index: Normal.

Chromosomal aberrations: All treated groups had the same or lower
percentages of aberrant metaphases than controls. Positive centrol
demonstrated chromosomal damage in the study. ‘

In conclusion, enoxaparin at subcutaneous dosage up to 20 mg/kg/day for
five days produced no significant damage to chromosomai structure in rat

bone marrow cells.

o

REPRODUCTIVE STUDIES.
Segment I: Fertility and Reoroductive Performance

Testing Laboratory:

Date of the study: April 1982 - Jan. 1983

GLP requirement: A statement of compliance with GLP regulations was
included.

Animals: Sprague-Dawley rats weighing 187-249g were used.

Methods: Four groups of rats each consisting of 26 males and 26 females
were given enoxaparin (Batch No. 573R, Potency: 52 IU/mg) subcutaneously
at dose levels of 0, 3, 10, or 20 mg/kg/day. Dose selection was based on
a dose-range finding study (LSR report No. B82/PHADED/293).. Males were
given 71 day prior to mating and throughout mating period and until
necropsy at week 14. Females were given for 15 days prior to mating and
throughout the gestation period and until necropsy (1/2) at either day 21
post coitum or foliowing weaning of the offspring (day 25 post partum).
Offspring (F,) were examined for their reproductive performance and
fertility. Dose selection was based upon their preliminary dos
range-finding study (Rept. No. 82/PHA 0€9/293). :
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Results:

F, generation: Palpable hematomas were formed and hemorrhages were
detected at injection sites. Body weight gain of males was not
affected. Increased body weight gain was seen in femaies. One male
receiving 20 mg/kg/day died of bleeding. Food and water intakes were
normal. The duration of estrus, precoital interval, mating performance,
conception rate, fertility index and gestation index were similar in all
groups. Gestation length and parturition were unaffected. Litter size,
offspring survival, birth weight and growth rates were comparable in all
groups. Organ weights of male reproductive organs were normal.
F._generation: Male body weight gain was reduced in animais derived
from F, parents that received 3 or 20 mg/kg/day. Female body weight

gain was slightly elevated during lactation in animals derived from those

that received 10 mg/kg/day. Estrous cycles, mating performance,
fertility and conception rate were similar in all groups. No intergroup
differencss in fetal development was detected. Gestation length and
parturi{ion were normal. Survival, growth or development of the F:
generation was comparahle. . :

In conclustion, the study showed that subcutaneous administration of
enoxaparin at dose levels of up to 20 mg/kg/day to rats had no adverse
effact upon reproductive performance of treated F, animals and f,
progeny. Although maximum tolerated dose was not used in the study, all
dose levels did cause some toxicities in the rats (hematoma at tke
injection stte) and 20 mg/kg/day is equivalent to 16 times the proposed
human dose. .

Seagment II. Subcutaneous Teratological Studv In Rats

Testing Laboratory:

Date of the study: April-May, 1982.

GLP requirement: A statement of compliance with GLP requlations was
included. .

Animals: Pregnant Sprague-Dawley femaie rats weighing 202 to 25g were
used. -

Methods: Four groups of animals each consisting of 20 pregnant female
rats were given enoxaparin (Batch No. 573, 52 1U/mg) dissolved in 0.5%
Nacl at constant volume of 1 ml/kg at dose levels of C, 3, 10, or 30
mg/kg/day subcutaneously from day 6 to day 15 of gestation period. On
day 21 of gestation, the dams were sacrificed and maternal and fetal
examinations were performed. The neck, thoracic, and abdominal cavities
of two-thirds of fetuses were examined first and the eviscerated fetuses
were processed for skeletal examination. The remaining one-third of
fetuses were examined by the Wilson's free-hand serial section

technique. Dose selection was based on a cdse-range finding study (Rept.
No. 13, Batch No. 573, Potency: 114 anti-Xa U/mg or 52 USP units/mg).
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Results:

Clinical signs: Subcutaneous swellings at the injection sites were seen
'n the femaies receiving 10 or 30 mg/kg/day. One 30 mg/kg/day was killed
in extremis following extensive bleeding at injection site.

Body weight, food consumption and water consumption: Normal.

Termina! study:

Maternal cbservation: Subcutaneous hemorrhage was seen in all
drug-treated groups.

Litter response: The number of implanfation and viable young, the extent
of pre and postimplantation losses and fetal weight were comparable in
all groups. Placental wetght was {ncreased (8%) in the 30 mg/kg/day

group.

Fetal examination: The incidence of hydronephrosis (2-5%) and unilateral
hydroureter (10%) were also increased in the 30 mg/kg/day group as
compared with historical controls of 0-1.5% and 1.7-10.4%, respectively.
Lower fetal weight and high incidence of sTight dilation of brain
ventricle were reported in the 30 mg/kg/day group. The incidence of
slight dilation of brain ventricle following free-hand serial sectioning

are given below:
% fetus (no. of litters)

Group 0 3 10 30 mg/kg Historical
control
range(727 fetuses)

No. of fetuses
(1itters) examined 96(20) 97(20) 93(20) Bz2(1®

11 S2.1€2) 1.y 7.3 0-4.7

In conclusion, enoxaparin given subcutaneously from day 6 to day 15 of
gestation period at dose level of 30 mg/kg/day (25 times the proposed
clinical dose) induced lower fetal weignt, hydronephrosis and slight
dilation of brain ventricle. Sponsor considered these being retardations
and variations but not malformations. Although MTD was not employed, all
dose levels produced pharmacological effect (hemorrhage at injection.

sites)..

Seament I1. Intravenous Teratology Study in Rats

Testing laboratory:

Date of the study: Nov. 15, 1983 to Feb. 8, 1984.

e £ b
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GLP requirement: A statement of compliance with GLP regulations was
included.

Animals: Pregnant female Sprague-Dawley Rats weighing 180-130 g and 46
days of age were used.

Methods: Four groups of animals each consisting of 24 pregnant female
rats were given enoxaparin (Batch No. 812, Potency: S7 IU/mg)
intravenously into tail vein from the 6th to 15th day of pregnancy at
dose levels of 0 ( 0.9% NaCl), 10, 40 and 160 mg/kg/day. On the 20th day
of gestation, the dams were sacrificed for maternal and felal
examinations. Two-third of fetuses were prepared for determination of
location, size and condition of internal organs first and later for
skeletal examination, The remaining one-third of fetuses wore examined
by the Wilson's free-hand serial section technique.

Resuits:

Toxic signs: At 160 mg/kg/day, it caused bleeding at the injection sites
for a duration of 2 to 6 hours. One dam died of extensive loss of blood
from the injection site. Piloerection, decreased motor activity and pale

eyes were observed.

Body welaht. food and water consumptions: Normal.

Fetal examination: The fertility results did not show any influence on
the development of embryos and fetuses. There were no major skeletal
malformations or visceral anomalies in the examinations.

In conclusion, enoxaparin at dose up to 160 mg/kg/day i.v. did not induce
any teratogenic effects in the rat. Although MTD was not employed in the
study, all dose levels produced pharmacological effects. At 160

mg/kg/day, it produced lethality.
Seqment II. Subcutaneous Teratology Study in Rabhits

Testing Laboratory:

Date of the study: April 5, 1982 to May 12, 1982 -

GLP reguirement: A statement of compliance with GLP requletions was
incluged.

Animals: Pregnant female New Zealand White rabbi+s weighing 3.66-4.58 kg
and 18-24 weeks of age were used.

Methods: Four groups of animals each consisting of 14 pregnant females
were given enoxaparin (Batch No. 573, Potency: 52 IU/mg) cissolved in
physiological saline subcutaneously from day 6 tc day 18 c© gestation
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period at dose levels of 0.3, 10 and 30 mg/kg/day. Dose selection was
based upon a dosage range-finding study (821PHAD65/256). On day 29 of
gestation, the dams were killed. Visceral and skeletal examinations were

conducted in all fetuses.

Results:

Clinical signs and mortality: Two femaies in the 10 mg/kg/day and one
female in the 30 mg/kg/day were killed in extremis. Necropsy revealed
evidence of gastrointestinal tract disorder or respiratory tract
infection. Pale creamy material was found subcutaneous to injection

sites of the 10 and 30 mg/kg/day groups.

Maternal weight, food intake and maternal necropsy findings: Normal.

Litter responses: Normal.

Fetal examinations: There were spontaneous incidence of visceral and

skeletal anomalies found in the study.

In conclusion, enoxaparin at dosage up to 30 mg/kg/day s.c. did not
induce any teratologic effect.

Seament II. Intravenous Teratology Studv in Rabbits

Testing Laboratory:

Date of the Study: Nov. 14, 1983 to Feb. 20, 1984

GLP reauirement: A statement of compliance with GLP regulations was
inciuded.

Animals: Pregnant female white Russian rabbits weighing 2-2.78 kg and
4-% months of age were used.

Methods: Four groups of animals each consisting of 12 pregnant female
rabbits were given enoxaparin (Batch Ne. 930, Potency: £3.5 IU/mgd
intraveneously into the marginal ear vein (1 mi/kg) at dose levels of O
0.9% Naci), 10, 40 and 160 mg/kg/day from day 6 to day 18 of gestation
period. Dams were sacrificed on day 29 of gestation. A1l fetuses were
undergoing visceral and skeletal examinations.

Results:

Clinical signs: At 160 mg/kg/day, it produced bleeding at the injection
cites for a duration of 5 to 10 minutes. Pale eyes and mortality at
40 mg/kg/day were observed.
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Body weight, food and water consumptions: Normal.

Fetal ohservation: There were no differences in the number of
implantations, fetuses, placenta as well as of fetal and placental weight
between control and drug treated groups. No drug retated visceral and
skeletal malformations were found.

In conclusion, enoxaparin at dose up to 160 mgikglday ‘nduced no fetal
changes and teratogenic effects in the rabbit. .

Segment IT1. Peri and Postnatal Development in Rats

Testing lahoratory: .

Date of the study: May 11, 1982 to June 28, 1982

GLP reguirement: A statement of compijance with GLP regulations was
{ncluded.

Animals: Pregnant female Sprague-Dawley rats weighing 196 to 255 g were
used.

Methods: Four groups of animals each consisting of 20 pregnant female
rats were given enoxaparin (Batch No. R 573, Potency: 130 Anti-Xa U/mg
or 52 IU/mg) subcutaneously from day 15 postcoitum until day 21
postpartum at a constant vclume of 1 mi/kg a¢ dose levels of 0 (0.9%
Naci), 3, 10 and 20 mg/kg/day. All litters were killed after weaaning on
day 21 postpartum and subjected to a macroscopic necropsy examination.

Results:
Maternal ohservations:

Clinical signs and morta11t!: Subcutaneous swellings were seen in all
drug treated groups. One dam in the 10 mg/kg/day group died due to
prolonged bleeding from an injection site.

Body weight and gestation length: Normal.

Litter observations:

Clinical signs and 1itter size and viability were similar in all groups.

Body weight: Body weight was significantly reduced (11%) 1in the 20
mg/kg/day group.

Sex ratio: Normal
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Physical development: In the 20 mg/kg/day group, onset and completion of
tooth eruption and commencement of eye opening were delayed.

Auditory and visual function: Normal.

Terminal examination:

Dams: Subcutaneous hematoma was found in all d}ug treated groups.
Fetuses: No macroscopic change were seen that could be related to

treatment.

In conclusion, subcutaneous administration of enoxaparin to female rats
from day 15 of gestation until day 21 of lactation had no adverse effect
upon peri and postnatal development at dose levels of up to 10
mg/kg/day. At 20 mg/kg/day, body weights of offspring were depressed,
tooth eruption and eye opening were delayed.

Proposed Text of the Labeling for Eoxaparin

The label (see Appendix I) is according toc 21 CFR, 201.50, Subpart B (April 1,
1991). However following changes should be incorporated:

1. Carcinogsnesis, Mutagenesis, Impairment of Fertility:
Sponsor‘s Version: No long-term studies in animals have

been performed to evaluate the
carcinogenic potential of Tradenamed
Injection. However, Tradenamebk
Injection was uniformly negative in a
battery of short-term genetic toxicity
tests, including a bacterial and a
mammalian cell in vitro mugagenicity
assay as well as in vitro and in vivo
tests for chromosomal damage. Also,
Tradenamet Injection was shown to have
no effects on fertility and reproductive
performance in rats.

Evaluation:
The text is not according to 21CFR, 201.50, Subpart B (April 1, 1991)
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Propoged Vexsion:

No long-term studies in animals have been perfomed to evaluate carcinogenic
potential of enoxaparin. Ko evidence of mutagenicity was observed in in vitro
Ames test, mouse lymphoma cell forward mutation test, human lymphocyte

chromosoma)l aberration test and ip vivo rat bone marrow cell chromosomal
aberration test. No effects on fertility or reproductive performance were

cbserved in male or female rats at s.c. doses up to 20 mg/kg/day.

2. Pregnancy:

Spongor's Version:

Pregnancy Category By Enoxaparin had no
effect on embryo/fetal development in

~‘rats and rabbits or on postnatal
development in rats. Rahbits that‘
received potentially lethal doses of
enoxaparin had an increased irequency of
abortions and fetal resorptions but no
effect on the number of corpora lutea or
implantations. Thus, enoxaparin was
shown to have have no reproductive
toxicity potential in animals. There
are no adequate and well controlled
studies in humans. Enoxaparin should be .
used during pregnancy orly if the
potential benefit justifies the
potential risk to the fetus.

Evaluation:

In the Segment II teratology study in rats, pregnant rats were treated from
day 6 through 15 of gestation with either s.c. doses of 3, 10, and 30
mg/kg/day or i.v. doses of 10, 40 and 160 mg/kg/day of enoxaparin. No
teratogenic effects at dosage up to 30 mg/kg/day (s.c.) or 160 mg/kg/day
(i.v.) was observed. In Segment II teratology study in rabbits, pregnant
rabbits were treated from day 6 through 18 of gestation with either s.c. doses
of 3, 10, and 30 mg/kg/day or i.v. doses of 10, 40 and 160 mg/kg/day of
enoxaparin. No teratogenic effects at dosage up to 30 mg/kg/day (s.c.) or 160
mg/kg/day (i.v.) was observed. The mode of administration of the drug in
humans is via subcutaneous route, therefore only s.c. segment II teratology
studiesg in rats and rabbits are relevant. :
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Proposed Vergion:

Pragnancy: Teratogenic effects. Pregnancy category B. Reproduction studies
have been performed in pregnant rats and rabbits at subcutaneous doses up to
30 mg/kg/day have revealed no evidence of impaired fertility or harm to the
fetus due enoxaparin. There are, however, no well-controlled studies in
pregnant women. Because animal reproduction studies are not always predictive
of human response, this drug should be used during pregnancy only if clearly
needed. '

3. NRursing Mothers:
Spongor-e Version There is no experience with the use of
enoxaparin during human lactation. A
late lactation/postnatal toxicity study
conducted in rats with enoxaparin given
by the subcutaneous route did not reveal
any effect on the survival and growth of
offspring, suggesting no effect on the
lactational process nor on nurturing of
the newborn. As a precaution, however,
lactating mothers receiving Tradenamed
Injection should be advised to avoid

breast-feeding.

