These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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Zencca Pharmaceuticals, Inc.
Attention: Frances M. Kelleher, Ph.D.
Manager, Drug Registration

Drug Regulatory Affairs Department
P.O. Box 15437

Wilmington, DE 19850-5437

Dear Dr. Kelleher:

Please refer to your September 14, 1394, New Drug Application (NDA) submitted pursuant to
section 505(b) of the Federal Food, Drug, and Cosmetic Act for Casodex® (bicalutamide) Tablets,

5C mg.

We also acknowledge receipt of your amendments dated September 19 and 20 and your revised
package insert dated <Ictober 4 (telefacsimile), as amended October 4 (telefacsimile), 1995,
submitted in respunse to our approvable letter dated September 14, 1995.

This application provides for he use of Casodex® (bicalutamide) Tablets in combination therapy
with an LHRH analogue in the treatment of advanced prostate cancer.

We have completed our review of this application under the policies and procedures reflected in
the accelerated approval regulations published in Title 21 of the Code of Federal Regulations
(CFR), part 314, subpart H, and have concluded that adequate information has been presented to
demonstrate that the drug product is safe and effective for use as recommended in the draft
labeling dated October 4, 1995. Accordingly, che application is approved effective on the date of
this letier. Marketing of this drug product and related activities are to be in accordance with the
substance and procedures of the referenced accelerated approval regulations. In particular, we
remind vou that all promotional materials must be submitted at least 30 days prior to the
intended time of initial dissemination of the labeling or the initial publication of the
advertisement. Please submit one copy to NDA 20-498 and a second copy directly to the
Division of Drug Marketing, Advertising, and Communications. Such submissions should be
prominently labeled "Accelerated Approval Matenals.”

Products approved under the accelerated approval regulations (§314.510) require further
adequate and well<ontrolled studies to verify and describe clinical benefit. The study underway
that could provide such verification is study 7054US/0001. We acknowledge and concur with
vour accelerated approval post-marketing commitments as stated in the telephone conversation
on September 14, 1995, between Mr. Anthony Rogers and others of your office and me. Your
commitments are as foliows:
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1, For study 7054US5/0001:

a. Within 3 to 6 months of completion of the study, defined as the
achievement of a 50% mortality rate in all arms (to ascertain median
survival time of the treatment in the various arms), vou will provide FDA
with a study report of the kev analyses of effectiveness and safety, along
with corresponding data sets. In advance of the completion of the study.
you will seek FDA agreement on the specific efficacy and safery analvses to
be conducted.

b. Quarterly updates on the progress of the study will be submitted to the
FDA that include total number of deaths, patients lost-to-follow.up, and
patients discontinuing drug. Safety reporting should continue under the
usual IND clinical practice requirements as provided for by 21 CFK 312.32
and 312.33.

2. 1 study 7054/150001 does not provide veriiication of clinical benefit to conclude
that the drug is safe and effective for an intended use. vou will comply with the
accelerated approval withdrawai procedures described in 21 CFR 314.53C.
Additional studies, including treatment IND protocols, could proceed after such a
withdrawal if the data supported continued trals.

3. It is the understanding of Zeneca and the FDA that at the completion of study
US0001 and following the presentation of data to the FDA and the appropnate
FD)A advisory committee, the decision whether to grant full approval or 1o
continue accelerated approval status will be evaluated based on efficacy and satets
from this trial.

Interim and final reports should be submitted to this NDA. For administrative purposes, all
submissions, including labeling supplements, relating to these Phase 4 commitments must be
clearly designated "Phase 4 Commitments.”

The final printed labeling (FP'L) must be idenucal to the Octover 4, 1995, draft abeling.
Marketing the product with FPL that is not identical to this draft labeling may render the
product misbranded and an unapproved new drug. Please subrut 16 copies of the FI'L as soon as
it is available, in no case more than 30 days afeer 1t is printed. lease individually mount ten of
the copies on heavy weight paper or similar material. For admmistrative purposes, this
submnission should be designated "FINAL PRINTED LABELING™ tor approved NIDIA 20-49%,
Approval of this labeling by FIJA s not required betore it is used.

Validation of the regulatory methods has not been completed. At the present timie, 1t s the
policy of the Center net to withhold approval becanse the methods are bemng validated.
Nevertheless, we expect vour continued cocperation to vesolve any preblems that mav be
identificd.
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Please submit one market package of the drug produca when it is available.

We remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314,80 and 314.81.

Stiould you have any questions concerning this application, please contact:

[ana L. Pauls, M.P.H.
Consumer Safety Officer
301-443-3510.

Sincerely vours,

W wis<
E)C VA B A
James Bilstad, M.D.

Director

Office of Drug Evaluation 1

Center for Drug Fvaluation and Research
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DESCRIPTION

CASODEX® (bicalutamide) Tablets for oral admunistration contain 50 mg of bicalulamide, & non-
steroidal anuandrogen with no other known endocnaoe activity. The chemical name is propanamide,
N~[4-cymo—3-(u‘:ﬂuoromezhyl)phcnyli-3-l(#ﬂumwphcnyl)sulfonyl]-2-hydroxy-2-methyl-,(+-). The

structural and emperical formulas are:

: g
NH—C—C—CH, —-s;.-
|
tH,

Y CF,
CKN

C18H14N2O4F 45

Bicalutamude has a mulecular weight of 430.37. The pKa' 1s approxiumately 12, Bicalutamide s a fine
white 1o off-white powder which 13 pracucally insoluble in water at 37°C (5 mg per 1000 mL), shghtly
soluble 1n chloroform and absoiute ethanol, spaningly scluble in methanol. and soluble 1n acetone and
tetrahydrofuran.

CASODEX s o racemate with 1ts gntandrogenic activity being almost exclusively exhibited by the

R-enantiomer of bicalutamide: the S-enantiomer s essenuatly inactive.

The nacuve ngredients of CASODEX Tablets are  lactose, magnesium  stearate,
methyibydroxypropyicellulose. polyethylene glveol, polyvidone. sodium starch glycoliate, and ttamum

dioxide.

TYCASNGB IXK® REV C-9 10/



CASODEX®
(bicalutamide) TABLETS Page 2

CLINICAL PHARMACOLOGY

Mechanism of Action: CASQODEX is & non-steroidal antandrogen. It cormpetitively inhibits the
action of androgens by binding w cytosol androgen receptors in the target tissue. Prostatic carcinoma is
known 0 be andrcgen sensitive and responds to treatment that counteracts the cffect of androgen andfor

removes the source of androgen.

In chnical trial; with CASODEX as a single agent for prostate cancer, nses in serumn lestosterone and
estradio] have been poted. When CASODEX s combined with luteinizing hormone-releasing hormone
(LHRH) analogue therapy, CASODEX does not affect the suppression of serum testosterone induced by the
LHRH analogue.

Pharmacokinetics
Absorption: Bictlutamide 15 well-absorbed following oral adminisiration, although the absolute
boavailability 1s unknown Co-administration of bicalutamide with food has no chinically significant effect

on ralc or extent of absorption.
Distribution: Bicaluwamde 1s ighly protzin-bound (96%). See Drug-Drug Intzracuons below

Metabolism/Elimination: Bicalutamude undergoes siereospecific metabohism.  The S (inactive)
tsomet 15 mewbolized primartly by glucuronidason. The R (actve) 1somer also undergoes glucuronidation
but 1s predominantly oxidized w an inactive mewabolite followed by glucuronidation. Both the paren: and
metabolite giucuronides arc eluminated in the unne and feces. The S-enanuomer is rapidly cleared relative to

the R-enantiomer, with the R-cnanaomer accounnng 1or aboat 99% of total sieady-state plavima levels.

Special] Populatons
Geriatric: In two studies in fanents given 50 or 150 mg daily, no sigmhcant relabonship between age

and steady-state levels of ol hicalutumde or the a2uve R-enantomer has beer: shown.

Hepatic Insufficdency: No dimecally signsticant difference in the pharmacokinetncs of either
enanuomer of bicalutermude wes noted 1n pauents with mild-to-moderate hepahc disease as compared W
healthy controls.  Pauents with severe hver discase have sigmihcandy longer half-life values for the

R-enanuomer

Renal Insufficiency: Renal imparment (as measwred by creatnine ciearsnce) had no sigmficant effect

on the eliminanon of total bicaiutamide or the achve R-enanuomer

TACASNOS DOC - REV C-9 1098
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Wemen, Pediatrics. Beravse of the mechanism of action and the indication, bicalutamide has not

been studied in women or pediatric subjects.

Diug-Drug Interactions: Clinical studies have not shown any drug interactions between bicalutamide

and LHRH anajogres (goserclin or leuprolide). There is no evidence that bicalutamide induces hepane

enzymes

SENTD By o ZENECA FPHARKMD URKow rRiao Lo
|
|
|
|

in vitro protein-binding studies have shown that bicalutamide can displace coumarin

anticoagu'ants from hinding sites. Prothrombin times should be clogely morutored in patients already

receiving coumarin anticoagulants who are started on CASODEX.

Pharmacokizetcs of the active enantiomer of CASODEY, in normal males and patients with prosiate

cancer are presented in Table 1.

Table 1

B ter Mean CV% 595% Confidence Ipierval

rmal ! =
Apparent Oral

Clearance (L/hr) 0.320 121 0.28]1 - 0.358
Single Dose Peak

Concentration

(ug/ml) 0.768 232 G.702 - 0.835
Single Dose Time to

Peak Concentranon

{hours) 313 465 159 367
Half-Life

{days) SR 39 s 49.67
Fadents with Prostate Cancer (n=40}
CSS (pg/ml ; 8939 QL TEIT 1006

CV = CoefSaen of Varanon

Css = Mcan Stzach Stme Conpentranon

Clinicat Studles

In a large multicenter, double-blind, conmolled climical v sl

Bl3 patients with previouslv untreated

advanced prostate cancer were randonuzed W receive CASODIX S0 mg once daly {404 patienis) or

flutarude 25 mg 409 pauents) three umes a dav. cach i combination with LHRH analopues (either

TWASNOE DOC  REV (.9 [ (W3
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goserelin acetate implant or leuprolide acetate depot). At & medisn follow-up of 95 weeks, dme to
treatment failure with CASODEX-LHRH analogue therapy was not dissimilar when compared to flutamide-
LHRH analogue therapy.

At the samc tunepoint, 130 (32%) patients meared with CASODEX-LHRH analogue therapy and
145 (35%) patients treated with flutemide-1 HRH snalogue therapy had died.

Quality of hfe was assessed with seli-administered patient queshonpawes on pain, social
functioning. emotional well-heing, witality, activity limitation, bed disability, overall health, physical
capacity, genergl symptoms, and treatment rclaed symptoms.  Assessment of the Quality of Life

questionnaires did not indicate consistent significant differences between the two treatment groups,

INDICATIONS AND USAGE
CASODEX 15 1ndicated for use in combination therapy with a luteinizing hormone. rsleasing hormone

{LHRI) analogue for the treatment of advanced prostare cancer.

CONTRAINDICATICNS
CASODEX 1s contraindicated 1n any patent who has she vn a hypersensitivity reaction (o the drug or

any of the tablet’s components.

CASODEX may cause fetal harm when administered 1o pregnant women. The maie offspnng of rats
recerving doses of 10 mg/kg/day (plasma drvg concentrations in rats equal 1o approximately 22 human
therapeuuc concentraticns®) and above were observed (0 have reduced anogenital distance and hypospadias
in reproducyve toxicology studies.  These piarmacological etfects huve been observed with ather
antiandrogens. No other teratogenic effects were obierved in rabhits receiving doses up o 200 mgfkg/day
approxumately 173 human therapeutic concentrations®) or rats recenang doses up 0 250 mg/kg/day
{approximately I tumes human therapeutic concentrations®!. CASQODEX is contraindicated tn women who
are, or may become pregnant.  If this drug 15 used durung pregnancy, or if the patient becomes pregnant whiie

takiny this drug, the patreat should be appnised of the potential hazard 1o 1he tets
WARNINGS

In clinrcal mals witn CASODEX as a single agent for prostate vancer, gynecomasta and breast pain

have been reported 10 up to 38% and 39% of pausnts respectivels

YACASNGS DOC REY C-9 10799



SENT BY . ZENECA PHARMD DR Ris-1lu 4 Do+ ool m L-Lf-“"_’:'.

CASODEX®
(bicalutamide) TABLETS Page §

PRECAUTIONS

CASODEX should be used with caution in patients with moderate-to-severe hepanc impairment,
CASODEX is extensively metabolized by the liver. Limited data in subjects with severe hepatic impairment
suggest that excretion of CASODEX may be deiayed and could lead 10 further accumulation.  Periodic liver

function tests should be considered for patienis on long-term therapy.

Information for Patients: Patients should be informed that therapy with CASODEX and the LHRH
anglogue should be ininiated concomitanty, and that they should not interrupt or stop taking these
medicatiops without consulung therr physician. Treatment with CASODEX should be started at the same
ume as trearment with an LHRI4 analogue. ‘

Laboratory Tests: Regular assessments of serum Prostate Specific Antigen (PSA} may be helpful in
monitonng the patent’s response. If PSA levels nse dunng CASODEX therapy. the pauient should be
evaiuated for chirucal progression. For patients who have objective progression of discase together with an
clevated PSA, a treatment-free period of annandrogen. while continuing the LHRE analogue. may be
considered.

Since transaminase sbnormalities and, rarely, jaundice have been reported with the use of CASODEX,
periodic liver funcuion tests should be considered. If clinically indicated. eg, when the patient has jaundice or
laboratory evidence of liver injury in the absence of hver metasiases, CASODEX therapy should be
discontnued. [ transaminases increase over 2 umes the upper limut of normal, treatment shouid be

discontinued  Abnormaliues are ysually reversible upon discontnuaton

Drug Interactions: [n vitro studies have shown CASODEX can displace coumann anucoagulants,
such as warfarin, from their protein-binding sites. 1t 15 recommended that 1f CASODEX 1s started in patients
already receiving coumarin anucoagulants, prothrombin umes should be closely monitored and adjustment of

the antrcoagulant dose may be necessary (see CLINICAL PHARMACOLOGY, Drug-Drug Iateracuons)

Carcinogenesis, Mutagenesis, Impatrment of Fertility: T'wo-yecar oral carcinogenicity studies were
conducted in both male and female rats and mice at doses of $. 15 or 75 mg/g/day of hicalutamade. A
varysty of tumor target organ effects were (dennfied anc were amnbuted o the anoandrogenicity ot
bicalutanade, namely, testicular bemgn interstutal {Leydig) cell tumors in male rats at all dose levels (the
steady-state plasma concenuation with the § mg/kg/day dose 15 approximately 273 human therapeunc

concentrations®) and utenine adenocarcinema in fermale rats al 7S mg/kg/day (approximately 1 172 umes the

TACASNOS DOC REY C-9 1095
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human therapeutic concentrations*). There is no evidence of Leydig cell hyperplasia in panents; utenipe

tumors are not relevant w the indicated patient populanon.

A small increase in the incidence of hepatoceljular carcinoma in male mice given 7S mg/kg/day of
bicalutamide (approximately 4 fimes human therapeutic concentrations®) and an increased incidence of
benign thyroid follicular cell adenomas n rats given 5 mg/kg/day (approximately 2/3 human therapeutic
conceniratons®} and ebove were recorded. These neoplasuc changes were progressions of non-neoplastic
changes related o hepatic enzyme induction observed in amimal waicity studies. Enzyme induction has not
been observed following bicalutamide administration in man. There were no wmongenic effects suggestive

of genotoxic carcinogenesis.

A comprehensive battery of both in viro and 10 vivo genotoxacity tests {ycast gene conversion, Ames,
E coli CHO/HGPRT. hwnan lymphocyte cylcgenetic, mouse micronucleus, and rat bone marrow

cylogeneuc tests) has demorstrated that CASODEX does not have geaotoxic acuvity,

Admistrauon of CASODEX may lead to infubibon of spermutogenesis. The long-term effects of
CASODEX on male fertilirv have not been studied.

In male rats dosed &t 250 mg/kg/day (ipproximately 2 tines human therapeutc concentrations®), the
preconal interval and ume 1o successful mating were increased 10 the first pamring but no eftects on fentility
following successful mating were seen  These effects were reversed by 7 weeks after the end of an 11-week

period of dosing

No etfects on female rats dosed at 10. 50 an. 750 mg/kg/dav (approxumately 273, 1 and 2 umes human
therapeutic concentranons, respectivelv*) or theyr temale oftspring wene observed.  Admuinistraton of
bicalutamide to pregnart temales resulted in femimzation ot the male offspring leading to hypospadias at ali

dose levels. Affected mal: offspring were also impotent
*Based un & maximum dose of 50 mg/day r?t bicalutamide fot an nverage 70 kg, panent.
Pregnancy: Pregnancy Category X (see CONTRAINDICATIONS)
Nursing Mothers: 1t s not known whether this drug 15 encreted o human rulk. Becsuse manvy drugs

are excreted 1n husnan mjk, caution should be exemised when (CASODEX s admuriste ed 1o a nursing

Wman.

TAMCASNOR DOC - R'EV C.9 10v958
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Pediatri: Use: Safety and effectiveness of CASODEX in pediatric patients have not been established.

ADVERSE REACTIONS

lu patients with advanced prostate cancer mreated with CASODEX in combination with an I.HRH
analogue, the most frequent adverse expenence was hot flashes (49%).

Diarthca was the adverse event most frequently leading to treatment withdrawal: 6% of the patients
treated with flutamide-LHRH analogue and 0.5% of the paucents treated with CASODEX-I.HRH anafogue.

In the mulncenter, double-blind, controlled clinical trial companng CASODEX 50 mg once daily with
fiutamide 250 mg three umes a day, each in combination with an LHRH analogue, the following adverse
experiences with an incidence of 5% or greater, regardless of causality, have been reported.

Table 2
Incidence of Adverse Events
(> 5% in Either Treatment Group)

Regardless of Causality
Treatment Group
Adverse Event Number of Patents (%)
CASODEX Plus Flutamide Pjus
LHRH Analoguc LLHRH Analogue
o An=408 {n =407}
Hody as 8 Whole
Pamn (General) 109 (27 93 2y
Back Pain 208 68 (1IN
Asthenua 60 (15 6 N
Pelvic Pain S22 (1% 46 (1D
Infecuon : (10y 35 {9)
Abdomunal Pain A1 (81 31 (8)
Chest Pain 24 (6) 20 (5%
Headache i (3} 20 (5)
Flu Syndrome 16 {4} 20 (5)

TACASNOS DOC REV C-9 105
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Table 2 (Continued)
Incidence of Adverse Events
(2 5% In Elther Treatment Group)
Regardless of Capsality
Treatment Group
Adverse Event Number of Patients (%)
CASODEX Plus Flutamide Plus
LHRH Aralogue LHRH Analogue
(n=401) (n =407

Cardiovascular

Hot Flashes 196 (49) 202 (50

Hypertension 21 (5) 18 (4)
Digestive

Constipation 67 (N 50 (1

Nausea 44 (11 45 (1

Diarrhea 40 (10) 98 (24

Increased Liver Enzyme Testt 25 (6 40 (10

Flatjence 22 (5} 16 {4)

Vomting 12 (1 0 (5
Hemic and Lymphatic

Anemiatt 29 {73 35 (9
Metabolic and Nutnonal

Penpheral Edema 34 {8 28 T

Hypesrglycemaa 20 {5} 6 i)

Weight Loss 16 (4 20 5
Musculoskeletal

Bone Pan 15 (4} 16 (t
Nervous System

Dizziness 30 (T 27 h

Paresthesia 24 b 27 (7

insomnia 19 (53 30 (7
Respuratory System

Dryspnea Ll 0 24 )
Skin and Appendages

Rash 25 it 20 5

Sweating 23 14y 1K i
Urogenstal

Nnctuna 5 19 43 0L

Hematuna 0 174 20 (5

Unnary Tract Infection 26 (61 24 16

[mporwence 20 (%) 29 7

Gynecomasta 19 (5} 23 N}

Unnary [ncontinence o (M 20 AR

tIngreased hver enzvme test includes increases in AST. Al T or both
t1Anemaa includes anenua, hypochromic and ron deficiency anernia

TACASNOE DOC REV C-9 10895
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Other less frequent (greater than or equal to 2%, but less than 5%) adverse cxperiences reported in the
CASODEX-LHRH analogue treastment group are listed below by body systam and are in order of decreasing
frequency within each body system regardless of causality. Some of these are commonly reported 1n elderly

patents.
Body as a Whole: Edema; Neoplasm; Fever; Neck pain; Chills; Sepsis
Cardiovascviar: Angina pectoris; Congestive hean failure
PAgesdve: Anorexia; Dyspepsia; Rectal hemorthage; Dry moath; Melena
Endocrine: Breast pain; Diabetes meilitus

Metabolic and Nutritionsl: Alkaline phosphatase increased; Weight gain; Creatinine increased:
Dehydration; Gout

Musculoskeleial: Myasthenia; Arthnus: Myaiga; Leg cramps. Pathological fracture

Nervous: Anxicty, Depression, Libido decreased, Hypertoma, Confusion; Neuropathy; Somnolence.

Nervousness

Respiratory: Cough increased, Pharyngius; Bronchitis, Prieumnnia, Rhinius; Lung disorder

Skin and Appendages: Dry skin: Pruritus; Alopecia, Injection site reaction

Urogenital: Unnary frequency; Unnanon inpaired: Dysuna, Unnary retention; Urinary urgency

Abnormsgl Laboratory Test Valoes: Laboratory abnormaiities including clevated AST, ALT.
bilirubin, BUN. and creatinine and decreased hemoglobin and white cell count have been reported 1 both
CASODEX-I.HRH enalogue ireated and flutamide-LHRH analogue ireatcd pauents. Increased liver enzryme

tests and decreases in hemoglobin were reported less frequently with CASODEX - L.HRH analogue therapy

Other changes were reported with similar 1ncidences 1a both treatment ETOups.

TVWASNOE DOC REV C.9 10/9%
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OVERDOSAGE
In animal swdies. CASODEX demonstrated a jow acute toxicity. Doses greater than 2000 mg'kg
would be necessary to produce significant mortality in mice and rats.

Long-term clinical tnals have been conducted with doseges up to 200 mg of CASODEX daily and
these dosages have been well tolerated. A single dose of CASODEX that results in symptoms of an overdose
considered to be life-threatening has not been established.

There 18 no specific antidote: treatment of an averdose should be symptomanc.

In the masegement of an overdose with CASODEX, vomuung may be induced if the pauent 1s alert. It
should be remembered that, i1n this panent population, multiple drugs may have been taken. Dhalysis is pot
likely to be helpful since CASODEX 15 highly protein bound and 1 extensively metabohzed. General

supportive care, inciuding frequent monitosing of vital sipns and close observation of the patient, 1s indicated.

DOSAGE AND ADMINISTRATION

The recommended dose for CASODEX therapy 1n combination with an LHRH analogue 1s one 50 mg
tablet once daly (morning or evening ), with or without food {1 18 recommended that CASODEX be taken at
the same :me each day Treatment with CASODEX should be stared st the same time as treatment with an
LIIRH analogue

Dosage Adjustment in Renal Impatrmert: No dosage agjusimant 1s necessary for patients with
renal tmparment (see CLINTCAL PHARMACOLOGY, Spectal Populagions, Renai Insufficiency).

HOW SUPPLIED
50 mg Tabtets. (NDC 0310-0705) White, {ilm coated tablets ndennfied on oae side with "CDX50"
and on the reverse with the "CASODEX logo™) are supplied in unit dose blisters of 30 wablets per caron

€0310-0705-39)y and boules of 100 rabiets (0310-0705- 1.

Made n (rermany

I WCASNGE DAl - REV € -2 t9S
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Store at controlied room temperature, 20°-25°C (68°-77°F).

Manufactured for

Zenece Pharmaceuticals

A business unit of Zeneca Inc.
Wilmington , DE 19850-5437 USA

by Zeneca GmbH, Planksiadt, Germany

TANCASNOB.DOC
Rev C.9 1095 SIC XXXXX-XX
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Avgust 22,196F

Memorandum ; e
To: NDA 20498 Casodex (bicaiutamide) %ﬁ/f PR /
From: Solomon Scbel M.D. Director DMEDP */
Subject :Approvability of tha NDA

There are a number of issues to be addressed

1.The reason why this application was filed despite the
submission of only one pivotal study.

On Octobr 20,1994 a 45-day meeting was held to determine the
filability of this application. The medical officer argued that
the toxicity data promised to be much better than flutamide 1n
regard to hepatotoxicity.

The potential public health benefits were such that it was
acceptable to allow the sponsor to submit one study. It was
understood thast the benefit of bicalcutamide over flutamide
would have tc be clearly demonstrated . The study also was
substantial in numbers --over 800 patients.

2.The acceptability of a3 surrogate endpoint to enable an
accelerated approval.

An objective endpoint of progression and treatment failure would
serve as the surrogate endpoint. An extension of the
investigation into phase 4 would serve to corroborate at least
equivalent mortality benefits.

This use of a surrogate endpoint in a serious disease 1
consistent withn the stipulations of the accelerated approval
regulation.

3. The applicability of a not yet mature endpoint in respect to
mortality.

Only about 33% of the patients have died. The estimated hazard
ratio at this point is 0.88 favoring Casodex ‘over flutamide)
with a 95% confidence interval of (0.6%, 1.11.

A 50% mortality endpoint would be more robust. However,it 1s very
unlikely that the trends would reverse in favor of flutamlde at a
greater than 25% level( that 1ls, to upper bound confidence
interval of 1.25%)-the prospectively defined c¢lirnically
significant difference.

Conclusion: I recommend that this NDA be considered for approval
under the accelerated approval regulaticn.
A statistical analysis of the data in respect to treatment
failure indicates that the casodex-LHRH arms are superior to the
flutamide-LHRH arms. C T e L A of
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URUG STUDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recommendec for approval)

7 . :
NOA ¢ 2u-%79 Trade (generic) names (45@45;( (/) 2L TR BE )

Check any of the following that apply and explain, as necessary, on the next
page:

i. A propcsed clalm 1n the draft labelliwy 1S ulrected tOward a SPECLT1C
pediatric illness. The application contains adeguate anc weli-
controiled studles in peq@iatric patlients to support tha. cialm.

2. The dgraft labeling includes peaiatric dosing infomation that :is not
baseq on acequate ang well-controllev stucles in cnilaren. [he
application contains a request unger zl UFR 210,58 or »la.lze(c) traor
walver of tne requirement at 21 FR 201.57(f) for A&W( studxes in
children.

a. The application contains data showing that the Toulse of the
disease and the effects of the orug are surticiently similar
in adults ano crulaoren to permit extrapolatlon of the cata
from adults to children. The walver reguest should be
granted ana a statement to that effect i1s inclugeg in the
action letter.

D. The information inclugea in the application does not
adequately support tne waiver request. The request shoulu
Nnot De yranteu ang a statement to tnat erfect is 1Nciuged in
the action letter, (Llomplete ¥3 or ¥4 pelow as appropriate.

5. Pealatric stuales (e.g., dose-tinQlng, pnarmacokinetlc, auverse
reaction, agdequate ana well-controlled for :afety and efricaCy) SNOULG
pe done after approval. The dryg procuct has some potentlal for use
in chilaren, but there is no reason to expect early wldespread
pediatric use (because, for example, alternative drugs are avallable
Or the conclition 1s uncommon Ln cnilaren).

a. The applicant has comnitted to going such studles as wr!ll oe
required.

(1) Stugies are ongoing.

(2) Protocols nave Deen supmittec ana approved.

(2) Protocods nave Leen sLUMILLed &any are unuer
review,

{4) 1P nO protocol nas oeen subinltted, on the next
page explaln the status OF QLSCUSSLIONS.,

D
g

u. If the sponsor 1s not willing to wu pedsatric studles,
attach copies of FUA's written reguest that such studles De
QoNe dnyg OT LNe Sponsor's wrlililen response o thal Iequest.
-~ 4. Pediatric studies do not need Lo Le enccuraged bDecause the aruy
proguct nas little potentlal for wuse ln chlldren.




Page ¢ -- Urug Studies in Pediatric Patients

5. If none or thwe apove apply, expiain.

Explain, as necessary, the foregoing items:
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Casodex {(bicalutamide review)
1.1 Medical Qfficer's Review

.1 NDA #20-498

Sy
(=

1.1.2 M.O. Review

1.1.3 Submission : September 14, 1994
1.1.4 Review completed:June 22, 1995
1.2 Drug name

1.2.1 Generic name
bicalutamide 176,334)

1.2.2 Proposed trade name
Casodex®

1.2.3 Chemical name

propanamide. N-{4-cyano-3-(trifluoromethyliphenyl]-3-{(4-
fluorophenyl)sulfonyl]-2-hydroxy-2-methyl-, (+-}.

Bicalutamide has a molecular weight of 430.37, Bicalutamide is
a fine white to off white powder which is practically insoluble
in water at 37eC (5 mg per 1000 mL), slightly solukle in
chloroform and absolute =thanol, sparingly soluble in methanol,
and soluble in acetone and tetrahydrofuran.

~asodex has two enantiomers, the R form is thought to be
primarily responsible for the antiandrogenic activity. At
steady state, the active R-enantiomer accounts for 99% of the
circulating plasma bicalutamide concentration. Bicalutamide ig
nighly protein bound (96%). On daily administration, the R-
enantiomer accumulates about 10-fold in plasma, consistent with
an elimination half-life of approximately 1 week. The S-
enantiomer is very rapidly cleared relative to the R-enantiomer.
The long half-life of the R-enantiomer makes CASODEX suitable
for once-daily dosing. At the 50 mg/day dose, the
pharmacokinetics of the R-enantiomer are unatfected by age,
renal impairment, or mild to moderate hepatic impairment .
Patients with severe hepatic impairment eliminate the R-
enaniiomer from plasma more slowly. Bicalutamide is extensively
metabelized via both oxidation and glucurconidation with renal
and biliary elimination of the merabolites.

1.3 Sponsor - Zeneca Pharmaceuticals Group

SOURCRQOY ‘bicalutamide - NDA 20-498
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1.4 Pharmacologic Category - Nonsteroidal Antiandrogen

1.5 Proposed Indication:

The sponsors believes that the proposed indication is for the
treatment of Prostate Canrcer in combination therapy

with either an LHRH analog or surgical castration for the

rreatiment of advanced prostate cancer. However the pivotal trial

demonstrates efficacy only for use with medical castration.

1.6 Dosage Form and Route of Administration:

oral 50 mg per day

1.7 NDA Drug Classification - P

1.8 Important Related Drugs: nonstercidal antiandrogens,

e.qg.,flutamide ) an .

Table of Contents (use decimal system to number pages)
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Integrated Summary of safety Information Volume 1.100 1.1C5
Integrated Summary of Renefits and Risks otf the Drug Volume 1.105
Clinical Trial Reports for the following trials:

Report Volume Date*
0001 1.64 1.77 and 1.10 1.121 9/24/93%
0002/0003/0005 1.78 1.87 3/4/93%
0006 1.88 7/25/80
0oo7v 1.889 12/21/90
po10 1.90 5,24/90
0201/0202/0203 1.99+ 9/10/90
£0204/0205 1.93 1.9¢6 11/21/93
030l 1.122 1.125% 9/13/914
0302 1.126 1.128 6/1/93
0303 1.130 1.13¢6 10/7/91
0306 1.138 1.143 6/30/93
0307 1.144 1.155 6/30/93
0308 1.92 7/9/93
7054U5/0002 1.60 12/21/91
70%41L/0003 1.61 1.82 6/7/94
70541IL/000S 1.57 1.58 9,;25/93

+nate refers to when trial was completed, except where trial recrultment
cotipletion date is given.

#Date refers to when trial recrultment was completed.

+Summary only; report was submitted to the IND.

rRefer also to INDs

4 Chemistry
see chemistry review

5 Animal Pharmacology
see Pharmacology review

The sponsor states that casodex binds to rat prostate and
pituitary androgen receptors with an affinity of approximately
1,50th of the naturally occurring 5-a dihydrotestostercone. It
is reported to have an affinity for the prostate androgen
receptor of around 4-fold higher and for the pituitary androgen
receptor of 10-fold higher than hydrexyflutamide.

Inhibition of the growth of seminal vesicles and ventral
prostate gland have peen demonstrated in lmmature castrated
rats with a minimum effective dose of about 0.5 mg/kg of
CASODEX. This appears to be at least as effective as
flutanide.

pr.octate and seminal vesicle atrophy were observed in intact
pubertal and mature rats. Prostate atrophy was cbserved in
rhe dog with no effect on resticular weight. In the rat,
CASODEX was approximately 5 rimes more potent than flutamide
which also caused significant rises in serum LH and
restosterone, not observed with CASODEX. Studies with tritium-
labeled CASODEX showed that the drug accumulates in the target
organs (ventral prostate and reminal vesicles) and organs ot

FOURCHOY /bicalutamide - NDA 20-498



excretion (liver and kidney} but is excluded, relative to serum
concentrations, from the hypothaiamus and cerebral cortex.
Since the hypothalamus is the maijor site of the negative
teedback effect of androgens, the relative exclusion of CASODEX
from this tissue may explaln the peripheral selectivity szeen in
rats.

The liver profile of antiandrogens is a very important safety
consideration. Casodex 1s Kknown te cause liver tumors in the
mouse at high dose in the males; and induces hepatic enzymes
in the rat and dog. The sponsor believes that this is a much
lower dose that to treatment patients (approximately 1
mg/kg/day) .

6 Clinical Background
« Incidence and prevalence of prostate ca.cer today

The incidence of cancer of the prostate has reached an
estimated rate of 22% of all maligrancies in men (1991).By
the age of 50 up to 30% of men are found to have cancer of
the prostate. The incidence for white males is estimated to
be 88/100,000 white men and 132/100,000 for black men. The
mortality rate in the black population is almost double that
for white males. 1In the year 1992 there were 34,999 deaths
from prostate cancer and 46,300 deaths for Breast cancer
(American Cancer Society). Although geographic differences
in prostate cancer are known to exist no clear cause for this
difference is known. Androgens and age are the only
important risk factors. Family of origin, e.g. father,
brother or cousin with prostate cancer, are also strong risk
factors. This is why guidelines for prostate cance:
screening suggest a Digital Rectal Exam (DRE) and Prostate
Specific Antigen (PSA) starting at the age of 50 for white
males, 45 for black men and those with a positive family
history for cancer. Familial prostate cancer may account for
9% of prostate cancer with an earlier age of rmnset of
disease, and multiple affected family members (Carter, 1992)

P

« Staging of Prostate Cancer

In the U.5. the usual stage system {or prostate cancer is
the Whitmore-Jewett classitication. World-wide the more
cemmon classification if the American Joint Committee for
Cancer (AJCC) system. Stage A is not identified on
examinatior but depends on bliopsy or a pest-surgery finding;
stage B 1s palpable and contined to the prostate; Stage ¢ is
locally advanced to continguous structures: bladder, seminal
vesicles, and prostatic capsule; and Stage D 1s outside the
adnexal area. It 1s estimated that 25% of patients with newly
diagnosed prostate cancer will present with Stage D2 digease.
This submission concerns <linicai studies for palliative
treatment in men with Stacge [ prastatic cancer Thiz 1s
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disease defined as outside the pelvis 1in distant lymph ncdes,
bone or other corgans.

Most patients presenting with symptomatic disease generally
have cancer spread outside of the prostate gland anc are
incurable. The responses to androgen deprivation therapy are
not durable and the cancers become hormone-refractory
{Garnick, 1993). 75% of pati=nts diagnosed with prostate
cancer have clinical stage C or D disease at the time of
initial diagnosis. The five year survival rate with
treatment 1is approximately 72% for stage C disease. Stage Dj
have a 5 year survival rate of 58% and Stage D2 disease have
a median survival rate of 2.5 years. (J Urol 1991. 146: 96~
98.)

« Treatment of prostate cancer:

Metastatic PCA must still be considered tc be incurable. The
purpose of treatment is to improve guality of life, time to
progressicn and perhaps survival. 70% of men with metastatic
diseases treated with androgen deprivation will experience a
symptomatic and often a clinical regression with androgen
deprivation - but most will relapse within 18 to 24 months.
Median life expectancy at time of progression 15 & months or
less. It is not clear whether the guality of life 1is
extended by any of these treatments. There have been no
advances in the treatment of Stage D since 1940 and the first
hormone deprivation by bilateral orchiectomy. Subsequently
diethylstilbesterol (DES) was used. In 1984 Leuproliae was
first approved for medical castration but orchiectomy has
remained the gold standard and the most economical approach.
Labrie and the European community were the first proponents
of blockade of the adrenal androgens; this concept was the
basis of the NCI 0036 studies comparing leuprolide with
flutamide (the first nonsteroidal antiandrogen) to leuprolide
with placebo. This combination therapy for total androgen
blockade was approved in 1988 There is a continuilng
dialogue regarding the adrenal androgen contribution. the
necessity of total androgen blockade and it's possible
advantages and resulted in an international meta-analysis
pooling comparable studies. The 1992 preliminary results of
this meta-analysis included 5,353 patients from randomlzed
studies that had at least one arm using total androgen

hiockade. At 5 years there was an overall reduction of 3
percent. This has probably not drastically changed since
rhat analysis (Schroeder, 1995 - Advisory Committee)

Today there are two gonadotropings approved for medical
castration: leuprolide (LUPRON - TAP} and goserelin {(Zoladex
- Zeneca-19-726). Leuprolide {(Lupron - 19-732), with a
substitution at the é6th position ot GnRY, 1s thought to be 20
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times as potent as the natural molecule. There is only one
=-* ' --4-ogen apprnved for use with a gonadotropin: flutamide
- Schering). Two antiandrogens have been studied:

- Zeneca) The subject of this submission is

_amide.

The Efficacy Endpoints in Stage D prostate cancer used in
most clinical studies are:

. Regression + stabilization
. Time to progression
. Survival time

Some of the current terms and abbreviations:

PCA - prostate cancer
CAT - combined androgen treatment or

MAB - maximal androgen blockade or TAB Total
androgen blockade - primarily aimed to prevent the effect
of metabolized adrenal androgens that may be present.

PSA - prostate specific antigen
PSAD - Prostate specific antigen density

ALP - alkaline phosphatase
PAP - Prostatic acid phosphatase

Progstate specific antigen

Prostate specific antigen (PSA) has beccme an important marker
in the management of prostate cancer patients.

« first identified 1970 - prostate tissue
» seminal plasma 1971 - rape marker - P-30
serine protease - may play a role in semen ligquefaction.

« approved tirst for predicting relapse,
» significant overlap between BPH AND PCA; may be mcre
gspecific with identification of complexed vs free forms.

PSA was first approved by FDA for the diagnosis of recurrence
of prostate cancer. Not until 1994 was PSA apporoved for the
screening of prostate cancer in previously undiagnosed patients
in conjunction with digital rectal examination. Prostate
specific antigen is an androgen sensitive glycoproteln and may
be increased incependently by androgen stimulation. In
addition 1t appears that the prolenged expcsure to a
nonsteroidal antiandrogen, e.g.flutamide, results in the
selective proliferation of cancer cells containing a mutant

5]
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androgen recepcror that aberrantly Fecognizes flutamide
netabolites and nonadrogenic steroids 45 androgenic stimulj

tSartor et gl, 1994, .

PS5A has been developed by several metihcis:

Hybritech~* Tandem E
Tandem R
Tandem ERA

Abbotg+ IMY

Ciba Corning* ACS

Toschmedix* AIA pack

* FDA approvegd

It 1s important to remember that there are differing forms o¢
the PSA molecule - both free and complexed. Further
elucidation of these forms may increase the Sensitiviry and
specificity of p3a in the future. The percentage of frae
Versus complexed may be different between benign ang malignant
prostate tissue., Tt ig also expected that newer monoclonal
Aantibodies will be more specific and sengitive. However, to
date there is no definitive tege Separating BPH from OCA.

The major forms of PSA circulating in S8erum are:

* Free PSA found in much lower concentrations in serum
than complexed Psa 1s enzymatically nonactive .

* Complexed PSA - found in serum - irreversibly and
Covalently bound to alpha antichymotrypsin  and
enzymatically necnactive

* smaller quantities complexed to dalphas ma roglobulin

These differences are important in Somparing PSa assay resylog,
Une major assay may overestimate the froe poa and undezest imat e

the complexed psa.

ABLE AGE-RELATED PSA LEVELA tHybritech)

PSA AGE

-

L]
n
"
>

—
4
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PSA is not a perfect screening test for prostate cancer with up to
10% false positives. An ideal marker should have high sensitivity
and specificity for distinguishing benign from malignant prostatic
disease and provide prognostic inrormation as well as improve
treatment outcomes. The positive predictive value for PSA as a
screening assay was only 47% . . The margin of difference between
benign and malignant is deperdent on volume of tissue, grade of
tissue and secretion into the plasma. Early detection has not
yvet been demonstrated to improve survival for men with prostate
cancer. (for further informaticn see Assessment, Office of
Technology. Costs and Effecgtivepess of Prostate Cancer Screening
Elderlv Men. Congress of the U.5., 1995. OTAA-BP-H-145.)

4

PSA REDUCTION (RESPONSE} AND PSA PROGRESSION (RELAPSE)

Castration, medical or surgical, 1nitiates extensive apoptosis
of the secretory epithelial cells lining the ducts of the rat
ventral prostate resulting in the striking reduction of male
sexual accessory tissue,

Since PSA expression is influenced predominantly by androgens,
the mutation of the androgen receptor appears Lo CQCCur as
prostate cancer cells less differentiated and may affect the
expression of zhe PSA gene. Therefcre, the elevation of PSA
may not only signal relapse and progression of prostate cancer
but also signal receptor mutation and an agonist effect of the
antiandrogen.

FACTORS THFAT DETERMINE SERUM PSA IN MEN WITHE PROSTATE CANCER;

« Number of viable normal prostatic epithelial cells
and the extent of differentiation of neoplastic Prostatic
epithelial cells

« hormonal milieu

. architectural integrity ot tie prostate gland location
0f malignant prostatic epithellum -1ntraprostiatlc o:
merartatic,

¢ Ruate 0! marker clearance,

A POA increase i1s the first sign of progression atrer
freatment in those patients with prostate cancer that secrete
prostate specifilc antlgen and a reducrtion 1n PSA 1S aAn
sndication of an apoptotic responhse by the prostate cancer
fellu. Elevation obf PSA allows tor ident:irication uf resapse
At an earlier time than otherwise clinically evident. It 13
lmportant to remember that poorly differentiated prostate
cells may logse this ability to manutacture and secrete PoA.
There appears to be an inve:use te.ationship between
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histologic grade

It has been suggesre
10 ng/ml at § months,

anrd survival was

ng/ml time to progres

of the tum
d thar

the ¢
3.2

510n w

©r and PSA prody
if the psA decre
ime to progressi
if the 6 mont
as 12.5 and surv

ction (Partin) .
4ses to less than
On was 22.7 months
k pPsgA exceeded 10
ival 18.8 monthsg

{(Stamey). This work still needs to be confirmed.
The decline Uf pyp » 50%
progression free survival

defined in the Criterja f

is thought to predict a prolonged
A rise in psa within the limits
Or brogression may he an indicat:sn
tor a change in therapy. ecently been estimated by
Soloway (1994 - prelimar- Teport} that responders after
treatment with the lowest PsA (< 4 ) and a decrease ir
maximum PSA level by 95% or greater from baseline will have
the best Progression free intervals.

reduction of psa
utamide compared
onotherapy (Dennirc,

An example of this is s
after 3 months of diffe
with surgical castratio
Cancer supplement Dec ]

éer in the percent
I'ent doses of bical
n or flutamide as m
5, 1983 3890y .

