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EXECUTIVE SUMMARY

I. Recommendations

Recommendation on approvabilty: From a nonclinical standpoint, approval of the NDA
application is recommended.

A. Recommendation for nonclinIcal studies: None.

B. Recommendations on labeling: Following changes in the sponsor's proposed labeling
is recommended:

8.1 Pregnancy

Proposed version:

11(4)

Evaluation:

Recommended version: The sponsor's proposed labeling is based on the approved labeling of
KytriL. However some changes in the language are recommended. In addition, the comparson of
doses between humans and animals should be based on daily dose of3.1 mg/day for an average
body weight of 50 kg.

Recommended version:

PREGNANCY CATEGORY B
Reproduction studies with granisetron hydrochloride have been performed in pregnant rats at
intravenous doses up to 9 Ing/kg/day (54 mg/m2/day, about 24 times the recommended human
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dose delivered by the SANCUSO(E patch, based on body surface area) and oral doses up to 125
mg/kg/day (750 mg/kg/day, about 326 times the recomnended human dose with SANCUSO(E
based on body surface area). Reproduction studies have been performed in pregnant rabbits at
intravenous doses up to 3 mg/g/day (36 mg/m2/day, about 16 ties the human dose with
SANCUSU~ based on body surace area) and at oral doses up to 32 mg/g/day (384 mg/m2/day,
about 167 times the human dose with SANCUSO(E based on body surface area). These studies did
not reveal any evidence of impaired fertilty or harm to the fetus due to granisetron. There are,
however, no adequate and well-controlled studies in pregnant women. Because anal
reproduction studies are not always predictive of human response, SANCUSO(E should be used
durig pregnancy only if clearly needed.

13 NON CLINICAL TOXICOLOGY

Proposed version:

b(4)
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13.3 PhototoxicityllO

Granisetron was not phototoxic when tested in vitro in a mouse
fibroblast cell line. When tested for potential
photogenotoxicity in vitro in a Chinese hamster ovaiy (CHO)
cell line, at 200 and 300 ¡.g/ml, granisetron increased the
percentage of cells with chromosome damage tollowing
photoin'adiation. When tested in vivo in guinea-pigs,
SANCUSOiI patches did not show any potential tor
photo irtation or photosensitivity.11

Evaluation: The comparson of doses between humans and anials should be based on 3.1
mg/day - and on the basis of an average body weight of SO kg. --- b(4)
-- Moreover, there are human data on the safety of SUNCUSO.

Recommended version:

13.1 Carcinogenesis, Mutagenesis and Impairment of Fertilty

In a 24-month carcinogenicity study, rats were treated orally with granisetron 1, S or SO mg/kg/day
(6,30 or 300 mg/m2/day). The SO mg/kg/day dose was reduced to 25 mg/kg/day (150 mg/m2/day)
durig week 59 due to toxicity. For a 50 kg person of average height (1.46 m2 body surace area),
these doses represent about 2.6, 13 and 65 times the recommended clincal dose (3.1 mg/day, 2.3
mg/m2/day, delivered by SANCUSO(l patch, on a body surace area basis). There was a
statistically significant increase in the incidence of hepatocellular carcinomas and adenomas in
males treated with 5 mg/kg/day (30 mg/m2/day, about 13 times the recommended human dose with
SANCUSOl!, on a body surace area basis) and above, and in females treated with 2S mg/kg/day

(ISO mg/m2/day, about 65 times the recommended human dose with SANCUSO(l, on a body
surface area basis). No increase in liver tumors was observed at a dose of 1 mg/kg/day (6
mg/m2/day, about 2.6 times the recommended human dose with SANCUSO(l, on a body surface
area basis) in males and 5 mg/kg/day (30 mg/m2/day, about 13 times the recommended human
dose with SANCUSO(l, on a body surface area basis) in females. In a 12-month oral toxicity
study, treatment with granisetron 100 mg/kg/day (600 mg/m2/day, about 261 times the
recommended human dose with SANCUSO(l, on a body surface area basis) produced
hepatocellular adenomas in male and female rats while no such tuors were found in the control
rats. A 24-month mouse carcinogenicity study of granisetron did not show a statistically
significant increase in tumor incidence, but the study was not conclusive.

Because of the tumor findings in rat studies, SANCUSO(l should be prescribed only at the dose
and for the indication recommended (see INDICATIONS AND USAGE, and DOSAGE AND
ADMINISTRATION).