Evaluation:
The text is not according to 21CFR, 201.50 Subpart B (April 1, 19%91)
Proposed Version:

It is not known whether this drug is excreted in human milk. Bacuse many
drugs are excreted in human milk, caution should be exercised when enoxaparin
is administered to nursing women.
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QVERDOSAGE:
Songor‘s Version:

Symptoms /Tresatment:

Accidental'overdosage following
administration of Tradename® Injection may
lead to hemorrhagic complications. This may
be largely neutralized by the slow
intravenous injection of protamine sulfate
(12 solution). The dose of protamine sulfate
should be equal to the dose of Tradenamet
Injection injected: 1 mg protamine sulfate
should be administered to neutralize 1 mg
Tradenamet Injection. A second infusion of
0.5 mg/mg protamine sulfate may be .
administered if the APTT measured 2 to &
hours after the first infusion remains
prolonged. However, even with higher doses
of protamine, the APTT may remain more
prolonged than under normal conditions found
following administration of conventional
heparin. In all cases, the anti-Factor Xa
activity is never completely neutralized
(maximum about 60%). Particular care should
be taken to avoid overdosage with protamine
sulfate. Administration of protamine sulfate
can cause severe hypotensive and
anaphylactoid reactions. Because fatal
reactions, often resembling anaphylaxis, have
been reported, the drug should be given only
when resuscitation techniques and treatment
of anaphylactoxic shock are readily
available. For additional information

consult the labeling of Protamine Sulfate

Injectlon. USP, products.
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Evaluatjon:

Sponsor did not provide any clinical or preclinical overdose data. A single
dose of 46.4 mg/kg was lethal to rats. The symptoms of acute toxicity were
ataxia, decreased motility, dyspnea, cyanosis and coma.

Bropoged Vergion:
The following sentences should be added to the sponsor‘s version:

A single dose of 46.4 mg/kg was lethal to rats. The symptoms of acute
toxicity were ataxia, decreased motility, dyspnea, cyanosis and coma.

SUMMARY AND EVALUATION:

Enoxaparin is a low-molecular weight heparin fragment (average M.W. = 4500
daltons). Enoxaparin and heparin both are antithrombotic in various animal
models, and both prolonged APTT and TT and inhibited factor IIa and factor Xa
activities. One important distinction between the two drugs is that
enoxaparin markedly inhibited factor Xa activity and slightly inhibited factor
IIa activity, while heparin inhibited both factors equally. Furthermore,
heparin had greater anticoagulant activity and produced greater inhibition of
platalet aggregation induced by various agents than enoxaparin at similar dose
levels. Hence the antithrombotic activity of enoxaparin may be related to its
relative specific inhibition of factor Xa and drug may cause less bleeding
and/or thrombocytopenia compared to heparin at similar bioclogically active
dose.

Sponsor submitted a new Drug Application for enoxaparin for marketing it for
prevention of deep vein thrombosis which may lead to pulmonary embolism in
patients undergoing hip replacement surgery. The drug comes in prefilled
syringes containing 30 mg of enoxaparin sodium salt in 0.3 ml of sterile
water. The recommended dose of enoxaparin is 30 mg b.i.d. subcutaneocusly for
7-10 days (1.2 mg/kg, 50 kg body weight assumed).

In suoport of the new drug application for enoxaparin , sponsor has submitted
precl: ical pharmacology studies; absorption, distribution, metabolism and
excret.un (ADME) studies in rats, dogs and monkeys; acute toxicity studies in
mice, rats and dogs; l13-Week and 6-month s.c. toxicity studies in rats;
26-Week i.v. toxicity study in rats; 13-Week s.c. toxicity study in dogs;.
26-Week s.c and ji.v. toxicity studies in monkeys; Segment I. s.c. fertility
and general reproductive performance study in rats; Segment II. s.c. and i.v.
teratology studies in rats and rabbits; Segment III. s.c. perinatal and
postnatal study in rats; Genotoxicity studiea: Ames tests, mouse lymphoma
cell forward mutation test, clastogenic activity in cultured human lymphocytes
and chromosomal aberration test in rat bone marrow cells; and Special toxicity
studies: 1local tolerance study in dogs, sensitization test in guinea pigs,
and hemolytic and precipitating test (in vitro).. All the above mentioned
studies were reviewed by Dr. Sun on september 20, 1989 under IND 31,532. I
have consulted Dr. Sun’‘s review of toxicity studies for my summary and
evaluation.

Absorption, distribution, metabolism, and «xcretion studies were conducted in
rats and dogs. The drug is absorbed rapidly and completely in both rats and
dogs following s.c. administration of »S-enoxaparin. The Tmax of
radicactivity for rat was 0.45-0.7 hr and for dog was 1-2 hr. 1In rats, plasma
mean maximum anti-Xa activity over the tested s.c. or i.v. dose range
increased linearly with dose. Due tc a secondary rise in plasma anti-Xa
activity as well as in whole blood radioactivity it was difficult to assess
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the t,, values. Variable sampling time durations were used for different
doses to estimate t,, values. Half-lives for anti-Xa activity after single
s.c. dose ranged from 0.837-2.149 hour (human = 5.11+/~ 2.25 hr) and 0.330-
0.679 hour (human = 4.04+/- 2.46 hr) after single i.v. dose. After 7 daily
{i.v. doses of enoxaparin (0.85 mg/kg), plasma anti-Xa activity did not
accumulate significantly and the kinetics were similar to that obtained after
a single i.v. dose of 0.85 mg/kg of enoxaparin. The pharmacokinetics of
radioactivity after single e.c., single i.v., or 7 daily i.v. doses of “s-
enoxaparin were linear with tested doses and independent of route of
administration. Furthermore, biological activity (anti-Xa activity) profile
is similar to pharmacokinetic profile. In dogs, after s.c. administration,
the plasma anti-Xa activity and radioactivity both declined in biphasic
manner. The Cmax for anti-Xa activity was almost double than that for
radicactivity, and the t,, alpha (2.57-3.0 hr) and t,, beta (17.67-20.35 hr)
for anti-Xa activity as well as radioactivity were comparable. In rats and
dogs after s.c. administration of the drug, radioactivity was distributed
through out the body, with highest concentrations seen in liver and kidney.
Furthermore, in multiple dose study in rats, radioactivity jin all tissue
accumulated and the .levels were 3-5 fold greater than the initial values (24~
hr after first dose), and this radicactivity correspond to inactive drug
and/or metabolite(s). The drug is metabclized by desulphation &/or
depolimerization to lower molecular weight species. Irrespective of the route
of administration, in both species (rats and dogs), enoxaparin was mainly
excreted in the urine (56-72%) and only less than 5% in the feces (biliary
excretion = about 2%), and major portion of the administered radioactivity was
excreted during the first 24 hours after drug administration. In dogs, about
38-608 of urinary radicactivity (0-24 hr) after i.v. dose represented
unchanged drug or biologically active drug (ie having anti-Xa activity), while
34-~40% of urinary radioactivity (0-24 hr) after s.c. dose represented
biologically active drug.

Biological activities (antithrombotic, anti-coagulant and fibrinolytic
activity) of enoxaparin were also assessed in monkeys. A dose as high as 200
anti-Xa U/kg of enoxaparin had no significant effect on platelet count and
prothrombin time. Significant prolongation of TT (which return to normal by
18 hour), increase in anti-~IIa activity and a dose dependent increase in anti-
Xa activity were seen in treated monkeys. Enoxaparin also significantly
inhibited fibrinopeptide & generation (assess the collective anti-Xa and anti-
ITa activities) in treated monkeys.

In acute toxicity studies, the highest nonlethal doses for mice were 2150
mg/kg and 1470 mg/kg when given s.c. and i.v. respectively (LDy: 8.c. = 6700
mg/kg for male and 8100 mg/kg for female mice; IDg: i.v. = 2340 mg/kg for
both male and female). The highest nonlethal doses for rats were 14.7 mg/kg
and 1210 mg/kg when given s.c. and i.v. respectively (LDy: 8.Cc. = could not
be calculated in either sex; LDg: i.v. = 1660 mg/kg for male and 1810 mg/kg
for female rats). The lowest s.c. lethal doses for NMRI mice and SD rats were
3160 (report # 002: for unknown strain of mice = 37.5 mg/kg) and 46.4 mg/kg
respectively. Mice and rats, treated with enoxaparin showed similar toxic
signs. These signs were ataxia, decreased motility, dyspnea, cyanogis, coma
and convulsgions.

In the 13~week 8.c. toxicity study in rats, dores of 3, 6.5 and 15 mg/kg/day
were used. Hemorrhage and hematoma were seen in all treated animals.
Lethality was observed at 15 mg/kg/day dose level. Blood chemistry and
hematology tests and histopathological examinations were performed on only
control and high dose treated animals. Extramedullary hematopoiesis in spleen
and liver, increased white pulp in the spleen, and increased megakaryocytes in
bone marrow were geen in high dose treated rats. Only hematoma at the
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injection sites, and slight increases in kidneys (both sexes) and adrenals
(only females) weighte were seen at 3 mg/kg/day, therefore this dose level can
be considored as tolerated dosa.

In the 6-month s.c. toxicity study in rats, doses of 3, 10 and 30 mg/kg/day
were used. The drug produced mortality at all dose levels including the
control group. Hemorrhage at the injection sites were seen in all treated
animals and severe bleeding at the injection sites were the main cause of
deaths. The serum cholesterol levels were increased by 28-80% in all treated
males and by 43% in high dose treated females when compared to their
raspective control values, and cholesterol levels remain elevated even after 6
weeks of recovery period. Histopathological examinations were performed on
only control and high dose treated animale. Acinar cell atrophy and
pancreatic interstitial fibrosis ware seen in high dose treated animals.

In the 26-week {.v. toxicity study in rats, doses of 10, 30/20 and 90/40
mg/kg/day were used. The drug produced mortality at all dosea. Hemorrhage,
inflammation and necrosis at the injection sites were seen in all treated
animals. Thrombosis and thrombosis related infarcts in livers and adrenal
glands, and renal tubular nephrosis were seen at 30/20 mg/kg/day and higher
doses. No drug related histopathological changes were evident at the end of 4

weeks of recovery period.

In the 13~week s.c. toxicity study in dogs, doses of 3, 6.5 and 15 mg/kg/day
were used. Dermal thickening, swelling and hemorrhage at the injection sites
were seen in all treated animals. Mild parathyroid hyperplasia was seen in
some high dose treated dogs. Sponsor did not use sufficient high doses to
elicit clear toxicity. At 3 mg/kg/day only dermal thickening was observed for
less than a week, therefore, this dose level can be considered a no effect

doge in this study.

In the 26-week s.c. toxicity study in monkeys, doses of 3, 10 and 30 mg/kg/day
were used. Dose related edema, redness, bruising, scab formation, swelling,
s8.c. hemorrhage and hematoma were seen in treated animals. Increased kidney,
liver, and spleen weights were seen at 30 mg/kg/day and these increases were
still present at the end of 4 weeks of recovery period. Increased spleen
weights were also seen in 10 mg/kg/day dogse group. At 3 mg/kg/day only
hemorrhage was observed at the injection sites, therefore, this dose level can
be considered a no effect dose in this study.

In the 26-week i.v. toxicity study in monkeys, doses of 5, 10 and 20 mg/kg/day

were used. Mortality was seen at 20 mg/kg/day. Swelling at the injection
sites were seen in all treated animals. Mid and high dose levels produced
vomiting. No target organ of toxicity was identified in this study. The no

effect dose was 5 mg/kg/day in this study.

In Segment I fertility and general reproductive performance atudy in rats, s.c
doses of 0, 3, 10, and 20 mg/kg/day were used. There were no abrormal effects
on the fertility and mating performance of the treated male and female rats at
dogses up to and including 20 mg/kg/day (16.6 times the proposed clinical dose)
of enoxaparin.

In the first Segment II teratology study in rats, s.c. doses of 0, 3, 10 and
30 mg/kg/day were used. Pregnant rats were treated from day 6 through 15 of
gestation. No teratogenic effects at dosage upto 30 mg/kg/day (25 times the
proposed ¢linical dose) was observed.

In the second Segment II teratology study in rats, i.v. doses of 0, 10, 40 and
160 mg/kg/day were used. Pregnant rats were treated from day 6 through 15 of
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gestation. No teratogenic effects at dosage upto 160 mg/kg/day was observed.

In the first Segment II teratology study in rabbits, s.c. doses of 0, 3, 10
and 30 mg/kg/day were used. Pregnant rabbits were treated from day 6 through
18 of gestation. All pregnant rabbits were sacrificed on day 29 of gestation.
Visceral and skeletal examinations were conducted in all fetuses. No
teratogenic effects at dosage upto 30 mg/kg/day (25 times the proposed
clinical dose) was observed.

In the second Segment II teratology study in rabbits, i.v. doses of 0, 10, 4C
and 160 mg/kg/day were used. Pregnant rabbits were treated from day 6 through
18 of gestation. All pregnant rabbits were sacrificed on day 29 of gestation.
All pregnant rabbits were sacrificed on day 29 of gestation. Visceral and
skeletal examinations were conducted in all fetuseas. No teratogenic effects
at dosage upto 160 mg/kg/day was observed.

In Segment III prenatal and postnatal study, pregnant rats were given s.c.
doses of O, 3, 10, and 20 mg/kg from day 15 of gestation to day 21 after
parturition. No adverse effect were seen in rats following s.c.
administration of up to 20 mg/kg/day of enoxaparin during perinatal and
postnatal period except the body weight gains of the F, pups during lactation

period were retarded in dose dependent manner but the results were

statistically significant only at high dose. In high dose group tooth
eruption and eye opening were also delayed.

No mutagenic potential was demonstrated when enoxaparin was tested in 4
different tests: Ames test, mouse lymphoma cell forward mutation test,
chromosomal aberraticn tests in cultured human lympnocytes (in vitro) and
rat’s bone marrow (in vivo).

In the special toxicity studies, the s.c. route was tolerated well without any
local reaction in dogs, while intra-arterial, intramuscular, intravenous, and
paravenous injections of enoxaparin produced hematomas and inflammatory
infiltrates at the injection sites. Furthermore, local hematomas and
inflammatory reactions were also seen after multiple s.c. injections of the
drug to rabbits and dogs. Enoxaparin produced no sensitization in guinea
pigs. In vitro, Enoxaparin at concentrations up to 100 mg/ml did not cause
hemolysis in human blood.

In humans the proposed route of administration is subcutaneous. Sponsor has
adequately characterized enoxaparin and conducted sufficient preclinical s.c.
toxicity studies in different species. A subcutaneous dose of 3.0 mg/kg/day
of enoxaparin can be considered as no effect dose in rats (1l3-week), dogs (13-
week) and monkeys (26-week), since the drug only produced hemorrhage at the
injection sites in rats and monkeys and only dermal thickening for less than a
week in dogs. 1In addition to extramedullary hemopoiesis in spleen and liver,
increased white pulp in the spleen and increased megakaryocytes in bone marvow
were seen in treated rats. These effects are consequences of anti-coagulant
activity of enoxaparin (exaggerated pharmacological effects). In rats, liver
(increased cholesterol levels), Acinar cell of exocrine pancreas (atrophy) and
kidneys (nephrosis) are the target organs of toxicity. In dogs, parathyroid
(hyperplasia, cell unspecified) is the target organ of toxicity. No target
organ of toxicity was identified in monkeys. Thus from a preclinical
standpoint the application is approvable.