TABLE - PSA LEVELS NOTED WITH ANDROGEN DEPLETION

From Carncer 1553

Bicalutamide 10 mg 30 mg|50 mg|1p00 150
honotherapy mg mg
%X PSA 57% 73% [90% | 99% N

Burgical
castration

Eiutamid.

notherapy
AFTER THREE MONTHS

73%

PERCENTAGE OF PSA CASODEX MONOTHERAPY

{Sponsor's data)
Bicalutamide %PSA %P3A N= study
monotherapy DECLINE REMAIN
DOSE
10 MG 155.3 45,7114 02
L_3o MG 72.1 247.9]10 02 .
S0 MG 8é.4 15.6|789 02,201,202,
403,204,203
- 301,302,303
1L 100 Mg 81.8 8.21202 305,306.307
150 MG 93.2 6.8]792 305,306,307
200 MG 94.8 5.2 29 5
300 MG 93.8 6.2)4 9
FROM Zeneca Presentar,on SUnTnary TABLE I APRIL 28, 149
9
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150 MG CASODEX

Bicalutamide %PSA XPSA N= PROTOQCOL
monotherapy VS | DECLINE REMAIN 306 AND 307
Cagtration

150 MG 92.7 7.3 747

CASTRATION 94.5%9 5.1 360

The role of Androgens and PCA

The advantage of antiandrogen therapy is the ability to block
rthe action of androgens both from the testes and the adrenal
glands. In 1982, Labrie et al first reported the concept of
combination therapy for the treatment of prostate cancer,
which involves combining antiandrogen therapy with castration
to achieve MAB. This was the first therapeutic approcach
possibly lmproving progression and survival cof advanced
prostate cancer since the initial description of hormone
manipulation in 1941 (Huggins and Hodges 1941; Huggilns et ad
1941) .

wWhen given as monotherapy, antiandrogens compete with
relatively high concentrations of ctestostercone for binding to
the androgen receptor. Castration removes testicular
androgens {(approximately 90% of circulating androgens), and
combining castration with an antiandrogen permits only low
levels of androgen produced by the adrenal glands to compete
with the antiandrogen for receptor binding.

androgen withdrawal a:.d sequelae:

androgen withdrawal and subseguent cellular apoptosis
ultimately results in the relative enrichment of tumors with
cells that are more undifferentiated and less responsive to
normonal therapy. Testosterone serum levels have been the
gold standard of monitoring castration. Approximately © - 7%
of the circulating androgens are of adrenal source. If one
assunmes that castration removes all androgens to the
prepubertal status a level of 20 ng/dL (Tanner 1-2) should be
atrtained. If cne considers the contribution cf the adult
adrenal it is reasonable to consider a circulating
testosterone level up to 40 ng/dL refliecting the metabosllsm
of DHEA o T and DHT.  Antiandrogens, unliike the
downregulation of gonadotropins, do not decrease androgen
levels but rather increase the serum testostercne by
approximately 80% (seen in clinical monotherapy bicalutamide
tr:als). The effects of this elievated testosterone on
prostate cancer are not understeod. Several investigators
believe that intermittent therapy 1s more appropriate using
PSA normalization as a marker both for response and

10
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progression. This paossible benefit has not yet been
evaluated in clinical studies {(Bruchovsky)

Monotherapy antiandrogen is always assoclated with elevated
estrogens and breast changes, e.g. gynecomastia, or breast
pain. This is probably a reflection of the increased
aromatization of testosterone. One case of breast cancer
with flutamide has been reported.

antiandrogens appear to be assocliated with changes in liver
profile. Hepatitis or marked increases in liver enzymes
ieading to discontinuation occurred in 1% cf nilutamide
patients in controlled clinical trials with one death related
to liver disease. The sponsor notes that in study 208
Between 7 and 11% versus 4% placebo patlents had SGOT and
SGPT values more than twice the upper limit of normal and in
study 606 there were SGOT and SGPT values elevated Z0%
versus 1b0%. Flutamide is alsoc asscciated with fatal liver
toxicity.

relevant human experience
- Review of nonsteroidal antiandrogens
+« FLUTAMIDE - Tulexin

The active form is Thydroxyflutamide which i1s thought tce be
twice as potent as Cvproterone acetate (CPA). It has a short
half life O0f 5 - 6 hours. The dose is 250 mg tid tor a
rotal of 750 mg per day. The safety profile has been
disappeinting. There have been 20 reported deaths from
hepatotoxicity and 26 patients who were hospiltaliced with
serious hepatotoxicity. Other adverse events asscciated with
flutamide are diarrhea and "flutamide-withdrawal syndrome”
The latter defined first by Sher reflects the agoenist effect
of flutamide on the androgen receptors that are perhaps
mutared. Flutamide is marketed under many names around the
world and at least two forms which are not biloeguivalent.
Drogenil, Euflex, EBulexin, Bulexine,and Fugerel

11
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BICALUTAMIDF [FLUTAMIDE ]
Status | ------ bhpproved ‘
INDA
1989
03i0e
Active E-enantiomer Hydroxyflutamide
metabolited S- inactive
relative
potency
half life |1 week 5 - & hours
ax 2 hours
Dose/day 1 per day 750 my
50 mg_ 6 capsules
T levels ircrease B8%
Agonist * | documentead Kiccumented -
+§ctivity |
satety | = -~---eon hepatotoxic
profile iarrhea/gi sx
NDA 20-498 INDA 16-854 T
pendin |
Trade namd Casodex [Fulexin
]
_ ‘ . 12
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6.2 Important information from related INDs and NDAs

INDs and
Two Open Phase II Studies to determine the safety efficacy
and long-term endocrine effects of Casodex -

volume 1.93

volume 1.99 - combination therapy with CASODEX 50 mg
Volume 1.108 - randomized with medical castration
Volume 1.100 - integrated summary of effectiveness data

§.3 TForeign experience - approvead in several countries and
pending 1in others.

6.4 Human Pharmacology, Pharmaccokinetics, Pharmacodynamics
see pharmacology review

S5tudy N =
0001 122
0006 5
Do07 23
Q08 16
DDLO 28
Nol2 23
T048L/ 35
0005

The pharmacokinetics and metabolism of CASQODEX and its two
enantiomers were investigated after administration of single
doses of 10 to 150 mg to nealthy volunteers and patients wlth
prostate cancer; data from daily administration of 10 mg to
200 mg bicalutamide {(Casodex) were obtained from patients with
prostate cancer. (R} bicalutamide was slowly absorbed and
very slowly eliminated, whereas (3) bicalutamide was much more
rapidly absorbed and eliminated. puring daily dosing, (R)
bicalutamide accumulates about 19U ¢51d in plasma, whereas (5)
bicalutamide accumulates only slighrly.

FOURCROY/bicalutamide - NDA 20-498



Bicalutamide is excreted almost equally 1in urine [(3€%) and
feces (43%) over a 9 day collection period (Trial 000h); the
incomplete recovery is a consequence of the slow elimination
of (R! bicalutamide from plasma. There 1s little evidence for
the presence of metabolites of bicalutamide in the
circulation; but in urine, metakclites predominate. The major
urinary metabolites are the glucuronide conjugates of CASODEN
and hydroxy bicalutamide. Bicalutamide and the hydroxy form
are recovered in feces, probkably as a result of enzyme
cleavage of the corresponding glucuronide conjugates by gut
flora.

.6 Directions for Use

Bicalutamide (Casodex) is indicated for the

treatment of prostate cancer in conjunction with medical
castraticn. ‘There is no data demonstrating efficacy with
surgical castration nor is it to be used as mcnotherapy.

Description of Clinical Data Sources (both IND and ncn-IND)

CASODEX has been investigated extensively over a 7 year period

under INDs . . In the CASODEX clinical trial

crogram, worldwide, 3,521 men were exposed tc CASODEX, of whom
%38 had advanced prostate cancer.

7.1 study Type and Design/Patient Enumeration,
Demographics, Extent of Exposure

DOSE RANGING STUDIES

Study N DOSES
0002/3/5 350
45 LU MG
54 30 MG
140 50 MG
45 100 MG
661 . LS50 MG
26 200 MC|

Patients were exposed to doses ranging from 10 mg through to
200 mg. The majority of exposures were at either 50 mg daily
or 150 mg daily. At the CASODEX 50 mg dose, which is the
nroposed dose of The Lotal numper of patients treated 1n the
combination therapy and monotherapy pxostuLw cancer trials was
1478, and the total exposure at the U mg dose was (270
patient years. The total number of prostate cdAncer patients
(combination therapy and moncotherapy trials, including the
ongoing trials) treated with 50 mg CASODEX in the clinical
program was 1557 patients

The following prostate cancer otudies have been ongoing or
completed:

’...J
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Study N Doge

301 - 30550 mg#

302 245150 mgt#

303 486] 50 mg#

106 468]100/150 mg#
307 585{100/150 mg#

7054/0001" 813| 50 mg

ongoing

studies:

102 31

101 231

c-15-11 16

c-15-21 121

c-15-24 49

« pivotal trial

++ supporting trial
versus castration

## versus LHRH analog

The dose ranging studies were conducted conly in the monotherapy
trials. The data establishing the validity of PSA as an end
point have been collected almost entirely 1in monotherapy
trials. The action of bicalutamide in a combination trial ais
presumed the same but competing with lower concentrations of
androgen due to the down regulation of androgen by the
gonadotropin analog. 211 patients received bicalutimide daily
in a dose-ranging study. 45 received 10 mg daily, 54 received
30 mg daily and 112 patients received a 50 mg daily dose. (see
chart ahbove)

7.2 Post-Marketing Experience - none
7.3 Literature - see appendil
8 linical Studies

The sponsor has submitted one pivotal trial and one supporting
trial. The first trial tc be started was a monotherapy trial
comparing a 50 mg daily dose of bicalutamide to castration,
either medical, with goserelin (Zoladex) , or surgical. Early
in the study it was determined that the prostate specific
antigen normalization was not ade¢uate with bicalutamide and
did not match the PSA response after orchiectony. It 18 not
~lear if the lack of equivalence to the gold standard of
castration was due to the dose or the weakness of tmhe
antiandrogeins. These monotherapy trials are important 1in
providing important antiandrogen data. The pivotal trial
planned by the sponsor was a combination trial witn a 2 x I

factorial design (see appendix) comparing
bicaiutamide/goserelin to flutamide leuprolide. The
monotherapy trial (301), compared bicalutamide 50 mg to

castration and is considered adequate supporting data in

+
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addition to the pivotal trial and provides important data both
as to safety and efficacy not available before.

The aim of the combination tnerapy trial was to demonstrate
equivalence with the marketed and approved dose of flutamide
to be used 1n conjunction with leuprolide.

« UUS0001 - Randomized comparative trial of Cascdex versus
flutamide used in combination with medical castrwcion (ICI
176,334} in the treatment of metastatic carcinoma of the
prostate (Study number 7054US/0CC1))

Monotherapy comparative trialA:evenly distributed betwsen
drug and castration.

50 mg trials:

« 0301 - An open, multicenter, randomized study to compare
the effect of orchiectomy with Casodex (ICI 176,334) 1in the
treatment of metastatic carcinoma cf the prostate (Study
numker 176,334/0301) {Supporting study} n= 306

« 0302 - An cpen multicenter, randomzized study to compare
the effect of castration (Medical or surgical ICI176,334) 1n
the treatment of metastatic carcinoema of the PROSTATE (STUDY
NUMBER 176,334/0302) n= 24%

« 0303 - same as above n= 48%

Doses > 50 mg

0306 - 100 mg

0307 - 150 mg

5 uncontrolled studies including 418 patients

« 0002 , 0003, 0005, 0201, 02u4, 0205 - monotherapy non-
comparative

» 0401,0402,0403 - benign prostate hyperplasia

« 00C2,0006,0007, 0008, 0010, 0DL1I. ILOOQS - Clinical
Pharmacclogy studies

Mean serum testostercone concentrations increased while on
bicalutamide - 50 mg increased £8% at 3 month, and 89% on
150 mq.

Trial # 001

This protocol was a 2 x . tactorial design (four-group

study). Pat:ients were randomized to goserelin or leuprolide

in a 2:1 ratio and to bicalutamide or flutamide in a 1:1

ratio. It was a double-biind ztudy; patients were randomized
16
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to goserelin or leuprolide in a 2: 1 ratio and tc
bicalutamide 50 mg oral dose once a day or fluramide 250 mg
three times a day in a 1: 1 ratio. Bocth the antiandrogen and
analog were begun on the same day. The primary endpoint was
time from randomization to treatment failure. The goal was
to demonstrate egquivalence of the two antiandrogen therapies
in terms of time to treatment failure with a least E80% power
and a one-sided alpha level of 5%.

CASODEX + |CASODEX + FLUTAMIDE +} FLUTAMIDE +
GOSERELIN LEUPROLIDE |GOSERELIN LEUPROLIDE
N=266 =13% N=269 N=1238
N=813 N = 404 CASODEX+LHERH N= 409 FLUTAMIDE +LHRH
60 centers

North America

Primary investigator
Shellhammer
Virginia

In order to maintain this double bklind trial, the sponsor
reformulated US marketed capsules of flutamide. The
vilvavailability of rhe unmarked flutamide capsule used 1n tie
clinical trials was compared with the marketed capsule Dby
measuring 2 hydroxy-flutamide (Trial US0002) . This is
discussed in summary of efficacy and comparison.

.1 Objective
Efficacy was analyzed on an intention to treat basls i(analyzed
by randomized treatment) and inciuded all randomized patients
who have documented histologic or cytologlc prostate cancer
and informed consent.
The endpoints on which effilcacy assessed were:
a) rime to treatment fa:ilure
b} cquality of l:ze
<} survival time
d) subjective response
The survival time was determined !rom the date ot randomizatlon
to the date of death, or 1f death had not ocgurred at the time
ot analysis, toe the date last known to e alive. The treatment
compar.sen ot interest 1s brcalutamide Combination therapy

versus flutamide combination therapy. The analysis will be
pertormed using the Cox regress:on amodel, adjusting for LHRH
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analog, baseline ECOG performance status, and baseline extent of
disease (Soloway et al., 1988). Confidence intervals were

reported for the ratio of hazard rates.

8.1.2 Design

This was a randomized, comparative, multicenter trial designed
to include at least 800 evaluable patients. The study
employed a 2 x 2 factorial design or feour-arm study. Patients
were randomized to goserelin implant or leuprolide acetate
depot in a 2:1 ratio and bhetween the two antiandrogens,
bicalutamide or flutamide, in a 1:1 ratio. It was planned that
there would be approximately 267 patients in each of the
goserelin arms of the study and 133 patlients 1in each of the
leuprolide acetate depot arms. The two antiandrogens in this
trial were blinded. Patients randomized to bicalutamide

received a once daily 50 mg. dose.

Patients randomized to flutamide received 250 mg three times
daily. All patients were randomized centrally at

Pretreatment
assessments were completed and the patient eveluated as being
eligible prior to randomization.

8.1.3 Protocol

Any patient entered into the study patients had to have
histologically confirmed, previously untreated stage D2
prostate cancer, an Eastern Cocoperative Oncology Group {ECOG)
performance score of 2 or less, and a life expectancy of more
than 3 months. Patients were excluded from enrollment 1f they
had previous systemic therapy for prostate cancer, history or
presence of another malignancy within the last 5 years other
rhan prostate cancer or treated sguamous {(or basal) cell
carcinoma of the skin. Patients were also excluded if they had
any severe concomitant medical condition that would make it
undesirable for them to participate in the rnrial or that would
jeopardize compiiance with the trlal protocol.

Patients did not receive any —oncomitant medication for the
rreatment of prostate cancer or any medication that cculd
arfect testosterone status, except for LHRE analog therapy.

It was anticipated that there would be no interaction between
the antiandrogens and the LHRH analogs, so that datra may be
combined to test the comparison of interest, which 15
bicalutamide versus flutamide In comblnaticn with an LHRH
anaiog. The Zeneca preoduct flutam:ide was tested against the
marketed flutamide which included both  the United States
capsule and the Canadian tabler.

Measurement of psutcomes:
OCbjective Progression
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Any of the following were considered sufficient evidence for
progression of disease.

--Appearance of one or more new bone metastasis on bone scan
considered by the investigator to be due to metastatic disease.

--Evidence of worsening of any existing bone metastases on bone scar
considered by the investigator to be due to merastatic disease.

--Appearance of one or more new extraskeletal metastasls or increase
by 25% or more {compared to the minimum dimensions recorded during
the study) of any existing measurable
extraskeletal metastasis.

Stable Disease

tficient evidence for part:ial

Lack of cbjective progression arnd ins 3%
1fied as stable disease.

u
obsjective regression will be classifie

Criteria for subjective response

The following criteria were identified to represent a satistactory
subjective response:

a) No increase from baseline 1n performance status, bone pain
SCore or analgesic score.

b Any of the follecwing:

-~decrease from baseline in total subjective scere by 3 or
more (The total subjective score equals the sum of the perfcormance
status, bone pain sceore and analgesic scores).

~-~decrease trom baseline In any perfocrmance score, bone pa:n
score Oor analgesic score by 2 or more

8.1.3.1 Population

The population of patients included men between the ages of
42 and 91; 71-72 % Caucasian; 12-24%; Black; and 3 - 5%
Hispanic. They had a mean PSA concentration of 642.16 and
715.14 and similar ranges. There appeared no differences
between the patients randomized to each arm of the study.See
appendix for demographics of this st dy.

2.1.3.2 Endpcints

The sponsor defined treatment fallure as any one of the
following events:

{at death

(b) adverse event leadlng to w:thdrawal of trial therapy
(v} objective progression

(d) patient unable to continue therapy
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(e) addition of systemic or radiation therapy
(e} 1investigator decisilon

This definition was not modified during the conduct of the
rrial or the analysis of trial data. Although the sponsor
used multiple end points (ie, time to treatment failure,
surviwval, quality of lite, subjective response, and
rolerability), the weight was appropriately placed on the
primary end point of time to treatment failure. Data were
also collected to evaluate the interaction of LHRH analog
therapy on bicalutamide plasma levels and the interaction of
bicalutamide dosing on LHRH analog efficacy, as measured by
serum testosterone levels.

The sponsor notes that defining time to progression  1in
clinical trials that evaluate initial hormonal therapies
among metastatic prostate cancer patients 1s problematic.
Patients can e withdrawn from trials for reasons other than
documented proyression. Reasons such as toxiclity and
concomitant disease exacerbatlon are not uncommon reasons for
patients to be removed from active follow-up. As a
consequence, defining an end poelint that captures these types
of events as well as disease prodression is important for the
ability tec provide unbiased assessments of treatment
differences. The definition of treatment failure inclu‘ed all
events that could potentially occur in the follow-up o1
patients under treatment. By defining time to treatment
failure (TTF) as the duraticn of follow-up until the first
event occurs allows for unbiased assessments. TTF is an
approprlate end point for the assessmenc of the worth of
therapy in stage D2 prostate cancer. Therefore, this trial
was desigred to demonstrate egulvalence cf the two
antiandrogens with regard to time to treatment failure.

8.1.2.3 Sratistical considerations

1.4 Resultg
B.1.4.1 Patient Digposition, comparability
A total of 812 patients, trom 60 Nerth American investigation
sites, entered the trial. The distribution of patientis across
this large number of gites was as expected for a mulllcenter
trial. Of thesgs 404 patients were randomized to
bicalutdmldo-LH?H {268 to H‘falutamide-goserelin and 136 to
bicalutamide-leuprolide) and 409 were randomized to
flurtamide-LHRH (272 ro flutamide-gouserelin and 137 to
t lutamide-leuprolide) . Three patients randomized to
bicalutamide-LHRH and two o flutamide-LHRH retused the:ir
assigned therapy. Ten pat.ents (8 bicalutamide-LHRH, 2
tlutamide-LHRH) with prostate vancer did not have stage D2
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disease and an additional 7 jpaatients (2 bicalutamide-LHEH, &
flutamide-LHRH) had previous systemlc therapv; however, thesge
patients were included in all analyses o! efficacy

8.1.4.2 Efficacy endpoint outcnmes
According to sponsor:

"The results, therefore, demnnstrated a benefit for patlents
treated with bicalutamide-LHRH compared with those patients
who received flutamide-LHRH therapy with regard to time to
treatment failure. which waz the primary end point of this
study. Examination of the difference in time to treatment
failure indicated both a greater number of withdrawals due to
adverse events and a greater number of progression events for
the flutamide- LHRH group compared with the bicalutamide-LHRH
Jroup.

The survival data is considered still toe immature for any
comparative conclusions,

In both treatment groups, patients improved subjectively |
hicalutamide-LHRH, 54% flutamide-LHRH), and qua.ity of 11
improved from baseline with a reduction in pain. improved
physical activity, better emotional well-beling, and more
vitality.

52

&

Bicalutamide-LHRH therapy was associated with an :mprovement
in time to treatment failure compared with flutamide-LHRH
therapy (p=0.005%).

Tumor flare 1s an important consideration in the treatment of
patients with advanced prostate <ancer, but an endpoint
poorly documented with the initiation of therupy. in this
study the sponsor states that tumor flare was intrequently
reported. Turor flare or flare was reported as an adverse
event in less than 0.2% in the blralutamide-LHRH-treated
group and in 1.2% in the !lutamide LHRH-treatved group (.
bicalutamide- LHRH, 9 tlutamide-LHRH) . Cora compresslion, as 4
possible asymptom of a tumor tlare redactlon, war reported
during the tirst month ot therapy for one patient in each
treatment group. The 1ncrdence of pain, bone pailn, or back
pain reported during the f:rst 15 days ol study therapy,
regardless of whether the event was attribured to rumer
riare, was similar tor both hreatment groups (7%
bicalutamide -LHRH, 8% tlutamide LHEH .

Jldentity these patients, ..o,

Neoplasm

Forty -two patients {21 bricalutamiae-LHRHE, 21 lut amide - LHRH)
Had either a yrowth of any (ype <@, on initlation ot therapy,

1
t
curor tlare of rtheir prostate cancer reported as an adverse
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event, although neither event had an incidence of 5% or

greater 1n any of the four treatment

47% of 813 patients

Ricalutamide-LHRH therapy was thought

ITLups.

had reached a treatment failure endpoint

to be superior to

¢tlutamide LHRH therapy with regard to time to treatment
failure. N¢ definitive conclusions regarding survival were

possible because too few patients (17%) had died.
CASODEX CASCDEX FLUTAMIDE FLUTAMIDE
+ GOSERELIN| + LEUP +GOSERELIN | + LEUP
N = 404 N= 409

Reached 168 (42%) 218 (53%)

treatmant .

failuze o

Median 99% 99%

% psSa fall

Month 3 N=349 N=13¢

645 pts 248 (71%) 2.6 (70%)

analyced

te

{

Subjective rssponse

ECOG performance status; assessment

(see page 40)

Quality of life

self-administered quality of life guestionnaire.

Caleaety compar lsons

Table noting the incidence ot adver:s
causal ity
Fither Treatment Groan)

rreatment gqroup regardless ot
Events (= H% oan

SOURCROY 1 calutamide - NDA 20-498

nf pain and analgesic u

rom Sections 4.4.10 and 4.4.20 of Integrared summary of Effecriveness Data. )

events > 5% 1in elther

Incidence ot Adverse
Regardless or Causallty

[ RS
| B}

5



Adverse Event Treatment Group

Nw.iber of Patients (%)

CASODEX Plus Flutamide Plus

LHERH Analogue LHRH Analogue

(N = 401) (N = 407)
Hot Flashes 196 {49) 202 {50)
Pain (General) 109 (27 93 (23)
Constipation 67 {17) 50 (12)
Back Pain 62 (15) 68 (179
Asthenia 60 £15) 69 (17)
Pelvic Pain 52 (13) 46 {11
Nausea 44 {11) 45 {11y
Infection 41 {10) 35 {9)
Diarrhea 40 {10) 98 {24)
Nocturia 35 {9) 413 {11)
Peripheral Edema 34 (8) 28 (7)
Abdominal Pain 33 (8) 31 {8)
Dizziness 30 (7) 27 {7
Dyspnea 30 {7) 24 {6)
Hematuria 30 {7) 20 {5)
Anemia* 29 {7 35 {9)
Urinarv Tract Inf 26  (6) 24 {6)
Incxr Liver Enz 25 {6) 490 (10)
Rash 25 {E) 20 (%)
paresthesia 24 (6) 27 (7
Chest Pain 24 (6) 20 {5)
Sweating 23 {6) 18 {4}
Flatulence 22 {5) 16 (4)
Hypertension 21 {5) 18 {4)
Impotence 20 {5) 29 (7)
Hyperglycemia 20 {5) 16 (4)
Insomnia 19 {5) 320 {7)
Gynmecomastia 19 {5) 23 {6)
Bone Pain 18 (4) 26 16)
Headache 17 (4) 20 (5
Flu Syndrome 16 (4) 20 {5}
Welight Loss 16 {(4) 20 {5)
Vomiting 12 {3) 20 {5)
Urinary Inc 9 (2) 20 {5)

. Assessment of liver function

Liver function abnormalities were thought to be reported
less freguently for bicalutamide-LHRH-treated patients.
77 patients had changes in liver function tests (LFT) at
least one liver enzyme test result 1i.e.SGOT or SGPT,
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exceeding twice the upper limit of normal (28 in
bicalutamide-LHRH arm and 49 flutamide-LHRH arm) exceeding
twice the upper limit of normai on more than one cccassion

25 patients - 8 CASCODEX-LHRH and 17 flutamide-LHRH had LFT
changes. O0f the 25 patients 10 patients, 2 on bicalutamide-
LhRH and 8 on flutamide-LHRH had liver enzymes levels which
decreased while therapy continued and 3 returned to normal
limits (2 on bicalutamide and 1 on flutamide).

A clinically relevant change was defined as an increase from
rhe pretreatment value of at least 100% of the ULN for
bilirubin and of at least 300% of the ULN for AST and ALT,.

Six patients {(Patients 013/008, 021,008, 031/006, 035/008,
040/001, and 057/007) had clinically relevant changes in
liver function tests on mere than one occasion and are
described in more detail below (if the changes have been
reported as adverse events leading to withdrawal, individual
patient summaries are presented in Appendix A).

Patient 013/008 (flutamide-goserelin) had increased liver
enzyme test results after approximately 6 months of study
therapy and at the Month 12 visit (no assessment in between).
without evidence of cholelithiasis or gross hepatic mass:
however, the results for tests for hepatitis were positive.
The investigator considered the increased liver enzyme test
results to be possibly related to therapy while the patient's
hepatitis was considered unlikely to be related to study
therapy.

Patient summariec from sponsor:

Patient 021/008 (flutamide-goserelin}) had increased liver
enzyme test results reported as adverse events, in the
absence of clinical symptoms of abnormal liver functicn; CT
scan results indicated a ncormal liver. One of this patient's
concomitant medications was glipizide, which occasionally
causes mild to moderate increases in A3T levels (Physicians'
Desk Reference 1994). Clinically relevant changes were
reported during the first 31 months of therapy. Glipizide
therapy was discontinued at Month 2. After approximately 3
months ot study therapy, liver enzyme test results decreased,
although they remained above the ULN after 6 months of
therapy. The investigator considered these increased test
results to be probably related to study therapy, which was
continued. ’

Patient 0317006 (flutamide-goserelin) had clinicaily relevant
increased liver enzyme test results 2 and 3 months after the
initiation of study therapy. including increased .evels of
AST, ALT, and bilirubin (at meonth 3) and a slic .tly 1ncreased
ievel of alkaline phosphatase (at month 2). The .e test
results were reported by the investigator as adverse events,
in the absence of clinical symptoms of abnormal liver
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function. CAT scan results indicated a normal liver, and
tests for hepatitis were negative. The pa*tlent appeared
jaundiced, and study therapy was withdrawn. QOne <f this
patient's concomitant medications was hydrochlorothiazide and
triamterene, which cccasionally causes jaundice and liver

enzyme abnormalities {(Physicians' Desk Reference 1984). Six
months after withdrawal of study therapy, liver enzyme test
results were reported to be normal (local laboratory). The

investigator considered this event to be probably related to
study therapy.

Patient 039/008 (bicaluatamide-goserelin) had increased liver
enzyme test results after his first month of study therapy.
His physician was unable to find a cause and suggested mild
drug induced hepatitis The investigator considered these
liver enzyme test results to be possibly related to study
therapy and withdrew bicalutamide therapy after 1 month.
Patient 040/001 (flutamide leuprolide; had increased liver
enzyme test results 3 months after initiating study therapy
(results were confirmed 1 week later). The lnvestigator
considered these results to be adverse events, without
clinical symptoms o1 abnormal liver function. Of the
medications the patient received before entering the study,
the following are known to have the potential to affect liver
function {(Physicians' Desk Reference 19934}:
hydrochlorothiazide {jaundice and liver enzyme abnormalities)
and verapamil (increased transaminases, without increased
bilirubin). The investigator considered the increased liver
enzyme test results to be related to study therapy and
withdrew flutamide therapy after 3 months.

Patient 057/007 (flutamide leuprclide) had increased liver
enzyme test results at Month 3. However, at visits 1 and 2
weeks after the withdrawal of flutamide, this patient still
had increased liver enzyme test results.

For 20 of these 26 patients, clinically relevant liver

enzyme test results were reported at only one visit (a.though
some patients had results cutside the normal range, beiore or
after these visits, with clinically relevant changes). For
Patients N02/009, 016/057, and 01%/03C, the 1lnvestigator
considered the values to be the result of laboratory error
hecause the c¢linically relevant changes were not consistent
with other liver enzyme test results for these patients.

A total of 67 patient3 (16 bicalutamide- goserelin, 9
bicalutamide- leuprolide, 29 tlutam:de-goserelin, 13 flutamide
leuprolide) had abnormal liver enzyme test results (outside
the normal range or with a clinically relevant change! or
abnormal liver function reported as an adverse event.

For 19 patients (3 bicalutamide-goserelin, 3 bicalutamide-

A

leuprolide, 9 flutamide-goserelin, 4 flutamide-leuprolide),
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the investigator reported the clinically relevant changes in
liver enzyme test results as adverse events.

For 48 patients {12 bicalutamide-goserelin, 6 bicalutamide
leuprolide, 20 flutamide-goserelin, and 92 flutamide
ieuprolide), although not clinically relevant (as defined in
Section 2.9.2}, abncrmal values (outside the normal range)
for liver enzyme tests were reported by the investigator as
adverse events. Note that not all values that were outside
the normal ranges for liver enzyme tests (AST normal range <
1.08 mkat/l, ALT normal range < 0.92 mkat/l, and bilirubin
normal range 3.4 to 23.9 mmol/l) were considered adverse
events by the investigators.

Summary of liver function

In summary, approximately twice as many patients treated with
flutamide LHRH (16 patients) had clinically relevant changes
in liver function tests when compared with patients treated
with bicalutamide-LHRH (9 patients). Also, the 1increases
reported for these flutamide LHRH-treated patients were
frequently higher (e.g., more than 5 times ULN) than those
reported fecr bicaiutamide-LHRH-treated patients. Five of the
6 patients with clinicaily relevant changes on more than one
occasion were treated with flutamide LHRH therapy.

More adverse events related to liver function were reported
for patients treated with flutamide LHRH (42 patients),
compared with bicalutamide-LHRH (25 patients). Although
approximately the same number of patients was withdrawn from
study therapy in both treatment groups because of liver
enzyme test abnormalities, flutamide LHRH-treated patients
had more events judged to be severe (8) or moderate (12)
compared with bicalutamide LHRH-treated patients (2 severe
and 5 moderate). The number of events that were reported to
be mild was approximately the same in both treatment groups.
Jaundice was reported for two patients in each treatment
group bicalutamide-LHRH and flutamide LHRH).

+ Gastreintestinal profile:

Diarrhea was the adverse event most freguently leading to
treatment withdrawal: 6% of the patients treated with
flutamide-LHRH analcg and ©.5% of the patients treated with
bicalutamide-LHRH analog. The lack of diarrhea with
bicalutamide is a clear advantage to the patient.

+ Lung discrders
No investigatror reported interstitial lung disease as an

adverse event for any patient. A total cof 54 patients (30
bicalutam’ de-LHRH, 24 flutamide-LHRH) had dyspnea., Increased
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cough was reported for 32 patients (17 bicalutamide-LHRH, 1%
flutamide~LHRH). Ninereen patilents {13 bicalatamide-LHRH, &
flutamide-LHRH}) had bronchitis reported as an adverse event.
Unlike nilutamide there does not appear tc be an associeated

pulmonary problem.
» Speclal senses

No investigator reported any patients who had difficulty with
light-dark adaptation. although Patient (020/003 (flutamide-
goserelin) had photophobia reported as an adverse event.
Eleven pactients did have the following vision related adverse
events: amblyopia (4 bicalutamide-LHRH, 2 flutamide-LHRH),
abnormal vision {2 bicalutamide-LHRH), tempcrary blindness (2
bicalutamide-LHRH), and visual field defect (1 bicalutamide-
LHRH} .

The sponsor noted that one patilient reported alcohol
intclerance.

» Hematuria and bleeding

2 small difference in the treatment groups in the incidence
of hematuria was observed (7.4% bicalutamide-LHRH, 4.9%
flutamide LHRE). Because hematuria is fregquently reported for
patients with advanced prostate cancer, ZENECA statecd that
they evaluated urclogical symptoms to determine 1if these
types of adverse events occurred more freguently in one of
the treatment groups. The number cof patients is similar in
both treatment groups whe- the following adverse events are
conbined: impaired urinat.on, urinary retention, urinary
incontinence, urinary frequency, norturia, pyuria,
hydronephrosis, hematuria. cystitis, and dysuria. A total of
99 (24.6%) bicalutamide-LHRH-treated patients and 99 (24.3%)
flutamide-LHRH-treated patients had urclogical symptoms.

For 51 patients (25 bicalutamide-LHRH, 26 flutamide-LHRH!,
the 1nvestigator reported bleeding as an adverse event
(patients could have more than one event), which included the
following COSTART terms: epistaxis, ecchymosis, hemorrhage
{including rectal, gastrointestinal, cerebral, duodenal
ulcer, eve, and retinal}, coagulation disorder, and
hemoptysis. For those patients who had bleeding or hematuria,
7 patients (5 bicalutamide-LHRH, 2 flutamide-LHRH) were
recelving concomitant warfarin therapy at the time of the
reported event. For all of these

patients, the investigator cons:dered the adverse event
(bleeding or hematuria) unlikely to be related to stud
therapy.

« other neoplasms

rJ
~1
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Quality-of-life guestionnalres were completed at baseline and
at Months 1, 3, and €& only and reflected the patients
experience over the previous month. Although 85% 2f the
patients completed a gquestionnalre at baseline, patients who
withdrew from treatment because of diarrhea wculd have only
completed a questioconnaire if withdrawal occurred at one of
these time polnts.

Although the planned analysis did not specifically address
the two questicns directly related to diarrhea, further
evaluation of these data revealed that after 3 and 6 months
of treatment, the proportion of patients treated with
flutamide-LHRH who reported mild or severe diarrhea more than
once per week was greater than of patients treated with
bicalutamide-LYRH. For example, at Month 3, 26 (9.5%) of 274
flutamide-LHRH-treated patients reported severe diarrhea more
than once per week during the previous month compared with Z
(0.7%) of 270 bicalutamide-LHRE treated patlents (see
above) .

The sponsor states that the bicalutamide combination therapy
study in 813 patients comparing bicalutamide 50 mg/day with
flutamide 750 mg/day. each in combination with a luteilnising
hormeone releasing hormene (LHRH)} analog, was designed to show
equivalent efficacy between the two treatments. However, the
results clearly show that bicaluatmide LHRE analog therapy
is superior to flutamide LHRH analog therapy in time to
treatment failure (p=0.00%5). They attributed this difference
to a greater number of patients who withdrew from flutamide
LHRH therapy both because of adverse events (particularly
diarrhea) and because of objective progression of prostate
cancer.

If leuprolide and flutamide combination have a coinparable
effect on circulating androgen concentrations and treatment
outcome as the sponsor suggests than the data does suggest
“hat bicalutamide and goserelin are a comparable and
acceptable combination.

8.1.5 Reviewer's Comments and Con—iusions:

The approval is based on the assumption that a total androgen
hlockade is important for both progression and surviva: and
rh1is benefit exceeds the possible risks.

Progression data demonstrated in this pivoral trial is
consistent and comparable te that with treatment of the
approved combination of flutamide leuprolide for the
palliative treatment ot p.ostate cancer. There is no survival
data demonstrated in thi pivoral trial.

The safety Prcfile demrnstrated :n this pilvotal trial is
excellent. :
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T,

Because of the increased diarrhea with flutamide, which is
well known, bicalutamide had a c¢lear advantage. Increased
number of patients withdrew from the flutamide/LHRH treated
arm because of diarrhea (98) v2rsus 40 in the
bicalutamide/LHRH arm. 6.1% pacients withcrew from the
flutamide arm because of diarrhea and C.5% from the
bicalutamlide arm.

The incidence of liver profile adverse event. was 6.2 % for
the bicalutamide treated patients compared t» 10.3% in the
flutamide arm. The same number of patients were withdrawn
from therapy. The sponsor would suggested that more cfi the
patients in the flutamide arm had more severe or moderate
disease. This is possible.

Bicalutamides/LHRH Flutamide/LHRE
N= 401

LIVER FX ABN N (%) 25 (6%} 42 (10%)

BICALUTAMIDE ALL ADVERSE NON-FATAL

N=401 EVENTS WITHDRAWALS

SGOT INC 6 2

SGPT INC 11 2

AEN LFT 13 4

BILIRUBINEMIA 1 0

HEPATIC NEO 1 0

HEPATOMEGALY 1 11

JAUNDICE 2

The sponsor states that tumor flare was seen in (.2% of
bicalutamide LHRH treated patients and in 1.2% of flutamide-
LHRH treated patients in study (00l1. A tumor flare would
suggest inadequate therapy and suggest an advantage ot
bEicalutamide over flutamide.

8.2 Trial # Study 301
is. Recrultment began

i
-enter randomiczed study
sus Casodex 50 mg once

306 patients were included in this al
ot L5 June 1990. This was an open mult
to compare the effect of orchiectomy ve
dally '

2.2.1 Objecrtive/Rationale

This was one of several monotherary trials.
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Study 301 Casodex Castration
50 mg
N=306 153 153

25 Eurcpean
sites in
Denmark,
Norway and
sweden

8.2.2 Design

This was an open,

randomized,

multicenter study in which

antiandrogen therapy with bicalutamide was compared with
castration in patients with previocusly untreated metastatic

prostate cancer.

patients were allocated,

Up to 450 patients were to be recruilted and

on a 1l:1 basis, either to lcng-term
treatment with a 50 mg once daily oral dose of CASCDEX or to
castratiocn (either bilateral orchidectomy or Zoladex).

8.2.3 Protocol (ECOG)
Casodex Castration
50 mg
N=306 153 153
randomized
D2 - -
Duration RX 36.6 4C.2
weeks
Mean Age 715 70.3
3 patients refused
therapy
8.2.3.1.

Study population

The patients in this study were recruited from study centers

ioccated ir Denmark, Norway and Sweden.

Eligible patients

were numbered sequentially for each participating center;
rhus Patient 006/004 was the fourth patient to be recruited

at center number six.

The principal investigator for this study was responsible for

the overall administrative aspects

of the study.

A Steering

Committee was formed comprising two investigators 1in addition

ro the principal investigator,

csuch that there was a

representative from each of the three participating

countries.

consultative,

The purpose of

the committee was to act in a
advisory and decis:ion-making capacity on

sccasions when it was not possible to convene meetings for

these purposes with all the

the study.

FOURCROY /bircalutamide -

NDa 20-498
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Size of the study and patient recruitment period

A total cof 306 patients were included in this analvysis.
Recruitment began on 15 June 1990. There was no restriction
on the number of patients recruited at each study center.

For the purpose of this analysis., the last patient was
recruited on 13 September 1991; although recruitment into the
study was not completed until 26 February 1992. For this
analysis, all visits were completed on or before 31 December
1591, which can be regarded as the study cutoff date for this
study report.

Inclusion criteria

Patients had to sarisfy all of the following criteria before
entry into the study:

(a) histologically or cytologically diagnosed prostate
carcinoma;

{b} metastatic prostate carcinoma {(patients with metastases
in local lymph nodes only were not eligible);

(c) either evaluable bone metastases or at least one
measurable metas:atic lesgion (lesions that had been
previously irradiated were not considered
measurable/evaluable) ;

(d) fitness for orchidectomy;

(e} provision cof informed consent to participate in the
study,

Exclusion criteria

any one of the following was a criterion for exclusion:

(a) previous or concurrent systemic therapy for prostate
cancer 1ncluding either orchidectomy, or antiandrogen,
estrogen, LHRH analog. Ketoconazole or cytotoxic therapy;

(b) previous radictherapy to the prostate within the 3
nonths before entry into the study;

{(c) previous history or presence of an invasive malignancy
other than prostate cancer or sgquamcus/basal cell carcinoma
of the skin within the last 5 years;

{d) an Eastern Cooperative Oncclogy Groeup (ECOG) performance
score of 3 or 4

(el a bilirubin value above 1.26 x 2 the upper limit of the
reference range:

{f) any severe concomitant medical condition vhat would
either make it undesirable, 11 the investigator's opinilon,
for the patient to participate in the study, or that would
jecpardize compliance with the study protocol.

All patients were seen every 4 weeks for the first 12 weeks
and every 12 weeks rhereatter until either:
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(a) evidence cf objective progression of disease regardless
of whether or not the patient had a change to his randomized
therapy for prostate cancer;

or

(b) death before evidence of objective progression.

Having reached the point of objective progression of disease,
patients who were alive thereafter were contacted every 12
weeks to assess survival status and safety.

For administrative purpeoses (e.g., scheduling of visits), Day
1 was regarded as the day the patient first receiwved
randomized treatment with bicalutamide or underwent an
orchidectomy. However, times to treatment failure,
progression, and death were measured from the date of
randomization.

B.2.3.2 End points

The following end points were used to assess the efficacy of
bicalutamide as monotherapy for the treatment of advanced
prostate cancer:

{a} subjective response
{b) quality of lite
{c) objective tumocr response

(d) time to treatment failure, time to progression and
survival
{e} PSA and endocrine response

All pre-treatment assessments were pesformed where practical
on Day 1. Where this was not feasible, they were performed
as near as possible to Day 1 and within the month beforec
randomization. These assessments included
measuring/reccrcding age, past medical history, tumor category
(as defined in the study protocol shown i Apperdix D),
plasma testostercne level, and the extent of bone disease

Subjective and cobjective assessments

Subijective parameters were assessed before treatment, at 4, 8
and 12 weeks, and every 12 w=eks thereafter .during treatment;
Q0L questionnaires were completed before treatment, and at 4,
iz, 24, and 4¥ weeks only.

Ubjective assessments were performed as follows:

(a)  patlent: welght prostate dimensiocns, and sites and
dimensions ot clinically measurable mertastases were recorded
betfore treatment and every . weesks during treatment; in

cases where assessment was pertormed by X-ray or 7T scan, and
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1t was not possible to repeat these at 12 weekly intervals,
24 weekly intervals were acceptable;

() bone scan and/or Xray assessment cof bone metastases were
performed before treatment and every 24 weeks thereafter;
{c} concurrent disease and concomitant medication were

recorded before treatment, at 4, 8 and 12 weeks. and every 17
weeks thereafter.

In general, any tumor assessment found to be positive at
baseline (i1.e., before randomized therapy hegan), was
reassessed at intervals no greater than 24 weeks thereafter,
NB Subjective and objective assessments were no longer
performed atter objective progression of disease, but
patients were monitored for adverse events and survival.
Haematological and biocchemical assessments

These assessments were performed on Day 1 before treatment,
and during the study at 12 weekly intervals up to the point
of ohjective progression of disease.

.2.4 Results

3]

B.2.4.1 Populations enrclled and analyzed

The demographics of the patients in the monotherapy trials
are comparable between trials and between bicalutamide and
comparison treatments (see appeidix)

Concomitant medications and 1illnesses were those commonly
seen in this patient population and were assessed in the
evaluation of safety. Protocol violations observed and
reported for these trials did not influence the analysis of
efficacy. The number of patients refusing randomized tlierapy
was minimal and this did not influence the analysis of
efficacy.

B.2.4.1 Efficacy

CASQODEX CASTRATION
50 MG
N=306 153 PR
randomized

PYA 86 4H% G, d8%
X % fall
% pta 2303 35 H%
fell into
nl range
Treatment S 51
Failure
Objective s 3t
dissase
progression
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Subjective Assessment:

Social functioning evaluation sugygested a statistical
signiticant difference in score change at 6 months. The
parients randomized to castratlion were thought by the sponsor
tc experience a greater increase in score indicative of an
improvement 1in their social function,when compared with
patients randomzied to bicalutamide. Castration was
associated with greater emotional well-being and social
functioning. There was also improvement in bed disability
after castration

This was consistent with the greater incidence of progression
of disease with bicalutamide in this study. However the
quality-of-life assessments indicated a statistically
significant benefit after bicalutamide therapy. This is
thought to reflect the maintenance of sexual 1nterest while on
bicalutamide rather than castraticn.

8.2.4.3 Safety outcomes

The safety evaluation showed that bicalutamide was well
rolerated. Nc single adverse event category led to w.thdrawal
in more than i% of the bicalutamide treated patients. The most
freguently reported adverse events were the expecred
pharmacological events of hot flashes gynecomastia (Z5% to
26%) and breast tenderness (31% to 36%).

CASODEX CASTRATION
50 MG
N=306 it 153
randomizad
gyneconmastia 16.23%
some breast 24 .2 -
pain or
tendeariucss
hot f£lushes H5.0% al.aw
#.2.% Sponsor's Conclusions regarding «fficacy of bicaluramide

45 monotherapy

The comparative bicalutamide monotherapy trials were desigred ro
demonstrate equivalence with castrati:on in regard Lo time 1o

t regrment tallure ©r time TO Proygression., considering the 50 vy
dose as monotherapy, the data do not jugtity an egquivalence
~laim: in fact, bicalutmide was siuanitlcantly worse compared
with castrarion. Considering the 190 mg dose, the data are not

mature ¢nough to draw final conclusions. Data from these rrials,
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however, demonstrate that bicalutamide 1s an active oral agent
with regard to the secondary end point PEA.

The open. non-comparative trials confirmed that bicalutamide
therapy was associated with an objective response 1n patients
with advanced prostate cancer and gave symptomatic improvement.
Response was assessed using internacionally accepted endpocints
and based on the modified NPCP c¢riteria. These trials have shown
that bicalutamide <can be administered long term without undue
loss of activity.

The consistency of activity is also observed in the comparative
monotherapy trials with regard to changes in tumor markers, and
subjective and objective response. Furthermore the sponsor
believes that the trials with bicalutamide 150 myg provide
supportive safety data at doses of up to three times that
recommended for use in combinaticn therapy.

The overall conclusion of these trials and the implication of
PSA changes are that bicalutamide has intrinsic activity in
advanced prostate cancer and the dose response, which 1s related
to clinical outcome, confirms this activity. The sponsor

b lieves that the decreased PSA response is a reflection of the
low dese of bicalutamide.

Reviewers remarks:

This study is important in demonstrating the problems of
treating prostate cancer with an antiandrogen as a monotherapy

agent . No sponsor to date has provided placebo-controlled
clinical monotherapy data using a nonsteroidal antiandrogen and
demonstrating efficacy or eQuivalence to castration. Eilther the

dose chosen by the sponsor 1s ineffective because it 1s too low
or the concept of monotherapv treatment is inappropriate with
weak nonsteroidal antiandrogens. Surgical castration still
remains the gold standard of androgen contrel to which other
theraples are compared.