6
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Granisetron was not mutagenic in an in vitro Ames test and mouse lymphoma cell forward
mutation assay, and in vivo mouse micronucleus test and in vitro and ex vivo rat hepatocyte UDS
assays. It, however, produced a significant increase in DDS in HeLa cells in vitro and a signficant
increased incidence of cells with polyploidy in an in vitro human lymphocyte chromosomal
aberration test.

Granisetron at subcutaneous doses up to 6 mg/kg/day (36 mg/m2/day, about 16 times the
recommended human dose ofSANCUSOQ!, on a body surace area basis), and oral doses up to 100
mg/kg/day (600 mg/d/day, about 261 times the recommended human dose ofSANCUSOQ!, on a
body surface area basis) was found to have no effect on fertility and reproductive performance of
male and female rats.

13.2 . Phototoxicity

Granisetron was not photo toxic when tested in vitro in a mouse fibroblast cell line. When tested
for potential photogenot?xicity in vitro in a Chinese hamster ovary (CHO) cell line, at 200 and 300

i.g/ml, gransetron increased the percentage of cells with chromosomal aberration following
photoiradiation. When tested in vivo in guinea-pigs, SANCUSOi! patches did not show any
potential for photoirtation or photosensitivity.

II. Summary of non clinical findings

Strakan International Ltd. submitted the NDA according to 505(b)(2) of the Federal Food, Drug
and Cosmetic Act, and as such is relying on the Agency's previous fmdings of safety and
effectiveness of the Reference Listed Drugs. The Reference Listed Drugs for this product are the
thee dosage forms ofKytl (gransetron HCl) approved under NDA 20-239 (Injectable), NDA
20-305 (Tablets) and NDA 21-238 (Oral Solution). Several new toxicology studies have been
conducted to addrjess the safety of the new route of adminstration. In addition, published
pharmacology, PK and toxicology studies with granisetron are provided in the NDA submission.

A. Pharmacology:

Granisetron is a selective 5-hydroxytrytamine-3 (5-HT3) receptor antagonist with little or no
affmity for other serotonin receptors, including 5-HTi, 5-HTIA, 5-HTIB/C, 5-HT2, alpha¡,
alpha2 or beta-adrenoreceptors, dopamine D2, histamine-Hi, benzodiazepine, picrotoxin or
opioid receptors. Serotonin receptors ofthe 5-HT3 type are located peripherally on vagal
nerve terminals and centrally in the chemoreceptor trigger zone of the area postrema.
Stimulation of 5-HT 3 receptors in these areas induces vomiting. Animal studies indicate that
granisetron, by binding to 5-HT3, receptors, blocks serotonin stimulation and subsequent
vomiting after emetogenic stimuli such as cisplatin.

7
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B. ADME:

Following two consecutive applications for 7 days of the granisetron patch (6%) to rats, the
maximum plasma concentration was reached in 24 hours. The AVC was higher than that
following i.v. adminstration of a 9 mg/kg/day dose; however, the Cmax was lower than that
following the i.v. adminstration. The exposure levels in female rats were higher that that in males.
Similar to rats, in dogs, gransetron patch group had higher mean daily AVC compared to that
following a 3 mg/g/day i.v. dose. The Cmax values for the gransetron patch group were similar to
that of the i.v. dose group. No apparent sex differences in the exposure levels were observed
between male and female dogs. Following application of the patches, the maximum plasma
concentration was reached in about 19 hours in male dogs and 48 hours in female dogs.

B. Toxicology:

Two-week bridging toxicology studies comparing gransetron patches with i.v. and orally
adminstered gransetron RCI were conducted in rats and dogs. Application of gransetron patches
produced increased severity of edema at the application sites compared to placebo patches. In rats,
lymphocytic infitration in the hear was observed in groups receiving the patch, and oral or i.v.
granisetron, and interstitial nephrtis in the kidneys was observed in groups receiving the patch and
the i.v. dose. In dogs, fatty infitration in the liver and increased ALT levels were observed in groups
receiving all thee dosage forms. Thus, sustained exposure of granisetron to rats and dogs for 2
weeks through application of granisetron patch or continuous i.v. adminstration of granisetron
hydrocWoride showed similar toxicity profies. No new target organs of toxicity were identified
following application of the patch in rats and dogs.