The label is according to 21 CFR, 201.50 Subpart B (April 1, 1991), however,
it needs minor changes in the text as outlined in the review portion.
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RECOMMENDATIONS:

From a preclinical standpoint the application is apprévable.

be asked to change the labeling as outlined in the review portion.

co:
Orig. NDA

_HFD-180

—HFD=181/CSO
HFD=-180/Dr. Ahmad
HFD-180/Dr. Choudarxy
HFD-180/Dr. Fredd
HFD-345/Dr. James
HFD-502/Dr. Weissinger
TA/10/24/91/w2082¢c
c:1\wpS1\pharm\n\20164201.0ta

Lass sy 2]2i/ 90

Tanveer Ahmad, Ph.D.
Pharmacologist, HFD-180

Copay

Sponsor should
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PHARNACOLOGY/TOXICOLOGY REVIEW HFD-180

NDA # 20-164 DRUG NAME: ENOXAPARIN
IND # OTHER NAMES:_PK 103169

INDICATIONS: _Preventjon of DVIT
SPONSOR: Rhone-pPoulene Rorer Pharma. Inc. STEREOISOMER? yes __ no _Xx

tap—

Fort Washington, PA DELIVERY SYSTEM? yes__ no_x
Toxicology Studies Included in this Review

Single Dose
intravenous
B8.C.

- B

|

Monkey  Rabbit

Repeat Dose
13-week, s.cC.
13-week, i.v.
26-waek, s.cC.
26-week, i.v.
é6-month, s.c.

il

LI
L}

[T

Carcinogenicity
Reproductive Tox
Segment I (s.cC.)
Segment II

(i.v. & @.c.)
Segment IIIXI (s.c.)
Dermal Toxicity
Ocular Toxicity
Genotoxicity

. Ames Test 2. Mougse Lymphoma Cel) Forward Mutation test

3. Chromosomal Aberratjon test in Humapn Lymphocvtes

4 Chromosoma) Aberratjon test in Rat‘s Bone Marrow cells
Pharmacology Studies Included in this Review:

m sl_ggg Rig Monkey Human

Pharmacokinetics
Pharmacologic Effects mma: Ba.bb.i& Dog Monkey Sheep in vivo
1. Anti-thrombotic x

2. Anti-coaqulant
3. PFibrinolytic

LT b E

[k b
I
1]
'K

E

X

X X
X x
X

LI ]

Conclusions

1. 1IND: No objection Objection

NDA: No objection __x Objection

2. Tumorigen? yes__ no___ Neurotoxic? yes__ no_x Immunotoxic? yes___no__

3. Put an asterisk by the studies that were conducted using the final

formulation!
4. 1Inactive ingredient or metabolite concerns? Neone

Reviewer__Tanveer Ahmad, Ph.D, Date 2/21/91

et e
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PHARMACOLOGIST’S REVIEW OF NDA 20-164
(Amendments dated June 19, 1992)

Reviewer: Tanveer Ahmad, Ph.D.
Pharmacologist, HFD-~180

Sponsor & Address: Rhone-Poulene Rorer Pharmaceuticals Inc.
Fort Washington, PA 19034

Drug: Enoxaparin (injection)/ RP 54563/ PK 10169 (low M.W.
heparin)

category: Antithrombotic agent
Pate of Review: 9/29/90
Date of HFD-180 Receipt: 6/22/92

Submigsion Contents: Safety test, pyrogen test, and depressor
substance test for enoxaparin. .

All the above mentioned tests were conducted at Institute of
Biopharmacy, Rhone-Poulence Rorer, Antony, France.

gafety Test
Methods: Test was performed according to USP procedures.
Results:

The test results indicated that the drug is safe.

Methodsg: Test was performed according to USP procedures.

Results: The drug is not a pyrogen.

[}

Depressor Substance Test -
Methods: Test was performed according to USP procedures.

Results: The drug was less hypotensive than histamine i.e
histamine (0.1 mcg base/kg) produced a mean drop of blood
pressure by 39 mmHg, while the test drug (50 mg/ml/Kkg) produced a
mean drop of 15 mmHg. The test result was in compliance with the
code of federal regulations.

SUMMARY AND EVALUATIONS:

In this submission sponsor reported the results of safety test,
pyrogen test, and depressor substance test for enoxaparin.
Enoxaparin is safe, non-pyrogen and less hypotensive than
histamine.
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RECOMMENDATION: None.

'

o g it N fﬂﬁliyq"
Tanveer Ahmad, Ph.D.
Pharmacologist, HFD-180
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orig NDA C
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< RFD-TE0/Dr. ANEa‘ /0 / ~7 / P2

HFD-180/Dr. Sieczkowski S
HFD-180/Dr. Choudary

HFD-180/Dr. Fredd

N\20164209.0TA
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1.

3.

4.

6.

7.

8.

l10.

11.

12.

13.

14.

DIVISION OF GASTROINTESTINAL AND COAGULATION DRUG PRODUCTS
Chemistry Review # i

DMF4 R~ A g
Date Completed: 7 April 1992

Type of Submission: Type I and Type II (Originals)
Center's Therapeutic Classification: N/A

Status of Application: Active

Name of Sponsor/Applicant: Valori S

Addresses:
Rhone~Poulenc Rorer Pharma. Inc
Attention: Margaret §. Masters
500 Virginia Drive
Fort Washington, PA 19034
(215) 628-6000
Product Names:

(a) Proprietary: N/A
(b) Established: Heparin sodium
USAN: Heparin sodiunm
USP: Heparin sodium

(c) Code Name and Number: N/A
(d) CAS 9041-08-1

Dosage Form(s), Strength/Potency, and Route of
Administration: N/A

Proposed Marketing Status:
Commercial raw starting material for enoxaparin (drug
substance) .

Pharmacological Category and Indication(s):
anticoagulant

Structural Formula, Chemical Name, Empirical Formula,

Molecular Weight:
See "The Merck Index," Fleventh Edition, "4571 - Heparin."

Structural Formulas of Related Compounds:
Enoxaparin, low molecular weight heparins.

Document Date(s): December 23, 1991
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15. CDB Date: December 26, 1991
16. Division Date: N/A
17. Assigned Date: N/A

18. Supperting Documents: None
19. Related Documents: None

20. Remarks:
Heparin sodium (Porcine intestinal mucosa) is the raw
starting material for a particular low molecular weight
heparin (enr-aparin). which is manufactured by Rhone-Poulenc
Rorer Pharma.suticals, Inc. (also the U.S. Agent for DMF
9472 - Heparin sodium/Valori 5). Heparin sodium is the
sodium salt of a heterogeneous mixture of sulfated .
polysaccharide chains composed of repeating units of D-
glucosamine and either L-iduronic or D-glucuronic acids and
which polysaccharides chains vary in molecular weight
between 6,000-30,000 daltons. Heparin in the U.S. is
isolated from beef lung or porcine intestinal mucosa,
however outside the U.S., other sources of heparin are used
such as beef intestinal mucosa, sheep intestinal mucosa or
sheep lung. The animal source of heparin for this DMF is
specified as porcine intestinal mucosa.

21. Conclusion and Recommendations (Include Consulting Review
Status)
I recommend additional information be requested by letter
from the DMF holder. See attached letter.

22. ;4 . 5:5}4/ ﬁ;_
sephi Sieczkowski, Ph.D. <., .0,
Chemist, HFD-180
23. wl;;::§;t:i?:; Hﬁ}th_w;:;/#j?ﬂ‘

John J. Gibbs, Ph.D.
Supervisory Chemist, HFD-180C
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24. Review Notes:

(a) Drug Substance:

1. Description, Including Physical and Chemical
Characteristics and Stability:
A natural source material for heparin is porcine
intestinal mucosa. Heparin is a biosynthesized
molecule which is stored in the mast cells of
various animal tissues from which it can be
isolated by proteolysis (ir this case protease
A,). The sulfated mucopolysaccharides (Heparin)
can be reproducibly isolated acccrding to the
tissue, animal species, method of extraction and
purification. The resultant heparin is never a
crystalline powder and is never a singly defined
chemical molecule. Since the heterogeneity of
heparin prevents structure elucidation as for a
similarly synthesized molecule, heparin
manufacturers have not elucidated the structure of
the heparin manufactured but tested it for its
biological activity through "Anti-Factor Xa
activity" and "Assay" (sheep plasma coagulation)
testing. The USP XXII Heparin Sodium monograph
provides a short descriptive paragraph concerning
the nature of heparin sodium and its biological
activity. The commonly used methods, for
degrading the animal tissue and for isolation,
have not been known to degrade heparin. Future
changes to the USP Heparin Sodium monograph may
require that other specifications be met (i.e.,
molecular weight range, Anti-Xa/Anti-II ratio),
however this is not the present situation and the
best means of characterizing the isolated heparin
is through its biological activity (Anti-Factor Xa
activity and assay).

No structure proof for heparin is required at this
time cdue to the nature of heparin and the fact
that consistent manufacturing processes have been
worked out to isolate heparin, in spite of its
heterogeneous nature, on the basis of its
biological activity.
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H - DESCRIPTION OF HEPARIN SODIUM
») Chemical and hiolopical informat)

Heparin sodium is the sodium salt of forms of a sulfated glycosaminoglycan of mixed
mucopolysacchaside nature varying in molecular weights. The VALORI 5 Heparin So-

dium is exclusively obtained from porcine intestingl mucosa.

Heparin sodium has the characteristic property of delaying the clotting of freshly shed
blood.

b) CAS registry number
9041 -08- 1
<) Physical chamcteristics
A white or almost white, odorless or aimost odorless, moderately bygroscopic powder.
Solubility and pH :
- Onpe gram dissolves in 20 ml water.
- A 1% solution has a pHof 5.0t0 7.5

d) Stability

The Heparin sodium, USP monograph does not specify any particular conditions except forthe
prescrvation in ight containers. Nevertheless, in orderto conform with GMP, a stability testing
program shall be initiated with re-analysis of three batches which have been stored for 1,2 and
3 years respectively. Furthermore, one batch per year shall be stored at room temperature for
up 10 5 years and examined each year during this period using current USP procedures.

nsiderations are commented on

further in this review under 2. Stability."
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2. Manufacturer(s):
A - ADMINISTRATIVE DATA
2 - Addresses
* DMF holder / administrative addres.

VALORI 5
Z ] de GOURHEL

56 800 PLOERMEL
FRANCE

« Manufacturiag Facility

» Contact for FDA correspondence
Official U.S. Agent

Mrs MARGARET MASTERS
Associate Director, Regulatory Control
RHONE POULENC RORER INC.

500 Visginia Dr
FORT WASHINGTON, PA 19034

b) Drug Essablishment Registrati

as a foreign manufacturer, has no registration number in the U.S.A.

DMF information is on the following pages:

. Administrative Data (page 4).

B. Statement of commitment (page £).

c. Location and Description of Equipment
(rage 6-12).

D. Organization and personnel (pages 13-14).

Type I,

3., Method(s) of Manufacture:

I. Manufacture of Heparin Sodium (pages 25-46) .




1)

2)

Extraction Workshop on
page 10 of DMF.

Purification workshop on
page 11 of DMF.

DMF
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b) Manufacturing procedure

Introduction

e ey L S
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COMMENT:

1.

2.

3.

should provide:
The detailed method of

The method of tracking or identifying

DMF
Page 10

The written procedures for recycling of batches which do not
comply with the standards given in the specifications
(statement on page 19 and specifications on page 47).

4,

Process Controls:
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I. (Page 30).

¢ - Control of raw matcrials
1- List of raw materials

11. Identification/receipt testing methods for
materials (page 31-33).
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III. (Page 34).

-2 { quatity i
has obtained assurances or statements of quality frons suppliers with respect to
the following raw materials delivered.

Raw matrial Supplicr

(Pages 35-44).

L Reliability of " A heough quality zontrol

At least once a year, raw materials are checked by the quality control laboratory of the
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COMMENT:
Adequate in-proces
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(Pages 45-46) /USP method Ja) (page 47).

s controls.
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5. Specifications and Analytical Methods:
(Section J)
"a) Specifications and test methods for
acceptance and release" (pages 47-50).

Page 47 Current USP Specifications
NOTES:

1. ‘' Anti~Pactor Xa activity
standard is not available
and the test was not
performed,

2. Dermatan sulfate content
is an additional internal

specification.
Page 48-49% "“USP Monograph of Heparin
Sodium."
Page 50 Letter of commitment by ’

to analyze heparin socdium prior
to release according to USP
requirements.
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Page 51

~
(el RHONE-POULENC RORE
HOMDY PACOUIT REPARIN SODIUM USP

1 {Source & Porcine intestinal Mucosa)
! an *
! ADRBEE .
Agpeu
wogaont =
M 'ANALY: LOT NS
L LOTH® 91 204 62
s Lo R
i
:
|
i
¥
i
i WL Crfe DU MEAVIEE AniivTOLE
? e or it iaGpae e Decembar, 19,1991, GE, . ""‘ n ’

COMMENT:

Because heparin sodium manufacture is for the purpose of
producing an acceptable raw starting material for the manufacture
of enoxaparin (a new drug substance), it will be recommended that
the "Dermatan sulfate®™ and "Anti-Factor Xa" specifications be
adopted as part of the finished heparin sodium specifications
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(page 47). In this situation, heparin sodium as a raw starting
material, Anti-Factor Xa testing may be conducted with
international standards. The specification test results should
be reported on the heparin sodium "Certificate of Analysis" (page
51).

Some evidence of the specialty of . Heparin sodium:
(Page 20)
Label tied to the bag

Envol de Bhfasiee Lachgur Lo Lore Sferiske  Laonefhaniac..

ol £ 20

wa;

T—iz_- i d ££.Q§2

.4

Remis le ,zf//n,/m

label
stuck on the drum
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6. Container-Closure System: (page 29}
A. See under "Chemical Purification" above which
is to put Heparin sodium in double
polyethylene sacks and gseal.

B. (Page 19)
Packaging
Heparin Sodium USP is packed in quantities, ie. around 20 kg, in two plastic bags
whichmplwedinﬁbliﬂeplmicdmm.'l‘hedmmsmd bags comply with the
French legislation regarding public bealth and safety.

mbmmclmawithmmbmdscomdwnhywﬁc.ndthedmmmnﬂed
before dispatch.

COMMENT :

1, Please provide a more detailed description of the bulk
packaging and identify the bulk packaging suppliers.

2. Please provide the

7. Microbiology:

COMMENT :
Heparin Sodium conforms to the USP Pyrogen testing

as provided under the USP Heparin Sodium monograph and the USP
pyrogen specification is adequate for heparin sodium.

8. Stability:
COMMENT':
No stability data was provided. The heparin sodium produced
under this DMF is as a raw material for Rhone-Poulenc Rorer in
the manufacture of enoxaparin and therefore the stability of the
heparin sodium is of some concern.
Therefore, we should request of

1. Storage conditions for heparin sodium prior to shipment.

2. Specification testing of heparin sodium just prior to
shipment.
3. Submission, if available, of short term stability data on
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heparin sodium Lots under the storage conditions at

If no stability data is available, please submit a
stability protocol for testing future heparin sodium
production Lots.