Prostate specific antigen provides a tairly accurate accounting
for iack of ef<icacy for the 50 mg dose in a randomized study.
For all patients who had a PSA value recorded both at entry and
ar 3 months, the median percent fall in PSA after 3 months of
therapy was calculated. It PSA was elevated outside the normal
range at entry, the sponsor calculatea the numoer and percentage
of patients whose PSA subsequently tell inte the normal range at
I months: ’
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PSA CHANGES CASODEX CASTRATION
3 MONTHS

Median 86.48 96.48
percent

decrease _

Number of men 20/150 54/151
with PSA in {13.3%) {35.8%)
normal range

The median percent fall in PSA and the percentage of patients
whose PSA had fallen into the normal range were greater 1in the
-astration group of patients consistent with inadequate
suppressicn of androgen. (Need to identify how many patients
did not have PSA values recorded and if this 1is distributed in
both arms eveniy.)

8.3.1.Summary of additional studies:

Additicnal controlled studies with 50 mg Casodex dose included:
protocols 3062, and 303. The design, eligibility criteria,
efficacy and safety profile were similer and not reviewed in
depth. The median percent fall in PSA levels at Month 3 are
included for 302.

PSA Med % CASODEX CASTRATION

decrease

Study 302 B4.6 96.3
=119 n-126

Study 303 88% 97%
n=2413 n=243

Obj Progression

Study 302 42/119 45 /128

Study 303 92/242 59,243

Treatmant

failurse

Study 302 Le1la 61126

Study 303 129243 1017243

Treatment failure and objective disease progression for study
302 and 303 is consistent with the changes in PSA.  For some

men with advanced prostate cancer the antiandrogen blockade 1is
not sufficient. No studies were done to demonstrate 1f any ot

rhe of lack of efficacy was secondary to an agonlst eftect of

thie drug.

G Overview of VFiticacy

Total androgen blockade has thought by some te  provide an
advantaqg - for the palliative trearrment of prostate cancer 1 areas
of progr sion free survival and total survival time. It may be
that tor the treatment of advanced prostate cancer the best that
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can be hoped for is improved quality of life and progression free
survival. The pivotal study provided by the sponsor (001) was
designed to compare time to treatment failure with a known
approved androgen blockade - flutamide and leuprolide. The second
study does not provide any additional efficacy but underscores the
weakness of antiandrogens in singly blocking androgen and it's
effects. The second study (301) provides important SUppPOrting
evidence when compared to castration and improves our
understanding of PSA.

aAlthough monotherapy antiandrogen therapy is clearly not as good
as the gold standard of therapy, castration the study provides
important information on the use of nonstercidal alone. Although
the sponsor and others believe that the dose simply was not
sufficient it is more likely that the nonsteroidal antiandrogens
are weak and although they are helpful in conjunction with
castration they are not sufficient by themselves. Higher doses
may provoke additional safety problems, e.g gynecomastia and liver
protile aknormalities. The benefits of & monotherapy treatment
could be very important because of the maintenance of sexual
function during this period.

The two gonadotropins used in study 001 trials have been
independently approved for medical castration, leuproclide and
gosereliln.

The studies with bicalutmide are extensive within the last 7
years. A total of 3,521 men were exposed to bicalutamide, of
whom 2,938 nad advanced prostate cancer. It 1s an orally active
antiandrogen which when used results 1in predictable reductions 1in
objective tumor markers and symptom improvement. The drug has the
added advontage of being oral ana a once daily dosing of 50 mg.

EXAMPLES OF TIME TO TREATMENT FAILURE
FOR BICALUTAMIDE AS MONOTHERAPY

Trial CASODEX monotherap Medlan time
[
number Nt to
rreatment
dose (mg) parilenty failure (weeks)
noll S Dol 36
0204 {0 Lhi 34
verview of
Slut, gl
anda 03 615 -
Udin N ous data lmmature
uie’y LHU R data limmature
Fraom Tab.e 7 inh the Integrated Summary f Flrectiveness Data.

~1

e
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For the overview of cumparative trials, median time to progres. lor. for CASODEX
50 mg was 38 weeks, and median time of survival was 109 weeks. The latter
included also patisnts entered after the cuteff point for the first analys
Median time to progression and survival were not calculated for Tria.s 0201
and 0204. The data f{for Trials 0306 and 0307 are still immature.

10 Querview of Safety

The overall safety prof.ile of bicalutamide appears excellent. It
is far superior to other antiandrogens. The most iImportant safety
issue concerns the liver profile. There are no pulmonary,
gastrointestinal or ocular changes.

Liver profile

The studies submitted suggest that the liver profile when compared
to flutamide is improved. The following chart compares the

adverse evencs.

ALL ADVERSE EVENTS

BICALUTAMIDE FLUTAMIDE

N=401 n= 437
Incidence of 25 (6%) 41 (10%)
ABRN LFT #

From table 12 Hepatic adverse events during therapy with
CASODEX/LHRH .

Cagodex-LHRH Therapy (USQQ01)
All adverse non-fatal
events withdrawals
% %
SGOT INC 6 2
SGPT INC 11 2
ABN LFT 13 4
BILIRUBINEMIA i 4]
HEPATIC NEO 1 0
HEPATOMEGALY 1 11
JAUNDICE 2 1

% Abnormal LFT including increases 1n 5GPT, 3507, or both.
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monotherapy
trials
ALIL, ADVERSE NON-FATAL
EVENTS WITHDRAWALS
SGOT INC 16 2
SGPT INC 9 1
Alk Phos inc 9 0
GGT inc 8 1
LFT abn 11 3
Bilirubinemia 4 0
Cholestatic 2
Jaundice
jaundice 5 2
Hepatitis 1 Y]
Hepatomagaly 2 0
Hepatic 1 1
necplasm
Cirrhosis 1 0
Total 69 10

Casodex-LHRH Therapy (US0001)

PERCENTAGE OF PATIENTS WITH HEPATIC ADVERSE EVENTS ON CASODEX-
LHRH THERAPY WITH FLUTA’ TDE-LHRH THERAPY IN THE COMBINATION
STUDY. (001) (TREATMENT <ELATED EVENT %)

CASODEX-LHRH| FLUTAMIDE-LHRH
SGOT INC 1.2 3.9
SGPT INC 2.5 5.7
ABN LFT 3.0 3.4
BILIRUBINEMIA 0.2 U
HEPATIC NEO 0 0
HEPATOMEGALY 0.2 0
JAUNDICE 0.5 0 ]

1.5% of the patients had adverse events related to hepatic
function compared with 1.1% oi the patients who had castration.
The sponsor claimz no dose related increase in the hepatic adverse
events .

Of 77 patients had at least one liver enzyme test either SCOT or

SGOT exceeding twice the upper limict. {28 bicalutamide arm, 49
flutamide arm). 25 patients had changes exceeding twice the upper
limit of normal on more than one otcasion. - 8 bicalutamide and 17
flutamide. Of these 25 patients had 10 had liver enzymes levels
which decreased while therapy continued - 2 blcalutamide and 8
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flutamide and for 3 patients - 2 bicalutamide and 1 flutamide the
levels returned to within the normal limits. 52 cf the 77 patients
(20 bicalutmide and 32 flutamide - had changes in liver function
rests exceeding twice the upper limit of normal on only one
occaslion.

Like all antiandrogens bicalutmide is capable of causing drug
~elated increases in liver function tests; however the incidence
in the clinical trials related to bicalutamide appears to be
better and the changes appeared to be less severe.

« Testosterone rise with antiandrogen therapy:

Detailed endocrinological assessments provided by the sponsor
during bicalutamide monctherapy (Trials 9002/0003/000%, 0202,
0205, and 0307) demonstrated consistent rises in serum LH,
testosterone and estradiol. For the majority of patients (about
50%), testosterone levels remained within the normal range at all
times measured. Testosterone levels do not increase
progressively with time. If the antiandrogen was to be used as
monotherapy compliance would need careful menitoring.

CASQODEX DAILY DOSE CASODEX DAILY DOSE
50 MG (# 202) 150 MG (# 307)
N Mean T N Mean T
nmol/l nmol/l
Baseline 17 13.1 23 10.9
Month 3 16 24 .6 20 20.6
% lncrease B7.8% B95
Month 6 11 20.5 20 18.1
§ 1lncrease 56.5% 66.1%

% percent increase from baseline concentration.

Tumor flare is thought to be the result of the initial stimulation
of the gonadotropins by the analogs. The addition of an
antiandrogen presuaably should block the action of increased
androgens. Tumor flare was reported as an adverse event 1n less
rhan 0.2% in the bicalutamide-LHRH-treated group and in 1.2% in
the flutamiae LHRH-treated group (1 bicalutamide-LHRH, ©
flutamide-LHRH - study 001)). Cord compressicn. as a possible
symptom of a tumer flare reaction, was reported during the first
month of therapy for one patient in each treatment group. The
incidence of pain, bone pain, or back paln reported during the
first 35 days of study therapy, regardless of whether the event
was attributed te Lumor flare, was similar for both treatment
groups (7% bicalutamide-LHRH. B% fiutamide-LHRH) . It does not
appear that total androgen blockade i5 able to block the initial
stimulatory androgen response.
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10.1 Significant/Potentially Significant Events

10.1.1 Deaths

There were no deaths attributable to the drug, ncr were there
increased deaths from any single cause that could be drug related.
As expected the most important factor was the prostate cancer.

There was no data suggesting other exposure, drug demographic
interactions or drug-drug interactions. Data is needed regarding
the agonist effect on the androgen receptor with chronic use.
Bicalutamide is not indicated for treatment other than prostate
cancer and could be expected to have adverse reproductive effects
other than maintenance of libido.

11 Labeling Review

The label will be review in full subsequently.
11.1 Description]

11.2 Clinical Pharmacology

11.3 Indications and Usage

label:

Clinical Studies

In a large multicenter, double-blind, controlled, clinical trial,
813 patients with previously untreated advanced prostate cancer
were randomized to receive CASODEX S mg once daily (404 patients)
or flutamide 250 mg (40% patients) three times a day., each 1in
combiration with LHRH analogs {(either goserelin acetate implant or
leuprolide acetate depot). At the time of analysis, the median
time of follow-up was 49 weeks. CASODEX-LHRH analog therapy 1is
associated with a significant (p=0.005) improvement in time to
treatment failure compared to flutamide-LHRH analog treatment.
The hazard ratio of CASODEX-LHRH analog to flutamide-LHRH analog
is 0.749. The two-sided 95% confidence interval (CI) for the
hazard ratio is 0.61 to 0.32.

The label should include identification of prostate specific
antigen monitoring and .ndicacions from stopping therapy wh2tner
from objective progression o1 antiandrogen agonist effect.
Laboratory tests must include monitoring of liver function testrs
particularly at initiation of therapy. It should clearly note
that it is not indicated for women or children.

12 Conclusions

Sponsor's conclusions;

J

The benefits and the reduced risks associated with CASODEX 50 mg
snce dally in combination therapy tor patients with advanced

+1
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prostate cancer over treatment with flutamide 1n combination
therapy are the following:

(a) CASCDEX 1s an active oral agent in the treatment of advanced
prostate cancer.

(b) CASODEX in combination therapy has superior efficacy 1n terms
of time to treatment failure over flutamide in combinaticn
therapy-a c¢lear clinical benefit for patients with advanced
prostate cancer.

(c) CASODEX 1s well tolerated. CASODEX in combination therapy 1s
better tolerated than flutamide in combination therapy, especially
with regard to diarrhea, and therefore has a reduced safety risk
for patients. This aspect is also a benefit, since fewer CASODEX-
LHRH-treated patients than flutamide-LHRH-treated patients are
withdrawn on account of diarrhea. Thus, more patients can benefit
from antiandrogen therapy when CASODEX-LERH 1s given instead of
flutamide LHRH. Furthermore, abnormalities in results of liver
function tests were less frequently reported with CASODEX in
combination therapy than with flutamide in combination therapy.

(d) The once daily dosing of CASODEX 50 mg is a benefit for
patient convenience and compliance.

(e) CASODEX can be combined with either an LHRH analog or
surgical castration. The benefits and risks of CASODEX 1in
combination with an LHRH analog are similar to those of CASODEX in
combination with surgical castration, since the two forms cof
castration are considered eguivalent.

In summary, the benefits and risks of CASODEX in combination
therapy demecnstrate that CASODEX is a more efflcaclous ana better-
tolerated alternative t~ flutamide in combination with LHRH analog
therapy for the treatment of advanced prostate cancer.

13 Recommendations

The sponsor has submitted one pivotal and one supperting study 1in
support of the use of bicalutamide for the palliative treatment of
prostate cancer (stage D) in conjunction with medical castratien.
Additional safety data is derived ftrom both uncontreolled and
controlled Phase II and Phase IIZ monotherapy trials comparin
bicalutram:de with castration. The sponser should be commended for
providing the medical officer with an excellent review and
asscessible computerized data.

The efficacy profile is comparable to the approved flutamide-
leuprolide combination for the palilative treatment of prostate

cancer . The drug appears to have a better profille regarding
gastrointestinal adverse events, in particular diarrhea which has
hesan @o troublesome with flutamide. It ls not clear 1f the liver

nrofile will be superior to other antriandrogens but the clinical
trials suggest that it may well be berter. Although survival data
is lacking the time to treatment taliure and objective progression

is similar between the two treatments. Although monotherapy
(bicalutamide 50 mg! s sate and eftecrive treatment 1n the
42
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majority of men as well as maintaining a better quality of life,
it falls short of equally the cancer benefits of castration -
either medical or surgical.

The pilvotal trial compared CASODEX and zcoladex to the approved
combination therapy. There was no comparison to therapy with
surgical castration; therefore approval can not encompass that
indication. The use of bicalutamide in cenijunction with
gonadotropin analcgs, either, goserelin or leuprolide is
approvable.

« Phase IV commitments must continue to monitor the survival
profile of total androgen blockade comparing the treatments and
this should be included in future labeling.

. The sponsor should identify the incidence of changes of
responsiveness to antiandrogen with androgen receptor changes,
e.g. withdrawal syndromes with antiandrogens.

» The sponsor should be aware that many practicing physicians may
use monotherapy treatment,although not approved, to preserve the
sexual function in patients. 7The risks and benefits must be
clearly be available to all physicians and patients.
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TABLE I ESTIMATES FROM COMPARABLE STUDIES

Responss Progrsssion Disease Survival
Rate Free Survival Progression
Leuprolide Obi Ras S8urv 1 yr 146 Weaks Leu
Study Group 86% Leu 87% Leu 136 Weeks DES
LED vs DES 85% DES 78% DES no difference
Months Monthse
0036 16,5 Flut 35.6 Plut
N=603 13.% Pbo 28.3 Fbo
L+F vs L+Pbo (p 0.039) (p = 0.035)
[EEAY
301
Eortc 30853 Diffarencs in ¥ month ext of
Zoladex/PFlut median survival - p=0.05
(Z/F) Vs Orxch progr...ion 35 -
N=327 weaxs for
Zol/flu
Daproca-B6 No difference in time to Time To Median Survival
Orch va progressico or msdian Progresssion Monthse
Zol/? survival. Months
N=264 16.0xchiectomy 27.6 Orch
16.Zol/? 22.7 Zol/P
908 # wu.zi-w | 41% u11 Wi i . Tima To. Cb] Prog.f Median . su:vivnl
Anandron/ - Q‘ Monthw, - . months f’ N
Orahioctu-w 19 Nil/oreh. "7 . JNil 28.3
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Plncnhol ' T Mot 8Significant -
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NDA #20-498 Addition:

11 Labeling Review for Casodex (bicalutamide)

11.1 Description
This is satisfactory
11.2 Clinical Pharmacology

"This inhibition results in regresston of Prostatic tumors” - This
statement is too enthusiastic

Flutamide label states that Prostatic carcinoma 1s known to be androgen
sensitive and responds to treatment that counteracts the effect of
androgen and/or removes the source of androgen (this is a better
statement.)

The spounsor states that the dose and phannacokinetics are unaffected by
age, renal impairment or mild to moderate hepatic impairment. (It s not
clear that there is sufficient evidence to include patients with mild to
moderate impairment.

A statement regarding testosterone and estradiol changes should be
included.

11.3 Indications and Usage
Clinical Studies

"In a large multicenter, double-blind, controlied, clinical trial, 813
patients with previously untreated advanced prostate cancer were
randomized to receive CASODEX 50 mg once daily (404 patients) or
flutamide 250 mg (409 patients) three times a day, each in combination
with L.HRH analogs (either goserelin acetate implant or leuprolide
acetate depot). At the time of analysis, the median time of follow-up
was 49 weeks. CASODEX-L.HRH analog therapy is associated with a

Fourcros ncalutande - NIDA H0-498/]abel



significant (p=0.005) improvement in time to treatment failure compared
to flutamide-LHRH analog treatment. The hazard ratio of CASODEX-

I.LHRH analog to flutamide-1.HRH analog 1s (0 749, The two-sided 95%
confidence interval (C1) for the hazard ratio 15 0.61 to 0.92

This statement appears to be satisfactory.

The statements regarding subjective responses and quality of life are
satistactory and suggests no differences between the two antiandrogens.

In keeping with flutamide label the sponsor should nclude all of the
analyzed endpoints. Therefore. in addition to time to treatment failure,
subjective responses and quality of life the label should include the
current survival time.

11.2 Clinical Pharmacology
11.3 Indications and Usage

There is msufticient evidence that Casodex 1s indicated for use in
comjunction with surgical castration theretore the surgical castration
references must be removed. e

—

/
Both the antiandrogen, Casodex, anﬂ/ ¢ gonadotropin were starfed
simultaneously; this should be inclufed n the dosage section. Bgth
drugs should be started at the same tinfes

1 4 Contramdications

This section 1s sahsfactory and includes the contraindicaton tor female
use. There 1s no statement regarding pediatric use

11.5 Wamngs - there should be a statement reparding gynecomastia if drug
used with surgtcal castration or without gonadotropin suppression. Should a

hiver disclaimer be included under precautions”

The suggested miutamide tabelng states ™ I case of jaundice, or i case of
abdominal pan or unexplasned gastromtestinal svmptoms. together with a nse

Fourcros broatutannde - NDA 26398/ Labwet
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- KRG
B] CALUTAMIDE/CASODEX - ZENECA PHARMACEUTICALS GrOUP
4 MONTH SAFETY REPORT - January 13, 1995

August 2, 1685

T Safery Update repcrt review o:f January 13, 1990 was
ceoudes trothe NDA review; however, severa. points willo be

roviewed.
There were a tota. of 267 new patients expcosed tco Casodex
subsequent to the submission of the NDA i1ncluding more data
or, the 150 mg comparative monotherapy studies. The bulrn of
the patients were exposed to 150 mg mcnotherapy.

The menotherapy trials were assoclated with gynecomastia and

Lreast pain. Patlents receiving 120 mo monotherapy deses had
a 3%+ percent incidence gynecomastla and breast pailn. In the
LhRE therapy trials :here was an incidence of .7+ in the

&
1calatanide-LhRH therapy arm versus 4- in the flutamide-LhRH
arm.

The hepatis profiles in the update repcrt 1s consistent wit!
rhat seen 1n the NDA submission. The hepatic profiie update
was incliuded the NDR review. There was only one patient
with a serious hepat:ic adverse event ccnsidered tTo be
treatment related. - one case¢ cof chronic aggrassive hepatitis

- 4.3 years after svrarting

During combinat:on therapy, the inrigence of hepatlc adverse
erents was lower irn the bicalutam:de treated patients than in
trhe flutamide arms (o.7+ versus 170+ respectivelyl. The
corresponding 1r"idence reported p'lO' in the IS8S, were 6.7+
ibicalutamide} and 10.3% {flutamide’ respectively. The
Lncidence ot nepahlc atverse even.s during monotherapy was
TLR- in o the 157 mu bicalutmide treated pati1ents and 0.9+ in

castration patlﬁ"°ﬁ, while tne prev1cu5 report was .8+ an
r T

T the entire monoth&rdpy program the

’
i

-y

;n_idpn:e o rn:x Joadverse ovents owao .7+ tnothe
bhizalurtmide patoents and L.3- inooastratlion pa*LLrtk. the
correspondina nciaence In the 138 were Donoeogna 1.0
respestively

Thare are no associated protlems with ophthalmic or puimenary
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MEMORANDUM Depariment of Health and Human Services
Public Health Service
Food and Drug Administration
Center tor Drug Fvaluation and Research

Date:  July 3, 1995
From: David Hoberman, Ph.D.. HFD-713

Thru:  Satva Dubey, Ph.D. QD :
Chief, Statistical Evaluation and Research Branch (HFD-713)

Subject: Mortality in Casodex trial 7045US8/0001

To: File (NDA 20-498)

The sponsor has provided an update on survival in the US triai. Median follow up is now twice
what it was in the first report (95 vs 49 weeks). The current cutoff date 1s March 3. 1995 (18
months after the last patient was recruited). Only 1/3 of the randomized patients have died. The
estimated hazard ratio 1s now .88 (Casodex/flutamide) with a 95% confidence interval of (.69.
1.11}. indicating that Casodex is not more than 10% worse than flutamide. See Figure 1.
Casodex's slightly more favorable result is due 1o a somewhai higher death rate among flutamide
patients taking leuprolide vs Casodex patients taking leuprolide. See Figure 2. The previous
confidence interval was (.70. 1.35).

Lt b

David Hoberman, Ph.[).

Concur: Dr. Nevius )j{ﬂ 75 75

cc: Arch NDA 20-498
HED-510
HED-510'Dr. Fourcroy

LHFD/S10/Ms. Pauls

HED-713/Dr. Nevius

HFDD-713/Dr. Hoberman

HFD-713Dr. Dubey [File 1.53.2 DRU
HEFD-344/Dr. Fasook

Phis review contains | page of text and 2 tigures
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JUN 26 1995

Statistical Review and Evaluation

NDA#: 207458

Apphicant: Zeneca Pharmaceuticals Group
Name of Drug: Casodex

Document Reviewed: Vol 1.108

Medical Input: Jean Fourcroy, M.D., HFD-510

Background

Dr. Fourcroy regards Study 7054US/0001 to be the substantial trial for this application. This
review focuses on the question of whether Casodex and tlutamide are ‘equivalent’ with respect to
‘chjective progression’ and ‘treatment failure’. Survivai data is not verv mature at this time but
shows no evidence of a difference between groups. A request for more recent follow up has
been communicated to the firm.

Iral 7045U8

This trial centrally randomized 813 previously untreated patients with metastatic prosiate
carcinoma from the US and Canada to one of 4 groups: Casodex-Zoladex. Casodex Leuprolide.
flutamide-Zotadex. flutamide-Leuprolide, where the second drug is an 1LHRH analogue. There
were 404 in the Casodex regimens and 409 in the Flutamide regimens. Five (3} patients refused
randomized therapy and were assigned an event tome of (0" in the analyses. Randomization
oceurred in 60 centers between 1/30/92 and 9/24/93. The report included analyses based on a
data cutoft of 3/11/94 at which time all patients had been tollowed for at least six months.

Subjective assessments included bone pain, FCOG performance status and a quality of life
questionnaire. Objective assessments were objective progression and treatment failure. The latter
was defined by any of the following: death. severe adverse event. objective progression.
unwitlingness to continue, radiation therapy at feast 4 weeks after study therapy, or investigator
tudgement. The protocol also lists "administrauon of an additional systemic therapy. '

Fhe trial size was designed to demonstrate that Casoden 1s notmore than 23% less eftective than
flutamide hazard ratio - 125 Casodex/flutanude), power - 80%, Tvpe | error=3%.

Table 1 illustrates that baseline vanables were well batanced between the groups. Table 2
displays the numbers and reasons tor carly withdiawal Note the ereater frequency of objective
progression and adverse events on tutamide



L

Lificacy Results

Figure 1 displays the Kaplan-Meier plots of the two groups for treatment failure, Figure 2
displays the treatment failure plots broken out by LHRI analogue. There is no obvious evidence
of antiandrogen-LHRH interaction. A Cox regression with LHRH analogue. extent of disease at
entry. and ECOG performance at entry as covanates (stated in protocol) produced a 95%,
confidence interval of (.61 to .92) indicating that the Casodex arm was statistically significantly
superior 1o the flutamide arm. Dr. Fourcroy wished to confirm that the comparison was not
driven by the excess adverse event experience on flutamide. Censoring all adverse events results
in Figure 3 which indicates that the failure curves are coincident for the first half of follow up
and diverge thereafter in favor of Casodex . The logrank p-value 1s .12 Although a hazard ratio
is not strictly proper here due to the non-unitorm treatment etfect, the contidence interval is (.62,
96).

Figure 4 displays the survival curves for the two groups. The sponsor's Cox regression produced
a hazard ratio of .97 with 95% confidence interval (.70, 1.35)

‘Subjective response’ was defined in the protocol as no increase in performance score, bone pain
score or analgesic score AND either decrease of total subjective score from baseline of 3 or more
OR decrease from basziine of 2 or more for performance. bone pain or analgesic score.
Approximately 50% of the patients on cach treatment had a subjective response. The 93,
contidence interval tor the ditierence in proportions is (-13%a. 8%%). Logistic regression including
the same covariates as the Cox model produced a contidence mterval of .72 to 1723 for the odd
ratio of Casodex to tlutamide on subjective response tor patients who were symptomatic
(apparently ECOG score ot at least 1Y at entry. Caction 1s reguired due o the attritton trom the
study.

There were no statistical differences for any of the quality ot life items except 'phyvsical capacity’
at6 months which was in favor of Casodex. However. only 30%0 of the randonuzed patients
have evaluations at 6 months,

Conclusions

E s mal provides evidence thai the rate of ceatment faudure on Casodex s not ereater than
that on lutannde whether or not adverse event s mcluded as an endpoint

L]

SoNabectve Tespon se s Do worse on Casodes than on alanonde

1

.‘ T
5 LR T ‘}f_ :

Doanad Hoberman, Ph D
Mathemateal Statnsticnn

————



TABLE |

Demographic characteristics at entry

Characteristic Number of patients (%)
CASODEX -LHRH Flutamide - LHRH
(N = 404} (N = 409)

Age (yr}

Mean 70 70

Range 43 toc N 42 to 93
Race

white 2B7 (71} 284 (72) .
Black g5 (24) S1 (22) ’
Hispanic 13 {(3) 19 (5)

Other g (2) 5 (1)
AUA classification

D5 396 (98) 407 (99.5)
Nen-Do 8 (2) 2 {(0.5)
Extent of disease
on bone scan*

None 37 (9) 29 (7)

< 5 metastases 175 (43) 173 (42}

> 0 metastases 157 (39) 160 (39)
Superscan 24 (B) 27 (7)
Histological
differentiation®

Poor 132 (33) 148 (36)
Moderate 201 (50} 201 (49)

Well 58 {14} 43 (11)

other 12 (3 15 (4}

ECOG score

0 - Full activity 221 {85} 208 (&1)

1 - Symptoms but ambulatory 143 (35) 150 (37}

2 - In bed 50% of 40 {10) 51 {13)

*Stage Do disease
FThree patients di.

.5 not always demonstrated by bone scan results,
nut have either a sufficient sample to determine

graging or a cytologic er histeldyic confirmation of disease.
AUA = American Ureological Association
ECOG = Fastern Cocperative Oncology Group



Detaitls of therapy

TABLE 2

Result Treatment group
CASODEX- LHAH Flutamide-LHRH
(N = 404) (N = 409)
Weeks of therapy received
Number of patients 401 407
Megian 48 44
Range 1 to 110 1 to 106
Reason for withdrawal of
therapy
Objective progressicn 72 96
Adverse event 28 49
Protocel violator 18 11
Patient choice 17 18
Investigator decision 15 25
Death 15 14
Refused randomized therapy 3 2
Other 2
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Kaplan Meier probability of treatment failure
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FIGURE 2
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FIGURE 3

FAILURE: CENSORING ADVERSE EVENTS
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Statistical Review and Evaluation

{Addendum)

+

Date: JUN 22 1005

he
=
o
e

Applicant: Zeneca Pharmaceuticals Group

Name of Drug: Cascdex (Bicalutamide)
Documents Reviewead: NDA Submissicon voiumes 14 ¢f 14,
Data on fioppy diskette supplied by the sponscr.

I. Background

A report ot statistical review and evaluaticon on the mouse and rat
carclnogenlcity studies of this NDA was issued by the Division of
Biometrics on May 26, 1995. In that review due to an inadvertent
mistake two of the tables (Table Z2Za and Table %a: were not
included. This addendum contains those tables.

Mchammad A. Rahman, Ph.D.
Mathematilical Statistician

o S L o

\TLOL\p uedaer

cc: Original NDA 20N-498

A

e L , .
HED-210/Dr. Sobhedl
Cemel e s n o
promr oo/ 20 e Jtage
Tr T Tra o s
HELD-710/Chron
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Hel-"_./ 0. Ranman
I Tt Thron
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VUi lues

o

Tegt of nomogene:ty

Sey Test
Male Cox

Wilcoxon

v,

Page

nedr trend 1o mortalit

"

P-vaiye
{Chi-5gr.:
.878¢6

L7645

Female Cox L1271
Wilcoxon .7643
Tesg f lar r r
Sex Test B-value
{One ta:l Normal)
Male Cox 21473
Wilcoxon L1550
Female Cox .3303
W:lcoxon L3322

G



Page 14

Table 5a

P-values of tests for positive linear trend in mortality
in the rat study

Test cof homogeneity

Sex Tes: P-value
{Chi-Sgr.;
Male Cox .0924
Wilcoxon 1349
Female Cox .2993
Wilcoxon . 2401
T ‘t ? v ) r s
ex Test P-value
{One tail Normal)
Male Cox .97983
Wilcoxen .9820
Female Cox 7

»
D

98
g

—

L

.0
Wilcoxon L0
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Statistical Review and Evaluation

NDA: 20-498 Date: MAY 26 1995
Lpplicant: Zeneca Pharnaceuticals Group
Name of Drug: Casodex (Bicalutamide)

Documents Reviewed: NDA Submission volumes 14 of 14,
Data on floppy diskette supplied by the sponsor.

I. Background

In this NDA sucmission two animal carcinogenicity studies, one in
mice and one in rats, were included. These two studies were
intended to assess the carcinogenicity potential of Casodex in mice
and rats when administered orally through diets at some selacted
dose levels. 'he durations of both the mouse and rat studies werse
104 weeks (728 days). The reviewing pharmacologist Dr. Jeri EI
Hage, HFD-510, requested the Division of Riometrics to perform the
stratistical review and evaluation of these studies. The results of
the review have been discussed with Dr. Jeri El Hage.

IXI. The mouse study

TIa. Design: Two separate experiments, one in male and one in
female mice, were conducted. In these two experiments there were
three treated grcups known as low, medium, and high, and one
control group. Two hundred fifty male and egual number of female
CS57BL/10J£CD-1/Alpk strain mice were randomly divided into pre-
selected sizes of 100, 50, 50,and S0 to form the control, low,
medium, and high dose grecups, respectively. The dose levels for the
rreated animals were 5, 15, and 75 mg/kg/day for low, medium, and
high dcse groups, respectively. The animals in the contrcl group
remained untreated. - '

“he animals were checked daily for mertality an.l morbidity and were
examined weekly for the presence of any palpable nasses. A complete
histopatlhiclegical examination was performed on all animals tound
dead, killed moribund during the experiment or sacrificed at the
end of the experiment.

I’b. Sponscr's analvysis

Survival data analysis: Summaries of cumulative mortality for
male and remale mice were presented in tabular forms. The weekly
percentages of survival rates of four groups were presented
graphically. The survival distributions of pairs of treatment
groups were compared using the log rank test. An overall chi-square




Page 2

cegt was performed to test the homogeneity of survival in different
rreatment groups. The SAS LIFETEST procedure was used for this
analysis with two-sided level of significance.

The test did not show any statistically significant difference 1in
mortality among the treatment groups ‘- either sex.

Tumor data analysis: The tumor data were analyzed using the
methods described in the paper of Peto et al. (Peto R., Pike M.C.,
Day N.E., Gray R.G., Lee P.N., Pareish S., Peto J., Richards S.,
and Wahrendorf J., Guidelines for sample sensitive significance
test for carcinogenic effects in long-term animal experiments, Longd
term and short term screening agsavs for carcinogens: A critical
appraisal. International agency for rasearch against cancer
morniographs, Annex to supplement, World Health Organization, Geneva,
311-426, 1980). The intervals used for the mortality adjustment
among treatment groups were 0-420, 421-532, 533-616, 617-672, and
more than 672 days. Tumors with 5 or fewer number of tumor bearing
animals were analyzed using the permutation test (Exact test) as
was suggested by Mantel /Mantel N., Assessing laboratory evidence
for neoplastic activiiy, Biometrigs, 36, 381-393, 1980). It was not
mentioned what cype scores were used for this test.

Adiustment for the effect of multple testings was dene using a
methed due to Tukey (Mantel, 1980) and Mantel et al. (Mantel, N.,
Tukey J.W., Ciminera J.L., and Heyse J.F., Tumcrigenicity assays,
including use of the jacknife, Biom. J., 24, 579-596, 1882} . This
method adjusts the smailest observed pvalue p;, as pi=1-(1-pu, )y,
namely the probability of obsarving at least one p-value as Py
among k, tumor sites, where k,= the one under consideration together
with those with total incidence of tumcrs greater than 5, plus
-hose others that could have given a p-value as extreme as the
unadjusted one under consideration. The process is repeated with
with the rn2xt smallest unadiusted p-value p,; excluding the tumor
type that generated p, . :

\1

en

The tests shawed a statistically significant positive linear tr

in the incidence of hepatccellolar carcinoma in male mice. For this
tumor type pairwise comparisong alsc showed a staristically
significant increased tumor incide-ce in the high dose group when
compared with the control.

TIlc. Reviewer's analvsis

The reviewer independently perfcrmed analyses cn the survival and
the rumor data. For survival data analysis the methods descr.bed in
the papers of Cox (Cox D.R., Regression models and life tables,
1 ‘ ' j eleh , B, 34 187-220, 1972), and

of Gehan (Gehan E.A., A generalized Wilcoxon test for comparind
arbitrarily singly censored samples, Bicmetxika, 52 203-223, 1965)
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were used. The tumor data were analyzed using the methods descr:ibed
1n the paper of Peto et al. (1380) and the method of exact
permutation trend test, developed by the Division cf Biometrics.
All data used in the reviewer's analysis were provided by the
sponsor on a floppy diskette.

Survival analysis: The intercurrent mortality data are given in
rable 1. The plots of Kaplan-Meier estimates of the survival
distributions of male and female mice are given in Figures la and
ib, respectively. The homogeneity cf survival distributions of four
groups (Control, Low, Medium, High) were teated separately for male
and female mice using the Cox test and the Generalized Wilcoxon
test. The tests did not show any statistically significant {at .05
level) positive linear trend or difference in mertality among the
treatment groups in either sex.

The p-values cf the positive linear trend and the pairwise tests
are given in Tables 2a and 2b, respectively.

Tumor data analysis: The reviewer performed the trend test cn
data of all tumor types and the pairwise comparisons of the treated
groups with the control for some selected tumor types. Sirce the
sponsor classified the tumor types as 'cause of death' or 'not a
cause of death', following Peto et al. (1980}, the reviewer appl:red
the 'death rate method' and the ‘prevalence method' for testing
positive linear trend in these two categories of tumor types,
respectively. For tumor cypes occurring in both categories (i.e.
same tumor found as cause of death for scme animals and not cause
of death for some other animals) a combined tcst was performed. The
exact permutation method was used to calculate the p-values of all
rrend tests, except when the tumcrs were found in both categories,
in which cases the continuity corrected normal test was used. The
scores used were 0, 5, 15, and 75 for control, low, medium, and
high dose groups, respectively. The time intervals used were 0-365,
366-54€, 549-654, 655-728 days, and terminal sacrifice for both
sexes.

The incidence rates of tumor bypes wilh p-values less than .05 are
listed below.
or M & L M H FP-values

100 50 50 50 Irend Ralxwige
Liver/ Hepatocellolar adenoma kK 6 0 4 .0260 .1307(C.,H)
Liver/ Hepatocellolar carcinoma 2 1 1 8 .0002 .0023(C,H)
Liver/ Histiocytlc sarcoma 2 C 3 4 .02%57 .0926(C,H)
Thyroid gland/ Follicular adenoma 8 0 0 7 .01323 .1475(C,H)
Female
Pituitary gland/Adencma €& 7 4 B8 .0452 .0392(C,H)
Thyroid gland/ Follicular adenoma 0 1 1 2 .0450 .0937(C,H)
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Multipie testing adiustment: The rule proposed by Haseman
daseman J.K., A re-examination of false-positive rates for
carcinonenesis studies, Fundamental and Applied Toxicology, 3:
2175-339, 1983) and a similar rule proposed by The Division ot
“iomerics (Lin K. and Rahman M., False Positive Rates in Tests for
rinear Trends in Tumor Incidence in Animal Carcinogenicity Studies
of New Drug, unpublished report, Division of Biometrics, CDER, FDA,
1995) were used to adjust the effect of multiple testings. The two
rules state that in order to keep the false-positive rate at the
nominal level of approximately ten percent, tumor types with
spentaneous tumor rate of no greater than cne percent should be
tested at .05 level for pairwise comparisons, and at 0.025 level
for positive linear trend tests and for tumor types with
spontenecus tumor rate greater than or equal to one percent the
lavel should be set at 0.01 for pairwise compariscns and 0.005 for

the positive linear trend tests.

On the basis of the rule propesed by The Division of Biomerics the
positive linear trend in hepatocellolar carcinoma in male mice it
considered to be statistically significant. Also on the basis of
Haseman's rule the pairwise comparison cf high dose group with the
control for hepatocellolar carcinoma in male mice is considered to
be statistically significant.

ITII. The rat study

IiIa. Design: Two separate experiments, one in male and one in
female rats were conducted. In each of these experiments there were
three treated groups, Kknown as low, medium, and high and one
control group. Two hundred and fifty five male and two hundred and
sixty female AlpK: AAfSD (Wistar derived)rats were randomly divided
into selected sizes of 102,51,51,and 51 for control, low, medium,
and high dose group, respectively for nale and 104,52,52,and 52 for
contrel, low, medium, and high dcse group, respectively for female
rats. The dose levels for the treated groups were 5, 15, and 75
mg/kg/day for low, medium, and high dose groups, regpectively. The
animals in the control group remained untreated.

The animals were checked daily for mortality and morbidity and were
examined weekly for the presence of any palpable masses. A complete
histopathological examination was performed on all animals found
dead, killed moribund during the experiment or sacrificed at the
end of the experiment.

TIIb. Sponsor's analysis

Survival data analysis: Summaries of cumulative mortality for
male and female rats were presented in tabular forms. The weekly
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percentages of survival rates of four groups were present ed
graphically. The survival distributions ci palrs of treatment
groups were compared using the log rank test. An cverall chi-square
testc was performed to test the homogeneity of survival in different
~reatment groups. The SAS LIFETEST procedure was used for this
analysis with two-sided level of significance.

The test did not show any statistically significant difference 1in
mortality among the treatment groups in either sex.

Tumcr data analvsis: The tumor data were analyzed using the
methods described in the paper of Peto et al. (1980). The intervals
used for the mortality acjustment among treatment groups were 0-
420, 421-532, 533-616, 617 672, and more than €72 days. Tumors with
5 or fewer number of tumd>r bearing animals were analyzed using
permutation test (Exact test) as was suggested by Mantel (1980). It
was neot mentioned what type scores were used for this test.

ad3ustment for the effect of multple testings was done using a
method due to Tukey (Mantel 1980) and Mantel et al. (1982). A brief
description of the method is given in section IIb.

The tests showed statistically significant positive linear trends
in the incidences of benign leydig cell tumcr in testes and in
follicular adenoma in thyroids in male mice, and follicular adeuoma
in thyroids and adenccarcinoma in uterus in female mice.

TIIc. Reviewer's analvsis

The reviewer independently performed analyses on the survival and
tre cumor data. For survival data analysis the methods described in
rhe papers of Cox {1972) and of Gehan {1363) were used. The tumor
data analyses were performed using the methods described in the
paper of Peto et al. (1380} and the method of exact permutatiocn
trend rest, developed by the Division :of Biometrics. Al’ data used
in the reviewer's analysis were provided by the sponscr on a floppy

P P e L]
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vudy are given in table 4. The plots of Kaplan-Meier estimates of
he survival distributions for male and female rats are given in
igures 2a and 2b, respectively. The homogeneity of survival
istriburions of four croups (Control, Low, Medium, and Higi:) were
ested separately for male and female rats using the Cox test and
he Generalized Wilcoxon test. The test did not show any
=

Survival analvysis: The intercurrent mortality data of the rat
5
L

atistically significant (at .05 level) positive linear trend in

ither sex. However, in female rats pairawise compariscns showed a
statisrtically significant increased mortality in the high dose
greoup when compared with the control.
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The p-valuves of the trend and tne piirwlise tests are given 1n
Tapkl:s 5a and Sb.

Tumer data analysis: The reviewer performed the trend test on
Aata of all tumor types and the pairwise compariscens of the treatec
sroups with the control for some selected tumor types. Since the
sponsor classified the tumor types as 'cause of death' or 'not a
causé of death', following Peto et al. (1980), the reviewer applied
he 'death rate method' and the 'prevalence method' for testing the
positive linear trend in these two categories of tumor types,
respectively. For tumor types occurring 1in both categories a
combined test was performed. The exact permutation trend method Was
used to calculate the p-values of all trend tests, except when the
cumors were found in both categories, in which cases the continuity
sorrected normal test was used. The scores used were 0, 5, 15, and
7¢ for control, low, medium, and high dose groups, respectively.
The time intervals used were 0-365, 366-548, 549-654, 655-728 days,
and terminal sacrifice for bcth sexes.

The incidence xates of tumor types with p-values Less than .05 are
listed below.

Male Tymor rate
Organ/Tumor C L M E P-values

100 50 50 50 Trend Pairwise
Testes/Benign leydig cell tumor 3 1% 32 48 . 0000 .00DO(C,H)
Thyroid glard/Follicular adenoma 4 9 16 27 .C00O .0000(C,H)
Female
Brain/Astrocytoma G 0O O 2 .0358 .1065(C,H)
Thyroid gland/Follicular adenoma O 2 8 22 .0000 .0000 {C, H)
Uterus/Adenccarcinoma 0 O 1 &5 .gpdo2 L0023 (C,H)

Multiple testing adjustment: The rules proposed by Haseman
11983) and The Division of Biometrics {19%5) weye used +o adjust
~he effect of multiple testings.

on the basis of rthe rule propused by The Division ot Biometrics,
the positive linear trends in all the above mentioned tumcr LYpes
except astrocytoma in brain in females are considered to be
statistically significant. Also on the basls of Haseman's rule the
pairwise comparisons of high dose group with the control for all
rhe above mentioned tumor types except astrocytoma in brain in
females are considered to be statistically significant.

The incidence rates and p-values of all tumor types tested for
positive linear trend are given in Table 6.
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Mouse studvy: No statistically Significant Positive linear trend
or difference in the mortalicy among treatment groups  was found in

The_ rat studg : No Statistically significant poOsitive linear
trend was founag in either Sex, however irp female ratrg Pairawisge
comparisons showed z Statistically significant increased mortality

in the high dosge group when Compared with the control.

The pairwise comparisons of high dosge Jroup with the contrel were
also found ro be Statistically Significant fer all these cumor

types.

Aok amnenn Han Kiahyr .

Mohammad a. Rahman, Ph.D,
Mathematica) Statistician

At rﬁ—i—: /ol

Joncur: Karl K. Lin, Ph.pD., Group eader

-~

©C: Driginal NDA 20-49g5 ¢
HFL. s10/Dr . Sobe}
HFD-51u/pr. E1 Hage
HFD-710/Chron
HFD—?lS/Dr, K. Lin
HFD-715/pDr . Rahman
HFD-?IS/SARB Chron
HFD-715/DRU 2.1.1 NDA 20-498 Casodex Moyse and Rat
carcinogenicity studieg
HFD»?IS/Diskette Rahman-2/CASODEX.CAR
HFD-400/Dr. Contrera



Table 1

Intercurrent mortality rates in the mouse study

Sex

FEMALE

TieriRie) Control Low Hediue Bigh
i - 52 3100 0/ 50 150 s
£ 2.00) { 0.06) { 2.00) { 6.00)
8- 10/ 97 B/ 50 4 45 54
{1.00) {16.00) £10.00) (16.00)
79- 93 10 8/ 42 13/ 45 8/ 42
{26.00) {32.00) {35.00) (34.00)
§¢-104 o 12/ 3 [e/ 32 it/ N
{42.00) {56.00) (5€.00) 154,00
TiRE. SACR 527100 22/ 50 2/ 5 23/ 5
(§2.00) {44.00) 144.00) (46.00)

0 - 52 3100 2/ %0 1750 i/ 3
{ 3.00) { 4.00) {¢.t0) { 8.00}

53- 18 17 81 3/ 48 4/ 48 1/ 4§
{10.9) (14.00) (16.00) {22.00)

79- 83 %/ 30 §/ & 17 45 1/ 3%
{25.00} {3.00} (24.00) (36.00)

84-104 01 107 3 13/ 38 L7
(42.90) (50.00) (20,04} {54.00)

23/ 30 17 50

! (50.60) (46.00)

— 3
prfaaly
T M
> T

5

.............................................................

Note: Except the TERK. SACE. row, ap entry of thie table
zpuaber of animals dying of eacrificed ip the time
interval/ovsber of aoisals enteriag the time interval

Az edtry in paresthesis = cumulative portality rate;i.e.
cupulative percent of animale dying up to the end

of the time interval. Ao estry in the TEEM. SACE. row -

eeaber of snimale eurviving to tersinai eacrifice /

faitiel number of aninals. A eatry i¢ parenthesit in this rox
= percest of asimale (of the initial nusber) surviving to
ternizal sacrifice.