C. Nonclinical safety issues relevant to clinical use: Granisetron was positive in the in

vitro chromosome aberration assay in Chiese hamster ovar cells in the presence ofUV
iradiation. It was negative in the absence ofUV iradiation. Thus, patients should avoid
exposure to sunight or any arificial sunlight while wearig and for at least 10 days after
removing the patch.

APPEARS THIS WAY ON ORIGINAL

8
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PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22-198

Review number: 01

Sequence number/date/type of submission: OOO/June 29, 2007/0rigInal (Electronic submission).

Information to sponsor: Yes () No (X)

Sponsor and/or agent: Strakan International Ltd., Galashiels TDIIQH, UK.

Manufacturer for drug substance: ( b(4)
Reviewer name: Sushanta Chakder, Ph.D.

Division name: Division of Gastroenterology Products

HFD #: 180

Review completion date: June 11,2008

Drug:
Trade name: SANCUSOCI Transdermal System

Generic name: Gransetron
Code name: N/ A

Chemical name: I-methyl-N-((lR, 3r, 5S)-9-methyl-9-azabicyclo(3, 3, 1)non-3-yl)-IH-
indazole- 3 -carboxamide.

9
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Chemical Structure:

c ri/
N

N~
o

CAS registry number: 1098889-09-0

Molecular weight: 212.4 Da

Relevant INDs/NDAsilMFs:

IND 70,582, Granisetron Patch, StrakanIntemational Ltd.
NDA 20-239, Kytl (gransetron RCl) Injection, Roche
NDA 20-305, Kytl (GranisetronHCl) Tablets, Roche
NDA 21-238, Kytl (Granisetron HCl) Oral Solution, Roche

Drug class: 5-Hydroxyttamine (5-HT3) receptor antagonist.

Indication: For the prevention of chemotherapy-induced nausea and vomiting.

Clinical formulation: Granisetron transdermal delivery system (TDS) or patch consists of an
active matrx spread on to' a printed _. . backing. The active matri
has an area weight of 110 g/m2 (527 mg/patch). The active matrx consists of a _ --

adhesive containing _ granisetron base. The total amount of granisetron per patch is 34.3 mg.
b(4)

Route of administration: Transdermal

Disclaimer: Tabular and graphical information are constrcted by the reviewer unless cited
otherwise.

Studies reviewed within this submission: Strakan InternatÌonal Ltd. submitted the NDA
according to 505(b)(2) of the Federal Food, Drug and Cosmetic Act, and as such is relying on the
Agency's previous findings of safety and effectiveness of the Reference Listed Drugs. Several
new toxicology studies have been conducted to address the safety of the new route of
administration. In addition, published pharacology, PK and toxicology studies with granisetron

10
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are provided in the NDA submission. Two-week toxicity studies with granisetron patch in rats and
dogs (and relevant studies), and ski sensitization study in guinea pigs were reviewed earlier under
IND 70,582, and the reviews are incorporated. The in vitro photoxicity and photogenotoxicity
studies, in vivo photosensitization study and published pharacology and toxicology studies were
reviewed.

Studies not reviewed within this submission: None

2.6.2 PHACOLOGY

2.6.2.1 Brief summary

Granisetron is a selective 5-hydroxytrytamine-3 (5-HT3) receptor antagonist with litte or no
affinity for other serotonin receptors, including 5-HT¡, 5-HTIA, 5-HTIB/C, 5-HT2, alphai,
alpha2 or beta-adrenoreceptors, dopamine D2, histamine-Hi, benzodiazepine, picrotoxin or
opioid receptors. Serotonin receptors of the 5-HT3 tye are located peripherally on vagal
nerve terminals and centrally in the chemoreceptor trgger zone of the area postrema.
Stimulation of5-HT3 receptors in these areas induces vomiting. Anal studies indicate that
gransetron, by binding to 5- HT 3, receptors, blocks serotonin stiulation and subsequent
vomitig after emetogenic stimuli such as cisplati.

2.6.2.2 Primary pharmacodynamics

The following published pharacology study was submitted.
General Pharmacology Study of Granisetron Hydrochloride. Spa Z, Rapall S, Caremi I,
Neil C, Kelvin AS, Sanger G, Nishioka Y, Ishii R. The Clinical Report 1990, 24(13): 269.

The general pharmacological study of granisetron was conducted in mice, rats, guinea pigs, dogs
and rabbits. The highest dose tested was 6 mg/kg, and the route of administration was via
intravenous in all tests except for the exploratory locomotor activity test and the passive avoidance
test which used su.bcutaneous route of adminstration.