(b) Drug Product:
N/A

(c) Investigational Formulations: N/A
(d) Environmental Assessment: (pages 52-56)
Page 52 certifies that the DMF conforms
to French current regulations concerning

environment protection and notes that two
documents are appended.

Page 53 "Document No. 1% in French.

Page 54 ‘"Document No. 1" (English translation)
from the Regional Department of Industry,
Research and Environment of Brittany.

Page 55 "Document No. 2" in French.

Page 56 “Document No. 2" (English translation)

from the Department Office of Health and
Social Sciences.

COMMENT':
Both documents appear to be satisfactory to meet the
environmental assessment requirements. Phillip G. Vincent,
Ph.D., Environmental Assessment Officer, CDER, HFD-102 was
consulted on the adequacy of the two documents for a E.A.
(e) Methods Validation: N/A
(f) Labeling: (Page 19-20.)

COMMENT:
Adequate labeling.

(g) Other Contractors, Fabricators: None
(h) Establishment Inspection:

COMMENT:
The inspection of the facility is to be conducted in
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unction with the Rhone-Poulenc Rorer (RPR) facility prior to

conj
f RPR's NDA for Eroxaparin Injection.

the approval o
25. Samples and FDA Laboratory Results: N/A

26. Summary:
See #27, Draft of Reviewer's Part: Letter to the Drug Master

File Holder.

Draft of Reviewer's Part; letter to Master File Holder:

27.
See attached draft letter to

cc:
DMF 9472

DIVISION FILE FOR 20-164
HFD-180

HFD-181/CSO

HFD-180/Fre id
HFD~82/Lipov
HFD-180/J8ieczkowski/

R/D init JGibbs/4-7-92
dob/DRAFT 4-28-92/F/T $-1-92/wp/chem/d/09472204.1J8




DIVISION OF GASTROINTESTINAL AND COAGULATION DRUG PRODUCTS
Chemistry Review # 1

MAY 12 l9g

1. NDA 20-164

2. Date Completed: March 31, 1992

3. Type of Submission: original (RS)

4. Center's Therapeutic classification: 1-P
§. Status of Application: Active

6. Name of Sponsor/Applicant: Rhone-Poulenc Rorer
Pharmaceuticals Incorporated

7. Addresses: $00 Arcola Road
‘ P.O. Box 1200 -
Collegeville, PA 19426-0107

8. Product Names:

(a) Proprietary: (to be established)
(b) Established: Enoxaparin Injection
USAN: Enoxapazin
usp: -

(c) Code Name and Number: RP54563, PK10169
(d) Other Registered Names: Clexan, Clexane, Lovenox

9. Dosage Form(s), strength/Potency, and Route of
Administration: Injection; 100 mg/mL, 30 mg and 40 mg
prefilled syringes; subcutaneous injecticn

10. Proposed Marketing Status: RxX.

11. Pharmacological Category and Indication(s):
Prevention of deep vein thrombosis.

12. Structural Formula, Chemical Name, Empirical Formula,
Molecular Weight:

Na0OC coon Chy-OR
6"0 0 o]
‘ AN m')qt) WA

0

st i T - et R T S b



13.

14.
18.
16.
17.

18.

190

20.

NDA 20-~164
Page 2

Structural Formulas of Related Compounds:
RD Heparin, Fragmin (Both LMW Heparins)

Documen® Date(s): December 30, 1991
CDB Date: -

Division Date: January 3, 1992
Assigned Date: January 9, 1992

Supporting Documents:
DMF

DMF

IND 31,532

RelateAd Nanrmments: s
IND I
IND 1
IND |
IND %
IND i

Remarks:
I. Dutstanding Consults and Requests:

A. Stability consult to HFD-715 for a statistical
evaluation of drug product stability data.

B. Microbiology consult to HFD-160 for a microbiological
evaluation of the drug product sterile fill into

Hypak syringes.

C. EER Memo to DMPQ (HFN-320) for the evaluation of the
manufacturing facilities.

D. Environmental Assessment (E.A.) to the E.A. Officer
Phil Vincent, Ph.D. (HFD-102).

II. Uncompleted reviews:

A. DMF

B. DMF
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2]l. Conclusion and Recommendations (Include Consulting Review
Status) -
The chemistry, manufacturing, controls and stability for the
drug substance and drug product have not been adequately
established. The application should not be approved and the
applicant notified of this by letter.

22. VR L L .
Beph” Sieczkowski, Ph.D. <,2.52_
eview Chemist, HFD-180

ST IR_UA 5772794

“Fomr J. Gibbs, Ph.D.
Supervisory Chemist, HFD-180

23.
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- DIVISION OF GASTROINTESTINAL AND COAGULATION DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NRA__#20-164 CHEM REVIEW $2 | REVIEW DATE: 1 JUL 92

SUBMISESION TYPE DOCUMENT DATE CDER DATE ABSSIGNED DATE
AMENDMENTS : [AZ] 26 MAR 1992 31 MAR 1992 02 APR 1992

[(ac] 19 JUN 1992 22 JUN 1992 24 JUN 1992
NAME & ADDRESS OF APPLICANT : Rhone-Poulenc Rorer

$00 Arcola Road, P.O. Box 1200
Collegeville, PA 19426-0107

DRUG PRODUCT NAME
Proprietary: None
: enoxaparin injection

Nonproprietary/USAN:
Code Name/#: RP54563, PK10169
Chen.Type/Ther.Class: 1-P

ANDA Suitability Petition/DESI/Patent Status: N/A

Prevention of deep vein thrombosis

DOSAGE FORM: Injection

STRENGTH: 100 mg/mL, 30 mg in a prefilled syringe
ROUTE OF ADMINISTRATION: subcutaneous injection
HOW DISPENGED: _X Rx ___OTC

H - AL NAME, STRUCTURA
See Chemistry Review #1

SUPPORTING DOCUMENTS: None

RELATED DOCUMENTS (if applicable}: None

CONSUI I8

Microkiology: Caroi Vincent, Microbiologist, HFD-160
consult request date: 24 JUN 1992

Pharmacology: Dr. Tanveer Ahmad, Pharmacologist, HFD-180
Cconsult request date: 24 JUN 1992

The two consult reviews are in progress; neither consult request
has been completed.
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REMARKS/COMMENTE ¢
As noted in the cover letter to the March 26, 1992 amendment,
Rhone~Poulenc Rorer is responding by Amendment to:
a) the HFD-180 letter of February 24, 1992,
b) a telephone information request by the CSO, Bronwyn
Collier, for the chemist Dr. Joseph Sieczkowski, and
c) a request, for English language translations of the
approved package inserts used in France and Germany, by
Dr. Stephen B.Fredd. Division Director of HFD-180.

However, the response to the letter of February 24, 1992 in the
March 26, 1992 amendment was partial and the completed response
to the letter was received in the amendment of June 19, 1992.

The information from both amendments was handled in the following
manner:

A. The amendment of March 26, 1992 (Appendix II) and the
amendment of June 19, 1992 were consulted to the
HFD-180 pharmacologist, Dr. Tanveer Ahmad, and to the
microbiolugist, Carol Vincent, Microbiologist, HFD-160.

B. The information from the March 26, 1992 amendment
(Appendix I and IIJ) was received by this reviewer and
it appears adequate. The information provided in
Appendix I and III was requested from Rhone~Poulenc
Rorer as an additional help to the review process
rather than a deficiency in the application.

c. The information from the March 26, 1992 amendment
(Appendix IV) was distributed to Dr. S. Fredd. The
information provided in Appendix IV concerning the
English language translation of the French and German
package inserts was requested by Dr. Fredd at the .
meeting on November 13, 1991 to discuss the NDA Refusal
to File letter with Rhone-Poulenc Rorer.

CONCLUSIONS & RECOMMENDATIONS:

There are no issues concerning chemistry with respect to
Rhone-Poulenc Rorer's amendments, AZ (March 26, 1992) and AC
(June 19, 1992). Information from both amendments were sent for
consult reviews to the microbiclogist (HFD-160) and
pharmacologist (HFD-180), and any deficiencies noted in the
consult reviews will be sent to Rhone~-Poulenc Rorer. No other
issues are noted and no letters issued with respect to the
information submitted in these amendments.
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AR A,
JosSeph ieczkowﬁi, Ph.D. _,7-27% 3
view Chemist, HFD-180

Jehw’ J. Gibbs, Ph.D.
Supervisory Chemist, HFD-180

.

cCe

v NDA 20-164

~ HFD-180/8Predd
HFD~82/Lipov

,;gfﬂfb=130/n vision File
~ ® HFD~181/CS0 —
HFD~180/JG1iEbs
HFD~102/CKumkumian [#1 only]
v HFD~180/JSieczkowski

R/D Init by: JGibbs/7-2-92 filename: Wp chem/N\20164207.2J8
dob/DRAFT 7-16-92/F/T 7-23-92

BB S kP4 sl o e | e s
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DIVISION OF GASTROINTESTINAL AND COAGOLATION DRUG PRODUCTS

‘/‘;
t_c"/x_/

Review of Chemistry, Manufacturing, and Controls o 445@//
DMF_9472 CHEM REVIEW #2 REVIEW DATE: 6 JAN 1993 JAN | 4 1993
SUBMIGBION TYPE DATES

DOCUMENT  CDER REVIEW LETIER
ORIGINAL 23 DEC 91 26 DEC 91 4 MAY 92 4 May 92
AMENDMENT 20 JUL 92 24 JUL 92 Rev. #2 None

Holder:

(Representative): US Agent

Rhone~Poulenc Rorer Pharma. Inc.
Attention: Margaret S. Masters

500 Virginia Drive

Fort Washington, Pennsylvania - 19034
(215) 628-6000

PRODUCT NAME
Proprietary: N/A
Nonproprietarv/USAN: Heparin Sodium
gode Name/#: N/A

Chen.Type/Ther.Class: Derived from a natural product,

porcine intestinal mucosa

PHARMACOLOGICAL CATEGORY Anticoagulant
INDICATIONS N/A
DOBAGE FORM: N/A
STRENGTH; N/A

NBOR FOR _WR1GH
NDA 20-164
CONTACT PERSON AT APPLICANT: Judith R. Plon of
Rhone-~-Poulenc Rorer Inc.
DATE OF LETTER OF AUTHORIZATION: 18 December 1991

; a0 4 IS4 .,\!i_x.!; = 3 X ASY «A® v J L8 B8 ; ;!l' Ty _Y
See "The Merck Index", Eleventh Edition, "4571 Heparin®.
SUPPORTING DOCUMENTE: None

RELATED DOCUMENTS (if applicable): None
CONSULTB: None
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MMENTS:
The DMF updated replacement pages, which were the result of
responding to the information request questions in the letter of

May 4, 1992, are the fcllowing:

CONCLUSIONS & RECOMMENDATIONSSC
) nas responded satisfactorily to the information request

letter of May 4, 19%2. No other issues are pending.
should be allowed as a supplier of bulk heparin sodium to
Rhone-Poulenc Rorer Inc. for the manufacture of enoxaparin.

L-/p-g'é Q;;f:’_k P
(Joseph Siec owski, Ph.D.p"

Review Chemist, HFD-180

114/ %3

; “~John J. Gibbs, Ph.D.
’ Supervisory Chemist, HFD-180

: . eces
S5 DMF 9472
HFD-180/Division File/NDA 20-164

R/D Init by:JGibbs/1-12-93 filename: Wp c:\chem\D\09472301.2JS
dob DRAFT 1-12-93/ F/T 1-14-93




ke W LU el e T R T e e o

~ N
N

FE

DIVISION OF GASTROINTESTINAL AND COAGULATION DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

2

NDA 20-164 CHEM.REVIEW #3 REVIEW DATE: 11 Jan 1993

SUBMISSION TYPE  DOCUMENT DATE CDER DATE ASSIGNED DATE

AMENDMENT ([AZ) 26 MAR 1992 31 MAR 1992 2 APR 1992
[AC] 19 JUN 1992 22 JUN 1992 24 JUN 1992
{(BC] = 29 JUN 1992 30 JUN 1992 6 JUL 1992
{BC] 11 AUG 1992 13 AUG 1992 18 AUG 1992
[BC) 17 DEC 1992 18 DEC 1992 22 DEC 1992
[BC) 24 DEC 1992 29 DEC 1992 30 DEC 1992
[(AI] 13 AUG 1992 19 AUG 1992 -
[BL] 8 DEC 1992 10 DEC 1992 -

ADDENDUM [AZ) 8 JAN 1993 11 JAN 1993 13 JAN 1993

EBHl_E_BDDBHEE_QI_LEBLIQBHIivV ~ “"Rhone-Poulenc Rorer

500 Arcola Road, P.O. Box 1200
Collegeville, PA 19426-0107

DRUG PRODUCT NAME .
Proprietary: Lovenox Injection
Nonproprietary/USAN: enoxaparin injection
Code Nanme/#: RP54563, PK1016¢9
Chem.Type/Ther.Class: 1-P
N/A
Prevention of deep vein thrombosis.
DOBAGE FORM: Injection
STRENGTHS: 100 mg/mL, 30 mg in a prefilled syringe
ROUTE OF ADMINISTRATIONS subcutaneous injection

HE A) {E., STRUCTURAI
See Chemistry Review #1.

N c NTS8:

DMF
DMF

RELATED DOCUMENTS (if applicable): None

4 1993



e A

e Rt kb e 0

NDA 20-164
Page 2

CONSULTS8 S
MICROBIOLOGY: Carol Vincent, Microbiologist, HFD-160.

CONSULT REQUEST DATE: 24 JUN 1992

PHARMACOLOGY: Dr. Tanveer Ahmad, Pharmacologist, HFD-180.

1)

2)

CONSULT REQUEST DATE: 24 JUN 1992

The amendment of March 26, 1992 (Appendix II) and
the amendment of June 19, 1992, were consulted to
the HFD-180 pharmacologist, Dr. Tanveer Ahmad, and

to the HFD-160 microbiologist, Carol Vincent.

Pharmacologist's Review of NDA 20-164.
REVIEW DATE: 29 SEP 1990
(The year should be 1992)

. _. .8TAMP DATE: .. 7 OCT 1992

Microbiologist's Review of NDA 20-164.
Micro. Rev. #2: REVIEW DATE: 6 JAN 1993
Micro. Rev. #3: REVIEW DATE: 7 JAN 1993

R .

The AZ (March 26, 1992), and AC (June 19, 1992), amendments
were consulted to pharmacology (HFD-180) for a
recommendation concerning the adequacy or inadequacy of the
safety test, the pyrogen test, and the depressor substance
test for enoxaparin. The information was reviewed and no
recommendations were made. Therefore these tests will
remain for enoxaparin in the NDA.

The AZ (March 26, 1992), and AC (June 19, 1992), amendments
were consulted to microbiology (HFD-160) for a review
concerning enoxaparin injection sterility testing, pyrogen
testing, and validation information for sterility assurance
of thLe fill manufacturing process

The microbiologist's review determined that the
nicrobiological tests (drug substance pyrogen test and
microbial limit; drug product pyrogen, and sterility)
performed in the NDA were acceptable. The application
remained not recommended for approval on the basis oi
microbiological quality and sterility assurance.
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Pending Items: Microbiologist's review concludes, "Recommend not
approval for sterility assurance."