Page B
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Tzble 2b

P-values of pairwise tests for the differences in mortality between
treatment groups in the mouse study

Male mouse

PAIRNISE COMPARIBORE {1 D.7. CX1-SQGARRS, WITE CONT CTAR) DEWAE: o:lmale)\ita.mms

EXACT ONR ax: CNI- pIARCTION Xty TEFT GYSERMALILED I/ ANALYSLS
= TAIL TEST SOUARE USING OF 2X2 CNi-80 EXACT INVERSE COREERVATIVE EXACT INVERIE CORSEAVATIVE
LR+

eVE. 1 ol BIpL o AT 4708 - N 1)
PROB .2368 .482y -4527 .412% -3 L3692
(38 3 FR - it ] BLEL] ok - 8128 LE13¥ 4401 L611)
moa L2366 4339 -433% 4N 4337 4240
oVE. ) EIED L3700 e L1248 .33ds -4016 .4E1E
PROD .30 -4033 B ksl .S67a 4877 -4aa78
1va 1 onsg 1] L s L0078 .l)‘i'l L0387
RO R il 1.sd00 -9309 .30y .ol L0803
1 ¥, ) OUIN 0800 - . oeeY L0067 B-RLY) . 8348
FRID 8000 1.0000 7 - L1524 L0523
ave. 3 ommg .pooe ma .ap10 -pole .aaes . 9088
PROR .poae 1.0000 JPTEL .95 - M10 .P4L0

Female mouse

PRIRN SR COBPAR LECHES (1 D.rF. ORI-NKIALE, WITE CKNT CORA: OENNE: a:\male\lrs. fua
TIALY ORR X3 Qul- DIARCTION g TEST QENTRALIZED E/W ANALYSIS
Gaoay TAIL TEST BSOIMAE DRIND OF X2 ONI-BKO EACT INVEAST COREERVATIVE EXACT INVERSR COREEMVATIVE
"IN OEZN
eVE i (RIBD 0133 ros ,R140 .oles L1378 BEL
[ ] k220 . ho81 [F13] LarTe .T100 .TA08
0 Vvs I U -3133 e 3 o181 N1t R3] ] .C0TY
PROB A2 90§11 B 15 . 9022 I F TY 11
TVE O =aw CARDN s .ATAY .47y 1.076) 1.078
b= el LLLYS “yo7 LeERy 188 .27
1V I ol 100 e 0110 0110 0346 K111
PROD .51 1 ceh .Pl4) 211} -0192 .18
1wl ) omisg NI ”08 11 L1178 L1392 .3
RO L4307 844 L¥3a2 L1311} 360} L5402
v 3 OouUm [ 131 ros 1602 _1680 (1111 113
mos .a307 N 13Y ] (Y 33 (113 RYTY} N1
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Tumor rates and p-values of the tested tumor types for positive

lirear trend in mouse study

Organ Nlmé

BONE AND MARROW - FEMUR
BONE AND MARROW - FEMUR
BONE AND MARRCW - STERNUM
BRAIN

EAR

EPIDIDYMIDES

HARDERIAN GLANDS
HARDERIAN GLANDS
INTESTINE - DUODENUM
INTESTINE - ILEUM
INTESTINE - JZJUNUM
LIVER

LIVER

LIVER

LIVER

LYMPH NODE - MANDIBULAR
LYMPH NODE - MESENTERIC
LYMPH NODE - MESENTERIC
LYMPH NODE - MESENTERIC
LYMPH NODES - NON-PROTOCO
ORAL CAVITY

PITUITARY GLAND
PREPUTIAL GLAND
SALIVARY GLANDS - SUBMAXILL
SEMINAL VESICLES

SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SPINAL CORD

SPLEEN

SPLEEN

SPLEEN

SPTEEN

TESTES

TESTES

TESTES

TESTES

THYROID GLAND

Tumor Name

Histiocytic sarcoma (M)
Mast cell tumour (M)
Angiosarcoma {M)

Meningeal composite lymphom
Squamous papilloma (B)
Histiocytic sarcoma (M}
Adencma (B)

Cystadenoma (B)

Polyp (B)

Composits lymphoma (M)
Composite lymphoma (M)
Angiosarcoma (M)
Hepatocellular adenoma (B)
Hepatocellular carcinoma (M
Histiocytic sarcoma (M}
Composite lymphowa (M)
Angicma (B)

Coxposite lymphoma (M)
Histiocytic sarcoma (M)
Composite lytphoma (M)
Osteosarcoma (M)

Adenoma (B}

Histiocytic sarcoma (M)
Histiocytic sarcrma (M)
Histiocytic sarcama (M)
Angioma (B)

Benign mastocytoma (B)
Histiocytic marcoma (M)
Squarous papilloma (B)
Hisriocytic sarcoma (B)
Angioma (B)

Angiosarcoma (M)

Composite lymphoma (M)

Mast cell sarcoma (M)
Angioma (B} .
Renign Tavdig cell tumour |
Histiocytic sarcoma (M)
Malignant Leydig cell tumou
Adenoma - follicular (B)

oL EZIGLLULOYLLOIVLLLIZIVEIEIGIEZLZIIZLVEIXZOHILVLIMOI OO

Exact Asymptotic

MSFLG P-Value P-value

1.0000
0.2093
0.1042
0.5990
0 3782
0.59446
£.3782
0.2953
1.0000
1.0000
0.3813
0.6870
0.0260
0.0002
0.0257
0.5534
0.4235
0.6106
0.1965
0.3752
0.3906
0.3769
1.0000
C.5631
1.0000
C.4638
0.3704
0.5631
0.1%33
1.00090
1.0000
0.5542
0.3096
1.0000

0.1933

0.1870
0.66213
0.5631
£.013]

0.82195
0.02865
0.08680
0.68815
2.54490
0.91920
0.54490
0,27375
0.74450
0.86820
0.56205
0.77975%
0.00910
0.00000
0.01975
0.69735
0.34445
0.61470
0.062365
0.31180
0.54930
0.55980
0.73875
0.67930
C.73965
0.42435
0.53980
0.67930
0.02245
0.74490
0.83705
0.603230
0.3511%
0.73965
0.02245
0.25285
0.75225
0.67930
¢.00870

[g]
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Table 3 continued from the previous page

x

“ .
Exact Asymptotic
Oran Name Tumor Nas MSFLG P-Valur P-value C L M
ABDOMINAL CAVITY Angioma (B) s 1.0000 ©.74085 1 0 ¢
ADRENAL G/ANDS Benign phasochromocytoma (B 5 0.6154 0.6817C o0 1 ¢
BONE ANT MARROW - FEMUR Angiosarcoma (M) s 0.6154 0.68170 01 0
BONE AND MARROW - FEMUR Histiocytic sarcoma (M} s Q0.39717 0.5415% o 0 3
BONE AND MARROW - STERNUM  Histiocytic sarcama (M) 5 0.3245 0.14725 i 0 0
BRAIN Benign meningicma (B) s 1.0000C 0.74085 1 0 0
CERVIX Histioccytic ssxcoma (M) M 0.3834 {$.38765 o 2 4
GALL BLADDER Fapilioma (B) -] 1.00600 0.74085 1 0 0
HARDERIMAN GLANDS Adenoma (B) S 0.3414 $©.51970 ¢ 0 1
HARDERIMAN GLANDS Cystadenoma {B) M 0.5760 0.7275% o 2 1
INTESTINE - DUODENUM Polyp (B) 5 0.1550 0.05990 1 0 0
INTESTINE - ILEUM Composite lymphoma (M) M 0.8254 0.78275 1 1 0
INTESTINE - JRJUNUM Composite lymphoma (M) 5 0.g328 0.78505 1 1 9
INTESTINE - JEJUNUM Polyp (B) s 1.0000 0.79310 i 0 0
LIMBS AND TAIL Angiosarcoma (M) ' M 1.0000 0.82035 2 0 0
LIVER Angioma (B) 5 c.83280 0.78505 1 1 0
LIVER Angiosarcoma (M) 5 1.0000 0.73715 1 0 0
LIVER Hepatocellular carcincma (M s 0.5920 0.6785% ¢ 1 9
LIVER Histiocytic sarcema (M) M 0.5334 0.59590 3 1 3
LUNG3 Adesnocarcinoma (M) M 0.1630 0.08335 2 0 0
LYMPH NODE - MANDIBULAR Composite lymphoma (M) M 0.3128¢ 0.15650 1 0 0
LYMPH NODE - MESENTERIC Angioma (B) s 1.0000 0.72645 1 0 0
LYMPH NODE - MESENTERIC Composito lymphoma (M) s 0.8422 0.083985 47 27 2%
LYMPH NODES - NON-PROTOCO Composite lymphoma (M) M 0.3843 0.38785 4 1 2
LYMPH NODES - NON-PROTOCO Histiocytic sarcoma (M) 5 1.0000 0.79310 1 0 93
OVARIES Arrhenoblastoma (B) s 0.6263 0.70325 1 0 1
OVARIES Granulnsa cell adencma {B) 5 1.0000 0.74085 1 0 0
PITUITARY GLAND Adencta (B} M 0.0452 0.63780 6 T 4
SALIVARY GLANDS - SUBMAXILL Histiocytic sarcoma (M) 5 0.1855 0.02000 o 0 0
SKIN - NON-PRUTOCOLLED Angicma (B) 5 0.67813 C.76035 1 1 1
SKIN - NON-PROTOCOLLED Composite lymphcoma (M) 5 0.4782 0.63870 c 0 1
SKIN - NON-PROTOCOLLED Fibroma (B) s 0.1855 0.N200C0 g 0 0
SKIN ~ NON-PROTOCOLLED Histiocytac sarcoma (M) 5 1.0000 0.73630 1 0 ¢©
SPLEEN Angiosarcoma (M) s 0.1589 0.11440 2 0 1
SPLEEN Composite lymphoma (M} M 0.2873 0.28145 a3 6
SPLEEN Myeloid leukaemia {myelobla 5 c.3857 0.5341¢ 0 0 1
STOMACH SqQuamous carcinoma (M} s 0.1855 0.02000 o 0 0
STOMACH Squamous papirlloma (B} 5 G.3190 0.14615% 1 0 ¢
THYROID GLAND Adencoma - follicular (B) 5 0.0450 0.03675 o 1 1
UTERUS Angioma (B) s 0.6375 0.74800 1 1 2
UTERUS Histiocytic sarcoma (M) M 0.50%6 0.52010 9 & 7
VERTEBRAL COLUMN Histiocytic sarcoma (M) 5 1.0000 G.744%0 1 0 0
VERTEBRAL COLUMN Ostecsarcoma (M) s 1.0000 0.74410 1 0 0

Y]
QOLONKF HOWNOFOOHNDIOOONDOOHNERIODDODOQCOOONCOCODOHOMOOOO
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Table 4

Intercurrent mortality rates in the rat study

Ser

EALE

FRELLE

Tipelnge) gontrel Loe Redive Bige

0 - 52 17102 R 17 81 (JA!
{ 6.86) {13.13) { 1.96! { 000}

53- 18 HTRH 8/ 4 12/ 80 1/ 81
(26.47} {25.43) {25.48) (3.7

19- 93 18/ 1% 10/ 18 16/ 38 12/ W
(45,10} (45.10) (4510} (37.25)

94-104 13/ 3 16/ 28 17 28 103
{83.73) {18 4T {38.80) {50.98)

TERK. SACE 37/10% 12/ 31 AV TN
(38.27) (23.53] (41,18} (43 .92

0 -5 /104 b/ 52 Lo 5t LPARY.
([ 5.77} [ 0.60) ([ 1.82) {570
53- 78 9/ 98 (TN I h § &&

{4 42) { 7.83) {789 ARG

[ERREK 16/ 89 R 120 48 1/
{31.73 (20161 LT (4231}
44-104 2/ 1 174 12736 3/
(Ve o) 4c.3h LBl SR
Torl. o Wk M, I R
Y {57.89) {46.13, {40.38)

Note: Ricept the TEEN. SACH. row, ac estry of this table
zpugber of aninals dyicg or sacrificed in the tiwe
intervai/aunter of anisale extering the tipe interval

bn estry in parenthesis = cemulative sortai:ty rate;l.e.
cunulative parcent of amimais dying up to tbe end

of the time interval. Ap entry is the TERE. SACK. row -

susber of animals surriviag to tersidal sacrifice /

initiai nuwber of anisals. 4o eatry it parenthesis ‘o thie row
: percent of anieais (of the iaitial vomber] surviving 43
tersjnal sacrifice.
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P-values of pairwise tests for the differences in mortality

between treatment groups in the rat study

Male rat
PAIRVIRE COMPARLICOEE 11 b.F, CHI-SOGRRES, wiTE (ONT COmR)
KZALT (B X3 oml- DINESTION
aRoUE TAIL TEFT SOUARS D3rG  OF 30 ONI-80
® IN DN
oVE. 1 CNISG 3.048) o
FACR .o 1808
e v 1 oI L1101 o
Mch 1 h) Nl
ovs. ) oximo 1.1 -]
-] .eed 1008
. TR -7 ") 2.8849 -
-] N T .o
17 ) ooac 8.10%3 o
-] . g B33
i 3 anm L3844 L -]
ok LATss -8e0%

Female rat

PRIRVIEE COMPAAISCES

EXALT OmE 1XT CHl-
TAll THST SOUARE DNINO OF X3 ONI-KQ
" 1N Dkw

cay *

L
13 } I

ROS
av 3 oo

11 9.7 CHI-SQCARRE. WITH CXNT CORRI

L1410

B TEI

28461

.14

- 0381

Rllr]

1.1872
L2810

.81ay
e

L1
-$33)

-HE0
L3

1.4
L1384

L1387
AR

DIXECTICN

cx's TENT

AT INVIASE OCRMEERVATIVE  EXACT LNVERLE (DMIEAVATIVE

1.0403
I LEH

2202
.62y

1.4008
JESS ¥

J.0803
- 1504

$.799)
.u3ed

.ET42
L4116

1.

X'y TRIT

1.7
.a1ek

11
(111 ]

ARy
L 4BEL

1.3k
-2178%

31324
LT

L1887
LT 1-1)

1.828%

-

-2144
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e
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Y LY
d1ey

-1z
.o

ik

A 3 TP

s\mslelita mre
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I

.514)
L4732

S
-§330

L1738
L0681

L4314
~333}

L2728
N

L1087
3784

RITL
4T)e

L1818
.38

-

.1
NLT 1)

L4209
.3330

LM
cQa1ee

1.1070
L3

» armsleilca.frx

GEEERALI IED I/ ANALYSS
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Tumor rates and p-values of the tested tumor types for positive
linear trend in rat study

BRAIN

EMRS

EPIDIDYMIDES
EPIDIDYMIDES

INTESTINE - DUODENUM
XIDNEYS

LIMBS AND TAIL

LIMBS AND TAIL

LIMBS AND TAJIL

LIMBS AND TAIL

LIVER

LIVER

LUNGS

LYMFH NODE - MANDIBULAR
LYMPH NODE - MESENTERIC
LYMPH NODE - MESENTERIC
LYMPH NODES - NON-PROTOCOLL
MAMMARY GLANDS

MAMMARY GLANDS

MAMMARY GLANDS

MUSCLE - SKELETAL

ORAL CAVITY

ORAL CAVITY

PANCREAS

PANCREAS

PANCT LAS

PARATHYROID GLANDS
PITUITARY GLAND-
PITUITARY GLAND
PROSTATE GLAND
SALIVARY GLANDS - PAROTID
SEMINAL VESICLES

SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLIED
SKIN - NON-PROTOCOLLZID
SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SKXIN - NON-PRCOTOCOLLED
SKIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SPLEEN

SPLEEN

TESTES

TESTES

TESTES

THYIMUS

THIMUS

THYMUS

THYMUS

THYRCID GLAND

THYROID GLAND

THYROID GLAND

TONGUL

Tumor Name

Beniyn phasochromocytoma (B
Cortical adenoma (B)
Malignant phas.chromocytoma
Astrocytoma (B

Malignant meningicma (M)
Malignant oligodendroglioma
Squamocus papilloma (B)
Adjacent tissue angioma (B}
Renign mesothelioma (B)
Adsnocarcincma (M)

Tubular adepoma ({B)

angioma (B}

Xeratcacanthcoma (B)
Ostecsarcoma (M}

Squamous papilloma (B}
Hepatocellular adenoma (B)
Hepatocsllular carcinoma (M
Cystic adenoma {B)
Malignant lymphoma - lympho
Angioma (B}

Malignant lymphoma - lympho
Pancreatic node malignant 1
Adsnocarcinoma (M)
Fibroadenama (B;
Histiocytic sarcoma (M)
Neurofibroma (B}

Basal cell carcinoma (M)
Squamous carcinows (M)
Exocrine adenocarcincma (M)
Exocrine adenoma (B)

Islet cell adenoma (B}
Adenoma (B)

Adencma - angiomatous (B)
Adenoma - solid (B)

Adenoms (B)

Acinar adencma {B)
Adenocarcinoma {M)

Angioma (B)

Rasal cell adencma (B}
Basal cell carcinoma (M)
Fibroma (B)

Lipoma (B}

Malignant faibrehistiecytic
Sebacecus adenoma (B)
Squamous carcinoma (M)
Sguamous papulloma (B)
Histiocytic sarcoma (M)
Malignant lymphoma - lympho
Benign lLeydig cell tumour
Benign mescthelioma (B}
Histiocytic sarcuma (M)
Adsnocarcinoma (M)

Adancome (B)

Senign muxed thymoms (B}
Malignant thymic lymphoma -
Adeancoma - follicular (B)
Parafollicular adenoma (B)
Parafollicular cell carcino
squamout. papilloma (B)

MIFLG P-Value

uweuaTuwus st bhunuunnbun I IIZTvovovbunoabiaunnhhbatnuuhhTItnbLuIIXnXe

Exact Asymprotic

0.3523%8
0.7721
0.2857
0.8453
0.08233
1.2000
1.0000
1.0000
0.1429
¢.2727
0.2520
0.6105
0.6122
1.0000
1.0800
0.5873
0.6275
0.2632
0.6947
0.71812
0.8547
1.0000
1.0C00
1.0000
0.4107
1.0000
1.0000
0.1676
0.2632
0.2307
0.4228
0.4223
0.3153
0.9466
1.0000
0.5413
1.0000
0.3684
1.0000
1.00090
0.1502
1.00GC0
0.8496
1.6000
G.4843
0.8941
0.2632
0.4436
0.0000
0.8716
1.0000
0.6122
0.8759
C.4199
1.000C0
0.0000
0.331)
0.0167
0.135¢

P-value

0.34135
0.73955
0.48190
0.85470
0.05010
0.75740
0.71750
£.77625
0.00810
0.26520
0.22845
£.7255%0
0.64690
0.75%65
0.83820
0.66530
0.70885
G.04990
0.76470
$.752%0
0.84050
0.77625
0.77625
0.82960
0.57195
0.77625%
0.75805
0.14945
0.0499%0
0.22260
0.34310
0.52050
0.31560
£.94170
0.7762%
0.41225%
0.84940
0.1791¢0
D.77645
0.77625
0.14600
0.7762%
0.80445
0.7%62%
0.60970
0D.87745
0.04990
D.58665
0.00000
0.86725
0.77720
Q.6469

0.2018

0.4176

0.3599

0.0000

0.3216

0.822%

0.0118
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Female rats

Organ WName

ABDOMINAL CAVITY

CRRVIX

INTESTINE - CAECUM
INTESTINE - ILEUN
INTESTINE - JEJUNUHM
KIDNEYS

KIDNEYS

LIMBS AND TAIL

LIVER

LIVER

LYMPH NODE - MANDIBULAR
LYMPH NODE - MESENTERIC
MAMMARY GLANDS

MAMMARY GLANDS

MAMMARY GLANDS

MAMMARY GLANDS

MASSES AT NECROPSY
ORAL CAVITY

OVARIES

OVARIES

OVARIES

PANCREAS

PANCREAS

PITUITARY GLAND
PITUITARY GLAND
SALIVARY GLANDS - PAROTID
SALIVARY GLANDS - SUBMAXILL
SKIN - NON-PRCTOCCOLLED
SKIN ~ NON-PROTOCOLLED
S§KIN - NON-PROTOCOLLED
SKIN - NON-PROTOCOLLED
SKIN - NON-PFROTOCOLLED
S§KIN =~ NCN-PROTOCCLLED
SPLEEN

SPLEEN

SPLEEN

STOMACH

THYMUS

THYMUS

THYMUS

THYMUS

THYMUS

THYROID GLAND

THYROID GLAND

THYROID GLAND

UTERUS

UTERUS

UTERUS

UTERUS

VAGINA

Tumor Hame

Malignant fibrohistiocytic
Benign phaecchromocytoma (B
Cortical adenoma |B)
Adjacent muscle fibrosarcom
Astrocytoma (B)

Benign meningiome (B)
Banign fibrous histiocytoma
Granular cell myoblastoma |

His* »cytic sarcoma (M)
Malignant fibrohistiocytic
Polyp (stromal} (B}
Leiomyoma (B}

Malignant fibrohistiocytic
Adencocarcinoma (M)

Nephroblastoma (M)
Tubuler cystadencma (B)
Squamous papilloma (B)
Hepatocellular adenoma [B)
Hepatocellul&r carcinoma (M
Malignant fibrohistiocytac
Angioma (B)

Adenocarcinoma (M)

Adenama (B}
Fibroadenoma
Fibroma (B}
HistioCyTlic SAICOmMA
Sguamous papilloma
Arcrhenoblastoma (B)
Granuiosa cell adenoma (B}
Granulosa cell carcinoma M
Exoucraine adencma (B}
Islet cell adenoma (B;
Adenoma - angliomatous

{B})

(M)
(B}

{(B)

Adencma - solid (B}

Acinar sadencma (B)
Adenocarcinoma (M}

Benign fibrous histiocytoma
Fikruza (B}

Lipoma (B)

Malignant fibrochistiocvyraic
Sguamous carginoma (M)
Sguamous papilloma (B}
Angirosarcoma (M)
Malignant lymphoma -
Monocytic leukaemia
Squamous papillioma
Adenccarcinoms (M)
Adencma (B)
Adjacent tissue fibrosarcaom
Benign mixed 'thymoma (B!
Malignant thymc lymphoma -
Adenoma - follicular (B)
Parafolliculs: sdenossa (B!
Farafollicular cell carcino
Adenocarcinoma (M)
Polyp ‘adancmatous)
Polyp {(stromal) (B)
Squamous carcihoma (M)
Malignant fibrohistaincytic

lymphe
M
(B)

{B)

i
B

WA rITOova I inntynNnonETToonIIIunrunIounobbTI oo onXionmaninn X

Exact

?-Val e

0.
0.

0.

0.
0.

.

©

4

Do CoCOO00 HOHFOCOHOLOOFOODIOIFODOOOODOOHHFOCORODHEFOOORORROOOR O
.

3243
3501
9595
1997
D358

. 3889
L0000
.00Jo0
L1694
.93%0
L3629
0000
.Go00
. 1958
.0od0

6170

. 3440
L3674
L0000

oo
172

.9995
L9686
.99717

2000

L0000
. 4684
.7647
.0998
.B458

3112

.5066
L3774
.9884
L3E29
.good
.8389
.6E34
.Co00
L3959

ga0g

.0836
L6032
.C00cC
L1801
L0080
L1811
. 6048
.000¢
L1781
L0000

.ocoo0
RELE
.7038
L0002
L1972
L5372
.1694
.5296

COSODO0O0O0 DO0COODO0OO00CO0ONDOOOOO0DODOoOOODOoOOOOCO0CDOOoOCOOoOOQOOOo OO0

.1505¢0
.26065
. 93400
.C2455
.00205
.52775
-T6115
. 73665
.01505
.85280
.52695%
.80560
. 74235
.02330
. 74640
. 70440
.16530
.39765
. 73465
. 73655
.10885%

.

9778%

.94575
.99520
.81330

.

74435

.25595
. 77865
.10145
LITETO
34450
.67135
.37795%
.98440
.52695
.73800
.18020
.75150
.73465
.54815
.T3665
L0785
.68
.7483C
.021%0
.B056C
.01850
.87020
LT73850
. 17580

.T13465

.000C0
.82080
.18665
.007200
L1387%
-54100
L01505
.68300
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Asymptotic
P-value
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Figure la

Page 18

Kaplan-Meier Estimates of the survival distributions

(Male mice)
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Figure 1b

Page

Kaplan-Meier Estimates of the survival distributions

(Female mice)
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Fiqure 2a

Kaplan-Meier Estimates of the survival distributions
(Male rats)
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Page 23

Kaplan-Meier Estimates of the gurvival distributions

{Female rats)
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MNDA: 20-498

Bicalutamide

50 mg tablets JL 19 1895
{Casodex”)

Submisson Date: 9/14/94

Sponsor: Zeneca Pharmaceuticals Group

Wilmington, Delaware
Type of Submission: New Drug Application {1S-NME)

Reviewer: NMichael J. Fossieir, Pharm. D., Ph. D.

Synopsis

Bicalutamide is a non-steroidal anti-androgen which has been found to be
useful in the treatment of advanced prostate cancer in combination with either
surgical or medicatl castration. The Sponsor seeks approval for a 50 mg tablet, with
the proposed dose being 50 mg daily. Bicalutamide is to be marketed as the
racemate. The R isomer is the active isomer and has a half-life of about 6 days.
The S isorner is essentially inactive and has a half-life of around 30 hours.
Enantiomeric conversion has not been shown 10 occur In rats.

The absolute bioavailability of bicalutamide is unknown, as no INtravenous
formulation exists, but it appears that at least 50% of the dose 1s absorbed. The
taplet formulation used in the pivatal clinical trials 1s equally bioavailable relative to
an aqueous suspension and is unaffected by food. The to-be marketed formulation
is bioequivalent to the clinical trials formulation.

A singie-dose study in 22 prostate cancer patients showed that the racemate
has a t% of 6.3 days. Other studies using a chiral assay have shown that the R
(active) isomer has a much larger AUC, t’%2, tmax and Cmax than the S isomer.
The steady-state kinetics of the compound are iinear from 10-50 mg. Because of
the great difference in elimnation ratcs for the Two enantiomers, at steady-state it
is estimated that more than 99% of the steady-state piasma jeve! 1s the R somer.

Radiolabeled metabolism studias in male volunteers ingicate that the
compound is well-absorbed following oral administration. The drug 1s 96% protein-
bound, primarily 10 alpumin. The compound 1s metabolized primarily by
glucuronidation, followed by elimingtion 'n the urne and feces. An oxidatve
metabolite is aiso formed, which s also glucuronidated. Virtually all of the
compound eliminated in the first two days is the S form. Chronic admiiustration ot
bicalutamide to patients has no siguficant inductive effect on P-450 enzymes.

Mild to moderate hepatic disease has no significant effect on the efiminauon
of either enantiomer; however, subjects with severe iver disease showed



prolonged half-lives of the R isomer. No significant change occurred in the
elimination of the S isomer. No relationship was found between steady-state
concentrations of either enantiomer and age or renal function. Data from two
chnical efficacy trials were used to show that no chnically relevant interactions
exist between biacalutamide and LHRH analogues.

Data from two monotherapy trials which were included in the submission
suggest that a concentration-effect refationship exists betvveen piasma levels of
bicalutamide and prostate-specific antigen feveis in patients with prostate cancer.
The data suggest that, for maximum suppression of PSA in nonotherapy, steady-
state levels of bicalutarmide should be =10 yg/mL. For the present indication, no
PK/PD data are available, as both castranion and bicalutamide affect PSA levels.

The HPLC assay used in all of the pivotal pharmacokinetic trials 15 a chral
assay with a limit of quantitation of 10 ng/mL. The vahldation data ncluded in the
submisston show that the assay 1s precise and accurate.

The proposed dissolution method s 35
the dissolution medium. The proposed dissolut:an specification is Q = @ 45
minutes. Data were included to show that the method is discriminating with regard
10 several tabtet process variables.

Recommendation

The Biopharmaceutics portion of NDA 20-438 1s approved. The
recommended dissolution specification for the 50 mg tablet is in Not tess than
30 minutes using The text under XI.

Labeling Comments should be sent to the Sponsar, as should Comment 2 under
X. General Comments.
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Appendix I: Study Summaries (available upon request)

Study Title Page
Number

176334/0001 An Open Study to Determine the Pharmacokinetics and Tolerability of 25
Single Oral Doses of CASODEX 176.334) in Patients with Advanced
Prostatic Carcinoma

7054iL/0005 An O~en Randomized Crossover Trial lo Assess the Bioequivalence in 27
50-mg Tablets of the Sales Formulation of CASCDEX ™ Relative to the
Clinical Trnals Formulation of CASODEX

176334/0006 The Metabolism and Pharmacokinetics of CASQDEX™ 176.334).n 31
Healthy Male Voiunteers Following the Admunistration of a Single Qral
Dose (50 mg) of ["*C 176,334

176334/0007 An Open Patient Voiunteer Study of the Effects of Impared Hepatic 33

Function on the Pharmacokinetics of a Single Oral Dose of 50 mg
CASODEX™ 176,334)

176334/0008 An Open Randomized, Cross-Over Study to Compare the Bioavaiiabiiity
of the CASQDEX™ 176.334) Clinical Trals Tabiet with an Aqueous
Suspension and to Assess the Effect of Food on the Bicavaillabiiity of the
Clinical Tnials Tablet, in Healthy Maie Volunteers

35

176334/0010 An cpen patent volunteer study of the effects of impawed hepatic
functon on the pharmacokinetics of a single oral dose ot 150 mg
CASQDEX

37

176334/0012 An open, randomized, cross-over study to 1ssess the bioequivalence of a
CASODEX 176.334) intended Sales tablet and the
CASODEX 176,334} Climcal Tnals tabiet (S0 mq) in heaithy male
volunteers

41

176334/0204 An open study to assess liver enzyme nduction in patents receing
CASCDEX 176,334y 50 mg daily for the treatment of metastatic
prostate cancer

44

176334/0328 An open study to assess liver enzyme ingucuon in patients recewing
CASODE. 176.334) 150 mg daily for the treatmaont of advanced
prestate cancer




176334/0002, A summary of tolerability, etficacy, endocnne and pharmacokinetic data 49
2003, 0005 from three studies in which patients with advanced prostatic carcinoma
were treated with CASODEX

176334/0204, Two Open Phase !l Studies to Deterrmine the Safety. Efficacy. and 53
0205 Long-term Endocine Effects of CASODEX 176.334) in Patients With
Advanced Prostatic Carcinoma

7054U5/0001 A Randomized, Comparative Tnal of CASQDEX (50 mg) Versus 57
Flutamide Fach Used in Combinaton With Medical Castration i, Patents
With Untreated Metastatic Prostate Cancer

70541JS/0002 Comparative Bioavailability Study of U S. Marketed and Unmarked 60
Flutamide Capsuies

70541L/0003 Comparative Bioavaillability Study of Marketed Canadian Flutamide 63
Tablets and Unmarked Clivical Trial Flutamide Capsules

Abbreviations: LHRH - tuteimizing hormone releasing hormaone

Background

Zeneca Pharmaceuticals Group has filed NDA 20-498 seeking approval for
bicalutamide (Casodex’) 50 mg tablets. Bicalutamide is a non-steroidal anti-
androgen which competitively inhibits the binding of androgens to cytosciic
receptors, The proposed indication s tor the treatment of advanced prostate
cancer in combination with either an LHRH analeg or surgical castration. The
recommended dose 1s cne 50 mg tablet dailly. The chermicai structure 1s shown
below:

AN N X $0,

NC F

Bicalutamide (C, H,,N,0,F,S) has a molecular weight ot 430.37 and a pKa of 12.
The compound s practicaliy insolubie 1n water { ~ 5 mg/L}, but is solubie 1n organic
solvents.

The compound will be marketed as the racemarte. in the figure above, the
chiral carbon 1s marked with an asternsk. The R somer 1s the active anti-androgen;



the S-isomer has essentially no anti-androgenic activity. The pharmacokinetics of
the two compounds are quite different,( as wiil be discussed}, with the R-isomer
having a t': of 6 days and the S-isomer having a t72 of only 9 hours.

Summary of Bioavailability/Pharmacokinetics/Pharmacgdynamics

i Bioavailability/Bicequivalence
A. Bicavailability

Because of the lack of an intravenaous formulation {due to solubility
concerns), the absoiute bioavailability of bicalutamide has not been determined.
The bioavailability of the clinical trials tablet formulation relative 10 a suspension of
the compound under both fasting and fed conditions was investigated in 15 healthy
male volunteers. The results (Table 1) show that the tablet is absorbed as well as
the suspension, and that food had little effect on the rate and extent ¢f absorption
of the compound from the tablet formuiation. Studies investigating the effect ot
food on the absorption of bicalutamide from the to-be-marketed formulation have
not bheen performed.

Table 1: Back-transformed means and 90% confidence limits for Study
176334/0008. comparing the clinical trials tablet under fasting and fed conditions.
and comparing the tablet relative to an aqueous suspension (fasted conditions).
[lower 90% CI, mean ratio, upper 90% Cl]. n = 15. Data Jepicted reter to the R

isomer {active).

Parameter Clinical Trials Tablet Fed vs. Fasted
vs Suspension (CT tablet)
AUC({0-=} [ 105, 114, 123) 194.9, 103, 111}
AUC(O-iast) { 104, 113,123} {95.2, 103, 112 ]
Cmax i 104, 116, 129 ] [ 103, 114, 126 ]
5. Bioequivalence

The pivotal bicequvalence tnal (Study 70541L/0005) compares the chnical



trials tablet formulation {used in the pivotal efficacy studies) with the to-be-
marketed tablet. Thirty young healthy males recerved one of the formulations in a
randomized crossover fashion under fasting conditions. The washout period
between treatments was 9 weeks. Examining the data for the R 1somer, it is noted
that although the two formulations are bioequivalent by the two one-sided tests
proczdure {Table 2}, significant period eftects are noted n all parameters examined.
Although 2nly two subjects show pre-dose levels during Period 2. inadequate
washout is most likely the cause of the period effect, as the data tor the S isomer
(which has a much shorter t¥ than the R isomer) does not show this period effect.
Bssed on the R isomer data, the two formulations are bicequivalent.

Because one of the ciinical efficacy studies was a doublie-bhind comparison
study between bicalutamide and flutamide (Eulexin’ -Schering), the Sponser etected
to manufaciure its own unmarked flutamide capsules In order to preserve the
blinding. Two bioequivalence studies were performed to assess the bioequivalence
of the unmarked flutamide capsules relative to the commercially availlable products
in North America. Study 7054US/00202 compared ti;ne Zeneca formulation of
flutamide to the product avaitable in the US (Eulexin -Schening) in 24 healthy non-
smoking eiderty mates The two formulations of flutamide were found to be
bioequivalent. Study 70541L/0003 was a standard two period crossover study
comparing thg bioequivalence of the unmarked Zeneca capsules to the Canadian
tabiet (Euflex - Schering Canadaj. Table 3 shows that the Zeneca formulation s
about 1.6 umes as bioavallable as the Canadian tablet'.

Table 2: Results of a bioequivalence study (Study 7054IL/0005) comparing the

formulation used in the clinical efficacy trials (CT tablet } to the to-be-marketed

formulation (TBM tablet). Although the R isomer data showed significant period
effects in all parameters. the S isomer does not.

Parameter 90% confidence limits 99% confidence limits
{n = 27) (R isomer! {S isomer)
AUC(O-last) (98, 101, 104} 193, 101, 110]
AUC(O- o} (99, 102, 106] 85, 101, 119]
Cmax (98 101, 104 {82, 89, 96|

" A study comparing the marketed US capsule 10 a tablet formulavon identical 1o that
currentiy marketed in Canada was reviewed by the Agency un 51688 This study showed that
the tablet was iess bioavadable than the capsuwie tonmuiation (see the Biopharm review dated
5/16/88 by Dr Anita Shah!




Table 3: Results of the Canadian flutamide bioequivalence study (7054IL/0003).

The uvamarked flutamide capsules manufactured by Zeneca are bioinequivalent to

the commercial tablet available in Canada, with the Zeneca capsules about 60%
more bioavailable than the Canadian tablet.

Parameter 90% contidence limits
{n = 24) {2-OH flutamide)
AUC(O-last) [ 150, 164, 179 ]
AUC({0- o0} [ 148, 161, 176 ]
Cmax f 184, 206, 231 ]

(. Pharmacokinetics
Single Dose Studies

A study in 22 prostate cancer patients was performed to assess the single-
dose pharmacokinetics of bicalutamide after doses of 1C mg (n=7), 30 mg {n =8)
and 50 mg (n=7). All subjects had normal renai and hepatic function as assessed
by laboratory studies. Blood was coilected over 29 days. The assay used in this
study measured total drug and not the individuat enantiomers. The results {Table
4) show that the Cmax and AUC({0-w! increase hnearly with dose. The racemate
has a t, of about 6 days. Figure 1 shows the mean concentration vs. time p'ots
for the racemate.

In the pivotal bioequivaiance study (Study 70541L/0005) a chiral assay was
used to measure both isomers. From Table 5, it 1s noted that the pharmacokinetcs
of the two enantiomers are quite different, with the S isomer having a much earher
peak, lower plasma levels, and much shorter half-life than the R isomer. Figure 2
shows a representative plot of the two enantiomers. Studies in rats have shown
ng enant,omer interconversion, but no studies have heen performed in humans.




Table 4 : Mean (sd] single-dose pharmacokinetics of 10, 30, and 50 mg single
doses in men with prostate cancer. Data analy

zed using an achiral assay. (Study

176334/(1001).
Parameter 10 mg 30 mg 50 ing
in=17) {n=8) in=7}
AUC(0- ) 41.2 112.4 216.2
(wg*hr/miL) {112.2) (24.9) (54.9)
1, 143.% 130.8 151.2
thours) (40.8) 131.2) (36.0)
Cmax 2245 £9%.8 844 .8
{ng/mL)} (40 .2} 107 {143}
tmax 5 5 12
{hours) (rnedian) {median) (median)

s rwo values at 24 and 48 hours have skewed this value relative 10 the

other doses.



Figure 1: Mean plasma concentration vs. time profiles for bicalutamide racemate in

males with prostate cancer. {Study 176334/0001)
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Figure 3: Mean steady-state bicalutamide racemate levels as a function of dose.
Deviations from dose proportionality at the higher doses is likely due to decreased
absorption. Although the racemate levels were measured and not the individual
enantiomers, the data most likely represent the R (active) isomer, due to the short
t’z of the S isomer.

176334/0002/0003/0005

25 -
20

15 -

mcgimL

10 -

0 50 100 150 200
Dose {ing)

randomized safety and efficacy trials conducted in men with agvanced prostate
cancer. Patients were administered 50 mg daily for up to 48 weeks. Steady-state
plasma levels were taken in a group of 32 puiients starting at week 12. The mean
steady-state level achieved was 8.53 pg/mL, with a range of 4.7-14.2 ug/mL.

nl. Metabolism

A single dose of '*C-bicalutamide, (labelled in the monofluoro-phenyi group)
was administered to 5 healthy male volunteers. Blood samples were collected up
to 28 days post-dose. Ali urine and feces were coliected trom the volunteers
during the nine days post-dose. Plasma, urine and feces were analyzed for
bicalutamide using a chiral HPLC assay. Urine and feces extracts were subjected
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to TLC. Over 9 days about 36% of the radioactivity was recovered in the urine,
and 42% was recovered in the feces. As nearly 17% of the dose is recovered in
the feces during days 3-9, biliary excretion, rather than non-absorption of drug s
the most likely explanation for the large amount of drug present in the feces. This
also indicates that bicalutamide is relativety well-absorbed following oral
administration.

The metabolism of the two enantiomers is quite different. Virtually all of
the compound excreted during the first 48 hours 1s the glucuronidated S isomer.
The Sponsor suggests that the reason for this observation 1s the that the S isomer
may have a higher affinity for glucuronyl transferase than the R isomer ( the site of
attachment of the glucuronide is the hydroxy group on the chiral carbon}. Figure
A1 {Appendix} displtays the structures of the major metabolites in man. in contrast,
the R isomer is first hydroxylated on the monofiuoro-phenyl ring and then
conjugated at that uite, which accounts for its longer t):.

Analysis of feca! extracts reveal that both parent compound and the hydroxy
metabolite are present, but not the glucuromide forms. The iack of glucuronide
forms in the feces is likely a result of hydrolysis by gut micro-organisms. Similar
resuits have been found in the rat.

Twelve weeks of bicalutamide 50 mg daily was shown to have no effect on
antipyrine metabolism. At 150 mg daily, the percent of 4-OH-antipyrine excreted
in the urine increased by 38%, indicating some mild induction may be taking place.

v, Dose and Dosage Form Proportionality

Bicalutamide will be available in 50 mg tablets. The recommeded dese will
be one 50 mg tablet daily, :n combination with med:cal or surgical castration. The

V. Special Populations

Two studies examined the effect of hepatc dysfunction on the
pharmacokinetics of bicalutamide. Study 176334/0007 was an operni-label paraliel
study it 20 men, half of wnich had mild-to moderate hver disease as assessed by
biopsy. Each subject was given a single 50 mg dose of bicalutamide under fasting
conditions. The results showed no significant differences between the two groups
in Cmax, tmax, t%, or AUC(0-00, for eithes enantiomer, except that tmax for the S
isomer was significantly shorter than that in the normat group.

Study 176334/0010 was an open label parallel study in 28 men. Fourteen
of the subjects were normal healthy men, the other group comprised 10 men with
mild-moderate liver disrase and 4 of whom were shown to have severe liver
disease. Both AUC{O-=) and tY% ot the R :somer were increased in the subjects
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with severe liver disease by 40 and 66%, respectively. The S isamer showed no
change except for an increased Cmax in the liver disease group.

The effects of age and renal function on the pharmacokinetics of
bicalulamide were investigated using steady-state data from Study
176334/0002/0003/0005. No relationship between steady-state concentration of
either enantiomer and age or renal function was noted.

Because of the pharmacologic class of the compound and its proposed
indicaticn, studies in women and pediatric subjects were not performed.

VI Drug Interactions

Data from two clinical efficacy trials were used to show that there are no
clinically relevant interactions between bicalutamide and LHRH analogues. A totai
of 40 steady-state blood samples were taken from 40 patients being treated with
bicalutamide plus a LHRH analog for 90 days (either goserelin, n =29 or leuproiide
n=13) in Study 7054US/0001. These measurements were compared with simiiar
90 day bicalutamide monotherapy data from Study 176334/0002/0003/0005.
The mean steady-state levels in patients being treated with bicalutamide pius a
LHRH analog was 8.93+ 3.48 pg/mL , while the mean steady-state bicalutamide
levels in patients being treated with bicalutamide only was 9.35+ 3.21 ug/mL (p
= 0.5). It appears that concomitant treatment with LHRH analogues does not
atfect steady-state bicalutarnide levels.

Serum testosterone levels were within the castrate range for those patients
treated with bicalutamide plus a LHRH analog, indicating that bicalutamide does not
influence LHRH therapy.

VIl.  Pharmacokinetic/Pharmacodynamic Relationships

For the present indication { treatment of advanced prostate cancer in
combination with either an LHRH analog or surgical castration), no PK/PD data are
availeble, since the combination of therapies affects the usual markers of efficacy
(prostate-specific entigen (PSA), or prostatic acid phosphatase (FAP) leveis).

Two monotherapy trials in which bicalutamide levels and PSA ievels were
determined suggest that a concentration-etfect relationship exists with the
compound. Looking at Figure 4, it s noted that subjects’ PSA levels at 12 weeks
tend to be maximally suppressed at plasma concentrations =10 gg/mt. Data from
Study 176334/0002/0003/0005 indicate that the mean concentration achieved on
50 mqg daily is 9.4 yg/mL,

|
|
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Figure 4: Percent change in PSA from baseline as a function of steady-state
concentrations of bicalutamide (R isomer) in prostate cancer patients. Data from
Studies 176334/0002/0003/0005 and 176334/0204/0205. Doses ranged from

50-200 mg daily.
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vill.

Formulation

The to-be-marketed formutation is detailed in Table 7.

Numbers in table are in mg/tablet.

Table 7: Composition of clinical trials tablet and to-be-marketed formulation.

Excipient

50 mg clinical trials
tablet

50 mg to-be-
marketed tablet

Tablet Core

Lactose

Corn Starch

Na starch glycolate

PVP

Mag. stearate

Tablet Coating

Methylhydroxypropy!
cellulose

PEG 300

Titanium dioxide

Iron oxide (biack)

lron oxide (yellow)

Formulation number

The proposed dissolution method 1S

dissolution specification 1s Q-
production batch used in the pivotal bioequivalence trial shows that at 45 minutes,

after 45 minutes.

The proposed

Data from a full size

16



=T,

99.9% of the dosage form is dissolved (n = 12, range 95-104%, CV% = 3.5).
Data were presented to show that 1% SLS is the lowest concentration of
surfactant that will give sufficient sciubility to attain sink conditions.

Dissolution studies were performed to determine how discriminating the
method is with respect to tablet process variables such as bulk drug specific
surface area, volume of water used in wet granulation, and tablet hardness. The
results are presented in Table 8. The method is fairly discriminating with regard to
all of the variables examined, but the current dissolution specification would allow
all of the tested lots to pass except that made with unmilled material. No in vivo-in
vitro coarrelztion has been established.

1X. Assays

17
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Extraction Efficiency - The extraction efficiency for the assay at 10 ng/mL 1s 78%
and 70% for the R and S isomer, and €69% and 66% for the R and S 1somer at
1000 ng/mL.