Observation of general symptoms yielded no notable findings. Reduced frequency of
phenylquinone-induced writhig was noted following treatment with granisetron at doses of 3
mg/kg and above. No other effects, such as increase in depth of anesthesia or anti-convulsive
effect were observed. Furthermore, body temperatue and brain wave effects were unaffected.
High concentrations of granisetron suppressed contraction of the diaphragm. Application of 0.1 %
solution to the eyes reduced the corneal reflex. High concentrations of granisetron induced
nonspecific suppression of contraction of isolated ileum under stimulation with acetylcholine,
histamine, 5-HT or barium chloride. It inibited the contractions of isolated trachea by histamine,
and isolated uterus by 5-HT.

11
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Gransetron, at doses of 3 mglkg or above reduced the blood pressure and hear rate of

anesthetized dogs with reductions of aortic pressue, contractilty, aortic blood flow, total peripheral
resistance, and left ventrcular work. Granisetron had no effects on gastrointestinal transit or
gastrc motility. At high concentrations, gransetron suppressed platelet aggregation induced by
arachidonic acid or ADP, but had no effects on hematological parameters, renal or hepatic
function.

Mechanism of Action:

Granisetron is a selective 5-hydroxyttamine-3 (5-HT3) receptor antagonist. Serotonin receptors
of the 5-HT3 tye are located peripherally on vagal nerve terminals and centrally in the
chemoreceptor trigger zone of the area postrema. Stimulation of 5-HT3 receptors in these areas
induces vomiting. Anal studies indicate that gransetron, by bindig to 5-HT3, receptors, blocks
serotonin stimulation and subsequent vomitig after emetogenic stimuli such as cisplatin.

2.6.2.3 Secondary pharmacodynamics: No studies were submitted.

2.6.2.4 Safety pharmacology: No studies were submitted.

2.6.2.5 Pharmacodynamic drug interactions: N/A

2.6.3 PHARCOLOGY TABULATED SUMMY

N/A

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary:

The sponsor submitted following published ADME studies of granisetron.

Pharmacokinetics of Granisetron Hydrochloride- Distribution, Metabolism and Elimination
Following Intraveuous Adminidtration to Rats and Dogs. Haddock, RE, Higham FC, Pope
JA, Woods FR, Allen A, Pience DM, Zussman BD, Nishioka Y, Kumakura, H, Ito S. The
Cliuical Report 1990, 24(13), 287.

The distribution, metabolism and excretion of granisetron were studied in rats and dogs following
intravenous dosing using a combination of tradiotracer and chromatographic assay technques. In

rats, 14C-granisetron was administered at an i.v. dose of 0.3 to 3 mg/kg, and in dogs the doses were
0,03,,0.3 or 3 mg/kg. Whole body autography was conducted in rats following administration of

12
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an i.v. dose of3 mg/g. To determine the fetal transfer of the radioactivity, 14C-granIsetron was
administered to pregnant rats on day 15 of pregnancy.

In rats, blood radioactivity concentrations readily after a single intravenous adminstration of 14C_
granisetron at 0.3 mg/g. A proportionally higher profie was found at a dose level of 3 mg/kg.
In dogs, plasma radioactivity concentration also increased proportionally with dose. The plasma
profies' of granisetron were parallel over a 100-fold dose range, indicating linear kietics.

Following a single, concentrations of radioactivity were maximal in most tissues at 0.25 hours
after dosing. The concentrations of radioactivity were generally greater than corresponding
concentrations in blood except for tissues of the central nervous system. The concentration of the
radioactivity declined with time, and at 72 hours, the radioactivity concentrations decreased below
2% of the maximum concentration in any tissues. In rats, the radioactivity was excreted in both
urne and feces. Uri excretion was not altered by a 1O-fold increase in dose, and excretion

occurred mainly durig the first 24 hours after dosing. Uriary excretion accounted for 2% of the
dose. Bilary excretion of the radiaoactivity was approximately 50% of the dose in chronic
cannulated rats, and some re-absorption of the radioactivity in the bile was observed. Gransetron
itself was not excreted into the bile and therefore is not a subject to enterohepatic circulation.

In dogs, the radioactivity was also excreted in both ure and feces, and urar excretÎon was
similar over 100-fold dose range. Urinar excretion accounted for 6% of the dose.