NOTE: Items I) and 2) above complete Chemistry
Review #2 (Review date: July 1, 1992). No
chemistry issues are pending for the two
amendments under Chemistry Review #2,

AZ/March 26, 1992, and AC/June 19, 199%2.

3) BC/June 29, 1992 - Deficiencies in this amendment were
conveyed to Rhone-Poulenc Rorer by the €SO (Memo by Kati
Johnson, December 23, 1992). Responses to the deficiencies
were received in the BC amendment of December 24, 1992. The
additional comments on this Amendment (BC/June 29, 1992) are
in the form of recommendations to and requests for
commitments from Rhone-Poulenc Rorer. =

Pending Items: Recommendations and Requests

4) BC/August 11, 1993 - This amendment contains the corrected
versions of Appendices XIV, XV, and XVI which are a part of
the June 29, 1992, Amendment. The revised appendices are:

a. Appendix XIV/Engineering Drawing of Complete Syringe
System. .

b. Appendix XV/Statistical Evaluation of Enoxaparin
Stability Data for the Anti-Xa and Anti-coagulant

Activity.

c. Appendix XVI/Anti-ITIa Activity Statistical Analysis
(Bicavailability parameters).

Review Comments:

a. Appendix XIV was found satisfactory in this review
(Chemistry Review #3).

b. Appendix XV was sent for a statisticel review to
Biometrics (HFD-715).

Status (Appendix XV):

See the Statistical Review and Evaluation of the enoxaparin
injection stability data submitted in the August 11, and December
17, 1992, amendments by Daphne Lin, Ph.D. dated January 4, 1993.
See chemist's comments in this review under Item 13.f)

(BC/12~17-92).

C. The Appendix XVI information is in response to a
Biopharmaceuties request.
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Pending Items: None (as concerns chenistry).

5) BC/December 17, 1992 -~ This amendment completes the
responses to the May 6, 1992 Agency letter which was
jnitially responded to by the June 29, 1992 amendment. The
following was provided in this amendment (December 17, 1992)
as modified by the June 1, 1992, telephone conference
(Dr. Gibbs and Rhone-Poulenc Rorer):

a. Additional information in response to request #8 of the
June 29, 1992 letter.

b. Additional information in response to request #11(c) of
the June 29, 1992, letter.

c. Additional information in response to request #13,
(a) through *(g);, of the June 29, 1992, letter.

(Request #13): . .
See the Statistical Review and Evaluation of the enoxaparin
injection*stability data submitted in the August 11, and December
17, 1992, amendments by Daphne Lin, Ph.D., dated January 4, 1993,

Pending Items: Recommendation and Requests

6) BC/December 24, 1992 = This amendment was submitted in
response to the telephone conference of December 23, 1992
between Kati Johnson, CSO, HFD-180, and Judith Plon,
Director of Regulatory Affairs, Rhone~Poulenc Rorer
concerning Rhone~-Poulenc Rorer's deficient responses to
Items 3.D.(4), 3.D.(5), and 5.B. in the Agency letter of
May 6, 1992, to Rhone~-Poulenc Rorer.

Review comment:
a. Item 3.D. (4)/NOT ADEQUATE.
b. Item 3D.(5)/Future response; NOT ADEQUATE.

4 c. TItem 5.B./ADEQUATE.

Pending _Itens: Deficiencies for Items 3.D.(4) and 3.D.(5),
Item H.

7) AI/August 13, 1992 - This amendment was submitted in
response to the June 16, 1992, HFD-180, Information Request
Letter which conveyed questions concerning fill
l validation and other microbiological issues from the
microbioclogist's consult review, Microbiologist Review #1
(May 7, 1992), of the original NDA. Microbiologist's Review
#3 (January 7, 1993) of this amendment concludes, "Recommend

not approval for sterility assurance."

Pending Items: Attached to Microbiologist Review #3 is a "Draft
of Letter to Applicant" (pages 12 - 16 and
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pages 1 - 4) which contains all the microbiology
deficiencies.

8) BL/December 8, 1992 - This amendment was submitted in
response to the FDA Approvable Letter of November 20, 1992,
which requested FPL. This amendment was reviewed in this
chemistry amendment under F. Labeling. The CSO has reviewed
this amendment in the "Consumer Safety Officer Review" dated

December 16, 1992.

Pending Items: Recommendations, requests, and 21 CFR
requirements, Item H.

The chemistry, manufacturing, controls, and stability for the
drug substance and drug product have been adequately established.

Two chemistry issues remain-pending and a number of chemistry
recommendations and requests should be forwarded to Rhone~Poulenc

Rorer. With respect to microbiology; the application should not
be approved and the applicant notified of this by letter.

A AR

eph “SieczkeWski, Ph.D. st .4 /993
Review Chenist, HFD-lBO
(January 11, 1993)

T T A U 3493

‘SohH J. Gibbs, Ph.D.
Supervisory Chemist, HFD-~180

<C:

Orig. NDA 20~164

HFD-~180/Division File

HFD-181/CSO

HFD-180/JSieczkowski/1-11-93

R/D Init by:JGibbs/1-12-93 filename; WP: c:\chem\N\20164301.3JS
dob DRAFT 1-19-93/F/T 2-3-93

93
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DIVIBION OF GASTROINTESTINALI. AND COAGULATION DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NDA 20-144 CHEM.REVIEW #4 REVIEW DATE: 3 FEB 1993
SUBMISSION TYPE DOCUMENT DATE CDER _DATE ASSIGNED DATE
AMENDMENT ([AC] 29 JAN 1993 1 FEB 1993 2 FEB 1993
NAME & ADDRESS OF APPLICANT: Rhone~-Poulenc Rorer

500 Arcola Road, P.0O. Box 1200
Collegeville, PA 19426-0107

DRUG PRODUCT NAME .

Proprietary: Lovenox Injection

Nonpr: i SAN: enoxaparin injection

Code Name/#: RP54563, PK1016%

n class; 1-P
' N/A
PHARMACOL . CATEGORY/INDICATION: Prevention of deep vein
thrombosis
DOSAGE FORM: Injection
STRENGTHS: 100 mg/mL; 30 mg in a prefilled syringe
ROUTE OF ADMINISTRATION: subcutaneous injection
DISPENBED: 2 _ Rx orc
CHE ) TURAL FOF \, MOLECU
See Chemistry Review #1.
SUPPORTING DOCUMENTS:
DMF '
DMF
None .

CONBULTS:
Pharmacology (HFD-180): "Pharmacologist's Review of

NDA 20-164"; Stamp Date 7 Oct 1992,
No recommendations were made; no
information requests were made to
Rhone~Poulenc Rorer; no issues
pending.

Statistics (HFD-715): "Statistical Review and Evaluation"
of enoxaparin injection stability
data; Review Date 4 Jan 1993.
Recommends two year expiry dating
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for the 20 mg and 40 mg prefilled
syringes; no issues pending.

Microbiology (HFD-160): wMicrobiologist's Review #3"
(7 January 1993) of . £ill -
validation and other
microbiological issues (AIX
amendment of 13 August 1992)
concluded: "Recommend not approval
for sterility assurance." Issues
conveyed to Rhone-Poulenc Rorer in
the Information Request letter of
15 January 1993. Response to that
- letter received in this Amendment
T e and Consulted to the microbiologist
for review.

REMARKS/COMMENTS
1. With respect to chemistry, there are no remaining issues.

2. With respect to microbiology, the consult review of their
amendment, AC/29-01-93, is pending.

3. A CGMP Facilities Update Reguest was submitted to Compliance
(2 February 1992). No response to date.

CONCLUSIONS & RECOMMENDATIONSS '

No chemistry issues remain pending and the application should be
approved with respect to chenmistry. Microbiology issues

i [Information Request #2, 15 January 1993 Agency letter]--are under
4 review. If the microbiologist's review finds the responses

” adequate, then the application should be approved with respect to
microbiology. With respect to Methods Validation, we should
request the assistance of Rhone~Poulenc Rorer in drug substance
and drug product methods validation.



Page 2

4( ¢ 'uhﬁéi
J%eph Sieczk%ski, Ph.D. .50

Review Chemist, HFD-180

<)
I

>[5

3. Gibbs, Ph.D.
Supervisory Chemist, HFD-180

et i e = 1 ..cc:.. . . ..

Orig. NDA 20-164

HFD-180/Division File

HFD-180/JSieczkowski

HFD-181/CS0O
"»: R/D Init by: JGibbs/2-3-93 filename: WP: c:\chem\N\20164302.4J8
fff dob/DRAFT 2-4-93/F/T 2-5-93
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ENVIRONMENTAL ASSESSMEN T ‘
AND
FINDING OF NO SIGNIFICANT IMPACT
FOR
Lovenox (enoxaparin)

Injection

NDA 20-164

FOOD AND DRUG ADMINISTRATION

"CENTER FOR DRUG EVALUATION AND RESEARCH



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-164
Lovenox (enoxaparin)

Injection

The Food and Drug Administration (FDA) recognizes the National
Environmental Policy Act of 1969 (NEPA) as the national charter
for protection, restoration, and enhancement of the environment.
NEPA establishes policy, sets goals (section 101), and provides
procedures (section 102) for carrying out the policy.

Environmental information is to be available to the public and
the decisionmaker before decisions are made about actions that
may significantly affect the quality of the human environment;
FDA actions a.2 to be supported by accurate scientific analyses;
and environmental documents are to concentrate on timely and
significant issues, not to amass needless detail,.

The Food and Drug Administration Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has conclufed that this action will not
have a significant effect on the guality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application, the Rhone-Poulenc Rorer
has conducted a number of environmental studies and prepared an
abbreviated environmental assessment (21 CFR 25.31a(b) (5)
(attached) which evaluates the potential environmental impacts of
the manutacture and use of the product. Enoxaparin is a
depolymerized heparin obtained by alkaline degradation of heparin
benzyl ester from porcine mucosa. Enoxaparin is indicated for
prevention of deep vein thrombosis, which may lead to pulmonary
embolism, following hip replacement surgery.

The drug substance and drug product is manufactured and packaged
in France. The firm has provided documentation from the French
authorities that they are in compliance with French environmental
jaw. The will be used in hospital settings for in-patients.
Disposal is by hospitals as medical waste and returned or damage
product as infectious waste.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured and used without any expected




adverse environmental effects. Precautions taken at the sites of
manufacture of the bulk product and its final formulation are
expected to minimize occupational exposures and environmental
release. Any residues of enoxaparin or its major metabolites
entering the environment as a result of administering the drug to
humans are expected to rapidly degrade.

N |3 903

DATE

Phillip G. Vintent, Ph. D.
Environmental @ssessment Officer
Center for Druj Evaluation and Research

f
His) 42 _ML”MMN\
DATE Charles S. Kumkumian, Ph. D.

Assistant Director (Chenmistry)
Office of Drug Evaluation I
Center for Drug Evaluation and Research

Attachment: Environmental assessment
MSDS
FPL
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Lovenox® (enoxaparin) Injection
NDA £#20-164

Environmental Assessment
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2P RHONE-POULENC RORER

RHONE-POULENC RORER PHARMACEUTICALS INC.

500 ARCOLA
PO. BOX 1200
COUEGEVILLE, PA 18426-0107
TEL. 215-454-8000
NDA NO.: 20-164
FORM: FDA 888h
SECTION: (d)(1)
ITEM: (1i1)
ENOXAPARIN INJECTION
TITLE: Environmental Assessment
1. DATE: November 23, 1992
2. APPLICANT: Rhéne~Poulenc Rorer Pharmaceuticals Inc.
3. ADDRESS: 8500 Arcola Road
Collegeville, PA 19426-0107
4. Description of the Proposed Action:

a)

Requested Action

Rhéne-Poulenc Rorer has filed a new drug application, NDA 20-184 for
Lovenox® (enoxaparin) Injection.

The drug substance, enoxaparin, is a depolymerized heparin <obtained
by alkaline degradation of heparin benzy! ester from porcine mucosa.
The starting material is Heparin Sodium USP (porcine intestinal
mucosa). Additional information as well as physical and chemical
characteristics of enoxaparin have been provided in Appendix II.

Enoxaparin, a low molecular weight heparin categorized as an
anticoagulant, is a novel antithrombin whose mode of action resembles
that of heparin in that it binds reveraibly to antithrombin-III and
catalyzes its Inhibition of activated clotting factors, in particular,
factors Xa and lia (thrombin). Enoxaparin's mode of action differs
from that of heparin in that its anti-Xa: anti=IIa ratio is greater
than that of heparin. Partial loss of the original catalytic activity
of heparin occurs during enoxaparin's preparative alkaline
depolymerization process with its ability to catalyze thrombin
inhibition decreasing to & much greater extent than its ability to
catalyze the inhibition of factor Xa.

The drug product will be provided as a prefilled syringe containing
only enoxaparin at & strength of 30 mg enoxaparin and Water for
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b)

c)

Injection. The drug product contains enoxaparin at a concentration of
100 mg/ml, and is filled at a volume of 0.3 mL. The drug product {s
packaged in syringes suppiied by Becton—Dickenson as foliows:

Syringes HYPAK SCF 0.6 mL, 26 G, 1/2" Needle
Stoppers PH 701/560 C black

. Need for the Action

Enoxaparin is a lJow molecular weight heparin which has antithrombotic
properties. Clinical studies have demonstrated that enoxaparin offers
a safe and effective prophylactic therapy for deep vein thrombosis
when sdministered postoperatively to patients undergoing hip
replacement surgery. Approval of this action would make this therapy.
already In use in other parts of the worid, available to patients in
the U.S.

Location Where the Product Will Be Produced and the Types of
Envirenments Adfacent to Those Locstions.

The drug substance and drug product will be manufactured and
packaged in RPR facllities in France. ?lease note that enoxaparin
drug products have been produced at ‘hese plants, on a commercial
basis, since their approval in that country in 1987.

Drug Substance ~ Production PFaciliiy

Rhdne-Poulenc Rorer
Villeneuve—-La-Gareniie Tlant
35, Avenue Jean Jaures

92390 VILLENEUVE-LA-GARENNE
FRANCE

Drug Product — Production Facility

Rhbéne-Poulenc Rorer
Propharm
Maisons--Alfort

180, rue Jean Jaures
94700 MAISONS~ALFORT
FRANCE
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The types of environments present at the locations noted above are as
follows:

d)

The Rhéne~Poulenc Rorer Villeneuve—-La-Garenne Plant is located
in an industrially zoned area some 5 km northwest of Paris in
the "Department des Hauts de Seine.

The Rhéne~Poulenc Rorer Maisons—Alfort plant is located on
23,000 square meters in an urban residential area surrounded
by private houses and apartment buildings.

Both locations have soil that is free draining with good
structure.

Both facilities are provided with appropriate potable water
sources and sewage connection per local requirement.

To the Extent Possible, Locations Where the Products Wijll gi e
Used and Disposed of:

Enoxaparin injection will be used in hospitals for in-patient use
throughout the United States.