Precision
Intra-assay Precision {CV%) || Inter-assay Precision (CV %!
25 ng/mL 4000 ng/imL 25 ng/mL 4000 ng/mL
in = 16) {n = 16) in = 16) {n = 16}
R Isomer 14 | 5 22 8
S Isomer 1 5 12 9
4
Accuracy

Accuracy (%)

10 ng/mL 8000
{n = 15) ng/mlL
in = 81)
R isomer 89.7 99
S Isomer 102.5 98.6

Limit of quantitation

The limit of quantitatiori for both enantiomers 1s 10 ng/mL.

xX. General Comments
Cormment to the reviewing chemist (do not send to Spenseor)

1. Table 8 n this review summarizes the results of the dissolution method for
bicalutamide. It appears that, although the method does a reasonable job of
discriminating batches with varying bulk drug particle sizes, degreas of hardness
and different grarulations, using the current dissolution specification (Q = @
45 min) would resuit in the acceptance of all of the tablet lots except that made
with the unmilled bulk drug. Therefore, the Division of Biopharmaceutics (HFD-
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420) recommends a revised specification of Q at 30 minutes using the
same dissolution apparatus and medium.

Comment to the Sponsor

Z. The metabolism data presented in this NDA showed steregspecific
metabolism, with the S isomer undergoing glucurgnidation at the secondary
alconol. In contrast, the R {active) species undergoes oxigauon ot the monofiuoro-
phenyl ring followed by glucuronidation at that site. However, no data were
presented to identify the P-450 enzymel(s) responsible for this oxidation, which is
the rate-limiting step of the elimination of the act.ve compound. Thus, there exists
the potential for metabolic drug-drug interactions which could lead to the
accurnulation of the active species. Therefore, the Division requests Phase IV in
vitro metabolism studies to determine the isozyme!is) responsible for the oxidation
of the R isomer, so that potentaily interacting drugs may be identfied.

X!. Labeling Comments (to be sent to Sponsor)

1) The text in the current labeling under Pharmacckinetics and Metabolism
should be replaced with the follow:ng:

Pharmacokinetics
Absarptron

Bicalutamide is well-absorbed following aral admmistration, aithough the absolute
bioavaiiability is unknown. Co-administraton of bicalutamide with food has no clinically significant
affect on rate or extent of absorption
Distribution

Bicalutamide is highly proten-bound (96%}. See Orug-Drug interactions below.
Metabohsm/Elimination

Bicalutamide undergoes stereospecific metabohsm. The S (inactvel isomer 1s metabolized
pnmaniy by glucuromidatuon. The R (active) i1somer undergoes oxidalion to an inactive metabohte
foillowed by giucuromdation. Both the parent and metabolite glucuronides are ehminated it the urine
and teces. The S enantiomer is rapidly cleared relative to the R enanuomer, with the R enanuamar

accounting for about 99% of 1otal steady-state plasma levels.

Special Popuiations

20



Geriatric

in patients given 50 or 150 mg daily, no significant relationship between age
and ~ .s of total bicalutamide or the active R enantromer has bean shown.

Hej Sy

sucally significan: difference in the pharmacokinetics of either enantuomer of
hicalutamide was noted in patients with mild-to-moderate hepatic diseasa as compared o heaithy
controls. Patients with severe liver disease have significantly ionger half-life vaiuves for the R
enantiomer.

Renal insufficiency

Renal impairment {as measured by creatinine clearance} had na significant effect on the
elimination of either enantiomer of bicalutamide.

Women, Pediatnics

Because of the mechanism of action and the indicaton, bicalutamiae has not been studied in
wormen and pediatnc subjects.

Drug-Orug Interactions

Clinical studies have not shown any drug interactions between bicalutamide and LHRH
analogues (goserelin or ieuprolide). There 1s no evidence that bicalutamide induces hepatic enzymes.
in vizro protein binding studies have showa that bicalutamide can displace coumarin anticoagulants
from binding sites. Prothrombin times snould be closely monitored in pauents already recewving
coumarin anticoagulants who are started on CASODEX,

Pharmacokinetics of the active enantyomer of CASODEX in normal males and patients with prostate
cancer,

Parameter Mean CV% 95% Confidence Interval
{n = 27 except where noted)

Apparent Oral Clearance 0.332 31.6 0.282, 0.363
{Lihe}

Single Dose Peak Concentration 0.768 231 0.702. 0.835
(wg/mL)

Single Dose Time to Peak 313 46.3 259, 36.7
Concentration
{hours)

Half Life 5.8 39.4 49 67
{days)
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Mean Staady State Concentration B.53 343 7.3.98
in Patients (n=23) given 50 mg
daily
(ng/mi:
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Michael J. Fossler, Pharm. D., Ph. D.
Pharmacokinetics Evaluation Branch Il

RD initialed by John Hunt, Section Head 7/5/95

FT initialed by John Hunt, Section Head Q z 42, g 7//9 /9\/

Biopharm Day heid 7/18/95 at i 1:00 AM. Attendees: Ludden, Chen. Collins,
Fleischer, Hepp, Hussain, Hunt, Fossler

cc: NDA 20-498 {pink), HFD-510(Fourcroy, Pauls, MJRhee), HFD-426{Fieischer),
HFC-427(M. Chen, Fossler), Drug file, Chron. file, Review. FO! (HFD-13})
rav 3/8/95
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH
OFFICE OF RESEARCH RESOURCES
DIVISION UF BIOPHARMACEUTICS

Date: October 19, 1994

To: Thomas Ludden, Ph.D.
Henry Malinowski, Ph.D.
Mer-Ling Chen, Ph.D.

Through: Section Head: John Hunt

From: Hae-Yourg Ahn, Ph.D.
RE: Pre-45 Day Filing Mceting for NDA 20-498 (CASODEX®R)
Meeting date: October 20 at 12:30 p.m. Place: Mes-Ling's Office

The sponsor, Zeneca Inc., submitted & new NDA secking approval for markeung
CASODEX® 50 mg wablet for use 1n combination therapy with either a LHRH analozue
or surgical castrauon in the treatmen’ of advanced prostate cancer. CASODEX 15 a non-
sterowdal antizndrogen and has two enantiomers. (R)-CASODEX 1s pnmanly responsible
for the antiandrogenic acuvity of CASODEX, with the activity of {(S)-CASODEX being
at Jeast 2000-1old lower than that of (R)-CASODEX. The recommended dose Tor
CASODEX 15 onc 50 mg tablet once daily (morming ot evening) with or without tood.

Intormauon regarding demographie data, formulavon, analviical method ¢chiral and
achiral HPLC assay) and assay validation data tor CASODEX, (R)- CASODEX and (S)-

CASODEX. bioavalability (chmcal trials tablet vs agueous suspension), single dose
pharmacokinetics, muitiple dose pharmacokinetics, dosce finearty, stercospecihic
pharmacokinetics, food etiect, special populations (hepatic imparrment, renal imparrment
and elderivy, ioequivalence (chinweal trials tabler v the to-be-marketed tablety,
dissolutton method and data at three tume ponts, individual plasma profiles and
pharmacokinetic parameters of CASODEX, (R)- CASODEN and (8$)-CASODEN were
included in thys submission The to-be-marketed tablet used 1n the bioeguivalence studs
was Irom a tull scale production size batch.

The pharmacokinetics of CASODEX and 1ty epuntiomoerns were anvestigated atter
administraton of singic oral doses of 10 to 30 mp to heaithy volunteers and 5010 180 mye
o prostate cancer patients. Muluple-dose pharmacokmetie data dunng dawy
administration of 10 0 200 me were obtaned trom prostate cuncer patients. Dose
proportionality was nvestigated inoa simgle oral dose study 100 30 and S0 mg) and
muitiple uose oral dose stadies (10 mg 10 200 myp).

Formulationy which were used in cliucal tvals and the to-be-marketed tormulation were
ditterent. The sponsaor conducted a broequiy alence study and the CASODEN S0 mig o
be-marketed tablet seems o be broequivalent o CASODEN Somy chimieal thads tablet



Enzvme induction on daily dosing with CASODEX was assessed in two studies. The
pharmacokinctic profiles of antipynine tollowing a single oral dose ol 1000 mg were
assessed before the start of therapy with CASODEX and at the end of 12 weeks' daly
dosing with CASODEX 50 mg (Study 0304) and 150 myg (Stady 030%). The sponsor
stated that poinducton orinhibition of P450 enzymes by CASODEX was found at these
dose tevels,

Mctabolism data was obtained by administration of a single oral dose (50 myg; 42uCh
[14C1-CASODEX) to human volunteers. No parent compound was found 1n unne,
metabolites were adentfred as the glucuromde conjugate of CASODEX und a
glucuromde conjugate of a CASODEX metabolite thyvdroxy CASODEX).

The relationshup between CASODEX dose and decline in prostate specific antigen (PSA)
concentratton was assessed over the dose range 10 to 200 my an three studies. The
sponsor clarmed that the data showed a clear trend w decreasing PSA with increasing
CASODEX dose. The relauonship between pereentage change in PSA and CASODEX
or (R)-CASODEX Css was also mvestgated and no clear correlation between the
pereentage change in PSA and Css was found.

The drug-drug interaction between CASODEX and the LHRH analogues (leuprohide
acetare or goserelin acetate depot) was studied. The cetfect of CASODEX on the
pharmacological acuvity of the LHRH analogues was investigated by measuring serum
concentrasons of testosterone and companng them with those of medically castrated
paticnts, [t was stated that the data demonstrated that CASODEX did notintertere with
the ethcacy of either leuprohide acetate or goserchn aceteie. The eftect of the LHRH
anaiogues on the pharmacokinetics of CASODEX was assessed by measuring rough
piasma CASODEX concentrattons and comparing them with data after 3 months of
dosing with CASODEX 50 myg in the monotherapy. It was conctuded that [LHRH
analogues did not alter CASODEN plasma concentrations

The binding of CASODEX (o human plasma proteins in vitro was studied over the
concentration tange ob 1K 1o 10000 ngrml. The displacement of TASODEN trom s
binding sites on human plasma proteins by drugs hikelyv o be co-adminastered (prazosin,
indomethacin, wartann, diclolenac and warianny wus assessed.

TUwas stated that age, renal amparrment and mild o moderate hepane imparment did not
nave any chimeally relevant etfect en the pharmacokimetes of (R0O-CASODEXN.

RECOMMENDATION:

(hverall, the imtormation anciuded in the "Haman Pharmacokinetes” section o this
submussion appears to be adequate to support the tthag ot NDA 20498 jor CASODEX
However, random revies was done and st was Tound that in a tew studies (e, Studies
DO 0003 0005 and 0006 andividuad plasma protiies of CASODEN were not
submitted  Theretore, it as requested that indivaidual plasma proiile ol CASODEX be
provaded moall studies
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NDA 20-498

Drug: Cascdex (Bicalutamide;

Spongcr: Zeneca Limited, Macclesfield, England
4bp... .
S g )
0{“ ' '—'\)h ’
v './,,f i u
Uy / <y
Recommendations:

1.

S5

e

NDA 20-498 is Approvable. The Pharmacclcgy/Toxicology data
are adeguate to support the safety of the proposed 50 mg/day
dose for use in men with prostate cancer.

Zeneca is evaluating the effects of higher doses of Casodex
(150 mg) in subjects with cancer and benign prostatic
hyperplasia. The rat and mouse carcinogenicity studies
were not performed utilizing the maximum tolerated dose.

In addition, the high dose level used produces exposures
{Css and AUC) in rodents which are very low multiples of
human exposures with the 5C mg/day dose. If the sponsor
plans to seek approval for a BPH indication, the Z year
rodent carcinogenicity studies should be repeated utilizing
the MTD. Data will ke presented to the
Pharmacclogy/Toxicology Carcino@eniclity Assessment Committee
on Aagust B8, 19%% te cobtain thelr recommendations on thi
issue.

Labelling changes are on page 43.

. Voo 87 Haqe 7/24]%

Jer: Rl-Hage, Ph.D.

NDA 20-498, HFD-510 NDA, HFD-34% /k}

HFD-%10/ A Jordan/ J El-Hage 222g

20498 .nda
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A 20-498

Zeneca Pharmaceuticals, Wi«

Sponsor: i
Zeneca Lzd., Macclesfield, C
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ubmission Date: September 14, 1994
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19897
England

NOoA Review of Pharmacology and Toexicoliogy Data

Drug: 176,334;

-

N[4-cyano—3wtrif1uoromethyl)—phenyl?~3—[f4—

fluorophenyl)sulfonylj—a—hydroxyv2—methyl L,

propanamide

Casodex
Bicalutamide

Proprietary name:
USAN name:

Structure:

CH

SO, NH

.37 M.F,

=
=
l

Py
L2
(@)

CygHy Ny0gF &

Nonsteroidal anti-androgen

cancer in combunatio
cascrat:ion

Prostate
medical

Re.ated INDs:

ning the

Formulac ion 50 me tabler contad

~naredient ma, bl
176,334 bl

Lactose

Sadium starch glvcollate

Povidone BP

Magnesium stearate

Methylhydroxypropylcel lulose

Titanium dioxide

CF,

CN

nowith surgical o:

followling
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PHARMACCOLOCZY

Jasodex 1s a nonstercoidal antl-androgen that competitively binds
with cytosolilc androgen receptors 1n farget C.ssues. I: is a
racemate with antiandrogenic activity exhibited almos entirely
‘n the F-anantiomer. Casodex binds 50 times less effectlvely
than di b{drotestosterone {DHT' to ra! androgen receptors.
However, the affinity of Casodex for androgen receptors is 4-fold
nigher 1in the prostate and 10-times higher in the pituitary rhan
hydroxyflutamide.

Jasodex 1s unique among the ant:i:androgens in that it binds Lo
mutaced androgen receptors in human LNCaP prosvate tumor cells
and :nhibits their growth.

-“asodex also inhibits the growth of the androgen-sensitive
Shionogi SIS mouse mammary tumor cell line. Oral adminilstration
ol Casodex (5 and 25 mg/kg/davito male rats inhibits the growch
of transpianted Dunning prostate tumors to values seen in

surgically castrated racs.

Administration of Casodex (1, 5 and 2% m3, kg to mature male ratg
Zor 154 days inhibits accessory sex orgarn growth without
increasing serum LH Or testosterone. EDg, values were 2.5 mg/ka

for seminal wvesicles and 7.4 mg/kg tor ventral prostate.
Similarly, orally adminictered Cascodex infibits prostate growth
in dcgs Fhgp = 0.1 mg/kg) without elevating serum testosterone
Toncernt rat lons.

ofnera. Pharmacology -

Y

-

sodex Has no progestational, estrodaes ,
minevalocorticolid agonist or antagon:st act

—
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“Administration of 50 ma/kg,po for 14 davs to conscious
normotensive dogs produced mild increases in heart rare withour

“ffects on mean arterial pressure or tota. reripheral resistance
A dose of 20% mg, kg, pe had no effecra.

Jasoedex (50 mg/Kg,po! had no ertects On plateler Agdr=aat Lon or

~ ! - . - . - -
rood Clotting oX o vivo o In orato
-~ o e 3  TTRTS L F e . . - R
- isodﬁx 20 mg kg pet had no ONS sffects in omioe or orars
H - i “ P N R L - - [ ] e,
rator: [T M LS o1 threshoida, barb:oad SleomIing Cime, Twoln
Terot
i H } i MO - . .
ageds cmt Mg KO, IV had e o lieest s o o LW e
LTMTIlande oy naramine rnduced oo capeer s s . .
tew n . LI [ . 3 B o - . . R S e T i :
aAseex SUomgU K, DV ad ne pulimonary ettt e dnosthwtlzed
Eete FEI

-

Casodex (L0 Mg/ky,por had no diuvre? o roantidiuret o activity
LI rave,



NDA 20-49R
Casodex/ Bicaluramide

|ad

-Casodex had no effects on human ang:otensin converting enzyme or
renin.

-Tasodex (50 mg/kg,po) has no anti-:inflammatory or analgesic
Botivity,

~asodex (50 mg/kg,po for 10 days) displayed no 1mmunosuppressant
eifects

Casodex (50 wg/kg,po) produced a slight increase in GI motiliity
but had no influence on GI secretion.
ABSOEPTION, DISTEIBUTION, METABODISM AND EXCRETION
. " . N R, . \ .
Abscrption, Metabplism, Excretion of 176,334 1n the Black
Mouse (KMM 019}
Male klack pice (n = 4) were administered single orai or v dogesn
-f 8 mg/kg C-wicalutamide and urine and feces were collected
3/ K3

tor 7 days. 90% of administered dose wag recovered 1n t davs.
Radicactivity 1n feces was primarily parent compound; 732% after
iv, 91% after oral dosing. Radiloactivity in ine was
Attributable to metabclites.
¥ of Radioaccivity

Route Absorption Excretion

Urinary Fecal
Jral 87% 25% Hd%
Intravenous 32% n2%
Disposition of té 176,334 1n Rats (KMR 00+ .ot # ADM
20022/84
Rats were administered 25 mg/kg,po or O mg/ka,1v “ipicalutamide
And urine and fteces were collected tov Ay Ural
bioavarlapillioy wag b} H2%, Tmax artvar cra: dogsing ocourred at o Ul
nours, 'max 10.9-11.6 ug/ml BO-490% o1 radioactivity was
EHT"”P ad withein 2 davs Voo 1.0 L/Kg, Plasma clearance (O

79 ml minskg in males and .64 mlymindkg oon pemales,
5 Of Tora:l Radloact 1vity
Route Absiorprion Half-1:7o hra:
Al M A4 % v nUE
F 6H% Nl nos
Lo ravenos ny M
YR

Radioactivity measured 1n the plasma Al Ioves was primari.y
parent drua. No parent Compaund dctnwtnq in the urine with the
sulphate conjugate as primary metaboi:t:



NDA 20-498
Tasodex,) Blcalutamide

Metabol.sm of Bicaldtamide after Sing.s

WML T2, lot HADM S6041/8%)

Maile rYato o in o= diwere administered
"he oral bicavairlabliity was 47%
H.7% ug/ml, Tmax= 12 hours. 7V % =
was axcreted in the feces (£0% var
radioactivily was excreted in the
metabol:te. The majority of rad:a
was parent compound.

Single Dose Pharmacokinetics «f Ricalutamide

nt compo
urine as
opactivity

oo

i b

b 1c

|
N

o ™
e .

calutamide.

PR S

Qw4
Jals| IO NG

iots £3054, 63055 63I0LE/B4)

Male beaagle dogs (n = 3 gp) received
T
Drua coneen
ral

2.5, 10 or 100 mg/k3 bicalutamide.
levels, Vy= lal, Cl = L ml/min’vxg.
and AUl increased with increasing

decreagsed with increasing dose suggast ing

absorption, as 1s seen 1in the rat.

ogse (mg kgl

Cmax fuyg/mi} AT

dose .

single

)

(W &

DY

days

doses

at a

Lrations

ISRPY

bioava.labi ..

saturatt:

0.3 0.13

- .
2.5 2.3
I e
ot e 3
1o [alal
[N .‘;,.‘.H

T

raposiiaon of Sinale Ural

AVATITUS

ol

Hinavailapl Ll
100%
HH%
LA%
1%

LS00

~

[T -4

L1l ausge

o

Y

|
-2

a
oo Male Doge (KMD OLb, 1ot #

Male beagle dogs in=4/gpi were administered
amnd fec

R

mgfkq,po 1nd 0.25 or 2.% mgskyg,1v.
solliected tor 4 days Only &5% of
withiin 4 days z2nd L there
n appeared s:milar too*

adiocas

1v1ty o1n piasmya as unchanged dr
*

radizact ity Lo othe feces was gl 0s unT
drug. Radioactivity detectabie 1n The
sdentifieds
o te L. . .
I o Bioaiutamage s Maee U
Male beagle dogs oo were adminigters
- . L B - R . - N
SIS ATS DR ot d LD Amller Ay g e e

daya, Jmax-s o odu L b o wg,mi; Tmax 1t

“toradloactivity DD Dlasma was parent

“adloactiivity wan o reooverod witnon

y
Urinary =xoretion representaed 3% ol

cmpound, 9% mator metabolite. i
vograyered 1 Che reoes 90% oparent
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“asodex/ Ricalura

mzicie

7

Profein Binding of Bicalutamide (EPJ/7. ¢

Sippea ] e L Boynd Concentration Range fug/ml o
kat Hhy ok 202

Mol se age 2 2407

abbit (female) 91% G.5 202

ng 45% 0.5 202

Man 95% 0.2 10

N saturazion of binding was observed over the conoen

rangen ragted.,

mice, rats,

No @

numans.

irgnificant

sex differences

Hinding of Bicalurarmide o Human Plagma Provedirn
% Hindino
Human Serum Albumin 94 . 7%
y-acid aglvcoprote Ln 24 .8%
ABG G {a,d.y-globulins! 2.1%
for the manorit

in b:nding

n/Aut cradloq*aphy Study

Tissue Distribut
Albine and H

coded R;tb

Finding of drug to HSA accovntis
-
e

{KMR $07,

KME

.

s Ricalutamide

024

1

ot
il

# _ADM

nQ0sE/

rMR 0C7

Wistar
adminigte
One arima.

5
red a

Av 4 and 24
salivary glands
alstributed to

of poth

Singi
from each
afrer dosing and aut oradiographs were pr

nours:

S5eNes

e

Stomach,
cardiac muscle,

most other

was

and male
~1ral dose of
group

X

t1ssuey

-
)

SI tract

1dneaey.
uxrvﬁp?

T - B N T W e . - - -~
AL 72 hours radioact (vity was present.
narderian, salivary gJiands oniy. Noor
10 the o8 hour saor Lo days
and hoodad rats were gadman.
ST , - ) o
. TLoienl o alt o om P ! 11
i -
azrorat ' ‘1'\21‘: were Drepared
.
- . s oo - . _
S S SIS S R Fat R SUomash SYIOT At
v 3 - - ' . i
ivderian ogiand o kodney, carddiae muesd
dal Slher 1 issues Very ot e g
Dlocd L, Draln or o oenves
= — - n Y - 1. [N .
F2% Jonodres sIotradt Liver L riier?
V! S0 noeurs Nt I LVt y e tel

1
y
e

“t

poe

-"dcd ray
i

Yomag kg

killed at 4

1

&
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and

harderian
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Ry er .
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brcalutamide .
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oA 201498
asodgxﬁ Bicalutamide

Nyant L3I LY

TyR D18 MR 028 Lot B ADM 650

MR (Lﬁ—_ﬁingie pose SLugdy

oyt TALE were administered a single aral dose of 10 ma/kd

,Lfﬂ)utamide and killed ©. 54, 48, 72 and 320 nours atter dosind
no= S/LimepOLnt; for quantificatiou of radloactivity oy sampie
A*datloﬂfSClﬂtillatiGn counting. Concentra:ions of
:;dioactiv;ty are presented _n cable 2 (vl 1.5% pa 1131

on of radioactivity displayed rhe 3ame patters at

v o> neart, tung 7 plood, testes . prain gyes.

Ioncehtrations i Liver were g-fold nigher rhan nlood.

raz1ons i I tract, Kkidney were 3-fold nighey rhanl rloca.

ettt
lancen:rations in heart. Lungs were o-told nigher v han piood.
NOTE: Adrenal concentratimns were not measured?.

wMR  O3E- Muloiple noge oudy
~**—f—~"~gﬂ*—*f~—“'~” . m pimalube o L

rans wWere admlnlstered 10 mg/mq,day h~blca;utamxme nrasdy

10 aays and wiried b 24, 48, g6 and 16E hours atrer LDE

1 dose for rissue quantification ot radloactivity.

Cancentrations ok radioactivity attar multipie dosing were

ﬂquivalent ra those geen after 54 single dose and suggest 09
aocumulation of drug with multipie dosind. This result 18
~ons15tent wich other daca which calculated rigsue drud half-

Lives an 2026 hours.

r 0.03 0,17 ¢ 0.0v 002 ¢ 0.00
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icalutamide on Hepatic Micrs
vmes of the Rat [KMR §l1, 1o

yeomal Mixed Funghion
st H60D036/84:

AlpK Wistar rats (n = 4/sex) were adininistered 0, 10 and 257
mg/kasday bicalutamide orally by gavage for 10 days. Trext‘e‘
with 250 mg/kg produced liver enlargement (2i% M; 37% Fi. L1
2nzyme 1induction was observed in both sexes. NADPH-cyt T
reductase and ethoxycoumarin O-deethylase were increased

HD males and HD females. Aldrin epoxidase decreased in HD males
and increased in HD females. <Cytochrome P450 and erthoxyresorufl
C-desthylase activity were unchanged.

h

Heversibhility of Enzyme Induction Produced by Bicalutamide in the
Male Kart ¥MR 037, lot ADM 44008/°90)

Male rats were administered 250 mg/kg bicalutamide orally t
. ;

days and killed on study days 1%, 17, 22 and 29 (1.,2,7,

after treatment). Bilicalutamide treatment produced induction of
erhoxycoumarin 0 deethylase, ethoxyresorufin (-deethvlase and

erythromycin N-demethylase (measurable 1 and 2 days atte
doging}. Enzyme levels had returned to baseline 7 and 1
after doesing.

Conclusion- Bicalutamide (250 mg/kg! induces geveral liver enzymes
inn male rats. The MFD levels return to baseline one week after

rug withdrawal.

MPCaLﬁL‘J of Bicaluramide 1n the Mai» kRat {(KMR 020, 1ot

860036 /84,

Male ratg in = 10) were ﬁgmlnlst~reu S0 omag/kag bicalutamide oraily
for 3 odays and 50 mg/kg  C-bicaiultamide on day 4. Urine
camples were collected for 6 days {or isclation and
dentificatilion ol o ur: IJIy metabolitc ‘
The malor mesaboe.ite 70% of rad: c*iv1ty! 18 a tetra-
bstitu Lvd pencen- regulting from cleavage o7 the amide pond

Pl “~
'1ng hydroxylation and sulphat:ion ot the hvdroxy . group.

and Excretion of Bicatutramide n Lo Duyct Zannulated

R Lut @ 440087900
LY B N P e e -y 3 < : [ I - — -y 1 e T e At i " 1
Maje yara ool owors administered a sinale orad oso ot O omu kG
TomioaLunamtde and bile, feces andg usine wero SelLected Loy D
2AVS 2% recovaery b radicact ivity. . Reoove sy nnoradladat 2vony
WS Aas PoLL0wWs: 2H% oI bll;, Q0% 1o feen, S0e%oamoarine.
adioactivity 10 tedes 1s piebably unarsorned trug. The majority

storadicacuivity on o blle wam polar o met anclites, two of which <o

-

Thromatograph with ojlucuronide metalxlites Soeen oin human urine
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Metabelism of Bicalutamide in Intact and Bile Cannulated Male
Rats (KMR 034, lot 44008/90)

Bile-duct cannulated or intact male rats (n =3) were administered
a single oral Jdose or 13 daily doses of 1¢ mg/kg C-

bicalutamide. Results are summarized below-
% Radiocactivity
Single Dose Bile Feces Urine
Intact 19% 36%
Cannulated 18.5% 6.6% 33%
Multiple Dose
Intact 34% 24%
Cannulated 32% 5.8% 19%

88% of radicactivity in urine was the previously identified acid
metabolite. The radicactivity in the bile was glucuronide
conjugates of bicalutamide or hydroxylated bicalutamide (see
Figure 1, taken from veol 1.53, pg 71).

Metabolic Disposition and Sterecchemical Ipversion of the
Fnantiomers of Bicalutamide in Male Rats (KKR 035, lot 44023/89)

Intact or bile-cannulated rats were administered 10 mg/kg of
pseudo-racemic mixtures of bicalutamide containing C-labelled R
(187,555) or S (187,556) enantiomer and unlabelled opposite
enantiomer. No inversion of enantiomers was observed after
administration of either the R or S-labelled compound.
Elimination half-lives of the racemate and the R-enantiomer were
similar (23-24 hours). Half-life of the S-enantiomer cculd not
pe calculated but was <6 hours.{S-enantiocmer cleared more rapidly
as is observed in men).
The excretion of the enantiomers displayed the following pattern
{24 hour collection) -

% of Radiocagtivity

Urine Bile Feces Absorption
187,555 (R} 43% 21* 11% 90%
187,556 (8} 37% SC% 20% BO%

pPharmacokinetics of racemate (17¢,334) and R-enantiomer (187,555)
are summarized below (vol 1.53,pg 114}.

R-Labelled 176,334 S-Labelled 176,334

Parameter 176.33;_T— 187,555 176,334 187,555

Cmax {ng/ml) 4.05 + 0.07 | 3.50 £ 0.05 ! 3.45 £ U.19 | 2.88 =+ 0.16

tmax (h) 6 12 6 12

AUC (ug.h/ml)| 129.6 121.4 121.2 108.7

t¥ (h) 24.1 23.5 23.0 22.0
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Absorption, Metabolism and Excretion of Bicalutamide by Female
Rabbits (KMB 013, lot 60036/84;

Female rabbits received single oral doses ﬁf 9 mg/kg(n =8)or a
single intravenocus dose of 1 ma/kg (n =4) C-bizalutamide and
urine and feces were collected for 7 days for guantification of
radicactivity.

% of Radioactivity

Route Urine Feces Abscrption
iv 28% 67%
oral 22% 64% 100%

Metabolism and Excretion of Bicalutamide in the Dog (KMD 032,

lot #ADM 44008/90)

Male dogs (n= 3) with bile duc& cannulae wexr administered a
single oral dose of 2.5 mg/kg C-bicalutamiae and urine, feces
and kile were collected for 2 days for guantitation of
radiocactivity. Only 27% of radiocactivity was recovered.

14.9 % of radioactive dose was recovered in the feces, presuvmably
unabscrbed drug. 4.4% was recovered in the urine, 6.9% was
recovered in the bile.

TOXICOLOGY

Toxicology studies were performed according to GLP at

All studies used
176,334, the racemic mixture.

ACUTE TOXICITY - All studies performed with the racemate 176,334
except for one study performed in the rat with the R-enantiocmer
187,555. Lot numbers for 176,334 (racemate)were 60022/84 1in
the mouse and rat studi=s, 60036/84 in the rabbit study, and
44008/9C in the dog study. The lot number for the R-enanticmer
187,555 u=sed in the rat study was 44022/89.
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Species/strain Route LD 50 (ma/kqg) Observations
Mice, CD-1 oral > 2000 No deaths or signs
(5/5ex)

ip > 2000 Abdominal discomfort

No deaths; hepatic
necrosis in 1 mouse

Rat, Wistar 176,334, po > 2000 Ne deaths or signs
(S5/sex)
187,555, po > 2000 No deatns or signs
ip >2000 Abdominal discomfort
No deaths
Rabbit, Dutch oral > 200 No deaths or signs
(3/sex)
Dog, beagle oral > 2000 Nc deaths or signs
(2 M)

Four Week Oral Toxicity in Rats(Study TAR/1211, lot ADM 60022/84)

Wistar rats (n = 10/sex/dose) were
administered 0, 25, 100 and 500 mg/kg/day 176,334 in 0.5%
pclysorbate 80 orally by gavage for 28 day.. An additional
15/sex/dose were treated for pharmacckinetics evaluation.

Mortality/signs - none.

Body weight/focd consumpticn/water consumption - unremarkable
ECG/COphthalmology - unremarkable

Hematology- unremarkable

Blood chemistry (days 24-25)

Total protein/albumin - mildly increaseu MD, HD rats
creatinine - increased MD, HD rats

ALT/AST- significantly decreased in treated males

Drug plasma concentrations- see Table 7 taken directly from the
submission {(Vol 1.21, p 38)

Dose (mg/kag) Cmax {(ug/ml Cmin Multiple of HTD
o5 10-12 4 1 X
100 15-18 4-3 1-2 X
500 20-25 8-17 2-3 X

Css = 8.6 ug/ml 1in men receiving 50 mg Casodex/day.
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Urinalysis - unremarkable

Organ weidhts -
Adrenals - dose-related increase in abs wts

24% MD, 50 % HD males; 16%, 27% HD females
Liver - dose-related increased wts 21% MD, 35% HD males;

36% LD, 55% MD, 90% HD females

Ventral prostate - decreased 60%,59% and 68% in LD,MD,HD males
Seminal vesicle - decreased 84, 85 and 90% in LD, MD, HD males
Qvary - wts ncot measured

Higtopathology -
Adrenals- cortical cell necrgsis-
s/20 C, 13/20 LD, 8/20 MD, 14/20 HD
cortical vacuolization- 4/10 C, 3/10 LD, 5/10 MD, 8/10 HD

Liver - increased basophilia of hepatocyte cytoplasm
3/20 ¢, 17/20 LD, 1%/20 MD, 17/20 HD
increased RNA in hepatocyte cytoplasm
3/20 C, 12/20 LD, 18/20 MD, 14/20 HD
Pituitary - increased castration cells
4/10 C, 10/10 all treatea male groups
Prostate/seminal vesicles - atrophy -0/10 C, 10/10 LD,MD,HD

Testes- diffuse bilateral leydig cell hyperplasia
0/10 C, 7/10 LD, 8/10 MD, 1G/10 HD males

Thyroid - hypertrophic follicular epithelium -
/10 C, 10/20 LD, MD, HD males
0/1¢ C, 4/10 LD, 3/10 MD, 9/10 HD P
reduced ceclioid - 0/10 C, 4/10 LD, 3/12 MD, 9/10 HD M; 3/10 HD F

Summary -

Administration of 25, 100 and 200 mag/kg/day 176,334 (1, 1.5
and 3 times human therapeutic plasma,drug exposures) produced
little toxicity in rats treated for 28 days. There were no drug

effects on mortality, signs3, body weight, food consumpticn,
hematology cor clinical chernistry.

Dose-rvelated increases in adrenal and liver weights were observed
in MD, HD rats. Maximal reductions of ventral prostate and
seminal vesicle weights were observed in male rats at all dose
levels (desired pharmacologic effect). Adrenal cortical cell
vacuclization and necrcsis were observed in drug-treated rats of
both sexes. 176,334 also increased basophilia and RNA in
hepatocyte cytoplasm.

Conclusion - The doses utilized preoduce exposures equivalent to
human therapeutic exposure. The histologic changes observed are
expected consequences of high dose anti-androgen therapy.
Toxicity studies should employ higher dose levels to elucidate
target organs of toxicity.
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Ninetv Day Dose-Finding Study in Rats (dietarxy administration).
(Study THR/12%4; lots ADM 56041/85 and 50082/85)

. Wistar rats (n = 30/sex/dose) were administered 0, 10, 100,
500 and 1000 mg/kg/day or 5% 176,334 in NDD diet for %8 days.
achieved doses for the sexes combined were 10, 101, 507, 1016 and
4600-5000 mg/kg/day.

Mortality - none

Signs- increased incidence of redness and sores and/or necrosis
of the tip of the tail and missing tip of tail in HL (5% in diet)
rats.

Ophthalmology - unremarkable

Body weight - dose-related decrease in body weight gain
3% , 15%, 17%, 18%, and 20% in gp II - VI males
1%, 7%, 7%, 11%, and 11% in gp II -VI females

Food consumption - decreased approximately 10% in males receiving
= 100 mg/kg/day. Consistent decreases in food consumption were
also observed in two highest dose groups of female rats.

Water consumption {(week 10)- decrease of 15% in treated males and
females

Hematology {(weeks 4 and 15) -
Hgb - miid decreases at doses =2 100 mkd
Packed cell/mean cell volumes - decreased at doses =z 500 mkd

Blood chemistry (weeks 4 and 15)
total protein - increased = 500 mg/kg

Urinalysis- (wks 4 and 12) measured pd and volume only
urine volume decreased in Gp VI females

Pharmaceokinetics Data - Blood samples were collected at 4 hour

intervals on days 93-94 of dosing. Steady state kinetics data
are summarized below,
Dosge (mg/kqg) Cmax iug/ml AUC 0-24 Multiple of HTD
{ug.hr/ml)
Males Females "Males Females
10 5.6 7.0 1G5 143 1/2 X
100 21.7 23.5 450 512 3 X
500 32.2 43 .3 650 E80 4-5 X
1000 37 42 .4 750 890 5 X
5000 (5%) 34 42 785 945 5 X

8.6 ug/ml
165-205 ug.hr/ml.

Css in men receliving 50 mg/day
AUC in men receiving 50 mg/day
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Crgan weights -

Prostate- abs/rel wts decreased at all dose levels
Uterus- abs/rel wts decreased 2z 1000 mkd

Adrenals - abs/rel wts dose-related increase = 100 mkd
Liver - abs/rel wts increased = 100 mkd

Histopathology -
Testes- mild leydig cell hyperplasia

o/% C, 0/5, 2/, 2/5, 3/5, 5/% Gps II - VI, respectively
seminiferous tubule atrophy-
i/s ¢, 0o/5, 2/5, 4/5, 4/5, 5/5, gps II-VI
Epididymes -
exfoliated seminiferous epithelial cells
1/5 gp III, 1/5 GP IV, 3/5 gp V
o spermatozoa
i1/s ¢, 2/5, 4/5, 3/5, 4/5 gps III-VI
Prostate/seminal vesicles- atrophy in most treated males, dose-
related iu severity (mild in LD to severe n HD)

Adrenal- cortical vacuclization
2/5 gp III, 5/5 gps IV, V and VI males
1/5 gp IV, 1/5 gp V, 2/5 gp VI females
Pituitary - increased castration cells (enlarged gonadotrcopin
secretory cells) 1/5 C, 4/5 gp II, 5/5 gps III- VI males
Liver - hepatocyte basophilia (due to increased RNA with many
free ribcsomes)
o/10 ¢, 6/10, 9/1¢, 10/10, 10/10, 10/10 gps II - VI
hepatocyte hypertrophy -
0/1¢ ¢, ©/10, 3/10, 8/1¢, €/10, 8/10 gps II-VI
single cell necrosis-
0/10 ¢, 0/10 gp II, 1710 , 7/10, 3/10, 4/10 gps III-VI
hepatocyte polyploidy {large multinucleated hepatocytes)
0/5 gps 1 & 11, 2/5 gps III & IV, 4/5 gps V & VI
Kidney -
minimal to mild pigmentation (hemosiderin) of proximal
tubule epithelium with more marked changes in females.
males - 0/5, 0/5, 4/%, 4/5, 4/5, 5/% gps I -VI
females - 0/5, 4/5, 4/%, 5/5, 5/%, 4/5 gps I-VI

Summary - Drug treatment produced no mortality or signs, and no
toxicolegically significant changes in hematology, blood
chemistry or urinalysis. Body weight was decreased in treated
rats secondary to decreased food consumption due Lo poox
palatability. Rats dosed with up to 500 mg/kg/day by gavage for
one month displayed no decreases in body weight or food
congumption.

Expected pharmacclogic effects on the male reproductive system
were observed including prostate, seminal vesicle, and epididymal
atrophy. increased castration cells in the pituitary and leydig
cell hyperplasia secondary to altered testosterone feedback.
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These effects on the male reproductive system and pituitary are
observed with all anti-androgens.

Hepatocyte hypertrophy and polyploidy were observed with dose-
related frequency but were not severe encugh to impact on
survival in a 2 year carcinogenicity study.

Conclusionse -

Pharmacokinetics data demonstrate that plasma drug concentraticns
of parent compound plateau at concentrations > 500 mkd. The ADME
data suggests the plateau effect is secondary to saturation of
absorption. Dose-related decreases in body weight(up to 11% in
females; 20% in males} were observed in treated rats secondary Lo
poor palatability of drug admixed with diet. N¢ other dose
limiting toxicity was observed.

Doses up to 500 mg/kg/day in diet were tolerated without
decreases in body weight which would impact on nutritional status
of rats in a 2 year study. Z2eneca chose deoses c¢f &5, 15 and 75
mg/kg/day for their 2 year rat carcinogenicity study. The high
dose produces AUC exposures in rats only 2 times the human
therapeutic exposure obtained with the 50 mg/day dose. The dose
selections for the rat carcinogenicity study are clearly
inadeguate {too low)}.

Six Month Oral Toxicity Study in Rats {(study # TPR 1212, lot #
ADM 6£0036/84)

Wistar rats {(n = 10/sex/dose) were administered 0, 10, 50
and 250 mg/kg/day 176,334 in 0.5% polysorbate 80 by gavage
for 6 months. An additional 12/sex/dose were treated for
pharmacokinetics analysis. An additional 15/sex received the
high dose and underwent a 12 week drug-free withdrawal period
prior to sacrifice.

Mortalitv - 4 C,{2 M, 2 F), 1 LD M, 2 MD M and 1 HD M

Deaths were not drug-related. 5.deaths were associated with

gavage accidents.

Signs - inflammation/irritation of upper respiratory tract during
weeks 12-26 was observed in 40-75% cof animals from all
groups including controls.

Body weight - decreased gain in treated males; 5% in LD, MD, 7%
in HD. No significant effects in females.

#ood consumption - intermittent significant decreases in food
consumption (4-10%) in males

Water consumption- unremarkable

Ophthalmelegy/ECG- no drug-related . fects.
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Hematology (measured waeks 5, 13, 25)-

Hgb- decreased in MD, HD females; HD males wks 13 and 25
Packed /mean cell volume - decreased MD, HD females wks 13,25
WBC/lymphocytes- increased HD females wks 13 and 25

8loocd chemistry (measured weeks 5, 13 and 25)

total protein - dose-related increase in all treated females and
HD males all timepoints

albumin- increased in HD males; MD, HD females

alkaline phosphatase - dose-related decrease wk 25 1in all groups
of treated males

Irinalysis-unremarkable

Organ welghts-

Adrenal -increased abs/rel wts in LD, MD and HD males and MD
females

Kidney - decreased aps/rel wts in all treated males.

Liver- dose-related increase in abs/rel wts in MD, HD males, all
treated females.

Prostate/seminal vesicles - dose-related decrease in abs/rel wts
all groups of treated males

Pharmacokinetics - (see Tables 5 and 6 taken directly from the
submission). Plasma drug concentrations increased with increasing
dose but not dose-proportionally. Modest drug accumulation (2-
fold) was observed with multiple dosing and was more significant
in females.

Flasma drug concentrations were 2-fold higher in females than in
males at all dose levels at both sampling times (2 and 24 hours
post -dose) .

Histopathology - _
Frostate - atrophy of tubulc-alveolar. glands and epithelium
/20 Z, 19/20 LD, 17/20 MD, 20,/20 HD males

Seminal vesicles - atrophy characterized by reduced secretions
and atrophied epithelium which was dose-related in severity
mild in LD and moderate in HD
0/20 C, 20/20 LD, 20/20 MD, 20/20 HD males

Testes- small 0/20 C, 0/20 LD, 6/20 MD, 6,20 HD
enlarged 0/20 C, 0/20 LD, 0/2C MI, 9,20 HD
seminiferous tubule atrophy- 1/20C, 0/20 LD, 7/20 MD, 16/20 HD
leydig cell hyperplasia - 0/20 O, 2/2C LD, 11/20 MD, 12/20 HD

Ovaries - granulosa -thecal cell hyperplasia
0/20 C, 0/20 LD, 19/20 MD, lv,20 HD



Time into atudy
Croup/dose
(mg/kg) Sex Nay | Day 28 Week 11 Week 27
I 4 1.72 + 0,92 4.50 + 0.1% 5.41 ¢ 0.51 $.02 ¢+ 0.69
10 ¢ 2. 564 * 0. 96 3,76_:_ 0.17 6.2} A 0.68 9.91 A 0.97
/2 F.53 1.28* 1.15 1.97¢
11 J 4.18 + 0.3) 1.25 s 0.29 7.43 + 0,38 8.19 + 0.1}
50 ¥ 5.92 ¢ 0.3 7.90 + 0.05 9.99 + .41 15.5 + 1.0
9ia 1.132 1.09 1.34 1.84n
v J 7.31 ¢ 0.64 0.8 + 0.4 12.7 + 2.0 13.6 =+ 1.7
250 ¥ 0.1 ¢+ 0.7 13.8 + 0.8 15.7 + 5.0 5.2 + 2.4
g/ 1.38% 1.28% .24 1.85*

* = Sratistically significant male/female difference (p < 0.05).

C,n',s i e B g)C'Y\S/AM{ e é.\}u’/mf

Table 5. ICI 176 134 Six manth oral toxicity study 1n rate. Study number TPR/1212,
' Mesn (+ S.E.) plasma concentrations (ug/ml) of ICI 176,334 in rats 2 hours post dose.
O
Qo
o
Time into study
Group/dose
{mg/kg) Sex Nay 2%we Day 29 Week 13 Week 27
I d 1.97 +« 0.41 1.08 + 0.27 3.62 + 0.11 3.on + 0.20
10 ¥ 2,21+ 0.0] 3.52 + 0.49% 458 ¢ 0.5 6.82 + 0.45
g/ bo1s ' b.ol4 1.27 .21
1 4 5.49 ¢+ 0,13 4.2% + 0.29 5.7: 4 0.2) 5.01 + 0,6
50 v 5.40 ¢ 0,26 5.87 + L.1b 7.93 4 .04 8.71 « 0.65
L2 0.98 1.38 1.38 [ L
v S 13.2 + 2.8 5.8% + 0.57 4 620w 7.52 ¢+ 1,21
250 ? a0« 1.1} 33+ 0.98 9.4 + 1,28 2.3 + 5.2
0/ .06 1723 Z.n 110+
L Statisticelly significant male/temale difterence (p < 0.09),
** - w2 no ‘t’ test pertormed,
44% - 26 houre post doase
Table & 16,134 Six month oral tomicity study 1n rate., Study number TPR/1212.
' HWean (+ S.E.} plasma concentratrans (pg/ml) of 176,134 in rvats 24 hours post dose.
o
W
-]

4
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Adrenal - hypertrophy of zona fasiculata and reticularis
1/40 C, 18/40 LD, 27/40 MD, 25/39 HD both sexes
cortical vacuolization - dose-related in severity - mild in

control, LD, MD and moderate in HD
14/20 C, 11/20 LD, 18B/20 MD, 17/20 HD males, 8/10 HL male
withdrawal dogs.

Pituitary - castration cells 11/20 C, 19/20 LD, 18/20 MD, 17/20
HD and 9/10 HD withdrawal male dogs. No pituitary effects
in females.

Thyroid- hypertrophic follicular epithelium
5/20 C, 20/20 LD, 20/20 MD, 19/20 HD males
4/20 C, 20/20 LD, 20/20 MD, 20/20 HD females

Drug-induced adrenal, piftuitary and thyroid changes were not
reversible.

Summary - Administration of 10, 50 and 250 mg/kg/day
bicalutamide 176,334) produced plasma drug exposures in rats
0.5, 1 and 2 times human drug exposures(Css}) in men receiving 50
mg/day. Drug treatment produced slight reductions in focod
consumpticr and body weight gain(5%) in treated males. Mild
decreases .n hemoglobin and packed cell volume and dose-related
increases in total protein and albumin were observed in MD, HD
females and HD males. Prostate and seminal vesicle atrophy, the
desired pharmacologic effects, were observed in all drug-treated
males. Drug-treatment also produced testicular seminiferous
tubule atrophy and leydig cell hyperplasia in MD, HD male rats.
Additional histeclogic changes observed in bicalutamide treated
rats included:
1. adrenal cortical and thyroid follicular cell hypertrophy in
both sexes.

2. testicular leydig cell hyperplasia in males; ovarian
granu.osa cell hypertrophy in females '
3. increased piltuitary castration cells in treated males

Conclusiong- Bicalutamide at doses up to 250 mg/kg/day (plasma
drug exposures 1n rats 2 times the exposure in men receiving the
proposed therapeutic dose of 50 mg/day) was well-tolerated in
rats. Tcxicities cbkserved were asscciated with

1. the desired pharmacologic effect -prostate, seminal vesicle,
testicu.ar atrophy, pituitary castratcion cells.

2. drug-induced hormonal imbalance- either direct (adrenal
cortical hypertrophy) or indirect resulting from loss of
testostarone feedback at the hypothalamus and pituitary with
secondary elevations of LH (granulosa cell hypertrophy,
leydig cell hyperplasia)l.

3. induction of liver P450 erzymes (thyroid fecllicular
hvpertrophy! .
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Cne Yz=ar Oral Toxicity Study in Ratsg {study # TFR/1297, lot#
LDM 56071/86)

; Wistar razs (n=20/sex/dose) were administered 0, 5, 15 and
75 mg/kg/day 176,334 orally in NDD diet for 12 months.

An additional 12/sex/dose were treated for pharmacokinetics
evaluation. An additional 12 rats/sex were treated in the
control and high dose groups and retained undosed for 24 weeks
to assess the reversibility cof drug-related effects.

Drug analysis- achlieved doses of drug were within ¢ 10% of
desired concentrations.

Mortality - 20 animals died or were killed in extremis during the
course of the study. The deaths were not drug or dose-related.
Signs - urine staining and small flaccid testes were observed
with dose-related increase in frequency in drig-treated males.
Increased incidence of missing whiskers in drug-treated females
Ophthalmeclogy - unremarkable

Body weight - gain was decreased sporadically wks 1-é LD, wks
18-24 HD males, wks 1-12 MD females, wks 42-47 HD females) but
overall there were no significant differences i1n LD, MD rats.
Gain decreased 3% in HD males; 14% in HD females.

Food consumption -
males- decreased consumption (3 gm/day) in MD, D males - wks 1-
35 then increased consumption (2 gms/day over conticls)
for remainder £ the study
females- MD, HD gp. increased (3 gms/day/rat) over contrel, LD

Water ccnsumption- unremarkable

Hematoleogy - (measured wks 13, 26, 51)
Hgb,Hect - decreased in HD females wks 13, 26, 51
mean cell volume/ Hgb - decreased in,HD females wks 13, 25, 51

Blood chemistry -

total protein - dose-related increases in all treated females, HD
males

Alkaline phosphatase, ALT, AST - decreased in all groups of drug-

treated rats.

Changes in protein and liver enzymes were still present 1in HD
rats after the 24 week withdrawal period.

Urinalyses - {(only urine volume and pH measured) - unremarkable.

Pharmacokinetics (see Table 16 taken from veol 1.26, p 85)

Plasma Jdrug ccncentrations in females were significantly greater
vhan in maies. Modest (1.5-3 fold) drug accumulatlion was
obtaired with chronic dosing.
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Dose {mg/kqg) Cgﬁug{ml)‘ AUC(uq.hrjmlL: Multiple of HTD
' Males Females

5 3.4 £.0 1/2

15 7.1 10 100-150 1 X

75 20 33 330-400 2 X

# Mean Css in men receiving 50 mg/day of Casodex = 8.6 ug/ml.

Mean AUC in men receiving 50 mg/day of Casodex = 165 ug.hr/ml.
* AUC values in rats receiving the 15 and 75 mkd doses were
estimated using data from the 3 mcath rat dose-finding study
(THR/1294) .

Qrgan weights -
Testes- dose-related decrease in abs/rel wts, MD, HD males
Prostate- marked decrease in abs/rel wts all treated males
Adrenals- increased abs/rel wts MD, HD males.
Kidreys - decreased abs/rel wts LD, MD, HD males

increased abs/rel wts MD, HD females
Liver- dose-related increase 1in abs/rel wts MD, HD males

All changes in organ weights were reversible after drug
withdrawal.

Histopathology - (n =20/sex/dose main test; 12/sex for 24 week
drug withdrawal rats).

Neoplasgtic changes -
Testes- benign leydig cell adenomas
0/z1 C, 1/21 LD, 1/21 MD, 8/21 HD male rats
0/12 C, 9/12 HD after 24 weeks of drug withdrawal
Thyroid - follicular cell adenoma
1/21 ¢, 1/21 LD, 1/21 MD, 7/21 ED males
0/20 €, 0/20 LD, 0/20 MD, 3/20 HD females
{thyroid changes were reversible -adenoma cbserved in only 1/24
HD withdrawal rats)

Uterus - adenocarcinoma 0/20 ¢, 0/20 LD, /20 MD, 0/20 HD
0/12 C, 2/12 ¥D withdrawal (these lesions were al o
observed in the rat carcinogenicity study)

Non-neoplastic changes-

Adrenal- cortical vacuolization -

6/20 ¢, 5/20 LD, 5/20 MD, 18/2C HD females
Heart - myocardial fibrosis

11/40¢ C (28%), 18/40 LD, 13/40 MD, 29/40 HD (73%)
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Liver-—

hepatocyte basophilia - 0/40 C, 2/40 LD, 2/40 MD, 16/40 HD
hepatocyte hypertrophy - 1/40 C, 0/40 LD, 1/40 MD, 31/4C HD
These data suggest liver enzyme induction was observed primarily
in HD rats.

Ovaries - atrecphy - 2/20 C, 4/20 LD, 5/20 MD, 6/20 HD females

Pituitary - increased castration cells
1/20 C, 0/20 LD, 8/20 MD, 20/20 HD males
Seminal vesicles - atrophy 6/20 C, 16/20 LD, 20/20 MD, 20/2C HD
(4/12 HD withdrawal rats)
Testes-
tubular atrophy - 3/20 C, 2/2¢ LD, 14/20 MD, 20/20 HD
leydig cell hyperplasia- 0/20 C, 7/20 LD, 15/20 MD, 19/20 HD

Thyroid -

hypertrophic epithelium - 2/4C C, 20/40 LD, 36/40 MD, 4C/40 HD
hyperplasia - 0/40 C, 1/40 LD, 14/40 MD, 30/40 HD

colloid bascphilia - 13/40 C, 24/40 LD, 34/40 MD, 40/40 HD
Sponsor suggests thyroid changes may be secondary liver enzyme
induction resulting in increased thyroid hormone metabolism with
compensatory hyperplasia of the thyroid.

Summary
Administration of bicalutamide to rats at dose levels of 5, 15

and 75 mg/kg/day produced drug exposures in rats (plasma drug
concentrations and AUCs) 1/2, 1 and 2 times the exposures
obtained in men receiving the therapeutic dose of 50 mg/day.

Ricalutamide was fairly well tolerated with no drug-related
deaths or signs and speoradic mild reductions in body weight gain
secondary to decreased food consumption (pcor palatability).
Minor changes in hematology included decreased hemoglobin,
hematocrit and packed cell volumes in hign dose female rats.
Tncreases in total protein were observed in all drug-treated

female rats and HD males. Drug-related histolegic changes were
similar to those observed in the & month study and included:
1. testicular leydig cell hyperplasia (alsc cbserved in male

rats treated with flutamide, nilutamide, finasteride).

2. prostate/ seminal vesicle/ ovarian atrophy
3. thyreoid feilicular cell hyperplssia(MD, HD) and adenoma (HD)
4. uterine adenocarcinoma (alsc cbserved in the rat
carcinogenicity study )
5 centrilobular hepatocyte hypertrophy in HD rats - (secondary
to liver enzyme induction)
6. adrenal cortical vacuolization

A new finding associated with bicalutamide treatment was an
.ncreased incidence of myocardial fibrosis, especially in HD
rats.
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Conclusion- Dose levels which produce low multiples(l1-2 times) of
the human therapeutic exposures were utilized in this study.

Data from the 3 and 6 month studies demonstrate that plasma
concentrations of parent drug continue to ilncrease with doses up
ro 500 mg/kg/day. Dose levels up to 500 mg/kg/day are also well
tolerated. This study is adequate ta support safety for the
current NDA (50 mg/day for stage D, prostate cancer).

Two Year Oral Carcinogenicity Study in Rats (#TCR/1296, lot #
ADM 56071/856 and 56082/85)

Wistar rats were administered 0 (100/sex), 5, 15, and 75
mg/kg/day bicalutamide (N = 51 M, 52 F) in NDD diet for 104
weeks. Achieved doses were within + 10% and mean values equaled
the targeted dose.

Mortality- no dose-related trends in survival were observed.
Survival was increased in HD males secondary to decreased wt gain
with a resultant decrease in age-related glomerulonephropathy.
‘deaths due to glomerulonephrcopathy in males 50% C, 49% LD, 58%
MD, 27% HD).

% Survival-
Males 33% C, 24% LD, 39% MD, 49% HD
Females - 44% C, 58% LD, 4€% MD,37% HD

Signs - dose-related increase in testicular abnormalities
including reduction in size, swollen, hard or flaccid testes
were observed in treated males- 9%C, 25% LD, 75% MD, 96% HD

Rody weight - decreased body weight gain
males- 8% in MD, 9% in HD; and females- 8% MD, 12% HD

Food consumption- small dose-related decreases in consumption
{responsible for decreased bcdy wt) were observed throughout the
study.

Water consumption- significantly reduced in treated females.
Hematology - no drug-related changes

Pharmacokinetics- See data in 1 y=2ar rat study above.

Neoplastic lesions - the percentage of animals with multiple
rumors and benign tumors increased in treated males, nc increases
were obszerved in treated temale rats

multiple tumors - 34%C, 49% LD, 53% MD, 73% HD males

benign tumors - 66% C, 65% LD, B6% MD, 98% HD

Brain- malignant meningioma- 1% C, 4% LD, 0% MD, 6% HD rats
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Testes- benign leydig cell adenoma
' 3% C, 38% LD, 64% MD, 96% HD males

Thyroid - follicular cell adenoma
2%, 11% LD, 24% MD, 51% HD rats

Uterus- adenocarcinoma 0/10¢ €, /52 LD, 1/52 MD, 5/52 HAD females
squamous carcinoma 1/52 HD

Decreases in some tumor types were observed
pituitary adenomas- 25% C, 20% LD, 18% MD, 14% HD males
26% €, 20% LD, 20% MD, 10 % HD females

mammary gland tumors
fibroadenoma - 29% C, 12% LD, 12% MD, 6% HD females
adenocarcinoma - 8% C, 4% LD, 0% MD, 0% HD females

Non-neoplastic lesions-

Liver- decreased incidence of hepatocyte vacuolization/necrosis
iln treated rats

vacuolization - 53% C, 30% LD, 23% MD, 24% HD

necros.s - 25% C, 29% LD, 13% MD, 13% HD

Epididymes -
reduced or no spermatozoa - 32% C, 62% LD, 90% MD, 100% HD males
ductal atrophy - 16% €, 50% LD, 82% MD, 100% HD

Testes-

atrophy - 81% C, 84% LD, 100% MD, 100% HD males
tubular mineralization - 22% C, 14% LD, 54% MD, 66% HD
leydig cell hyperplasia - 2% C, 40% LD, 50% MD, 62% HD

Prostate - atrophy 1% C, 88% LD, 9C% MD, 9C% HD
Seminal vesicle - atrophy 21% C, 98% LD, 100% MD, 98% HD
Thyroid-

follicular epithelial hypertrophy - 46% C, 5
" " hyperplasia - 18% C, 1

Lk, 73% MD, S1% HD
LD, 15% MD, 37%HD

o\? o

6

, 7

Kidney - no decrease in total incidence of glomerulonephropathy
pbut slight decrease in sewerity and deaths due to
nephropathy in treated animals

Lone- reduced osteitis fibrosa cystica in sternum, femur and
vercebra of HD rats

Mammary glands - reduced incidence of hyperplasia in HD females
91% C, 98% LD, 90% MD, 6% HD
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Summary

Mild reductions in body weight gain were observed in mid and high
dose rats, secondary to a parallel reduction in food consumption.
Drug-related atrophy of the testes, epididymes, prostate, seminal
vesicles, uterus, cervix and vagina are considered secondary to
the antiandrogenic properties or hormonal imbalance produced by
bicalutamide.

A dose-related increase in the incidence of thyroid fellicular
adenomas was observed. The sponsor suggests these adenomas
develop secondary to increased thyroid hormone metabolism by the
liver. Liver enzyme induction and increased thyroid hormone
metapolism have been demonstrated in bicalutamide-treated rats.

. dose-related increase in the incidence of benign leydig cell
adenomas was observed. This finding is common to all anti-
androgens (flutamide, nilutamide) and 5 o-reductase inhibitors
(finasteride, epristeride) which alter testosterone/DHT feedback
at the hypothalamus and pituitary and produce conseqguent
elevations of LH. Although elevations of LH have not been
demonstrated in rodents treated with Casodex, a mechanism similar
to other anti-androgens would be expected.

A significant increase in uterine adenomas(MD, HD) and carcinoma
(HD only) were observed in bicalutamide-treated rats. Uterine
neoplasia is a very uncommon spontanecus lesion in Wistar rats.
The sponsor suggests the uterine neoplasms may also be a
consequence of hormonal imbalance resulting from treatment with
Casodex.

Conclusions - Administration of Casodex at cencentrations of 5,
15 and 75 mg/kg/day (up to 2 times human therapeutic expocsure)
rroduced an increased incidence of benign testicular leydia cell
adenomas, beniagn thyroid feollicular cell adenomas and ovarian
adenccarcinoma and sguamous carcincma. The neoplastic findings
were secondary to drug-induced hormonal imbalance ard not direct
carcincgenic effects.

The data from the 3 month oral deose finding study 1n rats clearly
gemonstrate that 75 mg/kg/day is nct the MTD 1in the rat. Rats
tolerated doses up to 5% of diet with the only significant
finding being decreased body weight gain. The decrease in body
welght gain was due to decreased food consumption (poor
valatab:lity) not toxicity per se. The sponsor alsc argues that
vlasma drug concentrations plateau but increases 1n exposure were
observed with doses up to 500 mg/kg.

If the sponsor intends to develop Casodex for benign prostatic
hyperplasia (BPH) the carcincgenicity studies should be repeated
utilizing the 500 mg/kg dose administered by gavage as the MTD.
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Reductions in body weight secondary to decreased food consumption
{poor pelatability) are not acceptable for establishing an MTD.
Plateauing of drug concentratiens with increasing doses is a
valid basis for dose selection. In addition, ADME studies
demonstrate that the majority of radicactivity (90%)in the plasma
~f rats, dogs and humans is parent compound.

30 Day Pilot Study of Dietary Palatability and Pharmacgokinetics
of Bicalutamide in Mice (# TSM/633, lot 56071/86)

CD-1 Alpk mice (n = 10/sex/dose)were administered 0, %, 15, and
75 mg/kg ICI 176,334 in CT1 rodent diet for 30 days.

Mortality - none

Signs - alopecia in some mice

Body weight- unremarkable

Food censumption/utilization - drug at dose levels up to 75
mg/kg/day had no effects

Pharmacokinetics - sampling time was not specified. No sex

differences in plasma drug concentrations were observed. Plasma

drug exposures increased with increasing dose but not dose

proportionally.

Dose (mg/kg) Mean congontration (ug/ml)
5 5.4 + 0.1
15 13.3 + 0.3
75 36 + C.7

50 Day Dose Finding Study in Mice (# THM/490, lot # 56041/85)

Alpk CD-1 mice (n=30/sex/dose) were administered 0, 10, 100, 500,
1000 mg/kg/day or 5% bicalutamide in diet for 92 days. Achievad
concentrations were 10, 101, 504, 1007 and 7500 mg/kg/day
{Average kody weight = 20 gm/ mouse; average food consumption = 3
gm/day. 3 gm/day x .05% of diet = 150 mg bicalutamide/day
ingested. 150 mg/20 gms = 7500 mg/kd).

Mortality- 3 C, ¢ gp I, 0 gp II, 3 gp iV, 2 gp V, 2 gp VI
cause of death not specified.

Signs- alopecia
Ophthalimclogy- unremarkable :

Rody weights - decreased body weight gain in gps III- VI males
(7-13%) and gp IV- gp VI females {(3-5%)

Food consumption - no differences in gps II and III. Significant
reducticns in gp IV-VI males (10%) and females (15-20%) -
Therefore, decreases in body weight were due to poor
drug palatability, not toxicity.
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Water consumption- no change in gp 1I, IJI females or males at
all dose levels. Decreased 21-34% in gps [V, V, and VI females

Hematology (wks 5,14) -
Hgb, RBC- mild decreases in gps IV, V, and VI

Blood chemistry (wks 5, 14)

glucose- increased plasma glucose in all bicalutamide treated
groups wk 5, in gps IV, V, VI wk 14

urea- decreased gp IV, VvV, VI (500, 1000, 7500)

total protein- increased in gps IV, V, VI wk 5, all gps wk 14

ALT- dose-related increases (2-3 time baseline) in gps II1-VI wks
5 and 14

Alkaline phosphatase- mildly increased gps IV, V, VI wk 14

potassium - decreased all dose grcups wk 5, 14 (10.3 -» 7.5 mm/L}

Urinalysis - {volume and pH only) - unremarkable

Pharmacokinetics -

Samples were taken at 9 am, 1, 4, 7, 11 pm and 1, 5 am

AUC exposures continued to increase with increasing doses up to
500 mg/kg/day. Drug exposures began to plateau at doses =z 1000
mkd.

Data on metabolite concentrations were not prcvided. No sex
differences in metabolism were observed (see figure below).

Dose (mg/kg) AUC 0-24 (ug.hr/ml} Multiple of HTD*
10 200 iX
100 1154 7X
500 1850 11X
1C800 2140 13X
7500 2230 13X

* Steady state AUC exposures in men geceiving 50 '‘mg/day =
165-205 ug.hr/ml.

Crgan weights

liver - dose-related increases in abs/rel weights in gps III-VI
both sexes

adrenals- increased abs/rel wts in gp I1I-VI males

kidneys- decreased abs/rel wts all drug-treated males; gp 1V-VI

females. .
neart - decreased abs wts all drug-treated males.
prostate - decreased abs/rel wts al. treated males

regres- dose-related decrease in abs/rel wts
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Histopathology - (n = 10/sex/dose)
Adrenals-
minimal tc mild hypertrophy of adrenal cortical cells
/20 ¢, s/20, 12/20, 20/20, 19/20, 20/20 gps II-VI
minimal to mild vacuolization of cortical cells
1/10 C, 0/20, 1/20, 10/20, 20/20, 21/21 gps II-VI

Pituitary - minimal basophil cell hyperplasia in most mice
receiving = 100 mg/kg/day.

Kidney- no histopathology to correlate wit!h decreased kidney
weights

Liver-

generalized hepatocyte hypertrophy-

0/20 C, 6/20 gp II, 16/20 gp II1I, 20/20 in gps IV, V, VI
hepatocyte necrosis - occasional clusters of necrotic hepatocytes
in 10% of gp I1I, III, IV and majority of gp V, VI mice

o/20 ¢, 2/20, 3/20, 2/20, 17/20, 13/20 gps II-VI

Prostate-
atrophy- 0,10 C, 5/9 gp II, 10/10 gps III-VI

Seminal vesicles-
atrophy- 0/10 C, 8/10 gp II, 10/10 gps III-VI

Testes- mild to moderate leydig cell hyperplasia at doses
= 100 mg/kg/day

Ovary- hyperplasia of interstitial cells, mild in gp III,
moderate in gps IV, V, VI
0/10 C, 0/10 gp I., 8/10 gp III, 10/10 gps IV-VI
absence of normal cycling - 0/10 C, 0/10 gp II, 5/10 gp III,
10/10 gps IV-VI

vagina- keratinization of vaginal epithelium
0/10 <, 0/9 gp 11, 4/10 gp 1II, 8/10 gp IV, 9/10 gps V, VI

Summary- Administration of bicalutamide to mice at dose levels up
Lo 7500 mg/kg/day (5% in diet) did not produce drug-related
deaths or siagns. Decreased body weight gain was cbserved 1in
animals dosed with concentratieons = 100 mkd in males and = 500
mkd in females, secondary to reducticns in food consumption due
o poor palatability. The low dose of 10 mg/kg/day (AUC
comparable to human therapeutic exposure] was the no texic effect
dose.

Increases in liver weights and generalized hepatocyte hypertrophy
were observed at all dose levels and are probably secondary to
liver enzyme induction. Increases in ALT and alkaline
phosphatase were observed at doses 2 100 mkd and hepatocyte
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necrosis was observed in mice at the two highest dose

levels. (1000 and 7500 mg/kg/day) Prostate and seminal vesicle
atrcphy were observed at all dose levels and represent the
desired pharmacclogic effect. Other histological changes
observed in the adrenal, pituitary, testes, ovaries and vagina
are secondary to drug-induced hormonal imbalances.

Conclusion -The results of this study suggests 500 mg/kg/day
should be chosen as the MTD for the mouse carcinogenicity study.
Exposures to parent compound plateau at =z 1000 mg/kg and liver
hepatocyte necrosis was observed at the two highest dose levels
of 1000 and 7500 mg/kg/day.

2 Morth Investigative Study in Mice: Dietary Administration
JITKM/766; lot # ADM 45008/89, ADM 44015/91

CD-1 mice (n=10/sex/dose) were administered 0, 5 and 75 mg/kg/day
bicalutamide in NDD diet for 90 days to examine effects on the
iiver. Doses chosen were the low and high doses used in the 2
year carcinogenicity study. An additicnal 5/sex/gp were dosed to
examine BrdU ilnceorporation and l6/sex/gp were dosed for
assessment of liver enzyme activity.

Mortality/signs- no drug-related effects

Body weight/food consumption- wt gain decreased in HD males
consistent with a parallel decrease in consumption secondary to
pcor palatability.

Liver mixed function oxidase (MF0Q) Activity -Changes in liver
enzymes were observed (see tables A4/1 and A4/2) which suggest a
druc-induced increase in 2Bl activity. Imminochemical staining
revealed a centrilobular distributicn in males.

Histopathoclogy- :
Centrilobular hepatccyte hypertrophy-0/20 C, 0720 LD, 19/22 HD
Enlarged/multinucleate hepatocytes -
0/20C, 0/20 LD, /10 HD F, 10/10 HD males

hepatocyte necrosis - 0/2C C, 3/20 LD, 10/20 HD
BrdU study -
nepatocyte hypertrophy - 0/10 C. ¢/10 LD, 9/10 HD wk 2

0/10 C, 0,9 LD, 7/10 HD wk 5

D/9 G, C/10 LD, 9/10 HD wk 14
multinusieate hepatocytes- 0/10 O, /5% #@DM, 1% HD F wk 14
Summary and Conclusions - Centr:i:iobular hypertrophy,
pwroiiferat:on of smooth endoplasmic ret:culum, and liver enzyme
induction were observed in high dose mice of both sexes.
Panlobuiar hepatocyte enlargement and polyploidy were observed in
HD male mice and may be related to the liver carcinoma cbserved
in high dose male mice only.
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Two Year Oncogenicity Study in Mice: Dietary Administration
(study TCM/634., lot # 56071/86 and 45008/89)

CD-1 mice received 0 (n=100/sex), 5, 15 and 75 mg/kg/day
bpicalutamide (n = 50 sex/dose} in diet for 104 weeks.

Mortality- there were no drug-related effects on survival
% Survival

Malesz - 47% C, 40% LD, 42% MD, 42% HD

Females - 50% C, 50 %LD, 48% MD, 44% HD

Clinical signs - none

Body weight- small decrease in gain observed in males
5% LD, 4 ¥ MD, 7% HD; no drug effects in females

Food consumption - mild decreases in consumption in treated males
(body wt decrease secondary to poor palatability)

Water consumption- unremarkable
Hematclogy- unremarkable
Neoplastic lesions-

Liver - an increased frequency of liver tumors and deaths due to

liver tumors were observed in mice treated with the high dose of

75 mkd. However, the high dose is well below the MTD and

therefore, the carcinogenic potency 1s most probably

underestimated.

malignant carcinoma - 2/100 C, 1/50 LD. 1/50 MD, 8/50 HD males
(2% C, 2% LD, z% MD, 1l6% HD)

histiocytic sarcoma - 2/100 C, 0/50 LD, 3/50 MD, 4/50 HD males
(2% C, 0% LLC, %, MD, 8% HDI]

deaths due to liver tumors - 4s <, 4% LD, 6% MD, 12% HD males

Cervix- histiccytic sarcoma- 0% C, 4% LD, 8% MD, 2% HD

Pitultary -
Adenomas - 6% C, 14% LD, 8% MD, 16% HD

Non-neoplastic lesiona

Liver-
polyplcid hepatocytes- 12% C,

5% L »2% MD, 96% HD
nepatocyre cytomegaly- 0% C, 2% LD
2% L
%
n

b2
20% MDY, 50% HD males
hepatocyte hypertrophy- 0% C, 16% MDD, 76% HD males
0% C, Y
Ovaries - dose-related decrease i Vot
33% C, 22%c¢ LD, 20 % MD, 4% HD
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pProstate - atrophy 1% C, S8% LD, 76% MD, 68% HD males
Seminal vesicles - atrophy 2% C, 84% LD, 92% MD, 88% HD

Thyroid -hyperplasia
6% C, 26% HD males; 0% C, 12% HD females

Summary and Conclusions- The 2 year carcinogenicity study in the
mouse was conducted utilizing dose levels of 5, 15 and 75
mg/kg/day. The high dose was not the MTD which was established
as z 500 mg/kg/day in the mouse dose-finding study.

Extrapolation from the pharmacckinetics data of the mouse dose-
finding study suggest the dose levels of 5, 15 and 75 mkd produce

AUC exposures in mice < 1, 1.5, and 5 times the human
cherapeutic exposure with the 50 mg/day dose.

Administration of bicalutamide at dose levels of 5, 15 and 75 mkd
for 2 years had no effects on survival, signs, or hematology.
Mild decreases in body weight (4-7%) were oObserved in treated
males which were secondary to decreased food consumption (poor
palatablility).

Hepatocyte hypertrophy, cytomegaly and increased polyploid
hepatocytes were observed at doses 2 15 mkd (1.5 times
therapeutic exposure in men receiving 50 mg/day}. An increased
frequency of malignant hepatocellular tumors and deaths due to
liver tumors were observed in high dose mice (75 mkd = 5 tCimes
+herapeutic exposure}. However, the high dose tested is well
below the MTD and the carcinogenic potency of bicalutamide 1s
probably underestimated

Oral Dose-Finding Study in Dogs {(TAD/384, lot H#ADM 43040/84}

Beagle decgs(n=2/sex/dose) received 0, 25, 75, and 150 mg/ka/day
nicalutamide for 6 weeks (50% ICI 174,334: 50% lactose 1in hard
g=latlin capsules).

Marrality/signs- none
ucdy welght - cne HD male (#38466) lost 14% of body weight

Foed coensumption- decreased consumption 1n male with wt 1oss.
diet suppiemented wks 5 and ¢

Physiclogic measurements - increased heart rate (30-40 bpm) 1in
MD, HD wk 2, all druag-treaited groups wk &
decreased P-R interval in all bicaluramide-treated gps wks 2,5
No changes in blood pressure, respiratory rate, or rectal
temperature.

Hematolcogy- unremarkable



-y,

NDA 20-498 31
Casodeyx/ Bic "utamide

Blood chemistry -

alkaline phosphatase - elevated in all treated gps wks 4 and 6

cholesterol- dose-related elevations in all treated groups wks 2,
4, and 6.

Urinalysis- borh MD females showed 3* hematuria at week &

Organ weights - decreased prostate, testes, epididymal weights
increased adrenal weights

Gross pathology -
Liver -pallor or yellow discecloration
o C, 1/4 LD, 2/4 MD, 3/4 HD

Histopathology - (2/sex/dose)
Liver - increased canalicular alkaline phosphatase activity
o/4 C, 4/4 LD, 2/4 MD, 3/4 HD
Adrenal- bilateral coarse vacuolization - 0/4 C, 4/4LD, MD, HD
Epididymes -
no spermatozoa 0/2 C, 2/2 LD, #D, HD
microcystic degeneratieon - 0/2 C 2/2 LD, MD, HD
Prostate- diffuse atrophy- 0/2 C, 2/2 LD, ML, HD
Stomach - fundic mucosal mineralization -
0/4 Cc, 1/4 1D, 2/4 MD, 2/4 HD
Testes- atrophy 0/2 C, 2/2 LD, MD, HD
diffuse bilateral leydig cell hyperplasia 0/2 C, 2/2 LD, MD, HD
Thyroid - diffuse bilateral lymphocytic thyroiditis 2/2 MD males
Urinary bladder-
cystitis - 0/4 C, 4/4 LD, 1/4 MD, 0/4 HD
subepithelial hemorrhage - 0/4 C, 1/4 LD, 1/4 MD, 0/4 HD
epithelial hyperplasia - 0/4 C, 2/4 LD, 1/4 MD, 0/4 HD

Liver enzyme induction- administraticn of bicalutamide produced
mild inducticn of cytochrome P450 and aldrin epoxide.
Ethoxyresorufin-n-deethylase activity was unchanged.

Summary and Conclusgions - No mortality or signs were cbserved in
this study. Weight loss was cbserved in one HD male. Mild
increases in alkaline phosphatase and cholesterol were observed
in treated dogs. Decreases in male reproductive organ wts and
increases in adrenal wts with correlated changes in histology
were observed. Dose-limiting toxicity was noct cbserved with the
dose levels studied.

Six Month Oral Toxicitcy Study with Bicalutamide in Dogs
(#TEFD,/404, lot 60036/84)

Beagle dogs {(r= 5/sex/dose) were administered 2.5, 10 and 100
mg/kg/day bicalutamide orally (1, 15 and 150 ng tablets in
gelatin capsules) for 6 months. Additional dogs(3/sex)were
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treated in the contrel and HD groups and were retained undosed
for 4 months as a drug withdrawal group.

Mortality - MD male # 38646 and HD male #38672 (day 64).

Signs - 1 HD female displayed wt loss and inappetance concurrent
with an abscess on hindfoot days 135/140. Animal completely
recovered after antibiotic treatment.

Dog 38646 (MD male) was killed on day 152 because of corneal
ulceration and uveitis of the left eye (unresponsive to
antibiotic therapy).

Dog 38672 (HD male) displayed pyrexia, inappetance, Wt 1loss and
an infected hindfoot. Infection rescived after antibiotic
treatment but dog continued to deteriorate. Lost 3 kg during wks
7-9. Killed in extremis day 64.

Soft/loose feces- all drug-treated groups

Body weights-

Males - slight (s 1 kg = < 5%) decrease in weight in all treated
groups, not dose-related.

Females - controls, LD, HD gained wt (0.5 - 1 Kg). MD females

had slight mean body wt decrease due to wt loss in dog 38653.

Food consumption - reduction in consumption in HD dogs for the
first 6 wks of study.

Water consumption{measured wk 24)- unremarkable

Physiolcgic measurements -
heart rate - increased in HD dogs days 32 and 87
males - 4/5 LD, 2/5 MD, 3/% HD
females- 2/5 LD, 3/5 MD, 3/5 HD:
P-R interval -dose-related decrease, significant at all dose
levels at all measureanent times (wks 5, 13, 19, 25)

No changes in blood pressure, rectal temperature.

Hematoleogy -

WBC- dose-related decreases significant MD, HD dogs

Neutrophils - marked neutrophil depletion 1/10 MD, 5/13 HD dogs
iin/6 affecred were males)

reticulocyte counts - increased in MD, HD males

Blood chemistry - {wks 5, 13, 25)

chnlestercl - increased in MD, HD wks &, 13 25

creatinine - mildly increased HD wks 13, 25; all treated groups
wk 25

vrea- increased in MD, HD wks 5, 13, 25; LD, wk 25 only
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albumin - decreased in HD animals wks 35, 13, 25
alkaline phosphatase - increased HD wks 5, 13, 25

MD wks 13, 25
ALT- mild increase in HD, weeks 13, 25, MD wk 25
sodium - decreased HD all timepoints
calcium- mild decrease HD wks 5, 13, 25; MD wk 26 only

Increases in creatinine, urea, alkaline phosphatase and ALT
were progressive (observed at lower doses with increased duration
of dosing).

Urinalysis- (pH, specific gravity)- unremarkable

Pharmacokinetics- Plasma half-life was 8 days. Blood sampies
were obtained immediately prior to dosing (i.e., 24 hours post-
dose) during study weeks 1, 2, 3, 4, 8 12, 16, 22 and 26. Steady
state was reached after 12 weeks of doging. Significant
accumulation occurred with multiple dosing. There were no
apparent sex differences in drug levels.

Dose (mg/kg) Cptlug/ml; AUC D-w Multiple of HTD
Day 1 Wk 26 {ug.hr/ml)
2.5 2.07 24 .6 519 3 X
10 6.1 53.4 1802 10 X
100 21.4 78.2 9549 50 X

Organ weights-

Adrenals - dose-related increase 1in abs/rel wts all dose levels

Liver- increased abs/rel wts HD dogs

Testes- decreased wt HD male dogs

Epididymes/prostate - dose-related decrease in abs/rel wts ,
significant at all dose levels

Heart- increased abs/rel wts all treated groups

Increased liver, heart, adrenal weights were not reversible after
4 month drug-free withdrawal pericd. The decrease 1ln prostate
and epididymal weiyghts was reversible.

Histopathology-

Adrenal -
cortical vacuolization- increased incidence with dose-related
severity, mild in LD to moderate/severe in HD
0/10 ¢, 4710 LD, 8/10 MD, 9/10 HD
Not reversible, still present in 6/6 HD withdrawal dogs
zona fasciculata hypertroohy - 0/10 C, 4/10 LD, /10 MD, 6/10 HD

Bone and Marrow- moderate to severe mature neutrcphil depletion
0/5 C, 0/5 LD, 1/5 MD, 1/5 HD males; 1/3 HD withdrawal
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Cervix- diffuse keratinization 0/5 C, 1/5 LD, 2/5 MD, 1/5 HD
1/3 HD withdrawal females
Epididymes - no sperm 1/5 C, 1/5 LD, 4/5 MD, 5/5 HD males
ductal atrophy - 1/5 C, 5/ LD, 5/5 MD, 5/SHD,
1/3 HD withdrawal
epithelial vacuolization- 2/5 C, 5/5 LD, 4/5 MD, 5/5 HD
2/3 HD withdrawal
Heart- 1 HD withdrawal male with atrial myocardial necrosis,
fibrosis and myocarditis and diffuse pericarditis
Mammary glands - atrophy ©0/5 C, 2/5 LD, 2/5 MD, 1/5 HD females
2/5 HD withdrawal
Prostate - moderate to severe glandular atrophy
0o/5 C, 4/5 LD, 4/5 MD, 5/5 HD males, 1/3 withdrawal
interstitial hyperplasia- 1/5 C, 3/5 LD, 5/5 MD, 5/5 HD, 1/3 W
Spleen - extramedullary hematopoiesis
1/10 C, 4/10 LD, 8/10 MD, 8/10 HD
Tastes - moderate spermatogenic arrest
0/5 ¢, 1/5 LD, 2/% MD, 5/5 HD
laydig ¢2il hyperplasia - 1/5 C, 4/5 LD, 5/5 MD, 5/5 HD
seminiferous tubule atrophy - 1/5 C, 2/5 LD, 2/5 MD, 5/5 HD

Uterus - glandular reduction - 0/5 C, 1/5 LD, 3/5 MD, 5/5 HD

Vagina - diffuse keratinization- 0/5 C, 1/5 LD, 2/5 MD, 1/5 ED

Summary

Dogs were administered 2.5, 10 and 100 mg/kg/day bicalutamide (3,
10, and 50 times human AUC exposures) for 6 months. Two male
dogs {1 MD, 1 HD) were killed prematurely due to poor condition.
The HD male displayed pyrexia, weight loss and infecticn and was
killed on day 64. The MD dog was killed due to corneal
ulceration and uveitis. All drug-treated dogs had loose feces
and increased heart rates throughout the study.

Bicalutamide produced dose-relatad decreaces in white blocd cells
and marked neutrophil depletion in high dose males. Licalutamide
also produced mild increases in cholesterol, creatinine, urea,
alkaline phosphatase and alanine aminotransferase in mid and high
dose dogs.

Prostate and epididymal atrophy and testicular leydig cell
hyperplasia were observed in all drug-treated maie dogs.
Seminifarous tubule atrophy and spermatogenic arrest were
cbserved in high dose males. Uterine and mammary gland atrophy
were a.so observed in bicalutamide-treated female dogs. Dose-
related adrenal hypertrophy and vacuolizatlon were observed, as
wag seen 1n rats.
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Conclusions- Bicalutamide at the low dose of 2.5 mg/kg/day (3
times human exposure} was well tolerated by dogs treated for 6
months. Administration of the higher doses of 10 and 100
m3/kg/day produced hematologic, blood chemistry and histologic
changes consistent with its anti-androgenic activity or hormonal
imbalance which occurred as a conseqguence of exaggerated
pharmacolegic effects of high dose levels.

12 Month Oral Toxicity Study in Dogs (# TFD/3594, lot # ADM
560E5/86)

Alderly Park beagle dogs were administered 1, 2.5 and 50
mg/kg/day bicalutamide for cne year (tablets in gelatin
capsules). An additional 3/sex were treated 1in the control and
high dose groups and kept undosed for a &€ month drug-free
withdrawa. period.

Mortality/ Signs - none

Body weight - decreased weight gain in HD dogs. Control and LD
dogs gained 1-1.2 kg; MD, HD dogs had no weight gain.
Food consumption- unremarkable.

ECG- PR-interval was decreased in dcgs of both sexes during all
examination weeks (5, 14, z6, 39, 51). 7-1l6% in MD, 16 Zz2% in HD
dogs. Heart rate was also increased in HD dogs. Chienges in PR
interval and heart rate were reversible upon drug with-drawal.

Hematclogy - unremarkable.

Blood chemistry - {(weeks 26, 51)

glucose - increased in HD males, week 51

alkaline phosphatase- increased in HD males and females week 51
ALT - 2-fold increase in HD females weeks 26, 51 |

cholestercl - increased in HD males wks 26, &1

Pharmacokinetics- plasma drug concentratlons were measured 24
hours after dosing. Data are presented in tables 9 and 10 taken
directly from the submission {(vel 1.42, p 60). Bicalutamide was
detected in the plasma of 14/16 control animals during the main
test and S5/6 controls during the withdrawal per:iod. The sponsor
providas no explanation but states levels were 1/30 those seen
with the lowest dose. '

Significant accumulation (10--fold in LD, MD; 4 fold in HD) was
observed with multiple dosing. Steady state was achieved by the
third month ©of dosing.

Organ welghts -

Drostac=a- de-reased absclute wts {70%) at all dose levels
Epididymes- decreased abs wts (30%) :n HD males

Adrenal- increased abs wts in MD, HD both sexes
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Table 9 176,34 Twelve month oral toxicity study in dogs.
Study number TF[}/394. Group mean (*SE) pre—dose plasma
concentrations (ug/ml).

Dose 176,334
Time into
study 1 mg/kg/day 2.5 mg/kg/day | 50 mg/kg/day
1 day 0.94 + 0.05 2.60 + G.14 15.38 = 1.31
1 month 8.88 * 0.42 19.47 £ 0.90 61.69 * 2.38
3 months 11.46 + 0.48 21.91 * 1.24 69.74 + 2.23
6 moanths 12.12 * 0.55 24.70 £ 1.38 68.48 * 1.64
9 months [12.17 % 0.47 26.25 *1.13 71.30 * 1.93
12 months |11.25 * 0.57 | 22.81 % 1.30 63.15 * 2.24
Table 10 176,34 Twelve month oral toxicity study in dogs.

Study number TFD/394.

Mean (*SE)plasma concentrations

(ug/ml) for Group IV (50 mg/kg/day) during withdrawal.

Time after

final dose | Mean plasma concep*rations
1 day 68.95 + 2.60
8 days 44,37 * 3.88
15 days 32.24 * 3.45
4 weeks 13.63 *+ 2.28
& weeks 5.39 * 1.30
8 weeks 188 + 0.65
10 weeks G.483 * C0.20
12 weeks 0.097 *+ 0.C4
14 weeks 0.033 £ 0.01

2.5 ma[Ka

oty 2

T 3K human 4£ﬁ1ﬁtub;

20 X

HTe
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Heart- increased heart wts in MD F, HD males and females
Liver-increased abs/rel wts HD both sexes
ovary- increased ovarian wts MD, HD females

The changes in prostate, epididymal and liver weights were
reversible.

The increase in adrenal, heart, and ovarian weights were cbserved
in HD withdrawal dogs.

Histopathology-

Adrenal- hypertrophy of zona fasciulata/reticularis
0 C, 0 LD, 1/10 MD, 8/10 HD
vacuclization of zona fasciculata/reticularis with dose-related
severity, minimal to mild in controls and LD, moderate in MD, HD
Not reversible in HD withdrawal dogs
6/10 €, 10/10 LD, MD, HD

Epididymes -
bilateral stromal hyperplasia ¢ C, 1/5 LD, 2/5 MD, 3/5 HD
exfoliated seminiferocus epithelial cells 0/5 C,LD, MD, 2/5 HD
ductal atrophy- 1/5C, 3/5 LD, 5/5 MD, 5/5 HD
sperm reduction - 1/5 C, 3/5 LD, 4/% MD, 5/5 HD

Mammary glands -
reduced acinar differentiation - 0/5 C, 0/5 LD, 4/5 MD,4/5 HD F
Nct reversible still present in 3/3 HD withdrawal dogs

Prostate - severe atrophy 0/5 C, 5/5 LD, MD, HD

Testes- leydig cell hyperplasia 0/5 C, 4/5 LD, 5/5 MD, 5/5 HD
maturation arrest 0/5 C, 1/% LD, ¢/5 MD, 4/5 HD
seminiferous tubule vacuolization - 0/5C, 1/5LD, 2/5MD, 3/5 HD
exfoliated seminiferous tubule epithelium-
o/ ¢, 1/5 LD, 2/ MD, S5/5.HD
tubular giant cells - 0/5C, 0/5 LD, 1/5 MD, 4/5 HD

Prostate, testicular and epididymal changes were reversible upon
drug withdrawal.

Summary
Administration of biczalutamide at doses up to 50 mg/kg/day to
beagle dogs for cne year produced no arug-related mortality or

signs. Mild decreases in body weight, 1lncreases 1n heart rate,
and increases in liver enzymes ( alkaline phosphatase, ALT) and
cholesterol were observed in HD dogs. Drug-related adrenal

hypertrophy/vacuclization, epididymal and prostatic atrophy,

and testicular leydig cell hyperplas:ia were observed in dogs at
all dose levels (2 1 mkd). Doses of bicalutamide = 2.5 mg/kg (3
rimes human exposure) reduced mammary gloud differentiation in
females, and produced seminifercus tubu: exfolliaticn and
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vacuolization and sperm reduction in male dogs. Prostate,
testicular and epididymal changes were reversible upon drug
withdrawal. Adrenal and mammary gland changes were not
reversible,

Conclusion

Administration of bicalutamide to dogs at doses up to 50
mg/kg/day for one year were well-tolerated. The target crgans of
toxicity were the adrenal, male reproductive system and mammary
glands. As in the rat, the toxicity observed can be attributed
to expected antiandrogenic effects or hormonal imbalance
secondary to high decses of anti-androgen.

REPRCDUCTIVE TOXICITY

Fertility and Reproductive Pervfoymance in Male Rats {TGR/1295]
lot # ADM 56041/85)

Male " Wistar rats (n = 25/dose) were administered 0, 0.25, 5
or 250 mg/kg/day bicalutamide (0, 0.3, 3 times human exposure
with 50 mg/day} by gavage for 11 weeks prior to mating. Males
were paired with untreated female rats on the last day of dosing.
Males were mated with additional untreated females 7 and 16 waeks
after dosing to assess reversibility of effects.

A slight reduction in body weight gain was observed in HD male
rats.

Time until mating (precoital interval) and time to successful
mating were increased in MD and HD males mated immediately after
dosing. These impairments were not observed during the matings 7
and 16 weeks after dosing. Although time until mating was
increased, fertility {pregnancy rate) was not affected by drug
treatment . :

Treatment of males with bicalutamide had no effect on numbers of
corpora lutea, implants or live fetuses in any of the 3 matings.

Conclusion - Administration of bicalutamide increased the time
until mating (precoital inrterval} 1in treated males but had no
other etfects on mating or terrvility.