Disposal of empty syringes (Use of the product resuits in an
empty syringe with no drug residue) by the hospitals using the
product is, to the best knowledge of Rhdne-Poulenc Rorer,
through incineration of the used syringes by & lcensed
infectious waste disposer similar to that described below for the
returned goods to Rhéne~Poulenc Rorer.

Return of Lovenox® (enoxaparin) Injection will be made to one
of two Rhdne-Poulenc Rorer [facilities located in Fort
Washington, Pa. or Kankakee, Il. Both facilities are located in
an industrially zoned area. In order to prevent release to the
environment at these facilities, the following precautions will be
taken in handling/disposing of returned goods:

1) Returned or Damaged Goods (syringes) still in the original
container must be placed into an Infectious Waste
disposal box. The box must be lined with two (2) 1.6
mil thick plastic bags which must be labeled with the
words "Infectious Waste:. These bags and boxes cre
provided by a state licensed hazardous waste transporter.
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2)
3)

4)

5)

6)

7)

If a syringe is not in its original container, it must be
placed into a "Sharps" disposal container. The “Sharps*”
dispossal container will be placed into an Infectious Waste
disposal box. :

Each bag must be individually tied.

Each box must be sealed and indicate the following
information on the outer container:

a) The words “"Infectious Waste" and the universal
*Blohazard" symbol;

b) The name, address and telephone number of the
generator of the waste, and the date the waste was
generated;

c) The name of the approved state licensed hazardous
waste transporter.

Prior to removal and transportation by a licensed
transporter, a State Infectious Waste Manifest must be
completed. The manifest is supplied by the licensed
transporter.

The waste wiil be transported by a state licensed
hazardous waste transporter to a licensed infectious
waste disposal facility, where the waste will be destroyed
in accordance with federal, state and local reguiations.

Upon completion of the destruction, the manifest will be
signed and dated by an authorized hazardous waste
facility employee and returned.

The generator's copy and returned coples of the manifest
will be maintained for at least five (6) years after the
date of shipment by the appropriate safety department at
the two Rhdne-Poulenc Rorer sites.

The state licensed infectious waste transporter used by Rhéne-Poulene

Korer is:

Fort Washington, PA Site
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There is no disposal at the _ site,. transports the

‘material through s related company,
to the following licensed infectious

waste disposal facility:

Kankakee, IL Site

There is no disposal at the
transports the material to the following licensed infectious waste

disposal facility:

destroy the material by

incineration. Appendix I contains applicable permits for both transporters pius a
description of the disposal method used by the disposers.

6. Identification of Chemical Substances That are Subject to This Proposed
Action

Appendix II contains a description of the chemical and physical
properties of the drug substance, enoxaparin used in the manufacture
of Lovenox® Injection. Also included are Material Safety Data Sheets
for the drug substance, enoxaparin, and for the drug product Lovenox®
Injection.

8. Introduction of Substance into the Environment

Vilieneuve—La-Garenn:

Appendix III contains a list of material used in the manufacture of
enoxaparin drug substance at Villeneuve-La-Garenne.
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The controls in place at the facility for the expected emissions are as
follows:

Alr Controls

Synthesis of intermediates are manufactured in s closed reaction vessel
linked to the atmosphere through vents fittet xith fiiters.

The manufacturing area is supplied with fiitered air. The efficiency of the
incoming sir filtration system is 99.99%. The syciem is capable of retaining
particles over 0.3 microns. The air Jischarged frcm the ares is also filtered.
The preparation area ls also supplied with filtered atr, 90% of the alr ls

recycled. '

Liquid Controls

Hazardous waste associated with the manufacturing process is stored in tanks
speclally intended for this purpose, then sent to a company which {s
authorized for waste disposal.

Currently, these companies are:

|
§ For non-chlorinated solvent liquid waste

l.

For chlorinated solvent liquid waste

1.
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Solid Controls

General trash and paper at the site are coliected, then sent out to &
company who disposes of it in compliance with local rules and regulations.

Currently, this company is:

Solid hazardous waste is collected, kept is & special storage area, then sent
to a company who is authorized to dispose of the material for disposal and
destruction.

Currently, this company is:

Maisons—Alfort

Apprendix III contains a list of materials used in the manufacture of
Enoxaparin Injection at Malscns-Alfort.

i e A T RN QYRR RNt D s o s i

The controls in place at the facility for the expected emissions are as
follows:

Alr Controls

As this 18 a product labeled as sterile, class 100 conditions are maintained
in the areas of solution flltration and syringe filling and class 10,000
conditions are maintained in the solution preparation area by means of
absolute HEPA filters.

The filtered air leaving the manufacturing area is 90% recycled back to the
manufacturing area filtration system. The remaining 10% is vented to the
outside. The efficiency of the fiitering system for in-coming air is 99.999%
and retains al} particies larger than 0.2 micron dismeter.
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All fluid wastes are treated through a liquid waste treatment station before
being discharged to the exterior sewage network.

Solid Controls

General trash and paper are collected by

B B e N A A B s

Solid hazardous waste is collected by

Certification

An official statement from the French Ministry which certifies that both
facilities are in compliance with local French environmental regulations and
that the manufacturing processes of both the drug substance and drug
product also comply with the environmental regulations in France has been
provided in Appendix IV. It should be noted that this letter refers to the
product as "Clexane” which is the trade name used in France for enoxaparin
injection. For the U.S. market, the trade name will be Lovenox® Injection.

e s s S SRR R N SRR, N G
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The product is currently produced at the two sites for marketing in other
parts of the world. Approval for the U.S. market wruld result in
approximately 'year additionsl enuxaparin production at the
Villenueve-La-Garenne site and approximately additional 30 mg
syringes per year at the Maisons-Alfort site. This figure is based on the
fifth production year estimate following approval.

Standard clinical practice for the administration of the disposal of empty
syringes by the hospitals using the product is, to the best knowledge of
Rhéne-Poulenc Rorer, through incineration of the used syringes by a
licensed infectious waste disposer similar to that described for the
returned goods to Rhéne-Poulenc Rorer.

7. Fate of Emitted Substances in the Environment

Due to the measures taken at the two manufacturing sites, there is no
expected emission to the environment from the production of Lovanox®

Injection. 1 O
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10.

11.

Por U.S. production, a maximum eipected emitted concentration (MEEC) from
use of the product, would be as follows: '

Disposal of any returned filled syringes is through incineration and since
incineration is considered final disposal, there is no emission to the
environment.

Environmental Effects of Released Substances

From the information given In the above section concerring the lack of any
expected release to the environment from the production, use, and disposal
of this product, there i no environmental effect expected.

However, information concerning the low toxic effect of enoxaparin in several
mammalian species (mouse, rat, and dog) determined through preclinical

studies is included in Jtem 156, Appendix V.
Use of Resources and Energy

The manufacture of Enoxaparin Injection for distribution in the U. S. will
require the use of less than 2% of the plant capacity at Villeneuve-La~
Garenne and less than 2% of the plant capacity at Maisons—Alfort.

The use and disposal of the product In the US. will not affect any
endangered species or any site listed in the U.8. National Register of Hisatoric
Places.

Mitigation Measure

Since the information given in the preceding sections has indicated that no
environmentsal effect is expected, Rhéne~Poulenc Rorer sees no necessity for
any mitigation measures.

Alternatives to the Proposed Action
Due to the controls in place at the manufacturing sites, the low waste

stream levels which result from the use of the product, the incineration of
any returned product, and the low level toxic effect of Enoxaparin Injection,

i1
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Rhine—~Poule::7 Rorer does not consider It necessary to formulate any
alternatives to this action. The overall effect of this action will be to the
positive, {.e., & new trestment for prevention of deep vein thrombosis
following hip replacement surgery.
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12.

List of Preparers

The following individuals participated in the preparation of this EA

Mr. Ronald F. Panner

Director, Regulatory Affairs
Rhine~-Poulenc Rorer Central Research
Collegeville, Pa.

Ms. Margaret S. Masters

Associate Director, Regulatory Control
Rhine-Poulenc Rorer Pharmaceuticals Inc.
Collegeville, Pa.

Mr. Donald Dwyer

Manager, Regulatory Affairs
Rhine-—-Poulenc Rorer Pharmaceuticals Inc.
Fort Washington, Pa.

Mr. Mark Adelsberger

Manager, Regulatory Controi
Rhdne~Poulenc Rorer Pharmaceuticals Inc.
Fort Washington, Pa.

Dr. Christophe Bianchi

Senior Product Manager, Lovenox (Enoxaparin Injection)
Rhéne-Poulenc Rorer Pharmaceuticals Inc.

Collegeville, Pa.

Pamela C. Uliman
Associate Counsel
Rhdne~Poulenc Rorer Inc.
Collegeville, Pa.

Philippe Jospin

Senlor Director, Quality Assurance
Rhdne-Poulenc Rorer Pharmaceuticals Inc.
Antony, France

Jean-Plerre Bravard

Director, Quality Assurance Active Ingredients
Rhdone~Poulenc Rorer Pharmaceuticals Inc.
Antony, France

Mr. A. Grimal
Managing Director
Rhdne-Poulenc Rorer Propharm
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18.

14.

16.

Maisons Alfort, France

Dr. R, P. Gural

Director, World Wide Regulatory Affairs Operations
Rhéne-Poulenc Rorer

Antony, France

J. C. Crubezy
Rhéne-Poulenc Rorer
Villeneuve-la—~Garenne, France

Certification
Appendix IV contains the certification as to the veracity of this document.

References

There are no references to report. For the reasons given above, this drug
is not considered environmentally controversial.

Appendices

The following is a list of appendices referenced in this report and contained
In this Item.

Appendix I: Permits for Method of
disposal for '
Fact sheet for -

Appendix II: Enoxaparin Drug Substance: Physical and Chemical
Characteristics
Material Safety Data Sheet: enoxaparin
Material Safety Data Sheet: Lovenox® Injection
Packaging Specifications

Appendix III: Materials List: Enoxaparin Drug Substance and Product
Appendix IV: Certification: Rh&ne-Poulenc Rorer
Certification: Ministere de L'environment, Repubilque
Francaise
Appendix V: Drug Safety Studies: Enoxaparin

As indicated in the previous Items no additional testing was required to
support the proposed action because Enoxaparin Injection is not
environmentally controversial.

o+
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Appendix VI:

Appendix ViI:

NS bhoNm

Environmental Impact Assessment from

French Regulations and Decrees

Circular and Directive Dated June 8, 1963.

Taw No. 76-663 Dated July 19, 19878.

Decree No. 77-1183 Dated September 21, 1977.
Authorization Decree from the Prefect of Morbihan Dated
July 13, 1982.

Authorization Decree from the Prefecture Du Val De Marne
Dated December 18, 19886.

Authorization Decree from the Prefect of Morbihan Dated
October 7, 1988,

Authorization Decree frem the Prefect of the Hauts De
Seine Dated May 29, 1991,

1%



Appendix 1

16



e o, b R AP s i b g

;r’i Appendix 1
g This attachment contains the following permits and procedures pertaining to
§ the disposal of returned stocks of Lovenox® Injection by the two licensed
infectious waste transporters indicated in Item 4, entitled *"Description of
k¥ the Proposed Action*.
V 1'
2.
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Appendix II

Enoxaparin Drug Substance:
Physical and Chemical Characteristics

Material Safety Data Sheets:
Enoxaparin
Lovenox® Injection

Packaging Specifications

31
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Appendix III-

Materials List:
Enoxaparin Drug Substance
and
Levenoxd Injection
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Appendix IV

Certification:
Rhone-Poulenc Rorer

Ministere de L'environment
Republique Frangaise
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CERTIFICATION

The undersigned certify that the information contsined in this Environmental Assessment Re”ut is troe,
mdmmw&ebwdwwdﬂMﬁnofMPodmmwm

QY- Nov~ T Dkl £ -8'7/\

Date Donald F. Dwyer

N2~ 92 V] e [ doloksryr
Date > . Mark Adslsberger
Manager
qu?;(Cponﬂol
M‘ .}\- &q.'l..- _—\ -
Date Philippe Jospin

Semior Di
Quality Assurance

Date Jesn-Pierrs Bruvard

Quality Assurance Active Ingredieats
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MINISTERE DE L'ENVIRONNEMENT REPUBLIQUE FRANCAISE
' ET DE LA PREVENTION DES RISQUES
TECHNOLOGIQUES ET NATURELS MAJEURS

unmacnorg 3‘:',‘1;?‘"
ET DE LA PREVENTI POLLUTIONS
ET DES RISQUES Neuilly, le 0 8 AYR 1501

SERVICE DE LENVIRONNEMENT INDUSTRIEL

Paste : 2623
- N.REF, : DEPPR/SEVAG/MF N*
(4 Keppier)

OB JET: Production 1’ENOXAPARINE et de CLEXANE sur les sites
RHONE=-POULERC-RORER en France -

Les productions d’‘ENOXAPARINE (matibdre active) et de
CLEXANE (médicament) s’affectuent sur les sites
RHONE~-POULENC-RORER respectivement de VILLEREUVE-la-GARENNE et
MAISONS-ALFORT. Ces deux usines respectent les lois et rigles
francaises concernant l‘environnement. Les procédés de production
d’ENOXAPARINE et de CLEXANE répondent &galement aux lois et
réglements frangais en vigueur, en matidre d’environnement.

The manufacture of EROXAPARIN (drug substance) and
CLEXANE (drug product) occur at the sites of RHONE-POULENC-RORER
in VILLENEUVE-la-GARENNE and MAISONS-ALFORT respectively. The two
facilities comply with local french environmental regulations. The
manufacturing processes of ENOXAPARIN and CLEXARE are also in
acccrdance with local french environmental regulations.