Reproductive Study in Female Rats (TGR/1480, lot ADM c0036784)

Female Wistar rats (n = 6/dose) were administered ¢, 10 or
250 mg/kg/day bicalutamide for 2 weeks prior to mating, and
throughout mating, pregnancy and laccation. Treated females were
mated with uncreated males.
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Body weight- no drug effects on maternal wts prior to or during
pregnancy or during lactation.

Treatment with bicalutamide had no effects on mating, fertility,
gestation length, litter survival, sex ratios Cr external
genitalia of F1 females. All male offspring of bicalutamide
treated dams were externally feminized with decreased anogenital
distance, hypospadias and prominent nipple develcpment. Body
weights of F1 males were significantly less than controls (v 3.6%
LD, 7.5% HD). Findings are summarized in Table 16 taken directly
from the submission (vol 1.47). Treatment of pregnant dams
throughout pregnancy and lactation had no effects on
developmental landmarks of pups (ear unfolding, crawling, hair
growth, eye opening, startle response) .

Conclusions- Male offspring of bicalutamide-treated dams were
feminized and impotent due to hypospadias. A reproductive study
involving interbreeding of the Fl generaticn is impractical
pecause of the feminizing effects of doses = 10 mg/kg/day on male
fetuses.

Teratology Study with Bicalutamide in Rats {(TTR 1250, lot % ADM
60036/84)

Pregnant fomale - Wistar rats (n = 20/dose) were administered
doses of 0, 1, 10, 50 and 250 mg/kg/day bicalutamide by gavage on
cays 6-:5 of pregnancy. Dams were killed on day 20 of pregnancy.
Bicalutamide at doses of 10, S0 and 250 mg/kg/day produced plasma
drug concentrations (Cp, AUC)in rats 1, 2 and 3 times those
achieved in men receiving the 50 mg/day therapeutic dose.

Mortality/signs - none

No effects on number of corpcra lutea, implants or

preimplantation loss.
No effects on litter size, post-implantation loss, mean fetal

waights or sex ratios.

Anogenital distance of male fetuses was significantly reduced at
dose levels = 10 mkd. No effects on anogenital distance were
observed in female pups. No increases 1in soft tissue or skeletal
anomalies were observed in pups ©f bicalutamide-treated dams.

Pharmacokinetics-

Uose g/ kgl Maternal Cplug/ml: Embryo concentration uga/qg)
250 16 7.5

Maternal exposures with highest dose = imes human therapeutic
soncentrations (€ss = 8.6 ug/ml 1n aen receiving 50 mgsday! .
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all the males in Groups II and III showed abnormal positioning of the
scrotum, usually involving unilateral displacement anteriorly and into
the midline. This finding was considered to be caused by unilateral
cryptorchidism. Scrotal masses developed as the males became mature and
occurred more frequently at the higher dose level (see section 3.2.11).
Urine staining also occurred more frequently im Group III. In all males
in Group III, opening of the pseudovagina was observed between 42 and 46
days of age. This last phenomenon was not observed in any male at the
iow dose of 176,334. A photographic reccid of the external
appearance of selected males at various stages of davelopment was made

(see Appendix 28; Figures A28/3 to A28/6).

There were no other observations in males of significance with

respect to dosing of the dams with 176,334,
Table 16 176,334 : Reproductive study in female rats - oral

administration. Study numbegiﬁ%R/lhBO.} ¥, generation:

Male animal observations.

P

i Number of animals in:

I Observation r Group I Group I! Group III
Hypospadias 0 20 20
Small urc~enital papilla 0 0 4
Urine sta.ning o 5 18
Abnormzal scrotum® o’ 20 19
Vaginal opening 0 0 20

% Abnorzal positioning and/or unilateral or bilateral swelling
and/or hardness.
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Summary and Conclusions -

Administration of bicalutamide to pregnant rats at doses up to
250 mg/kg/day {2 times therapeutic exposure) produced no
unexpectad internal or skeletal anomalies in fetuses.
Feminization of male fetuses was observed at doses = 10 mkd as
decreased anogenital distance. 1In a separate study (TGR/148C) in
which pups were allowed to develop through weaning, hypospadias,
nipple development and development of female external genitalia
were observed in male fetuses of dams treated with 10 and 250

mkd .

Teyatolcdy Study with Bicalutamide in Rabbits (TTB/1293, lot ADM
60036 /84
2D O L

Pregnant Dutch belted rabbits were administered 0, 10, 50 and 200
mg/kg/day bicalutamide orally by gavage from days 6-18 of
pregnancy. Damg were killed on day 28 of pregnancy for standard
teratclogic examination.

Mortality - 1C, i1 MD, 5 HD
Signs - decreased appetite/ body weight loss in 5 HD rabbits that
died. Dose-related decreased defecation in treated rabbits.

Body weight - no significant differences. body weight gain was
increased .n MD, HD rabbits (wt gain 124-127 g in C,LD; 175-183 g
in MD, HD)

No druzx-+o_.ated effacts on pregnancy loss, number of implants,
numkbery cI corpora lutea, pre- or post-implantation loss or live
fetus=s per .itter. No effects on fetal weights, placental
welghis or sex ratios.

Pharmacokinetics- 6 animals/gp were dosed with 0 or 200 mg/kg/cay
bicalutam:iae for PK analysis. Animals were killed 2 hours aftev
the last dose on day 18, Maternal and fetal plasma concentrations
of bicalutamide are 1/3 concentrat.ons 1ln men receliving tnhe 50
mg/day therapeucic dose.

Dose (mg/kg} Maternal Cp(ug/ml) Embryc concentrationiug/g)
200 2.7 2.8

Major anomalies - 1 LD fetus had microphthalimia

Soft rissue ancmalies - dark red (bleeding) ovary in 1/4¢6 HD
female fetuses-this anomaly never previously observed

Skeletal anomalies - no increase in the feruses of bicalutam:ide-
rreated fetuses.
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Necropsy cbservations (dams) -
Liver- mottled 0 C, 3 LD, 2 MD, 3 HD
Heart - vertricles/atrium pale -1 LD
pericardium inflamed i LD
Lung- numerous red spots (bleeding) O C, 2 LD, 1 MD, 3 HD

Summary and Conclusions- Increased mortality was observed

in pregnant rabbits receiving 200 mg/kg/day bicalutamide
suggesting the high dose was greater than the MTD. This dose
level was also the maximum dose due to drug sclubility/dosing
volume considerations. However, the high dose of 200 mg/kg/day
bicalutamide produced plasma drug concentrations in rabbits (dams
and fetuses) only 1/3 drug concentrations in men receiving the 50
mg/day therapeutic dose. No evidence of teratogenic effects of
bicalutamide were observed in this study. However. development
of external genitalia in male rabbit fetuses occurs on
gestational days 21-25, after the é-18 day dosing period.
Therefore, feminizing effects of bicalutamide in male rabbit
fetuses can not be assessed in this study.

GENOTOXICITY

Gene Mutation/Conversion Test in Yeast (TKN 143, lot # ADM
60022/84)

Ricalutamide (50, 100, 150, 250 and 50C ug/ml) + S9 was tested
for its potential tc preduce gene mutation and/er conversion in
Saccharomyces cerevisiae strain D7.

Conclusion- Bicalutamide did not cause gene mutation at the
isoleucine locus or gene conversion at the tryptophan locus cf 5.
cervisiae.

Ames Tests (TMV/129, TMV/130, lcr # 60022/494;

Salmonella typhimurium strains TA 1525, 1537, 1538, 98 and 100
were incubated with bicalutamide at concentrations of 50, 2ZCO0,
¢Q0, 100v and 200C ug/plate + S9. The 2000 ug/plLate
concentration precipitated and produced cytotoxicity in plates
without $9% mix. No increases 1n revertant cclonles was observed
in any strain in the presence of bicalutamide + S9.

Conclusgion - Bicalutamide was not mutagenic in the Ames Test.

T

Bacterial Mutagenesis in E.coli {(TMV/Z245, lot HE0036/84)

Z.coli strains WP2 and WP2uvrA pKM1C1l were incubated with
bicalutamide at doses of 125, 250, 500, 1000 and 2000 ug/plate

+ 89. This assay tests for base pair substitutions/point
mutations. Bicalutamide at 2000 ug,/plate was cytctoxic in both
strains. NoO increase 1n revertant colonles were observed 1in

s1ther strain incubated with bicalutamide.
conclusion - Bicalutamide was not mutagenic in E.collr.
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Mammalian Cell Mutation Assay in Chineze Hamster QOvary Tells
/HPRT Locus Assay (TMV/246, lot #ADM 56041/
This study was conducted by

Chinese hamster ovary cells were incubated with bicalutamide {(10-
125 ug/ml + S9) to test for forward mutations at the
hypoxanthine-guanine phosphoribosyl transferase locus. No
increases in mutant frequency were observed in bicalutamide
treated cells.

Conclusion- 176,334 was not mutagenic in the CHO/HPRT assay.

In vitre Cvtogenetic Study in Human Lymphocytes (TYX122, lot
#56041/85)

Human lymphocytes were incubated with bicalutamide (7.5, 30, 75
ug/ml} + S9 mix. Doses z 150 ug/ml were cytotoxic. Metaphase
chromosomes were analyzed after 24 hours of exposure at the first
post-treatment cell division,

The mitotic index in cultures exposed to = 30 ug/ml bicalutamide
without S9 was reduced 37-75%. No increase in chromosome
aberrations were cbserved in cultured human lymphocytes incubated

with bicalutamide.
Conclusion - Bicalutamide was not mutagenic in this in vitro

cytogenetic assay.

Mouse Micronucleus Test (TQM 458, lot # ADM 60022/84)

CCB Fl mice (n = 15/sex) were administered bicalutamide at a dose
of 2000 mg/kg,ip. Bone marrow smears were prepared 24, 48 and 72
nours after dosing and polychromatic erythrocytes (PCE) were
analyzed for the :ncidence of micronuclei. Bicalutamide did not
increase the incidence of micronuclei in PCEs.

Conclusion: Bicalutamidc was not mucagenic in the Mouse
Micronucleus test.

Cvtogenetic Study with Bicalutamide in the Rat (TYR/1284, 1ot ADM

£0022/84)

Wistar rats (n = 10/sex) were administered vahicle or 2000
mg/kg,po bicalutamide and bone marrow samples were obtained 12

and 24 hours after dosing.
Bicalutamide did not affect mitotic indeX or increase chromosomal

aberrations in rat bone marrow cells.

Conclusion- Bicalutamide (200 mg/kg) did not produce cytotoxicity
or chromosomal aberrations in rat bone marrow cells.
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SPECIAL TOXICITY

Contact Sensitization Study in the Guinea Pig (TDG/86, lot #

6006 /84)

Guinea pigs (n = 10M/gp) were administered 0.1% l-chloro-2,4-
dinitrobenzene (DNCB, positive control), bicalutanide at
concentrations of 5 or 10 mg/0.1 ml (5 and 10 %), or vehicle (0.5
% polysorbate 80) intradermally on day 1 {(induction procedure).
on day 8 DNCB, 25% bicalutamide or vehicle were administered
topically to shaved skin in the area of the injections. Contact
sensitization was observed in all DNCB positive controls but not
in vehicle or bicalutamide treated guinea pigs.

Conclusion -Bicalutamide did not cause contact sensitization in
guinea pigs, the best model for human cutaneous sensitization.

Passive Cutaneous Anaphylaxis in Guinea Pigs (TDG 178)

Bicalutamide (0.625, 1.25 and 2.5 mg/kg)} did not produce passive
cutaneous resSponses in guinea pigs (n = 16/dose) . :

Passive Cutaneous Anaphylaxis in the Mouse (TDM/798)

Bicalutamide (2.5 mg/kg) did not produce passive cutaneous
anaphylactic responses in mice.

Dermal Tolerance in Rabbits (TIB/267)

Rabbits (n = 3/sex) received 10 applications of 500 mg
bicalutamide in saline(days 1-5 and 8-12). On each day drug was

o dm e W

applied to one abraded and one intact skin site. Bicalutamide
application produced erythema of the skin in all raobits, however
in 2 rabbirs {1/sex) this response was only observed on 1 day out

of 10. 1In general, abraded skin was'more sensitive to
bicalutamide. Bicalutamide had a mean irritation score of .17
‘very low). Edena was never observed at the application sites.

Conclusion - Bicalutamide produced very slight irritation of
rabbit skin. Skin irritation in humans would not be expected.

Ocular Tolerance Study in Rabbits (TIB/268)

Wicaluvramide (10 mg) was applied to the conjunctival sac of

rabbits 'n = 3/sex). Eyes were examined for an irritaticn
reacticn immediately after, 1-2 hours and 1, 2, 3, 4 and 7 days
after application of drug. No ocular changes were cbserved 1in

any animal at any time point.

Conclusion- Application of 10 mg »f bicalutamide into the
conjuncrival sac of rabbits was not associated with pain or
rritation,
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LABELLING REVISIONS
1. page 4, paragraph 2, line 4

The sentence beginning " The male offspring of rats..."”
should be changed as follows-

The male offspring of rats receiving doses of 10U mg/kg/day
(plasma drug concentrations in rats egqual to drug concentrations
in men receiving the 50 mg/day dose) and above,

The reference to "no effects in rabbits" should be comitted since
rabbits were nct dosec during the critical period for development
of mule external genitalia.

2. pg 4, paragraph 2, line 8

The sentence should be revise to read as follows:
No other teratogenic effects were observed in rabbits receiving
doses up to 200 mg/kg/day (plasma drug concentrations in rabkbits

1/3 human therapeutic ccncentrations with 50 mg/day) or rats
receiving doses up to 250 mg/kg/day (2 times human therapeutic

concentrations) .

3. Carcinogenesis, Mutagenesis, Impairment of Fertility
page 6 - no changes

page 7 -

paragraph 1- In male rats dosed with 250 mg/kg/day {3 times human
therapeutic concentrations), the prec01raL

[L

~
U

Qor

li

paragraph 2 - No effects on female rats dcsed at 10, an
ation

[ =
mg/kg/day (1, 2, and 3 times hurnian therapeutic concent
their female offspring were observed.

Administration of bicalutamide to pregnant females resulted in
feminization of the male offspr.ng leading to hypospadias at all
dose levels. Affected cffsprinyg were alsc impotent.

0
ra

b
~= 1

u
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SUMMARY AND EVATUATION

Casodex 1is a nonsteroidal an. ndrogen that competitively binds
with cytcsolic androgéen recep 3 in target tissues. It 1is a
racemate with anti-androgenic activity exhibitad almost entirely
by the R-enantiomer. Casodex is unique ameng the anti-andrcgens
in its ability to inhibit growth of androgen-sensitive tumors in
vitre and in vivo.

Casodex had no hormonal, CNS, renal, respiratory, anti-
inflammatory, analgesic, or immunosuppressant effects in general
pharmacology screens. Cascdex decreases P-R interval and
increases heart rate in dogs at doses 2 2.5 mg/kg/day (NCEL = 1
mg/kg/day). No changes in blood pressure were observed in
bicalutamide-treated dogs.

Cascdex is well absorbed after oral dosing but saturation of
absorption is observed in rats and cdogs. The saturation of
absorption leads to plateauing of pl!asma drug levels with the
high doses utilized in the toxicolcgy studies in rats and mice,
but not in dogs. A comparison of single dose pharmacokinetics of
Casodex in the species studied is provided below. Protein
binding of Cascdex is extensive (95-95%) and comparble in all
species.

Species Dose Cmax TY AUC Excretion
(mg/kg (ug/ml) (ug.hr/ml) Fecee Urine

Mouse 8 200 64% 25%

Rat 25 11 17 hrs 250 62% 22%

Dog 10 5.8 5.7 days 1B02 ©9%

Man 1 0.85 € .3days 216 42% i6%

Casodex is widely distributed in rats. Drug concentrations in

several tissues exceed blood drug levels (6-fold higher in liver,
3 -fold higher in GI trac ., kidney, 2-fold higher in lungs).
Casodex is extensively metabolized prior to excretion in bile and
urine. Glucoronide conjugates of bicalutamide and hydroxylated
bicalutamide are major metbolites in the bile of rats and dogs.
The polar acid and amino-sulphate metabolites are the major
urinary metabclites (see page 10A) in animals.

Admin.stration of Cascdex to rats consistently produced the

followiny drug-related changes

1. Changns reflecting the desired anti-androgenic effects,
nawely, prostate, seminal vesicle, testicular atrophy andg
pituitary castration cells in male rats at all dose levels
(2 5 mg/kg/day! .
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2. . Changes secondary to drug-induced hormonal imbalance, such as
a. increased adrenal weights and adrenal cortical
hypertrophy and vacuclization
b. testicular leydig cell hyperplasia secondary tc
inhibition of testostercne/DHT feedback at the
pituitary progressing to adenomas in rats treated
for = 1 year.
c. ovarian granulosa-thecal cell hyperplasia
d. uterine adenocarcinoma
3. Changes secondary to liver enzyme induction
a. hepatocyte basophilia and hypertrophy
b. thyroid follicular epithelial hyperplasia progressing to
adenomas in the 2 year rat carcinogenicity study.
4. M™Mild decreases in hemoglobin and increases in tctal
protein/albumin were cbserved at doses =75 mg/kg/day

administration of Casodex tc mice produced effects almost
identical to those observed in rats. Decreased hemoglobin and
increased total protein were observed at doses 2500 mg/kg/day
(AUC exposures 11 times therapeutic exposures). Inireases in
liver weights and hepatocyte hyperplasia, hypertrophy and
polyploidy were observed at =z 75 mg/kg/day (5 times human
exposures), increases in ALT and alkaline phosphatase were
observed at = 500 mkd, and hepatocyte necrosis was observed at
doses = 1000 mkd. 1Increased adrenal weights and adrenal cortical
hypertrophy and vacuolization were observed with doses =z 500 mkd.
Prostatic and seminal vesicle atrophy were observed at all dose
levels (= 5 mkd) and testicular leydig cell hyperplasia was
observed at doses = 100 mkd. An increased frequency of malignant
hepatocellular tumors and deaths due ro liver tumors were
observed in male mice receiving 75 mg/kg/day in the 2 year
carcinogenicity study.

Administration of Casodex (z 2.5 mkd) to beagle degs preoduced
drug-related effects similar to those ncted in rodents, namely
prostate/testicular atrophy, leydig cell hyperplasia, adrnal
cortical hype:.rophy and vacuclization, and increased liver
weights and enzymes (alkaline phosphatar=, ALT). Drug-related
changes not previously observed in rodents included increased
neart rate, decreased white blcod cells and marked neutrophil
depletion, and increased cholestercl levels. Some

dogs dosed with 100 mg/kg/day for 6 months (50 times therapeutic
AUC exposures with the 50mg/day dose} displayed inappetance,
weight loss, and infections probably secondary to WBC, neutrophil
depletion { 1 HD male was killed in extremis). No drug-related
signs or mortality were observed in dogs treated with 50
mg/kg/day {20 times human exposure) for 1 year.

Administration of bicalutamide( = % mkd}! to male rats for 11
weeks prior to mating increased the time until successful mating
but had no other effects on fertility. Administration of
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picalutamide (2 10 mkd) to pregnant rats feminized the male
fetuses producing decreased anogenital distrnce, hypospadias,
abnormal scrotums and nipple development in male offspring of all
treated dams. Male fetuses of dams receiving 250 mkd (2 times
human exposure) also displayed vaginal openings. Casocdex
produced no other teratogenic effects in rats.

administration of bicalutamide (10, 50, 200 mkd) to pregnant
rabbits produced no terategenic effects in rabbit fetuses.
However, Casodex was not administered during the period of
development of male external genitalia in rabbit fetuses and ,
therefore, feminizing effects in male rabbtis were not assessed.

Casodex was not genotoxic in a battery of in vitro and in vivo
mutagenicity assays. Bicalutamide (5, 15, 75 mkd = 0.5, 1, 2
times human AUC exposures)was administered to AlpK Wistar rats
for 2 years to assess carcinogenic potential. The high dose
utilized in the study was not the maximum tolerated dose.
Bicalutamide increased the incidence of thyroid fellicular cell
adenomas in rats of both sexes, testicular leydig cell adenomas
in males and uterine adenccarcinoma in female rats. These tumcrs
most p~obably result from drug-induced hormonal imbalances and
not direct carcinogenic effects. Testicular benign leydig cell
adenomas have been observed in the carcinogenicity studies with
21l anti-androgens {(flutamide and nilucamide) and 5 a-reductase
inhibitors (finasteride and epristeride}. These compounds
inhibit testosterone/DHT feedback at the pituitary and/or
hyfr.othalamus resulting in increased LH secretion and conseguent
leydig cell hyperplasia. A similar mechanism would be expected
with bicalutamide and may also be involved in the .induction of
uterine tumors.

Bicalutamicge (5, 15, 75 mkd = 0.5, 1.5, and 5 times human AUC
axpsoure) was administered to CD-1 mice for 2 years tLO assess
carcinogenic potential. The high dose utilized in this study was
not the maximum-tolerated dose in mi¢e. As was observed in rats,
bicalutamide treatment increased the incidence of throid
follicular adenomas in mice of both sexes (see data below taken
from statistical review).

IV‘E"-T,:; T]'mﬂr ot s

ewdans Tumor c L M E P-values

) ‘ . 120 50 50 50 Trend Paiywice

Liver’ Hepatocellolar adenoma 3 O C 4 0260 .1307:C,H

~iver. Hepatocellelar carcincma 2 i1 &  .0C0D2  .00Z3i{C,H!

Liver, Hisgtlocytic sarcoma 2 o 3 4 .0287 Je2&e.C, H!

e b} - q - - = ) - - e

“hyroid gland/ Folliiculilar adenora 8 0 0 7  ,0133 1475(C,H!
.1 {C,H!

Femsie

Fltuitary aland/Adenoma € 7 4 B .0452 .G0392{C H:

chyrsid gland, Follicular adenoma ¢ 1 1 2 .045C .0937(C,H
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The sponsor suggests that the thyroid hyperplasia/adenomas
observed in rats and mice are secondary to drug-related liver
enzyme induction and a consequent increase in thyroid hormone
metabolism by the liver. The sponsor has demonstrated liver
enzyme induction in bicalutamide-treated rats and mice.

Bicalutamide {75 mkd} administration to mice for 2 years
significantly increased the incidence of malignant hepatocellular
carcinoma in high dose male mice. Hepatocyte cytomegaly and
polyploidy were also observed in mice at doses = 15 mkd. The
carcinogenic potency of Casodex in mice was probably
underestimated since the study was not performed at the MTD.

The carcinogencity study data are adequate to permit approval of
NDA 20-498. However, the studies were conducted utilizing high
dose levels which are not the maximum tolerated doses and are low
multiples of human exposure with the 50 mg/day dose. I am
concerned about the adequacy of the carcinognicity studies to
support other indications and dose levels. Zeneca is currently
conducting Phase III studies with 150 mg/day for treatment of
earlier stages of prostate cancer and benign prostatic
hyperplasia (BPH). In addition, hepatocyts polyploicy was
observed in rats treated with high doses of Cascdex. Casodex may
also produce liver tumors in rats if the MTD is utilized.

The carcinogenicity data for Casodex will be presented to the
Pharmacology/Toxicology Carcinogenicity Assessment Committee to
obtain their recommendation regarding the acceptability of the
studies for other indications.
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Table 17 : 176,334 Two year oncogenicity study in rats

dietary administration. Study number TCR/1296. Males -

tumours with increasing incidence with dose statistically

significant at 5% level.

Incidence of tumours

Control| 5 mg/kg|l5 mwg/kg|75 mg/kg

Testes: benign leydig
cell tumour (B)

Prevalence context

Days 1 = &20 0/10 1/7 G6/3 -

Days 421 - 532 0/ 14 1/6 2/6 5/5

Davs 533 - 616 0/12 0/5 2/10 7/9

Days 617 - 672 1/15 5/10 6/6 6/6

Days 673 - terminal necropsy 1/17 7/11 5/6 6/6

Terminal necropsy 1/34 5/12 17/20 24/25
P~values

trend p<0.000C1

multiplicity corrected trend p<0.0001

pairwise versus control - p<G.0001|p<0.0001|p<0.0001

Thvroids: adenoma -
follicular (B)

Prevalence context

Days 421 ~ 532 0/314 1/6 0/6 a/5s
Days 533 - 616 0/1t2 0/5 4/10 5/9
Days 617 - 672 1/15 3710 1/6 3/6
Davs 673 - terminal necropsy /17 1/11 3/6 4/6
Terminal necropsy 2/3% 4712 §/20 17/25
P-values

trend p<C.0001

multiplicity corrected trend, p<0.00C1

pairwise versus control - p=0.0038|p<0.0001!p<0.0001

--~084

- ek
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Table 18 176,334 Two year oncogenicity study in rats
dietary administration. Study number TCR/1236. Females -
tumours with increasing incidence with dose statistically
significant at 5% level.

Incidence of tumours
Controll 5 wg/kgl|l5 mg/kg|?5 mg/kg
Brain : astrocytoma (B) -
Fatal context 0 0 o 2
P-values
trend p=0.036
multiplicity corrected trend NS
Thyroids adenoma —
follicular (B)
Prevalence context
Days 421 ~ 532 0/7 /1 0/1 1/6
Days 533 - 616 0/11 0/5 1/6 0/3
Days 617 - 672 0/12 1/4 1/6 6/8
Days 673 - terminal necropsy 0/22 /8 1/9 7/11
Terminal necropsy 0/46 1/30 5/24 8/19
P-values |
trend p<0.0001
multiplicity corrected trend p<0.000.
pairwise versus contrel - NS p=0.0001|p<0.0001
Uterus adenocarcinocma (M)
Fatal context 0 0 0 3
Prevalence context
days 673 - terminal necropsy 0/20 0/8 1/11 Q/8
Terminal necropsy 0/46 0/30 0/24 2/19
P-values
trend p=0.0002
multiplicity corrected trend p=0.002
pairwise versus control - - ’ NS p=0.0016

Nete to table:

NS = Not statistically significant (p»G.05)
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Table 19 176,334 Two year oncogenicity study in rats
dietary administration. Study number TCR/12%6. Tumours
with decreasing incidence with dose statistically
significant at 5% level.

Incidence of tumours
P-value
Control| 5 mg/kg|l5 mg/kg|75 mg/kg|Trend test

Males

Pituitary gland:

adenoma - solid (B) 257100 10/51 9/50 7/51 0.015
Skin non-protocolled”:

squamcus papilloma (B) 7/102 1/51 0/51 1/51 0.042
Females
Mammary glands:

fitrcadenoma (B) 29/104 6/52 6/52 3/50 0.0002
Mammary glands:

adenccarcinoma (M) 8/104 2/52 /52 0/50 0.0054
Pituitary gland:

adencma - solid (B) 26/104 10/52 18/52 5/52 0.023

-

= all animals are regarded as at risk for non-protocolled tissues

-

--086
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Table 16 : 176.334 Two vear oncogenicity study in mice:

dietarv administration. Study number TCM/634.

Statistical analysis of hepatoceilular carcinomas.
Increasing trend with dose statistically significant at 5%
Jevel - males.
Incidence of tumours
I II ITI Iv
Group 0 mg/kg 5 mg/kg 15 mg/kg 75 mg/kg
/day /day /day /day
LIVER
Hepatocellular carcinoma (100) (50) (50) (50)
™
Faral context 2 0 0 3
Prevalence context
Days 421 -~ 616 0/14 0/12 1/10 0/6
Days 617 — 672 5711 0/7 /7 1/5
Days 673 =~ terminal 06/22 1/10 0/10 0/11
necropsy
Terminal necropsy 0/47 0/20 0/21 4/21
Overall
Cbserved incidence 2 (4.9) 1 (2.4) 1 (2.4) B (2.3)
{expected) -
Ratio cbserved: expected 0.41 0.41 0.41 3.52
P-values
Trend p = OiDOO9 |
I ~
Multiplicity corrected p = 0.0082
trend
Pairwise versus control S ! NS ! NS ] p = .0016

Note to table:

Fatal context - animals dying prior to terminal necropsy where liver
tumour has been designated cause of death.

\S - not statistically .ignificant at the 5% level. - - 078
Expected incidences are those to have been anticipated if there was ao

compound effect. They reflect survival differences between the groups.
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DIVISION OF METABOLISM AND ENDOCRINE DRUG PRODUCTS - HFD-510
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NDA #: 20-498 AUG 2 5 1995
CHEMISTRY REVIEW #: 2 DATE REVIEWED:; 8-25-95
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
ORIGINAL 9-14-94 8-15-94 9-16-94

AMENDMENT 8-22-95 8-23-95

NAME & ADDRESS OF APPLICANT: Zeneca Pharmaceuticals Group

1800 Concord Pike
Wilmington, Delaware 19897

DRUG PRODUCT NAME
Proprietary: Casodex
Nonproprietary/cstablished/USAN; Bicalutamide tablets
Code Name/#: 176,334
Chem.Type/Ther.Class: 1C

PHABRMACOQILQGICAL CATEGORY/INDICATION: Antiandrogen agent/i’rostate cancer

DOSAGE FORM: Tablets

STRENGTHS: 50mg

ROUTE OF ADMINISTRATION: Oral

RISPENSED: X _Rx __oOTC

CHEMICAL NAME. STRUCTURAL FORMULA, MOLECULAR F
Propanamide, N-[4-cyano-3-(trifluoromethyliphenyl]-3-[{4
-fluorophenyl)sulfonyl]l-2-hydroxy-2-methyl, { + -}

_)14,\“@/
C1BH14N204FAS L™
MW =430.37 n.

|
(L]

The deticiencies communicated to the firm on August 8, 1995 were satisfuctorily resolved in this
Amendment. This NDA is approvable from chemistry point of view pending satisfactory review of
EA. Summary of Review is attached. For the container and blister package labels, the word
‘"Tablet should be part of erther Tradeanme or established name, and the name of manufacturer
should be spelled out as the way specified in 21 CFR 201.1(h}(5)

CC:
Org. NDA 20-498 A c4 T F
HFD-510/Division File // /’%E’Cf'('bx_ﬁ

HFD-510/MRhee/YChiu/LPaul

Moo-Jhong Rhee, Ph.D.

Xl Review Chemist

R/D Init by: SUPERVISOR L
filename: NL-1.206 {f (H/



N

SUPPORTING DOCUMENTS:
Chem Rev #1 dated 8-8-95,

Related Document:
See Chem Rev #1

REMARKS/COMMENTS:

The 8-22-94 amendment was submitted in response to the deficiencies noted in the Chem Rev #1
dated 8-8-95. By this Amendment, alt the CMC issues, except for EA, are resolved.



guantitatively demonstrate the amount of R and S forms, but rather to
demonstrate clear separation of each enantiomer under the specified HPLC
condition. Therefore, the amount of each enantiomer weighed was not exactly
the same in the preparation resulting in different peak area from each other.
Satisfactory.

B. Drug Product:

Question 5: Please provide schematic diagram and specifications of dimension of
containers for tablets.

Response: As requested, detailed schematic diagrams and physical
specifications for the HDPE bottle {75cc, white, square, and wide mouth
w/M33-sp-400 finish) and blister pack were providad. Satisfactory.

Question 6: Please ci/arify as to whether the blister package and plastic bottles used
in the stability studies are the same as the proposed package in terms of container
size and the number of tablets per container.

Response: The firm confirmed that the stability samples have the same
packaging configuration as proposed packaging in terms of container size and
the number of tablets (100 tablets per 75cc bottle and 10 tablets per blister
strip). Satisfactory.

Question 7: Please submit chiral HPLC chromatograms of samples subjected to
400C/80% in blister package and bottles for 1, 3, and 6 months.

Response: Chiral HPLC chromatopgrams of stability samples (250C for 12
months, 300C/80%RH for 12 months, and 400C/80%RH for 6 months) in
blister package as well as bottles were submitted. The chromatographic profiles
ook almost identical confirming their argument made in the response to
Question 4. Satisfactory.

C. Labeling;

Question 8: /n package insert, dosage form (tablets) should be indicated in the
heading right artter tradename or established name.

Response: As requested dosage form will be indicated in the heading of package
mnsert as follows: Casodex (bicalutamide) tablets. Satisfactory.

Question 9: Please provide draft labels for cartons.

Response: Dratt labels of cartons for bottle {100 tablets per bottle) and blister
packages {3 packs per carton) were submitted. Also submitted is draft labal for
blister package and buik container. They ail have adequate information. The only
comment 15 that to be consistent with package insert, dosage form should be
specified in the tradename and the manufacturer shouid be spelled out in
accordance with 21 CFR 201.1 (h}{D). Satistactory.



-

Summary of Chemistry Review

A. Drug Substance:

1. Other Firm: Satisfactory. See Chern Rev #1

2. Synthesis: Satisfactory. See Chem Rev #2

3. Raw_Material Controls; Satisfactcry. See Chem Rev #1

4. Specifications and Analytical Method: Satisfactory. See Chem Rev #2
B. Rrug Products:

1. Components and Composition: Satisfactory. See Chem Rev #1 3

2. Raw Material Controls: Satisfactory. See Chem Rev #1

3. Manufagturer: Satisfactory. See Chem Rev #1 -

4. Manufagturing and Processing; Satisfactory. See Chem Rev #1

5. Packaging and Labeling; Satisfactory. See Chem Rev #1

6. Laboratory Controls: Satisfactory. See Chem Rov #1
7. Containers: Satisfactory. See Chem Rev #2

8. Stability; Satitsfactory. See Chermn Rev #2

C. Investigational Formulations: Satisfactory. See Chem Rev #1
D. Environmental impact Analysis Report: Pending.
E. Samples and Results: Method Validation will be requested.

F. Labeling: Satisfactory. See Chem Rev #2. Mmnor comments to be comnunicated to
firm,

G. Established Inspection: Satisfactory. See Chem Rev #1



DIVISION OF METAEOLISM AND ENDOCRINE DRUG PRODUCTS - HED-510  AUG - 8 19

Revie'v of Chemistry, Manufacturing and Controls
NDA #: 20-498

CHEMISTRY REVIEW #: 1 DATE REVIEWED: 8-885
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
ORIGINAL 9-14-94 9-15-94 9-16-94
AMENDMENT 10-28-94 10-31-94

2-17-95 2-21-95

4-10-95 4-12-95

7-5-95 7-6-95

NAME & ADDRESS OF APPLICANT. Zeneca Pharmaceuticals Group
1800 Concord Pike

Wilmington, Delaware 19897

QBLJE_EELQQLLQI_NAME
Casodex
NmnmnnﬂawiEslabhshedﬂJ_SA& Bicalutamide tablets
Code Name/#: 176,334
Chem, Type/Ther 5i 1C

PHARMACOLOGICAL CATEGORY/INDICATION: Antiandrogen agent/Prostate cancer

DOSAGE FORM: Tablets
STRENGTHS: 50mg
BQUIE_QF_AQM[NLSIBAIIQDL Oral

X BRx __ O7C
Q_HEMIQAL&LAM.E._SIBL&LUBAL_EQBM“MQLECMLAB
Propanamide, N-{4-cyano-3-(tnfluoromethyliphenryl]-3-{{4
fluerophenylisulfonyll-2-hydroxy-2-methyl, {+ - . C

@ Sl
CL.

C,HsN;O,F,S 7
MW =430.37

CONCLUSIONS & RECOMMENDATIONS:

CMC information provided 1s consided to be adequate with minor deficicncies identitied. EER
returned with acceptable rating (7-26-95). The tradename was cleared by the Labeling and
Nomenclature Committee on 2-6-95. Therefore, from chemistry point of view, this NDA is
approvable pending satisfactory review of EA and submission of draft carton labels. In addition,
the deficienctes delinaated in the draft letter should be clarified (see draft letter).

ULAR WEIGHT:

ce:

Org. NDA 20-498
HFD-510/Division File
HFD-510/MRhee/YChiu/LPaul

L Tt

7

Moo-Jhong Rhee, Ph.D.
R/D Init by: SUPERV!SOR ([(t Review Chemist
tilename: NL.206 e PR

o



***SENSITIVE***
REVIEW
OF
ENVIRONMENTAL ASSESSMENT
FOR
. NDA 20-498
CASODEX®
REVIEW DIVISION: HFD-510
CENTER FOR DRUG EVALUATION AND RESEARCH

HFD-004

DATE COMPLETED: August 20, 1995



EA Review #3, NDA 20-498 Page 2

ENVIRONMENTAL ASSESSMENT

1. Date:
NDA submitted: 14 September 1994
EA #1 dated: January 1992
EA #2 dated: November 1994
EA revision #1: 17 February 1995
EA revision #2: 5 July 1995
EA revision: August 1995+

Consult to HFD-004: August 17, 199%
*Information reviewed.
CS0: Lana L. Pauls
2. Name of Applicant/Petitioner:
ZENECA Limited
Macclesfield Cheshire, England
ZENECA Pharmaceuticals Group, a business unit ot

ZENECA, Inc., 1s authorized U.5. agent for ZENECA
Limited for the subject NDA.

Adeguate.

3. Address:

Administrative Headquarters
ZENECA Limited
Alderly Park
Macclesfield Cheshire
SK10 4TF England

RESPONSE TO DEFICIENCY FAX OF AUGUST 10, 1985:

The FOI'able EA should be revised as tollows:

1. The statement in section .£.3 that the material is strongly
absorbed to soll is not consistent with the conclusion 1
the sorption/desorption test report which states that the
material 1s likely to ke moderately mobile. Please revise

as appropriate.

RESPONSE: The Company has olariiiled that section of the
document . ADEQUATE



2. The - “+xicity Daphnia magna test results should be
inc into the EA (section 7 and 15.1).

RESPON’ esting was not performed due to the limited
..ity due to solubility problems. The LCy of >
ppm quoted in the report is the best estimate. of
<« acute toxicity. They have included this
information in the EA. ADEQUATE

Lt

Section 14 is not a confidential section. All that is
required in Section 14 is a list of documents used in the
preparation of the EA. Listed documents might include
cnemical handbooks, published reports, FDA EATAD's or other
such documents. The information currently listed in this
section are appendices which should be listed by name 1in
section 15 and designated as confidential. The MSDS for
casodex should be included as a non-confidential appendix
and attached tc the FOI'able EA. Please revise sections 14
and 15 and provide the MSDS as noted above.

RESPONSE: Section 14 and 15 have been revised appropriately.

ADEQUATE
SUMMARY
A FONSI may be written. The MEEC terrestrial is estimated at
and the MEEC agquatic as ppm {(based on
kg/year). Chronic toxicity testing in Daphnia is reported as

LC., 3.2 ppm INOEC 5.6 ppm) and acute toxicity is estimated at
LC.- » 5.3 ppm. Toxicity to both blue green and green algae 1s
reported as EC,, »>1.1 ppm and NOEC 1.1 ppm



ENVIRONMENTAL ASSESSMENT
AND

FINDING OF NO SIGNIFICANT IMPACT

CASODEX®
(bicalutamide tablets)

50 mg

NDA 20-498

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF METABOLISM and ENDOCRINE
DRUG PRODUCTS (HFD-510)



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-498
CASODEX®

{bicalutamide tablets)

The National Environmental Pelicy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug nroduct
applications as an integral part of its regulatcry process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this acticn and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In suppeort of their new drug application for CASODEX®, Zeneca
Limited has conducted a number of environmental studies and
prepared an envivonmental assessment in accordance with 21 CFR
25.31a(a} (attached) which evaluates the potential environmental
impacts of the manufacture, use and disposal of the product.

Bicalutamide is a synthetic drug which is administered as an oral
tablet in the treatment of advanced prostrate cancer The drug
substance will be manufactured by Zeneca Limited, Cheshire,
England, the drug product will be manufactured by Zeneca GmbH,
Plankstadt, Germany and the drug product will be packaged by
Zeneca Pharmaceuticals Group, Newark, Delaware. The finished
drug product could be used in hospitals, clinics and by patients
in their homes.

Bicalutamide may enter the environment from excretion by
patients, as emissions from manufacturing sites or from disposal
of pharmaceutical wastes. Chemical and physical test results
indicate that the drug substanrce will most likely enter the
aquatic or terrestrial environment. No rapid environmental
depletion mechanism has been identified.

As the drug would be expected'to persist in the environment for
some time, the toxicity ot the material to organisms was
characterized. Chronic toxicity studies in wate> fleas (Daphnia
mayna) and testing of blue green algae (Microcystis ieruginosal
and green algae [(S. capricornutum) ind:i-atre that the drug
substance is nor roxic to organisns .t the expected environmental
concentracions.



Disposal of the drug may result from manufacturing waste,
rejected, returned or expired drug product and user disposal of
empty or partly used product and packaging. Manufacturing waste
will be disposed of at a licensed facility. Rejected, returned
or expired drug product will be disposed of by high temperature
incineration at a licensed facility. At U.S. hospitals and
clinics, empty or partially empty packages will bhe disposed
according to hospital/clinic procedures. From home use, empty or
partially empty containers will typically be disposed of by a
community's solid waste management system which may include
landfills, incineration and recycling, while minimal gquantities
of unused drug may be disposed of in the sewer system.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Precautions taken at the
gsites of manufacture of the bulk product and its final
formulation are expected to minimize occupational exposures and
environmental release. Adverse effects are not anticipated upon
endangered or threatened species or upon property listed in or
eligible for listing in the National Register of Historic Places.

-7
8152\ l%/ 10 S N /’é@ C’gﬁ-\jw

DATE PREPARED BY !
Nancy B. Sager
Environmental Scientist
Center for Drug Evaluaticn and Research

il L6 Qe

DATE CONCURRED /'
Robert A. Jerussi, Ph.D.
Assoclate Directcer for Chemistry
Center for Drug Evaluation and Research

*

Attachment : Environmental Assessment



ENVIRONMENTAL ASSESSMENT FOR CASODEX

NON CONFIDENTIAL
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CASODEX ENVIRONMENTAL ASSESSMENT
SECTION 1.

DATE: AUGUST 1995



0
SECTION 2. APPLICANT APPJ'&%;?DE

ZENECA Limited,

Macclesfield, Cheshire, England

ZENECA Pharmaceuticals Group a business unit of ZENECA Inc is the
authorised US agent for ZENECA Limited for the subject NDA




SECTION 3. ADDRESSES
Administrative Headquarters.

ZENECA Limited
Alderley Park
Macclesfield Cheshire
SK10 4TF England

Site for Manufacture of Active Matenial

ZENECA Limited
Macclesfield Cheshire
SK10 4TF England

Site for Formulation of Drug Product

ZENECA GmbH
Onto-Hahn Strasse
68723 Plankstadt
Germany

US Distribution Centre
ZENECA Pharmaceuticals Group
587 Old Baltimore Pike

Newark, Delaware 19711



SECTION 4. DESCRIPTION OF THE PROPOSED ACTION Rr

4.1

4.2

4.3

0
Describe the requested action [/94/y40€

ZENECA Limited is filing a new drug application for approval to manufacture and
formulate, package and distribute CASODEX.

The US agent is: ZENECA Pharmaceuticals
P.O. Box 751
Wilmington
Delaware

The NDA number is 20-498

CASODEX is a tablet containing 50 mg of bicalutamide; the active drug substance 1s
also known as ICI 176334.

Describe the need for the proposed action

CASODEX is a drug for the treatment of advanced prostrate cancer. It will be used
chronically in elderly male patients. ICI 176334 is a non-steroidal antiandrogen.

Locations where the products are to be :-

(1) Produced

The active material will be produced at the ZENECA manufacturing site at
Macclesfield

The address of the facility is:-

ZENECA Limited

Charter Way,

Hurdsfield Industrial Estate

Macclesfield,

Cheshire, -
SK10 4TF.

England



(2) Formulated By 2 ;gi”s Mapg
NT

The active drug substance will be formulated at the ZENECA facility at Plankswadt i
Germany.

The address of the facility is:-
ZENECA GmbH
Otto-Hahn Strasse

68723 Plankstadt ,
Germany

(3) Final Packaging

Final packing will take place at Macclesfield and Piankstadt and at Newark., Delaware
in the USA.

The address of the Newark facility is:-
ZENECA Pharmaceuticals Group
587 Old Baltimore Pike
Newark, Delaware 19711

The latter facility will be the distribution centre for the USA.

(4) Used

Casodex is indicated for the treatment of advanced prostrate cancer. The product will
be used in hospitals and in home care therapy.

(3 Disposed

The product is used in hospitals and homes for trzating patients with advanced
prostrate cancer. It is administered in tablet form. The packaging would be disposed
of by the normal methods used for disposing of the packaging of medicinal products.

Any rejected, returned or time expired product will be disposed of by high temperature
incineration in facilities approved by the local authorities having jurisdiction in the area
in which disposal is taking place.



4.4.2

made up of a three-fold division:

RE D4
) . Cry
Keuper Marl; 0
- Watcrsrtonc; B'VAP Pl NC‘%MADE
- Keuper Sandstone (bottom). NT

All three groups merge into one another becoming progressively finer in grain until the
clay of the Keuper Marl, with its evaporitic beds, overspread the other Triassic rocks.
In the Alderley Edge area, the Keuper Sandstune basal beds are noted as being coarse
grained and conglomeratic. The Waterstones are an alternating series of thin bedded
marly brown sandstones and soft sandy marls and variegated shales. They represent a
transitional depositional phase between the underlying Keuper Sandstone and the
overlying Keuper Marl. In the Cheshire Basin the Keuper Marl attains its fullest
development in Britain. The Keuper Marl comprises a relatively homogeneous
sequence silty red clay (Marl) with thin intercalations of dolomitic substance.

In the vicinity of the ZENECA Macclesfield site tne Triassic Sandstone lithologies
comprise Upper Mottled Sandstone and Bunter Pebble Beds of the Bunter Formation,
and no impermeable Keuper lithologies are present.

Overlying the Triassic Sandstone Formations are a sedimentary succession of
Pleistocene and recent deposits, which are 50-60m in thickness in the vicinity of the
ZENECA Macclesfield facility. These drift deposits are generally differentiated as
houlder clay or sands and gravels. This is somewhat misleading as they are
charactenstically intricately intercalated with both veriical and lateral gradation and
discontinuity.