Le Dirvesssr Adjoint de U'Eom
ot de ?mndam

¢

14, Boulevard du Général-Lecler - 92524 Neuilly-sur-Seine - TéL : (1) 47-58-12-12 - Télex Denvir 620602F - J
Télécopieur G3 : 47-45-04.74

9
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Types I and IX DMP
Environmental Assessment
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Lovenox®
{enoxaparin) Injection

N7 Rev. 1/93

Lovengul ls~ .xaparin) injackon
DESCIT 100N

Eruxspanin is & slerile, tow moleculst weight haparin for injection. Each syrings tomsing 30 ehoxapatia n 03
;irggs'ing-g‘iir . &;?tcli,:b.
First mternationsl Low Molecul ééggi_gliltgsmai
oxdation. The pH of the injection is §.5-7.5. The tolulion is pruservative - ree and irendes 'or Es only 38 & single
doss injec _..a!A son of . A

Enoxaparin & obisined !-lllnn.c.gog.. haparin bentyl ester cm

¢ from porc
siruciuig is charscierized by 2

MDY EN0SUIONIC 8SIE GIouUD M the ROA-reducing end! andt
g??l!.giﬂig.«.lgltgi The sver,
. ot otion is:

.0 7%
‘g value versus Lovenoa 0 mg 0D = §.0008

The ciachne .4 anti-Factor Xa activity with lime was 0 curve of plasma !n‘i.i«!i
neaith, volumsers Followng mtiavenous dosing of enusaparnin labeted with 1he gaunma emies, *=Tc, 40+
rZuntsnchivity and §-20% of deoi-Facior Jb Sctivity were recovened in uring w1 24 bows. .
CLIMICAL TRALS
! has been sh o g ] tve fonp wein Heurmbasis [OVT) lullowing Lip rap surgery
The dats hom twa Moul CRnicsl Arinls are iead W the lollowsng tables. e 3l sludios, elfcacy is hased
“ il Meru pabenis” analysis '
n & double kknd study. Lovencs 30 mg gidh 5c was paed to placeby. Trg was i wathy 1
urs PO sugury aod was cominued lor 13- 1 days pust-operatively.
Teoviment Craup
Teoaiment Gequp Levenaa Placsbe
Qouoe Bsmen 30 mg yith qldh
a %) n %)
q,._._n--n e 50 (00%) 50 { 100%|
J‘!‘.& Ll
otr: DV %) 51%0%) 22 {46%)
Promunat DVT (%} 1% " 2r%”
*p value versus placebe = 0.0007
**p value varsys placebo = 0.014
A duible: bling, mulicsier study compated three dosing regimens of | &/ was indtiated wilhin lwo
days post-swgtiy and was continued (ot wp o 7 days past-operdively,
Tesotment Group
Levenca
Desa a0, " Wm0l
&l Yisviod Patoints W1 {00%) 208 (%00%} 9 (100%)
Tigplmeni Faduins
Totat DVT 1%} 40 [25%) 22i1%)* (1% "
Praximal DVT 1%} : ¥ %} 5%}

' 4500 **p vyius versus Lovenox 0 00 .00
ot . The bl There was no signd trﬂ-!!. the 30 mg B0 snd 40 mg QD regimens.
«200Q dakons £ 20% INOICATION AND USAGE
2000 1o $000 daltone 68%
- L. . Lovenox (snoxaparn injection W indicatad s the prevention of desp vain thrombosis snd pulinonsry embelism fol-
»B000 dalons < W lovring Mip tepiacement Surgery.
STRUGCTURAL FORMULA CONTRAINDICATIONS
. b Lavenos Injetion is contraindicaied w patignts with aclive major bleeding. in p with thrombocylop 350"
NaQOC CHy-OR Hy~OR Cated Wi B COSHVE ¥ WD 1881 Jor snli-platelet anti i 1ha presence of Lovenox Injcton, o in patents with
OOH hypatsantitrvely 30 Lowentx Injecuon.
Patiants with Snown Groersantkivity 10 255enn of pork products should not be traated with enoxapadn,
Q o Q WARNNGS
Lovenox Injection is not & Jad #oi & MBCUDT BCminnsts BLON,
O-SONa  NW- NH-R i oveny M be used interchangesbly tunit fur wiel} with unlzactionaled heparn or other low mulecular winght
{i.
A R n Lovenox 1houhd et used with exirme cOULon in palients with hislory of hepaiin-induced thrombocylopena
Hama:rhoge:
—H or —SO)Na —SO;Na or —C—CH w20 L Injection bke other anticospuisnts, should b ueed with fion iny conditiuns with increased risk of
N hamorihage, such as b ish dilis, genitsl ov acquired bleeding disorders, aclive uiceralion and
(8] !guu"l.n pasizoiniastingl dissase. hemorrhagic clioke of shortly aiter brain, spinal of ophihalmaliogscal
. urgery.
CLINICAL SHARMACOLOGY 'l&.ﬂnn:ebnil!&l‘% Dy with aperin. An plained fsl rit or blood pressure
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CONSULTATIVE REVIEW TO HFD-180
DIVISION OF MEDICAL IMAGING, SURGICAL, AND DENTAL DRUG PRODUCTS
MICROBIOLOGIST'E REVIEW NO. 1
May 7, 1992

A. 1. m. : 20-164
Product Name: Enoxaparin Injection

APPLICANT: Rhone-Poulenc Rorer
PROPHARM
Majisons-Alfort
180, rue Jean Jaures
94700 Maisons-Alfort
France

fdj”preve;;iogofjdé;;.vein thr;;b;;is féilowing hip"
replacement surgery.
S. DRUG PRIORITY CLASSIFICATION: 1 P
B. i. INITIAL APPLICATION DATE: 12-31-91
2. RECEIVED FOR REVIEW: 03-17-32

C. REMARKS: The drug substance is a depolymerized heparin
derived from heparin benzyl ester (source is porcine intestinal
mucosa) by alkaline degradation, and is a nes molecular entity
because of the low molecular weight and altered shemical boad

structure.

Inspection of the facilities has already been requested by HFD-180.
The applicant needs to clearly identisy whether the information in
this submission applies to a pilot or production manufacturing

facility. .

D. CONCLUSION: Do not recommend spproval for sterility assurance
because of insufficient validatio:« information for the fiil

manufacturing process.

or Mf WA -
Orig. NDA 20164 > Ll frGlse

HFD-180/Sieczkowski = =—omoooseesesmmeos Ses=-

HFD-160/Consult file/CKVincent carol K. Vincent

Drafted by: CKVincent/05-07-92 — .

R/D Init by: PHCooney/05-22-52 4‘k SPHI?
wic L hefau
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CONSULTATIVE REVIEW TO HFD~180
DIVISION OF MEDICAL IMAGING, SURGICAL, AND DENTAL DRUG PRODUCTS -
MICROBIOLOGIST'S REVIEW NO, 2
January 6, 1993

A. 1. NDA No.: 20-164
Product Name: Enoxaparin Injection

APPLICANT: Rhone-Poulenc Rorer r
PROPHARM JAN 1 41993 }
Maisons-Alfort HED-1E0 &

\ﬂ@

Now i § i

180, rue Jean Jaures
94700 Maisons-Alfort
France

2. POSAGE FORM AND ROUTE OF ADM] BTK DN3

Sterlle liquid for injectlon in pre-fllled syringe.
3. METHOD(s) OF STERILIZATION:
4.

For'preventionmof deep'veln thrombosxs'followlng"hlp
replacement surgery.
S. DRUG PRIORITY CLASSIFICATION: 1 P

B. 1. INITIAL APPLICATION DATE: 12-31-91

2.  AMENDMENTS:
a. March 26, 1992; part I of response to February 24,

1992 Information Request Letter from HFD-180.

b. June 19, 1992; part II of response to February 24,
1992 Information Request Letter from HFD-180.

3. RECEIVED FOR REVIEW: 08-24-92

C. REMARKS: The drug substance is a depolymerized heparin
derived f'om heparin benzyl ester (source is porcine intestinal
mucosa) by alkaline degradation, and is a new molecular entity
because of the low molecular weight and altered chemical bond

structure.

D. CONCLUSION: The microbiological data submitted in the two
amendments dated March 26, 1992 and June 19, 1992 (subject of

this Microbiological Review No. 2 dated January 6, 1992) are ,
acceptable. However, the application remains not recommended for
approval on the basis of microbioclogical quality and sterility

assurance.

cc: feeemmccse——aa-
Orig. NDA 20-164 Carol K. Vincent )*Q:“VB
HFD-180/Sieczkowski

HFD-160/Consult file/CKVincent ”73Ft :/9[?3

Drafted by: CKVincent/11-24-92 ‘e

Revised by: CKvVincent/01-06-95 I aM_(,,\ &q\\w !/’JIY

R/D Init by: PHCooney/01-06-93



CONSULTATIVE REVIEW TO RFD-180
DIVISION OF MEDICAL IMAGING, SURGICAL, AND DENTAL DRUG PRODUCTS
MICROBIOLOGIST'S REVIEW NO. 3
January 7, 1993

A. 1. NDA No.: 20-164

Product Name: Enoxaparin Injection ?V
APPLICANT: Rhone-Poulenc Rorer !
PROPHARM { FIAN 1.4 1993
Maisons—-Alfort \
180 rue Jean Jaures
94700 Maisons-Alfort
France

SOR

ep vein thrombosis following hip

F&r‘ﬁfeventiéﬁ of de
replacement surgery.

B. 1. INITIAL APPLICATION DATE: 12~31-91
2. AMENDMENTE : August 13, 1992
3. RECEIVED FOR REVIEW: 08-24-92

c. REMARKS: This amendment responds to the June 16, 1992
Information Request Letter from HFD-180 conveying the questions
relative to “* £i11 validation and other microbiological
igsues from the consult Microbiologist Review No. 1, dated May 7,
1992.

D. CONCLUSION: Recommend not approval for sterility assurance.

/“":T

carol K. Vincent

ce. . . 5
orig. NDA 20164 AT ‘“h |
HFD-180/Sieczkowski

HFD-160/Consult file/CKVincent

Drafted by: CKvVincent/12-28-92

R/D Init by: PHCooney/01-07-93



CONSULTATIVE REVIEW TO HFD-180
DIVISION OF MEDICAL IMAGING, SURGICAL, AND DENTAL DRUG PRODUCTS
MICROBIOLOGIST'S REVIEW NO. 3
January 7, 31993

A. h 0.t 20-164
product Name: Enoxaparin Injection [ﬁ”ﬂh
APPLICANT: Rhone-Poulenc Rorer !
PROPHARM 4 TJAN 1.4 1995
Maisons-Alfort

\&,, HFD180 &
Xy w3

180 rue Jean Jaures
94700 Maisons-Alfort

France et
20 NOSAGE _FORM AND K > STRATION:
sterile liquid for injection in pre-£i*1+3d syringe.

3. HEIﬂQQlﬂl.Q!.ﬂIIEILIZBIIQH=
£111 manufacturing process.

2BhBELQQLQQIQBL_QBIEQQBI_LED.
For prevention of deep vein thrombosis following hip
replacement surgery.

s. DRUG PRIORITY CLASSIFICATION: 1P

B. 1. P I A 3 12"'31-91
2. AMENDMENTS : August 13, 1992
3. RECEIVED FOR REVIEW: 08-24-92

C. REMARKS8: This amendment responds to the June 16, 1992
Information Request Letter from HFD-180 conveying the questions
relative to ~* " £i11 validation and other microbiological
issues from the consult Microbiologist Review No. 1, dateda May 7,
1992.

D. CONCLUSION? Recommend not approval for sterility assurance.

-t S ot S A N S S -------;-1——-—-—-——

carol K. Vincent(
cc: Pt Ja 193
orig. NDA 20164 O =
HFD-180/Sieczkowski

HFD-160/Consult file/CKVincent

Drafted by: CKVincent/12-28-92

R/D Init by: PHCooney/01~-07~93
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CONSULTATIVE REVIEW TO HFD-180
DIVISION OF MEDICAL IMAGING, SURGICAL, AND DENTAL DRUG PRODUCTS
" MICROBIOLOGIST'S REVIEW NO. 4
March 11, 1993

A. 1. m. s 20-164 i
Product Name: Enoxaparin Injection ;
APPLICANT: Rhone-Poulenc Rorer ]

PROPHARM
Maisons~-Alfort

180 rue Jean Jaures
94700 Maisons-Alfort
irance ]

2. POSAGE FORM AND ROUTE OF ADMINISTRATION: .
Sterile liquid for inject:ion in pre-filled syringe.

3. METHOD(s) OF STERILIZATION:
' - £ill manufacturing process.

4. PHARMACOLOGICAL CATEGORX AND / OR PRINCIPAL INDICATION:
For prevention of deep vein thrombosis following hip

replacement surgery.
S. DRUG PRIORITY CLASSIFICATION: 1 P

B. 1. INITIAL APPLICATION DATE: December 31, 1991

2. AMENDMENT: January 29, 1993
RECEIVED FOR REVIEW: February 3, 1992

3. AMENDMENT : February 18, 1993
RECEIVED FOR REVIEW: March 1, 1992

4. AMENDMENT : February 23, 1993
RECEIVED FOR REVIEW: March 1, 1993

C. REMARKS: These amendments respond to the January 15, 1993
Information Request Letter from HFD-180 conveying the questions
relative to £fill validation and other microbiological
issues from the consultative Microbiologist's Review No., 3, dated

January 7, 1993.

D. CONCLUSION: Recommend approval for sterility assurance. The
applicant has satisfactorily addressed and answered all questions
and conceris raised in Microbiologist's Review No. 3, dated
January 7, 1993 in these three amendments.

We recommend NDA 20164 for approval based un sterility assurance
and microbiological quality.

Zeot M deerilos 53

Oorig. NDA 20-164 = =======c--e- Temmm—msm e e s e s
Orig. NDA 20164 - Carol K. Vincent
HFD-180/Sieczkowski ' -
HFD-160/Consult file/CKVincent . Wz 5“3\%25
Drafted by: CKVincent/02-17-93 /ije

Revised by: CKVincent/03-10-93
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E
EEALQAIIQH_AEQ_EQEEQQLIEQ; The study procedures and the schedule -z
are outlined in Table I reproduced from vol 33 of the NDA. ' ?§‘I

TARLY
ETVIY SCADMATIC - OVERVIEW

st e e e P § 18OU ARG TRLOFVA] —mrmm v = s e e s = ] ‘
Prier to Cslendat/Treatment Dsv' Tnd of Tk
Bvpluntion 'PrOCEdyLE LaLgers RS T Y D S N D 1 S S T ¥ S L sruoy’ 3
Intorael Lonsant T J:
Compiste medical Mistory 3 iz
Complete Physicel Enaminstiom 3 X r:
Laporstory Tests: Nematciogy and ‘
Cosgulation. Betus Themistry =l
and Urinalysis 3 x i
vital Bigns z 1 %
1 dancae nnnyuoeupm‘ {TPC) 4 } § I 1 X | 8
“)}-FibIjnogen Leg bcar H L | : 3z 3 1 » ¥ 1 X I 1 4
Lung Bcar ] X X
Pulmonacy nqlwupnv’ o emr e e ¥ |§
Anti-Factor 3a Activity 1 ]  § 1 X T b} 1 ] I 5 H H VA
Bisading Assassnent » = ¥ % 33 3 1 3 1 I X 3 3
Newoglobin. hemstocrit. RE |} 1 ) | ] X z 4 I 3 X 4 } 4 X
Cosguintien Teats [P, APTT) % } 1 I | § X X X ] x 3 X
Adverss Lipsilente Lvalusiion 3 1 I T 3 X } 4 b 3 b 3 1 3 x r -1 X
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: Piosms saMpies 1o Do SpLained § Smmis Sfter Tiset Gaily dose.

MaRdsLOTY VORSPraphy was Stlieliy sajesoed Loy the Lavt 74 patients enro''~d.

EFFICACY PROCEDURES: Because of the low incidence of DVT
detected in the first 24 patients in whom surveillance of DVT had
been carried out with '®I-fibrinogen leg scanning and IPG,
bilateral venograms were made mandatory in the rest of patients.
The VG was obtained between day 10 and 14 of study or at the time
of patient’s discontinustion from the study. VGs were reviewed
blindly by qualified physicians at the study site. The results
were reported separately for each leg as »positive™ *"negative” or
»inadequate”. The location of the obstruction was noted in the d
positive VGs. A unilaterally obtained negative VG was classified
as inadequate. Factors affecting the reading of the VG were
recorded and their location was noted.

I3y.¢ibrinogen leg scans were performed at study entry and dajly
post-operatively. The scans vere read blindly and were
classified as “"positive”, "negative" or "jinadequate™.