The site has been developed over the last 20 years to provide a comprehensive facility
for the development, manufacture, formulation and distribution of pharmaceuticals
together with associated laboratories and administration areas. The buildings are of
modemn design and construction.

Site of Formulation Facilities

The site at Plankstadt is located in an area designated as an industrial zone. The area
of the site 1s approximately 95,000 m”. It stands on a plain just to the west of a range
of hills which rur: north 1o south. The predominant wind direction is from the west.
The site stands on alluvial deposits from the rivers Rhine and Neker. The soil is sandy
with many small pebbles. It is bounded by other industrial property and tarmland.

The site has been developed over the past 20 years to provide faciliues for the
purification of active materials and the formulation and packing of pharmaceuticals
products.  The buildings are of modern desivn and construction,



4.4.3 Sites for Final packing and Distribution anﬂ(‘]’l

S
Geographically the ZENECA Pharmaceuticals Group facility is on the Igekl’fupaPJ’CANT ¢
Peninsula where the weather is moderated by both the Chesapeake Bay to the west and
the Delaware River and Bay and Atlantic Ocean to the eas:. The area of the plant site
is a plain just south of hills which extend from northem Delaware into Pennsylvama.

The environment of the site itself is 87 acres of relatively flat second growth
woodlands. The soils are a thin layer of organic soils over heavy clay and occasional
sand or glacial till. The sedimentary rock beneath the soils is deeply buried at the
plant site and nearby area. Development of the site is about 405,000 square feet of
buildings which supports the pharmaceuticals business, substantial grass lawn areas and
decorative plantings, paved -walkways, paved and unpaved access roads, and paved
parking lots. The buildings are of modern construction, designs and materials and
have been built specifically for pharmaceuticals production since 1971. Site drainage
improvements have been made by installing a pond to slow ramnwater run-off from
buildings and paved areas.

The environment adjacent to the site is to the north, US interstate 95, to the west a
casement for an interchange to US interstate 95; to the south, Old Baltimere Pike and a
residential area; and to the east, Salem Church Reoad and a residential area.

The potable water is supplied by Wilmington Suburban Company and the waste waler
from the site is treated in the New Castle County Municipal Sewer System at the
Wilmington Treatment Facility.



SECTION 5. IDENTIFICATION OF CHEMICALS SUBSTANCES THAT ARE
SUBJECT OF THE PROPOSED ACTION

5.1 Drug Substance

The active drug substance is also known as ICl 176334

5.1.1 Complete Nomenclature AR

N-(4-Cyano-3-(trifluoromethyi)phenyl)-3-(4-flucrophenyl)sulphonyi)-2-hydroxy-2-
methylpropamide

5.1.2 CAS Registration Number
CAS 090357-06-5

5.1.3 Molecular Structure
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Molecular weight 430.37 g/mol

5.1.4  Physical Description
CASODEX i1s a white crystalline powder.
5.2 Materials used in the Synthesis

A list of materials used in the synthesis is inciuded 1n Section 15




6.1.2

6.1.3

is included in Section 15. This agreement relates to the total discharge of aqueous
effluent from the site , which includes but is not limited to the manufacture of
CASODEX.

North West Water PLC have been informed of the intention to manufacture
CASODEX and have not seen it necessary to impose any specific limits for emissions
from the CASODEX process.

Major Requirements of the Agreement

Flow 1.2 million gallons/day up to a maximum of 7 million

gallons /week.
COD 88,200 Ibs / week
Total Solids 500me/litre RED, AcTion
pH 6.0 - 9.5 By APP[ M4D£

Non-aqueous Liquid Wastes

Non-aqueous hquid wastes are segregated, where possible, into separate components.
These components are transported to specialised operators for recovery for non-
pharmaceutical use. Where segregation and recovery is not feasible the streams are
collected together in a common site system for high temperature incineration in a
licensed facility off-site.

In this facility a destruction efficiency of >99.99% is assumed for all organic species.
The flue gasses are treated to remove pollutants prior to discharge to atmosphere. The
treatment consists of rapid quenching of the stream to minimise secondary reactions
followed by wet scrubbing and particulate removal. The facility meets ail relevant
operating and discharge permits.

The facility currently used by ZENECA is

Cleanaway Lid
Bridges Road
Ellesmere Pornt
Cheshire

L65 4EQ

Cleanaway Ltd is authorised by Her Majesty’s Inspector of Poljution. The
authorisation number is AG 8233

All contractors are regularly audited by ZENECA
Air Emissions
All air emissions from the manutacturing factlities are tn comphance with local and

national legislation. Limits apphied by Her Majesty's Inspector Of Pollution are
contamed in the site’s authorrsation, number AK 4079 appended in Section 1S



6.1.5

6.1.6

6.1.7

Control of Air Emissions

Emissions from ICI 176334 production are discharged in such a manner as to comply
with local legislation. Where appropriate emisstons are discharged through scrubbers
or are controlled by installing cooled condensers on reactors.

Monitoring 1o ensure compliance is carried out where specified in the site’s
Authorization for operation or where deemed appropriate by the site’s management.

Treatmeni of Solid Waste Arisings from Production of ICI 176334

All solid wastes are collected as part of a site-wide system and stored temporally, in
appropriate containers, in a specially designated area. The storage and treatment of the
wastes are controlled by a licence from the local waste disposal authority, The licence
is numbered 60909 and has been renewed in 1992, The site is regularly inspected for
comphance by the Waste Disposal Authority and permission for continuing operation
1= dependant on full compliance with the terms of the licence. A copy of the licence 15
included in Section I5.

All organic wastes are transported, by licensed carriers, to an off-site facility for high
temperature incineration.

In this facility a destruction efficiency of >99.99% is assumed for all organic species.
The flue gasses are treated to remove pollutants prior to discharge to atmosphere. The
treatment consists of rapid quenching of the stream to minimise secondary reactions
followed by wet scrubbing and particulate removal. The facility meets all relevant
operauing and discharge permits.

The facility currently used by ZENECA 1s

Cleanaway Ltd RfDAC‘”

Bridges Road Ey "*PPOLF;JgA%A DE
Ellesmere Port T
Cheshire

165 4EQ

Cleanaway Ltd 1s authorised by Her Majestv's Inspector of Polluton. The
authorisation number is AG 8233

All contractors are regularly audited by ZENECA

Emissions due ¢to the manufacture of ICI 176334

It s estimated that less than 2.0 Kp/vear of 1CT 176333 will be emitted to waste water
systems as a result of production of the active matenial  Epussions of other materls
will be controlled so as to ensure that discharyes remmn within existing pernutted
fevels and have no effect on the cither the treatment processes or the wider
environment.



6.2

6.2.1

6.2.3

Effect of Approval on Compliance with Current Limits at the Production Site

The production of ICI 176334 will be controlled so as to ensure the site continues to
meet ail the relevant Agreements, Authorisations and Permits. There will be a minimal
increase in the amount of matenals discharged from the site which will be controlled
using existing systems. The nature and amounts of these materials is such that they
will be accommodated within the terms of the existing permits and authorisations. The
relevant authorities have been informed of the proposals to manufacture 1CI 176334
and have raised no objection.

Formulatiop of Drug Product

All emissions from the processing facilities at Plankstadt are treated in accordance with
local legislation.

Aqueous waste

All aqueous wastes from the formulation of CASODEX are transferred to the sites
effluent system. The total effluent from the site is settled to remceve solids and the pH
adjusted to between 6.5-8.5 before being discharged to the local sewerage treatment
plant. All discharges to the treatment plant are made under an agreement between
ZENECA and both the Landratsamt Heidelberg and Gemeinde Plankstadt.

It is estimated that less than 20kg/year of CASODEX is discharged to the sewage
system.

The Major requirements of the Agreement are:-

Flow 7763 cubic meters/week 05.040],

TOD 2058 mg/! 5 4oy

pH 6.5-8.5 ORI
Temperature < 35°C 447‘ &
Heavy metals (Cu Zn Pb)  each less than 1ppm

Hg 0.05 ppm

Air Emissions

All discharges from the plant are either filtered or passed through wet scrubbers 10
prevent the discharge of Casodex. The aqueous effluent from the scrubbers is passed
to the site effluent system for treatment. Used filters are sent for incineration at a
facility approved by the Authorities as pant of the site’s system for disposing of solid
wastes.



6.2.4

6.2.5

Solid Wastes

All solid wastes are collected as part of a site wide system and stored temporarily,in
appropriate containers, in a specially designated area. The disposal of solid wastes 1s
controlled by a licence from the Regierungspraesedeum Koeln.

All wastes are transported by licensed contractors tc an approved incineration facility.
This facility operates under a licence from the local authority and meets all relevant
operating and discharge consents.

The contractors currently used by ZENECA are:

GVYS Gmbh and Company KG
Otto Hahn Strasse 50
68168 Mannheim

GVS Gmbh and Company KG is authorised by the Bezirksregierung Munster. The
permit number is 0000619,

All contractors are audited by ZENECA.
Effect of Approval on Compliance with Current Limits at the Production Site

The production of the CASODEX drug product will be controlled so as to ensure the
site continues to meet all the relevant Agreements, Authorisations and Permits. There
will be a minimal increase in the amount of materials discharged from the site which
wil} be controlled using existing systems. The nature and amounts of these materials 1s
such that they will be accommeodated within the terms of the existing permits and
authorisations. will have no impact on compliance with current environmental
legislation and permits.

REDACTIONS
BY APPLICANICE -



6.3

6.4

Final Packing and Distribution

All wastes are collected into a centralised system for disposal by licensed contractcrs.
Where appropriate materials are incinerated in a facility approved by the local
authonties.

The only discharges to water result from cleaning operations and these will not cause
the breach of an existing permits and consents.

The contractors currently used by ZENECA are:

Lancaster County Solid Waste
Management Authority Resource
Recovery Facility

Route 441 South

Bainbridge, PA 17502

No discharges of materials to air will result from the proposed activity.
Compliance Statements
ZENECA Pharmaceuticals Group, a Business Unit of ZENECA Inc., states that it is in

compliance with, or on an enforceable schedule to be in compliance with, all emission
requirements set forth in permits, consent decrees and administrative orders applicable

~ to the production of Casodex at its facilities in Newark, Delaware, as well as emission

requirements set forth in applicable Federal, State and local statutes, and regulations.

Compliance statements for the Macclesfield and Plankstadt facilities are appended.

REDACTIo;
IS
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TO WHOM IT MAY CONCERN 13 August 1993

ENVIRONMENTAL IMPACT STATEMENT

This is to certify that we ZENECA Limited of Macclesfield, Cheshire, England, being
the manufacturer of "Casodex’ in the United Kingdom comply or will comply with all
applicable United Kingdom regulations and bye-laws gaverning the emissions resulting
from the manufacturing process for *Casodex'.

Yours faithfully
For and on behalf of

ZENECA Limited
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SECTION 7. FATE OF EMITTED SUBSTANCES N THE ENVIRONMENT

7.1

7.1.1

7.1.2

7.1.3

7.1.4

7.1.5

Summary of Results of Physical Testing
Water Solubility
Mean solubility in water at 25°C = 2.77ppm (8D = 0.06)

A graph plotted of mean concentration {ppm) against time (days) shows that
equilibrium was reached after 3 days. ,

Hydrolysis

After 5 days at 50°C, less than 10% hydrolysis occurred at pH 5, 7 and 9. CASODEX
buik drug is, therefore, considered to have a half-life equal to or greater than one year
at 25°C.

Hydrolysis Rate Constant K = 2.2 x 10°*S"!

Dissociation Constart

CASODEX bulk drug has a solubility of 6.4 x 10°M in water.

The Environmental Assessment Technical Assistance Handbook states that chemicals

with a water solubility below 10°M need not be tested. No further work is required
for the estimation of the dissociation constant.

n-Octanol/Water Partition Coefficient (log P)

Sample Concentration (ppm) 1000 100 APP[ / CA%?DE
log P 2.35 2.54
Std. Dev 0.02 0.08

Vapour Pressure

CASODEX melts at 191-193%. The structure of the material is such that it would not
be expected to sublime therefore ZENECA hclieves that the vapour pressure will be
very low and therefore not relevant to the environmental assessment.



7.2

7.2.1

7.2.2

7.2.3

Summary of Biological Testing

Biodegradability R?ﬁg;ﬁ"f&m LE
NT
Biological Oxygen Demand (28days) = 0
Carbon Loss = 97%
Test Substance Loss =23%

Note: The carbon loss (from solution) is attributed to the insoluble nature of
CASODEX and not to biodegradation.  *

Anaerobic Biodegradability

Anaerobic Biodegradation = 0
Test Substance Loss < 8%

Note: The carbon loss (from solution) is attributed to the insoluble nature of
CASODEX and not to biodegradation.

Chronic Toxicity to Daphnia Magna

TIME LC 50 95% Confidence Calculation
(mg/1) Interval Method

(days)

1 >5.3 - -

2 >5.3 . -

4 >53 - -

7 >5.3 - -

14 4.0 3.5-4.6 Moving angle
method

21 32 2.9-3.6 Moving angle
method

No observed effect concentration (NOEC} = 5.6 mg/l (Mean measured)

Acute testing for toxicity to Daphnia Magna was not performed due to limited
solubility of CASODEX. The highest concentration tested (5.6 mg/l) being higher that
the aqueous solubility level of 2.77mg/l. It is therefore judged that the 48hr LCS0 of
>5.3 mg/l quoted in the repert is the best estimation of the acute toxicity of
CASODEX.

10



7.2.4 Toxicity to Blue Green Algae Microcystis aerugincsa
No observed effect (P=0.03) concentration (NOEC) = 1.1mg/ml

REDAC
Median cffective Concentration, (EC 50) > 1.1 mg/l By Ag’?’fng%ADE
r

7.2.5 Toxicity to Green Algae Selnastrum capricornutum
No observed effect (P=0.05) concentration ‘(NOEC) = 1.lmg/ml
Median effective Concentration, (EC 50) > 1.1 mg/l
7.2.6 Seoil Sorbtion and Desorbtion

Results based upon mean measured concentrations as mg. CASODEX per litre

SOIL pH Koc
] S 561
2 5.8 612
3 7.7 420

7.3 Metabolites

CASODEX is a racemate (50:50) with its antiandrogenic activity being almost exclusively
exhibited by the R-enantiomer; the S-enantiomer is essentially inactive. CASODEX is
extensively absorbed and is excreted almost equally in urine (36%) and faeces (43%) over a 9
day collection period; the incomplete recovery (15%) is a consequence of the slow elimination
of (R)-CASODEX from the plasma. No measurable concentrations of metabolites have been
detected in the systemic circulation, but two polar metabolites of CASODEX were detected in
urine with virtually no parent compound present. The two urinary metabolites are the
glucoronide conjugates of CASODEX and hydroxy-CASODEX, the latter being hydroxylated
in the monofluorophenyl ring. CASODEX and hydroxy- CASODEX are recovered in the
faeces, probably as a result of enzyme cleavage of the corresponding glucoronide conjugates
by gut flora. Hydroxy-CASODEX has no significant antiandrogenic activity.

Toxicology studies of the metabolites have "not been performed.

MY



SECTION 8. ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES

8.1

8.1.1

8.2

Maximum Expected Environmental Concentration (MEEC) of Drug Substance
Assumptions in Calculation of MEEC

Fraction of US Population using Waste Water Treatment Plants Fiowerea) 0.74

Annual US Sewage Flow (SF _.) 3.7*10" Liyr
Annual Yield of Dry Sludge from WWTP ’(DS ) 5.9*10%kg/yr
Dilution Rate of Application of Sludge to Agricultural Land (DR ) 0.025
Estimated Annual Volume of Drug Substance (MV ) 2000 kg
Fraction of Drug Subsiance not excreted. 0
Average Kp Casodex 285
REDACTIONS yppe

BY
The MEEC of Casodex into the environment from use of the drug product i§q Eﬂéé&tw
as follows, assuming 100% excretion of the drug and its metabolites.

Calculation of MEEC for Drug Substance

Quantity emitted into WWTPs = MV (i) * Fomered)
= 2000*0.74
= 1480 kg/yr

Based on the distribution bziween sludge and water

Kp = Concentration in sludge (C,)
Concentration 1n water (C,)

G,
G
C2 = 285 * C, (equation 1)

Since the total quantity emitted is distributed between the sludpe and the effluent the
material balance between the compartments is

Cy* SF e ' G * DS = 1480 kg tequaton 2)

21



8.3

Substitution for C, (equation 1) into equation 2 gives
(C, * 3.7*10"%) + (C, * 285 * 5.9*10%) = 1480
C, * 3.5*10" = 1480

C, = 3.8*10"" kg/kg or 3.8*10° mg/ke

1pn

C, =285 * C, , “UcAxy
C. = 285 * 3.8410°

C, = 1.1*107 mg/kg

Since the maximum dilution rate resulting from land application of sludge 1s 0.025 the
maxiroum expected concentration of drug substance assuming 100% lai . application of

all sludge 1s:
MEEC (ienesma)= DRy * C;
=0.025 * 1.1*107
= 2.8*10" mg/kg

MEEC (lqu.lll(:) = CI

= 3.8*10° mg/L

Effect of Drug Substance on the Environment

The lowest "no effect” leve! of the drug substance on aquatic organisms is 1.1 mg/L.
and the MEEC for aquatic systems is 3.8* 10° mg/L the drug substance is not
expected to have any adverse effect on the environment.

The material has z low solubility (277 ppm) and whilst mobility could be expected in
groundwater it is strongly absorbed to the clay coniponent of soil. Therefore even if
jow levels are discharged to the environment little will be available to affect biological
systems and therefore it is not relevant 1o carry out further testing.

The total world-wide production is expected to be below 2000 Kg /year therefore

although the hydrolysis rate is low it is anticipated that this will provide an effective
method of depletion and provide an adequate margin of safety to the environment

Ty



8.4

8.5

8.5.1

Effect of Qther Releases on the Environment

All emissions released during the production of Casodex are made in accordance with
the levels set in local permits. Compliance with these levels ensures that any effect on
the environment is minimised.

Effect of Releases on the Workforce.

Standards of control

All emissions of materials into the workplace are controlied with the limits set by the
relevant authorities, Where no official limits exist Zeneca establishes internal control
values.

Workplace exposures are kept below these levels.

REDACTIONS MADE
BY APPLICANT



SECTION 9. USE OF RESOURCES AND ENERGY

9.1

9.2

Energy

The incremental increase of the use in energy as a result of the manufacture of
CASODEX is estimated to be less than 2% of the current energy used by the
manufacturing facilities. Therefore this increase is not deemed to be significant.

Effect on Threatened Species and Property of Historic Interest
Each of the manufacturing sites have conducted surveys to identify any threatened or
endangered species on or adjacent to their property. None have been identified.

There are no properties of historic in the immediate area of the sites.

Given the controls on the manufacturing process and disposal of waste materials there
will be no effect on threatened species or property of historic interest.

REDACHONSMAD

Y APPLICANT .
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SECTION 10. MITIGATION MEASURES

The measures for controlling emissions from the manufacturing processes are described in
Section 6.

7ZENECA Pharmaceuticals has a policy of minimising the environmentai effects of the
manufacture of its products by assessing the environmental impact of new and proposed
processes at an early stage in their development. The impact of each process step is
evaluated and efforts are made to minimise both waste and energy use. Each new process is
subject to a series of hazard studies which evaluate the potential risks to both people and the
environment and put in place suitable controls to ensure the risks are minimised.

10.1 Emergency and Spillage Procedures

At each site there is an emergency plan covering all aspects of the site’s activities.
Plans are in place to contain and remove any spillages or other loss of containment. In
the event of a spill or other loss of containment ,immediate measures are implemented
to contro} the spill and prevent materials being released off-site, while the relevant
supervisor is contacted to assess the situation. Following this assessment the site
emergency response coordinator is also notified to further evaluate the situation. [f
necessary a spillage control team would be requested to respond and implement
additional measures if necessary. In all situations the spill is cleaned up and the
material disposed of as specified in the Material Safety Data Sheets in such a manner
as to minimise risks both to people and the environment.The manufacture of
CASODEX will be covered by these arrangements.

10.2 Control of Workplace Exposure

10.2.1 Control Procedures REFJF',CTE{]NS MA
£/ PPLICANT
On each site primary control of workplace exposure is by containment within the
manufacturing plants. This is supplemented, where appropriate, by iocal exhaust
ventilation. Where necessary personal protective equipment is used to prevent
workplace exposure.

10.2.2 Monitoring
Monitoring programmes are in place at each site 10 ensure that the controls remain
effective. These programmes include monitoring both the performance of equipment
and sampling the atmosphere in the workplace.

10.2.3 Information and Training

Safety Data Sheets are available at cach site for all materials used in the manutacture
of Casodex.

All operators are fully trained to understand the hazards of the matertals and the
procedures in place 10 prevent emissions to the emvaronment.



10.3

Waste Minimisation
ZENECA Pharmaceuticals has a policy of minimising waste and developing routes of

manufacture which have the minimum impact to the environment. The Company’s
management have programmes in place to ensure these policies are progressed.

REDACT]O"(‘ Pear .
BY Appy;-. -
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SECTION 11. ALTERNATIVES TO PROPOSED ACTION

There are no alternatives to the proposed action. Failure to approve the proposed

action will result in denying patients with prostrate cancer the potential benefits of a
novel therapy.

No adverse environmental effects resulting from use of the product have been
identified. The actions taken in controliing emissions and disposing of waste materials
ansing from manufacture will ensure that there are no adverse effects on the
environment arising from these activities. ,

7



SECTION 12. PREPARERS

This assessment was prepared by Martin Rackham, Occupational Hygiene and
Znvironmental Affairs Manager for ZENECA PHARMACEUTICALS. He has a
Bachelors Degree in Chemistry anc Physiology and a Masters Degree in Occupational
Hygiene.

REDACUOHThmbr

BY APPLic,nr"?
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SECTION 13. CERTIFICATION

The undersigned ofTicial certifies that the information presented is true, accurate and
complete to the best of the knowledge of the firm or agency responsible for the

preparation: of the en:i;&ntg assessment.
— il w =T ¢~ ‘k
Martin Rackham MSc BSc MloH
Occupational Hygiene and Environmental Affairs Manager

International Safety, Health and Environment Department
ZENECA Pharmaceuticals

R



SECTION 14, REFERENCES

14.1

14.2

Methodology for Physical Testing

Test Protocols US Food and Drug Administration Techmeal Assistance
Handbook.

Methodology for Biological Testing

Aerobic Biodegradability (BOD ;)

Test Protocol Organisation for Echonomic Co-operation and
Development Guideline 301 C ( UK Version)

Anaerobic Degradation

Test Protocol ISO Commitiee Draft CD11734
R

"DACTIONS mape
Chronic Toxicity to Daphnia magna EUCANT
Test Protoco: US Food and Drug Administration Technical Assistance

Document 4.09

Algal Tests
Test Protocol US Food and Drug Administration Technical Assistance

Document 4.01



15.  APPENDICES

15.1 Summary Data Charts ICI 176334

Water Solubility 2.77ppm

log p Octanol/Water 2.49

Vapour pressure Not relevant
Hydrolysis Rate Constant  2.2*10* S7
BOD (28 day) 0

Anaerobic Degradation 0 _

NOEC daphnea 5.6mg/

EC50 algae >1.1mgh

Soil sorbtion Koc (average) 531
15.2 Estimate of Maximum Yearly Market Volume

Confidential REDACT A+

EY Arpy
15.3  Material Safety Data Sheet for CASODEX
These are appended (See pages 32 to 35).

i5.4 Materials used in the synthesis of ICI 176334

Confidential

15.8  Other Material Safety Data Sheets
Confidential

15.6  Site Permits, Authorisations & Agreements
Confidenuai

15.7 Results of Physical Testing
Confidential

158 Results of Biological Testing.
Confidential

15.9  Certificates of Analysis

Confidential
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PH6B88/3

ZENECA ZENECA Pharmaceuticsis

1. JDENTIFICATIOR
CASODEX

2. PRODUCT DESGRIPIION

Alternative Names

ICI 176,334
N-(4~Cyano=-3-(trifluoromsthyl)phenyl)-3-((4-fluorophenyl)sulphonyl)-2-hy
droxy-2-methylpropananide

2(R8)~4'-Cyano-3~-{ fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-
(trifluorcmethy!)propionanilide

CAS5 No. : 030357-06-5

Form : crystalline solid or powder
Colour : white

Use 1 treatment of prostate cancer
3. SUMMARY

Hay cause reproductive effects in nales and females.

REDACTIONS MADF

Hsalth Hazard Category : A . BY APPUCANT
Decupational Exposure limits

- Company Intermal - 0.01 mg/m3 (8hr TWA)

4. PHYSICO CHEMICAL DATA

Melting Point (Deg C) : 191-193

Flammable Powder Class : Group A

Hinimum Ignition Temperature (Deg C): 530-550

Hinimum Ignition Energy (mJ) : 105-250

Solubility (Water) : practically insoluble

Solubility (Other) : soluble in: ethano] acetore and
DMSO

Dissociation constant: >12

5. BGIABILITY AND REACTIVITY

Hazardous Decomposition Ptoductts) : None known. .
Hazardous Reactions : None known. -

(02 Revieion: 03) (Date: 0293)
ZEKECA LIMIGLED (0193 REVD3) (Page: 1 -continued)
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PH6B88/3

ZENECA Pharmaceuticals
ZEN ECA CASODEX

6. STORAGE

Keep container tightly closed.

7. HANDLING

Do not breathe dust. Avoid contact with skin and eyes._
Atmospheric levels should be controlled in compliance with the
occupational exposure limit.

8. PERSONAL PROTECTION

Wear suitable respiratory protective equipment if exposure to levels
above the occupational exposure limit is likely. Wear suitable
protective clothing, gloves and eye/face protection.

9. SPILLAGE/ACCIDENTAL RELEASE
REDACTIONS -

Hoisten spillages with water. BY APPLIC,

Ensure suitable personal protection (including respiratory protection) h

during removal of spillages. ’

Trensfer to a container for dispesal.

10. BASTE DISPOSAL

Disposa) should be in sccordance with local, state or national
legislation.

11. FIRST-AID MEASURES

Inhalation : Remove patient from exposure, keep warm and at rest.
Obtain medical attention.

Skin Contact : Kemove contaninated clothing. Wash skin with soap and
water.

Eye Contact : Irrigate with eyewesh solution or clean water, holding
the eyelids apayt, for at least 10 minutes. Obtain
sedical attention.

Ingestion : Wash out mouth with water. Obtain medical. attention.

-

Symptomatic treatment and supportive therapy as indicated.

(02 Revisicn: 03) (Date: 0293)
ZENECA LIMITED {0193 REV03) (Page: 2 -continued)
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PH688/3

ZENECA Pharmaceuticais
ZENECA ...

12. EIRE_AND EXPLOSION

The material can form flammable dust clouds in air.
Thermal decomposition will evolve flammable vapours.

Extinguishing Media : water spray, foam, dry powder or
co2.

13. HEALIH HAZARD : TQXICITY DATA

Inhalation : Unlikely to be hazardous by acute inhalation.

Skin Contact : Non~irritant following repeated applications to
rabbit skin. Unlikelv to cause skin irritation in
man.

It is not & skin sensitiser in animal tests.
Unlikely to cause skin sensitisation.

Eye Contact : Non-irritant to rabbit eyes cauvsing pd@EEﬁfﬂ .
initial pain. "‘ﬂb"rg MADL

Unlikely to cause eye irritation in :an.BY APPUCANT
Ingestion : Unlikely to be hazardous if swallowed.

Long Term Exposure : Short term tests have shown that it is unlikely to
be a carcinogenic hazard to man.

Studies in animals have shown that repesated
ingestion produces sdverte reproductive effects. In
male rats reproductive performance was reduced but
was reversible after cesration of dosing. Evidence
of suppressed sexual development was cbserved in
the male offspring of female rats.

Mone of these effects are likely to oeccur in
huuans. provided exposure is maintained at or below
the occupational exposure limit.

14, ENVIRONMENTAL INFORMATION
Enviroomenta] Fate and Di{stribution

The mubstance ir easentially inscluble in water,

The substancs has moderate mobility in groundwater.

In soils of & high clay content, Casodex may be retained, and rendered
immobile. .

(02 Revision: 03) {Date: 0293)
ZENECA LIMITED (0193 REV03) (Page: 3 -continued)



PH68B/ D

ZENECA Pharmaceuticals
ZENECA CASODEX

Chemical Oxygen Demand (COD) 1.47g02/g.

Biological Oxygen Demand (BOD 268 DAY) zero

The substance shows no evidence for biodegradability in water.
There is no evidence of degradation in water.

Joxicity
LC50 (rainbow trout} (96 hour) (static) >100mg/1.

EC50 (Daphnia magna) (48 hour) >1.0mg/l.
EC50 (bacterjia, aerobic) >100mg/1l.

EC50 (bacteria, anaercbic) >100Gamg/l.
EC50 (nitrifying bacteria) >100mg/l.

EC50 (blue-green algae)>l.1lmg/l. The no effect concentration was
1.1mg/).
EC50 (green algae) >1.1mg/l. The no effect concentration was 1.1mg/l.

A study in dephnie has shown that repeated doses produce no adverse
reproductivc effects up to the concentration of 0.96mg/1l.

A study in daphnia has shown that repeated doses produce no adverse
effects on length up to the concentration of 0.56mg/1.

WGK 2 (self glassification)

: TORY. INFORMATION
5. REpiAT PEDACTIONS gy
YAPPULANr

Not Classified as Dangerous for Supply.

Usexs should ensure that they comply with any relevant local, state or
national legislation.

IBANSPORT
Not Classified as Dangerous for Conveyance.
(02 Revision: 03) (Date: 0293)
ZENECA LIMITED (0193 REV03) (Page: 4 ~Last Page)
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Microbiology Review

No microbiology review is required per discussion with the reviewing chemist,
Dr. Moo-Jhong Rhee (product is in tablet form).
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Zeneca Pharmaceuticals

Attention: Frances Kelleher, Ph.D.
Regulatory Products Manager

1800 Concord Pike

P.O. Box 15437

Wilmington, DE 19850-5437

Dear Dr. Kelleher:

Please refer to your pending September 14, 1994, new drug application submitted under
section 505(b) of the Federal Food, Drug, and Cosmetic Act for Casodex (bicalutamide).

We have completed our review of the Environmental Assessment (EA) section of your
submission and have identified the following deficiencies: |

General:

The entire environmental assessment document is marked as Confidential.
Confidential data and information that are pertinent to the environmental review of a
proposed action should be submitted separately as 2 confidential section (Appeadix) to
the environmental assessment, however, this information must be summarized in the
environmental assessment document to the extent possible. Please note that the
environmental assessment document will be releasable under the Freedom of
Information Act.

Section 4 - Description of the Proposed Action:
1. Requested approval

a. The description of action shouid also reference your intent to package
and distribute product. . . -

b. The description of the requested approval should include the applicant’s
name, drug product application number (if available), drug product
name, dosage form, strength, a brief description of the drug product
packaging, whether an EA or abbreviated EA is provided and, if
applicable, the basis for the abbreviated EA [e.z., Zencca Pharmaceuticals
has filed an NDA pursuant to Section 505(b) of the Food, Drug, and
Cosmetic Act for Casodex (bicalutamide) oral tablet 50mg, or an EA has
been submitted in accordance with 21 CFR § 25.312(a)").
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¢ The EA should briefly describe the drug's use in the diagnosis, cure,
mitigation, treatment or prevention of disease. It should also indicate if
the drug is for acute or chronic use, the current and/or expected patient
population and Orphan Drug Status, if applicable.

2. Production Locations:

a. Section 5.3 lists four intermediates of the synthesis of the drug
substance. The EA should confirm that any isolatable
intermediates used in the synthesis of the drug substance are not
synthesized at another location. If they are, the name and address
of the facility and pertinent information relating to that facility’s
operations must be provided.

b. Please explain why the street address where the substance will be
formulated is not the same as that providex! in Section 3.

c The EA indicates that the address given for final packaging in the
USA is also a distribution center in the USA. Please explain why
this address is not the same address as that provided in Section 3.

3. Disposal Locations:
It is not clear whether the reference to "relevant local authorities™ refers
to authorities with respect to the addresses identified in this section or
other unspecified locations. Specific locations of product disposal should
be clearly stated, and relevant incineration permit numbers should be
provided.

4. Types of environments at and adjacent to above locations:

This section will need to be expanded if intended product disposal
locztions are other than those listed in this section of the EA.

Section 5 - Identification of Chemical Substances that are Subject to the Propoved Action:
1. Please provide the molecular weight for the substance.

2. The EA lists synchesis starting materials, intermediates and other reagents but
does not list additives. If additives are "not applicabie,” it shou'd be specified as
such in the EA. In addition, starting materials and intermediates should be
identified by CAN registration cumber.

3. Impurities are not listed in this tection of the EA. Appendix 3 to the EA,
Certificate of Analysis, says "Complies” with regard to "Related Impurities.”
Any impurities sssociated with the product should be listed in-Section §y—-——--- ="~
identified by CAN registration aumber. 1n addition, the percentageof sach — -

o ... impurity mustalso be included. - i iz

\
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Section 6 - Introduction of Substances into the Environment:
1. Specific makeup of waste streams should be identified for ail parts of the process.

2. The EA should indicate the identification number of the agreement with the
privately owned sewage treatment plant and information on emissions related
specifically to production of Casodex. The total amount of Casodex emitted in
this waste stream is said to be lessthan  _ »ser year, however, no concentration

data are provided.

3. Non-aqueous liquids are said to be separated into components and transported to
"specialized operators” for recovery for non-pharmaceutical use. Precise
composition and disposition of these components should be provided. Those
components that cannot be separated are mixed in a common system for high
temperature incineration at an off-site facility. The EA should provide the
location of this facility either in Sectinn 6 or in Section 4 and should provide
applicable license or permit numbers.

4, Air emissions are said to be subject t scrubbing to maintain compliance,
however, information concerning specific permit identification or emission rates
was not provided.

5. Solid wastes from production are stored at a "specially designated area” but no
details of specific storage conditions are provided. The EA indicates that
*storage and treatment of the wastes are controlled by a license from the local
waste disposal authority", however, no license identification or terms of
agreement are provided. Organic wastes are transported off-site for incineration
as described above. This same type of discussion is provided regarding the
formulation of Casodex, however, no details regarding the waste stream
quantities or license identification is provided.

6. EA should include copies of specific permits, consent decrees and administrative
_orders currently in place and reference to specific applicabie Federal, State, and
local statutes and regulations. Statemeut of compliance in UK should be from
regulating agency rather than from Zeneca. Stztement regarding German
compliance should be provided in English (certified copy)to facilitate review.

7. Although occupational exposures (in general) are discussed in Section 10 -
Mitigating Measures, no occupational exposures are discussed for any specific
location in this Section as required.

8. The discussion of the effects (;f the action on current emissions requirements is
adequate only if information un specific statutes, regulations and permits is

induded.
9. Other than the expected emission of Casodex itself (less than  ‘year S —
production and less tha rear for formulation), no emissions estimates are L
ST TTITN T UT s T LTI i R e e
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Section 7 - Fate of Emitted Substances in the Environmen.:

1. Please include the form that the active ingredient exists in vivo. In addition, the
metabolites and their relative toxicity to the parent compound and the
percentage of dose excreted as unmetabolized Casodex or metabolites should be

provided, if known.

2. The relevant physical properties of the drug substance or its excreted metabolites
should be provided. These should be used to predict which environmental
compartments (air, soil, or water) will be likely to contain the emitted drug
substance or metabolites as a result of patient use of the drug substance.

3. Please explain the reason why vapor pressuse is considered "not relevant.”

4. Methods used to measure physical constants should be referenced in the EA.
Any significant deviations from EATAD methods cited in the EA should be
described and discussed as to any impact on the conclusions regarding the
environmental fate of the drug substance.

Section 8 - Environmental Effects of Released Substances:

1. The source of the K, of 1,930 should be given. In addition, the relatively low
water solubility and the high ratio of sludge-bound drug substance to its water
concentration requires more information about the fate and effects in the
terrestrial compartment. At a minimum, soil biodegradation should be
measured and the expected environmental concentration compared with
terrestrial toxicity data.

2. The EA includes a statement that effects on the environment from production of
Casodex will be minimized by compliance with local permits. This statement
would be adequate except that the discussions of relevant laws, regulations, and
permits in EA Section 6 are also deficien:. See comments on that section of the

document.
Section 9 - Use of Resources and Energy:

1. The EA includes a statement that the incremental increase in energy use
resulting from the manufacture of Casodex is expected to be insignificant.
While this statement is likely true (given the small amount of Casodex being
produced), some indication of actual current or future energy use should be
given to allow an independent assessment.

2. The EA includes a statement that there will be no cffect due to controls on
manufacturing process and waste disposal. While this statement may be true, no
inventory of potentially impacted species or properties is provided to allow
indcpendent assessment. Alternatively, if the deficiencies identified in Section ¢—————
of the EA are corrected, concerning introduction of substancesinto the -~ L.——.. .
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due to patient use are shown to be significantly lower than appropriate No
Observed Effects Concentrations in both terrestrial and aqueous compartments,
then the above statement may be rendered "adequate.”

Section 10 - Mitigation Measures:
A1 The EA should provide at least some details of emergency plan.

2, The EA should contain 3 list of measures routinely used in the productica to
* mitigate the release of materials into the environment (e.g., compliance with

Federal, State and local environmental laws, spill prevention plans). If
applicable, a brief description of special measures which are taken to mitigate the
release of toxic or potentially toxic materials into the environment should be
provided [e.g., special handling information in the product labeling,
Occupational Safety and Health Administration (OSHA) requiremeats,
incineration, containment procedures]. - If there is a discussion of any of these
mitigation measures in another section of the EA, reference to that information
is adequate. Actual copies of mitigation measures [£.g., standard operating
procedures (SOP’s), plans, corporate policies, OSHA regulations} are not
necessary. -

Section 11 - Alternatives to the Proposed Action:

1. This Section should be revised to include an aliernative to the proposed action
(e.g., one alternative is “no action").

2. If the data generated indicate that there should be no potential adverse
environmental impact from the proposed action, the EA should so state.

3 If potential adverse environmental impacts have been identified for the proposed
action, the EA should contain a detailed description of the environmental impact
including all reasonable alternatives to the proposed action (e.g., no action,
measures that FDA or another government agency could undertake, or those the
applicant/petitioner would undertake)." In addition, the EA should include a
description of those alternatives that will enhance the quality. of the
environment and avoid some or all of the adverse environmental impacts of the
proposed action. Furthermore, the environmental benefits and risks of the
proposed action and the environmental benefits and risks of cach alternative
should be discussed.

Section 13 - Certifications:

This section is reversed with Section 12 in the EA. The information provided in the EA
for this section, however, relates to environmental compliance. This information is

more appropriately discussed in Section 6 of the EA. This section should include s date,
signature, and title of the official responsible for certifying that the informstien— - -~~~
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Section 14 - References:

A referen<z section should be included in the EA listing compete citations for all
referznced material. Copies of referenced articles not generally available should be

aitached.

Section 15 - Appendices:

Botb confidentia! and non-confidential appendices may be included. A list of the
appendices should be included in the EA summary document. Typically, the non-
confidential appendices should include Material Safety Data Sheet(s) for the drug
substance and, if appropriate, drug product and/or proprietary drug substance
intermediate, certification and compliance statements, data summary tables, and copies
of referenced articles that are not generally available or which were used in support of
specific claims in the EA, Proprictary/confidential information and test reports should
be included in the confidential appendices.

Data Summary Table:

To facilitate review, the EA should include a data summary table in a non-confidential
appendix (EA format item 15),

Test Methods and Report Formats:

Test methods and report formats are provided in the FDA EA Technical Assistance
Handbook (FDA, 1987). Equivalent tests, such as those provided by the EPA (40 CFR
§ 796 and 797), the American Society for Testing and Materials (ASTM), the
Organization for Economic Co-operation and Development (OECD) or other validated,
peer reviewed methods may be used. Test reports should be provided and should fulfill
the FDA reporting requirements included in the FDA EA Technical Assistance
Handbook. The expected minimum level of test performance and test reporting should
meet the standards of FDA’s Good Laboratory Practice (GLP) regulations, Raw test
data (¢.g., copies of notebook pages, all HPLC chromatograms) should not be included.

Some of the information that is normally submitted in an EA is available elsewhere ir
an application. This information may be cross-referenced in the EA, if the information
is publicly available. However, the EA should be a stand-alone document, summariziog
information that is available elsewhere. The non-confidential parts of the EA will be
made public by the FDA in accordance with regulations proscribed by the Council on
Environmental Quality, 40 CFR 1508.9 (sec 21 CFR 25.31). Therefore, the EA should

contain three distinct parts:

1) the EA summary document;
2) non-confidential appendices; and
3) confidential sppendices.

— T I
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References to non-confidential and confidential appendices may be included in the EA
summary document, as appropriate. Confidential data and information that are
pertinent to the environmental review of a:proposed action and which are submitted in
confidential appendices should be summarized in the EA summary document to the
extent possible. The EA summary document, non-co.ifidential appendices and finding
of r.o significant impact or environmental impact statement will be made available for

public inspection. -

We would appreciate your prompt written response s0 we can continuc our evaluation of your
NDA.

If you have any questions, please contact:

Lana L. Pauls, M.P.H.
Consumer Safety Officer
(301) 443-3510

Sincerel yc;s/p)% /ﬁT

Solomon Sobel, M.D.

Director
Division of Metabolism snd
Endocrine Drug Products (HFD-510)
Office of Drug Evaluation II
Center for Drug Evaluation and Resear:h
oo
Original NDA 20-498
HFD-510
DISTRICT OFFICE
HFD-004/PVincent
HFD-510/MRhee/YYChiu

Concurrences: MRhee5.18.95/Chius.22.95

drafted: LLPauls/May 18, 1995/N20498IR.EA/ft/dj/5.24.95

INFORMATION REQUEST (IR)
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Zeneca Pharmaceuticals Group
Attention: Frances Kelleher, Ph.D.
Manager, Drug Registration

Drug Regulatory Affairs Department
P.O. Box 751

Wilmington, DE 19897

Dear Dr. Kelleher:

Please refer to your new drug application submitted under section 505(b) of the Federal Food,
Drug and Cosmetic Act for Casodex® (bicalutamide), 50 mg tablet.

We bave detormined that your application will be filed on November 14, 1994. However, in
order to complete our review of the sections of your application cited below, we request the
following information:

C i / Manufacturing Controls

1. FDA policy states that any racemic mixture must have a chiral specific
identification test and assay for both the drug substance and the drug product.
Your submission contains IR and regular HPLC tests only. Are the chiral
specific tests available?

1. Please provide a proposed expiration date, based on the available stability data,
for your product.

2. In accordance with 21 CFR 314.50(d)(1)(ii)(b), please submit the batch
production records for the batches used in the bioavailability and stability
studies.

Biopharmaceutics
Please provide individual plasma profiles for Casodex?® in all studies performed.

Environmenta! Assessment

1. Please provide a non-confidential version of the environmental assessment (EA).

2 Please provide the CAS numbers for emissions, and the substances used in
manufacturing.

3. Please provide the permit numbers, the authorities who issued them, and the

emissions limits.
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Please provide a discussion on the effect of approval on compliance - saying
"none” is inadequate.

Please provide additional information in regard to the toxicity and the rate of
degradation. A depletion mechanism should be established, otherwise,
additional effects testing must be conducted.

Please provide additional information in regard to the energy and natural
resources section (Item 11). In this same section, you must also provide a
statement regarding the alternative of "no action".

Please provide additional information regarding the percent (%) of energy use,
and whether any threatened or endangered species reside in the area of
manufacture.

Please complete Items 14 and 15 in the EA.

Please provide a signature of either the preparer and/or responsible official
certifying that the information provided in the EA is true and accurate.

Please provide a summary chart containing data on both fate and effects.
Please provide a letter from the respective Governmentat authorities (England

and Germany) stating that the manufacturing facilities and the manufacture of
the specificdrug are in compliance with the their respective environmental laws.

Please provide a prompt written response (with review copies in the appropriately colored
jackets) so we can continue our evaluation of your NDA.

If you have any questions, please contact:

Lana L. Pauls, M.P.H.
Consumer Safety Officer
(301) 443-3510

Sincerelv vours,

i

Solomon Sobel, M.D.
Director
Division of Metabolism
and Endocrine Drug Products (HFD-510)
Center for Drug Evaluation and Research

N
Jo e A k\ L E
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Zeneca Pharmaceuticals Group
Attention: Frances Kelleher, Ph.D.
Manager, Drug Registration

Drug Regulatory Affairs Department
P.O. Box 751

Wilmington, DE 19897

Dear Dr. Kelleher:

We have received your new drug application submitted under section 505(b) of the Federal
Food, Drug, and Cosmetic Act for the following:

Name of Drug Product: Casodex® (bicalutamide}, 50 mg tablet
Therapeutic Classification: S

Date of Application: September 14, 1994

Date of Receipt: September 14, 1994

Qur Reference Number: NDA 20-498

Unless we notify you within 60 days of our receipt date that the applicaticu is not sufficiently
complete to permit a substantive review, this application will be filed under section 505(b) of
the Act on November 13, 1994, in accordance with 21 CFR 314,101(a).

Please cite the NDA number listed above at the top of the first page of any communications
concerning this application. Should you have any queciions concerning this NDA, please
contact:

Lana L. Pals M.P.H.
Consumer safety Officer
(301) 443-3510

Sincerély vours,

_)1/&_
Enid Gafliers
Chief, Project Management Staff
Division of Metabclism
and Endocrine Drug Products (HFD-510)
Center for Drug Evaluation and Research

7-20 94
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Advisory Committee Meeting

No Advisory Committee Meeting was held for this product.
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