IPG was performed on day 5, 7, 9 11 and 13 post-operatively and
were read blindly.

it ettt by st st e, Aot e

The protocol states that a lung scan would be performed at entry
and between days 10 and 14 of study, and that 2a pulmonary
angiogram would be obtained i1f the lung scan was positive.
However, routine lung scans were not performed during the study.
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Two percent (2%) and 3% of all patients had SGOT and SGPT
elevations from 3 to 6 times normal values, elevations of SGOT
and AGPT above six times normal occurred only in 1% of all
patients. The incidence rates of the elevated serunm
transaminases were similar in both groups. Elevations of AP
occurred at similar rates in the two groups (5% and 8%) .

Four percent (4%) of all patients had clinically significant
elevation of BUN, and less than 1%t had creatinine values of
clinical significance. The data are summarized in table 16.

Tabis )¢
Summary of the On-Srudy iacidesce of Patisats with Clinimally Signlficsex
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Three investigators from 3 Canadian centers had participated in a
previous study, study ENO 884, a pivotal efficacy study for the
present NDA. Although these two studies are different in design
(ENO 884 assesses the effect of enoxaparin ccmpared to placebo
and PK 523 compares enoxaparin to heparin), they fail to fulfill
the requirement of independence.

Prophylaxis with low-dose heparin is an approved regimen for the
prevention of DVT and PE following high risk general surgery.
Although effective in orthopedic surgery, similar prophylaxis
with low-decse heparin is not approved for this indication, nor it
1s widely accepted because of the concern about excessive
perioperative bleeding caused by the anticoagulant therapy.
Moreover, the post-operative administration of heparin in the
attempt to reduce perioperative bleeding has not been
investigated. Thus, in study PK 523, enoxaparin was compared to
a non-approved, untested regimen of prophylaxis of DVT in
elective orthopedic surgery with s¢ heparin 7500 U gl2h.

Protocol PK 523 was initially designed based on: 1) the
hypothesis that the incidence of DVT would be 20% in the heparin
group and that it would be reduced to 10% in the enoxaparin , and
2) that this hypothecis could be demonstrated by entering 195
patients ip each group (alpha= 0.05, two-tailed, and beta=0.20).
in the course of the study, in order to avoid Type II error, the
sample size had to be increased to 520 to have a power of 90% for
true rates of DVT of 20% and 10%. Further increase of sample
size become necessary to majintain the $0% power because of
inadecquacy of non-invasive vascular tests, rate of VG of 80% and
patients exclusions.

The results of the study failed to show superiority of enoxaparin
ccapared to heparin or tha anticipated reduction of post-~
operative DVI. 1In four of the five centers participating in the
study, enoxaparin was as affective as heparin in preventing DVT
in patients urdergoing elective hip replacement surgery. In one
center, heparin appeared to be superior to enoxaparin, however,
the difference was not statistically significant and the center
had the smallest number 95! patients. There is no evidence that
the enrollment of patients in this center was prematurely
discontinued.

The overall results of the study show that both encxaparin and
heparin regimens effactively reduce the risk of DVT and,
particularly, the risk associated with prbximal deep veins
thrombosis, given the reported incidence of DVT in the range of
30%-60% ir patients undergoing elective hip replacement in the
absence of surveillance or without prophylactic antithrcmbotic
therapy.
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Pulmonary embolization occurred in two patients treated with
heparin and in none of the patients receiving enoxaparin,
however, the total number of patients is not large enough to
permit statistical conclusions.

Enoxaparin appeared to have scme safety advantages over heparin
with statistically significantly less overall bleeding. The
incidence of major and minor bleeding was 5% in the enoxaparin
group and 9% in the heparin group (p=0.0375). Study treatment
had to be discontinued due to excessive bleeding in € patients on
heparin compared to 3 on enoxaparin. However, the incidence of
severe bhleeding and the transfusion requirements were similar in
the two treatment groups.

Skin rash was reported in 9% of patients in the enoxaparin group
compared to 5% in the heparin group (p=0.021). The significance
of this finding is unclear, as no skin rash was reported in the
enoxaparin group in study ENO 884 and egual incidence of about 7%
was repcorted for each of the three groups (heparin 5000U g8h,
enoxaparin 30 mg ql2h and enoxaparin 40 mg QD) in study PK 525.
Severe thrombocytopenia occurred only in the heparin-treated
greup. At present, it is unclear whether the low molecular
weight heparins are less immunogenic, thus, less likely to
stimulate the production of heparin antibodies and/or less likely
to cross-reacting with preforued heparin antibodies. It is
possible, however, that the lower incidence of heparin-induced
thrombocytopenia associated vith enoxaparin administration is due
mainly to the limited exposure to this new compound compared to
wide-spread use of unfractionated heparin . Whether this
difference will persist after repeated administration of
enoxaparin remains to be seen.

L e o e
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ti that of unfractionated heparin 500 U sc g8h (total daily dose
15,0C0 U) for the prevention of DVT in patients uncergoing
elective hip replacement.

STUDY DESIGN

This study was randomized, open-label, parallel-group,
multicenter. The patients were randomized .o receive either
enoxaparin at the dose of 40 mg once daily, enoxaparin at the
dose of 30 mg gl2h, or heparin at the dose of 5000 U g8h for a
period of up to 7 days starting within the first 24 hours after

surgery.

The primary efficacy assessment for DVT was hilateral VG at day
7, or earlier if clinically indicated. Additional efficacy
assessment was performed with non-invasive vascular procedures
represented by IPG, Doppler scnography or ultrasoncgraphy
obtained at day 4 and 7 or earlier if necessary, and by
evaluation of clinical signs or symptoms of DVT.

Safety evaluation was obtained daily during treatment, at the end
or discontir-ation of the treatment and within i4 days after
discontinuat.ion of study treatment.

SELECTION OF STUDY PQPULATION
ELIGIBILITY CRITERIA

Male and female patients, 40 years of &age or older, scheduled for
elective hip replacement (placement of prostatic dev1ce in the
intramedullary space of femur, with or without reconstruction of
acetabulum), with negative noninvasive vascular examina:ion for
DVT within 14 days prior to surgery and consenting to thwe study
were eligible for the study.

EXCLUSION CRITERIA

Female patients of child-bearing potentials, patients with
presurgical diagnosis of DVT by noninvasive techniques, history
of surgery of the ipsilateral hip within the preceding year,
history of DVT, bleeding disorder, heparin-induced
thrombocytopenia, sirgery to eyes, spinal cord, or CNS within
three months, active PUD, hypertension, uncontrolled asthmz,
allergy to heparin, allergy to fish, porcine products, sulfites,
iodine or contrast mediss, regular use of ASA or other NSAID for
four days before surgery, current drugs or alcohol abuse,
treatment with investigationa. drugs during the previous 4 weeks,
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snoxaparin 30 mg gl2h (p<0.05). The results in the evaluable
patients showed a rate of DVT of 6% for the enoxaparin 30 mg glz2h
group, 15% for the heparin group and 21% for the enoxaparin 40 mg
QD group. The difference among the three groups was not
statistically significant.

The incidence of major and minor bleeding complicaticns and the
total transfusion requirements were comparable in all three

groups.

Among the serious adverse reactions encountered during the study,
there vere five cases of PE: one in a patient treated with
enoxaparin 40 mg QD and four in patients treated with heparin.
The PE of the enoxaparin patient occurred on day 4 of therapy and
was associated with the finding of a superficial femoral vein
phlebitis. The episodes of PE in the heparin ‘patients occurred
at the end of the study. One patient experienced PE concomitant
with calf vein thrombosis. The other three patients developed PE
between 2 and 3 weeks post-study, off medication, and beyond the

follow-up time.

Among the serious adverse events regarded as associated with the
study medication, one case of severe thrombocytopenia and
thrombosis, resulting in bilateral lower extremities gangrene,
occurred in a patients treated with heparin.

The effectiveness of enoxaparin 30 mg g 12h in preventing DVT in
hip surgery patients was greater in this study than that
obtained with the same regimen in study ENO 884 and PK 523 (5%
treatment failure versus 103 and 17% respectively). "
The stury design presented numerous deficiencies, therefore the
interpretation of ths results is subject to such limitations.

The study was not double-blind; moreover, the investigators were

provided with the randomization list which introduced the

additional bias of patients selection. The patients were

assigned the study trsatment either presurgery or postsurgery.

The protocol underwven'. various amendments; several protoccl

variations were allowsd in the evaluation of efficacy.

The study is, therefore, unacceptable for efficacy evaluation.
The study can, howvever, contribute to the safety evaluation of
enoxaparin.
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STUDY NUMBER; PK 526

. : _TITLE: Multiple-dose, double-blind clinical trial of the safety
and efficacy of enoxaparin for the prevention of post-cperative
Deep Vein Thrombosis (DVT) following total hip replacement
surgery.

The study was initiated on January 19, 1989. A total of 572
patients were enrolled by 32 investigators in US until August 24,
1990.

vV es: Q- :

The investigators enrolling more tharn 10 patients were:

Investigator Study location Patients Enrolled
J.R. Roberson, M.D. Emory Univ. Atlanta,GA 14
R.B. Brasier, M.D. Ann Arbor VAH Ann Arbor, MI 27
R. Bona, M.D. st.Francis H., Hartford CT 16
F.G. Ebaugh Jr, M.D. VAMC Palo Alto, CA 17
J.J. Flechtner, M.D. Dakota Clinic, Fargo, MD 27
D. MzcFarlane, M.D. U.Jlowa Col.Med., Iowa City, IA 30
[ T. Siesholtz, M.D. Grand View H.,Sellerville, PA 19
- G Johnson, M.D. VAMC, Minneapolis, MNer 34
R.M. Lyons, M.D. Humana H., San Antoni, TX 45
M.D. Tremaine, M.D. Anderson Clinic, Anderson, VA 45
J. Ansell, M.D. U. Massachusetts, Worcester, MA 24
R. Rodvien, M.D. Pacific Presb.H.San Francisco,CA 18
¢.G. Savory, M.D. Hughston Sports M.H.,Columbus,GA 50
— ¥. Rader, M.D. Nyack Hospital, Nyack, NY 11
wW.K. Furman, M.D. Sarasota Mem.H.,Sarasota, FL 48
W.l.. Overdyke, M.D. Highland Clinic, Shreveport, LA 15
¥. Christie, M.D. vandarbilt Univ.H., Nashville, TN 18
G.B. Shaver, M.D. Asheville Med.Ctr. Asheville,NC 23
F.E. White Jr, M.D. Presbyt. Hosp., Albuguerque,NM 15
M. Ritter, M.D. Yendrick Mem.H., Wooresville, IN 14
STUDY OBJECTIVE: The objective of the study was to determine the

safety and the efficacy of enoxaparin administered subcutaneously
(sc) at doses of 10 mg once daily (10 mg/qd), 40 mg once daily
(40 mg/gd), and 10 wmg every 12 hours (30 mg/glzh) for up to ?
days for the prevention of DVI in patients undergoing elective
hip replacement.

STUDY DRESIGN _
The clinical trial was conducted as a Phase III randomized,

double-blind, parallel-group, multicenter study. The patients
vere randomly assigned to receive either enoxaparin 10 mg.qd,
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EXFICACY PROCEDURES

Bllatersl venoyrams were scheduled wvithin 24 hours following last

dose of study medication at the end of the study or following
Premature discontinuation of study treatment.

Vencgraphy represented the primary assessment of DVT. At one
study site, venography was performed with radionuclide imaging
instead of radiocontrast imaging. This test was included among
the non-invasive vascular tests. s

The procedures for interpreting VG and the non-invasive
evaluation of DVT were as described in protocol 525.

SATETX PROCEDURES

The clinical and laboratory assessmants of ﬁleeding and other
adverse reactions were as described in protocel 525.

SLINICAL MONITORING PROCEDURES

In addition to Rhone~Poulenc personnel, monitoring of the study
wvas performed on a regular basis by the following contract
research organizations:
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PACKAGING, BLINDING, AND LABELING PROCEDURES

Study medication was su,plied in identical, prefililed syringes
containing either placebo or 10, 40 or 30 mg enoxaparin in a
volume of 0.4 mL.

All enoxaparin syringes contained also sodium metabisulfite (<0.6
rg); the 10 mg enoxaparin syringe contained 14.4 mg of mannitol;
the 30 mg enoxaparin syringe contained 4.6 mg of mannitol.
Mannitol was added to maintain isotonicity.

Each enoxaparin placebo syringe contained 20 mg of mannitol and
lass than 0.6 mg of sodium metabisulfite.

To maintain the double~blind character of the study, all patients
received an injection qi2h. For the enoxaparin 10 mg gd and 40
ng gqd, the enoxaparin was given for the odd doses and the placebo
for the even doses. Each patient’s daily supply of study
medication was packaged in an individual blister pack prelabeled
with the patient’s number and dose number (1,3,5,7,etc;
2,4,6,8,etc). Patients received the entire content of the
syringe. No dose adjustment was allowed.
The following lot numbers were used in this trial:

Enoxaparin, 10 mg: CB 3424, CB 3965

Enoxaparin, 40 mg: CB 3427, CBl974

Enoxaparin, 30 mg: CB 3422, CB 13645, CB 4372

Enoxaparin Placebo: CB 3426P, CB 3951P, CB 4006P

Investigators were supplied with study medication for blocks of 6
or 12 patients. L

All supplies of enoxaparin used in the study were tested by the
sponsor.

STATISTICAL METHODS

The sample size was determined based on the reported incidence cf
DVT in patients treated with either 40 mg gqd or 30 mg gl2h, on
the assumed incidencs of DVT in patients treated with 10 mg of
enoxaparin gd of 25%, and on an antic:ipated 80% rate of evaluable
patients. It was calculated that approximately 200 patients in
each group would give a 80% power using a two-tajled test at a
significance leve] of 0.05.

EATIENTS RANDOMIZATION

Patients were assigned to treatment group in a 1:1:1 ratio in
blocks of six using a computer.zed randomization schedule. The

|
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Omeprazole Capsules F-12
Chemical and Pharmaceutical Manufacturing and T

Control Documentation

1. Summary

F. Environmental Assessment

a) Air Emissions Controls and Citations - Bulk Drug Substance (Con't) | ’
regulation under Table Ia and Ib, Chapter 391-3-1-.02(2)(e), for

new and existing equipment. Approval of the proposed action will
not impact the facility's ability to comply with the above stated
requiremenis. No new regulation parameters are anticipated as a
result of the proposed action.

b) Liquid Emissions Controls and Citations- Bulk Drug Substance %
The plant has separate sanitary, process and stormwater sewer 2
systems. All process and sanitary wastewater from laboratory,
production and administration areas are sent to the on-site
wastewater treatment plant. The treatment plant consists of the
following processes: equalization, neutralization, primary
clarification, activated sludge, secondary settling, thickening, sludge
dewatering and off-site siudge disposal.

The stormwater collection system is equipped with a deluge
containment to collect any spills and allow subsequent rerouting to
the wastewater treatment plant. Uncontaminated stormwater may
be discharged directly to the Flint River.

Organic liquid waste streams generated from the manufacture of
drug substance will be subject to on-site recovery of the organic
solvents to the extent practicable. Residues from the solvent
recovery operations are sent to the plant's wastewater treatment
plant or, if necessary, shipped off-site to a permitted hazardous
waste management facility.
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