In pregnant rats, approximately 1 % of the radioactivity was reversibly transferred to the fetus. The
transfer of the radioactivity via breast milk to suckling pups was less than 1 % of the dose.

The extent of in vitro plasma protein binding of granisetron was 46-65% in rats, and 36-52% in
dogs. The extent of in vivo binding was 52.8-59.3% in rats and 25.6%-30.7% in dogs. The
metabolite pattern in the rat urine was dominated by conjugate of 5-phenol (metabolite E)
accompanied by its des-methyl counterpart (metabolite P). In rat bile, conjugates of metabolite E
and P were the principal metabolites. In dog urine, five metabolites (metabolite E, D, H, A and C)
were identified.
In rats, steady state concentrations were reached on day four of daily oral administration. Minimal
accumulation in the blood and tissues were observed and the radioactivity was readily excreted on
cessation of dosing.

Metabolism and Disposition of 14C-Granisetron in Rat, Dog and Man after Intravenous and
Oral Dosing. Clarke SE, Austin NE, Bloomer JC, Haddock RE, Higham FC, Holls FJ, Nash
M, Shardlow PC, Tasker TC, Woods FR and Allen GD. Xenobiotica 1994,24(11), 1119-
1131.

The disposition and metabolism of 14C-granisetron were studied in Sprague-Dawley rats,
beagle dogs and male human volunteers following intravenous and oral administration. In rats,
single intravenous doses of 0.3 and 3 mg/kg, and single oral doses of 0.25 and 5 mg/kg wereused.
In dogs, single intravenous doses of 0.03, 0.3 and 3 mg/kg, and single oral doses of 0.25, 1.5 and
10 mg/kg were used. In humans, single doses of 14C-granisetron were administered intravenously
and orally 3 months apart to three healthy male volunteers at a dose of 100 Ilg/kg equivalent.

13
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Complete absorption of the drg occurred from the gastrointestinal tract following oral
dosing, but bioavailabilty was reduced in all thee species by first-pass metabolism. No sex-
differences in the metabolism of gransetron were observed in ràts and dogs, and there was no
appreciable change in disposition of the radioactivity with doses between 0.25 and 5 mg/kg in rats
and between 0.25 and 10 mg/kg in dogs. No differences in the disposition were observed in any
species with the thee routes of adminstration. In rats and dogs, 35-41 % of the dose was excreted

in the urine and 52-62% in the feces via the bilar route. Metabolites were priarily present as

glucuronide and sulfate conjugates, together with numerous minor polar metabolites. I humans,
about 60% of the adminstered radioactivity was excreted in the urie and 36% in the feces after
both intravenous and oral dosing. Unchanged gransetron was only excreted in the urie (5-25%
of dose). In rats, the dominant routes of metabolism after both intravenous and oral admistration
were 5-hydroxylation and Nl-demethylation, followed by formation of conjugates. These were
the major metabolites in urne, bile and plasma. In dogs, and humans, the major metabolite was 7-
hydroxy-granisetron with lesser quantities ofthe 6,7-dihydrodiol and/or their conjugates.

2.6.5 PHARMACOKIETICS TABULATED SUMMY

N/A

2.6.4 TOXICOLOGY

Dose-Ran2e-Findinl! Study for a 2-Week Combined Local and. Systemic Tolerance and
Subchronic Toxicity Study of Granisetron Base Patches bv Epicutaneous Administration in
Rats

Key Study Findine:s: gransetron base patches were tolerated at sizes of2.5%. 5%, and 10% of
body surface area; increased patch size was associated with increased plasma drg levels

Studv# 19137/05

14
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Conductin!! Laboratory and Location:i

b(4)

Date of Study liiitiation: June 7, 2005 (report dated December 1,2005)

GLP Compliance: A statement of compliance was included.

OA Report: ycs ex) no ()

Dni!!: lot # C017GRA TDS/SNR800646 (granisetron base patches); purty of drug was not
indicated

METHODS: Male CrI:CD(I(SD) rats (age 50 days, 234-263 g) were treated with granisetron
using epicutaneous (transdennal) aØministration via granisetron base patches. The patches
contained 0.65 mg gransetron base/cm2. The inctive matrix included an adhesive, the
components of which were not stated. The stdy groups were administered descending patch

sizes, with a 7-day application period used for each patch size. The patches were applied to a
shaved region on the back of the animals, and were held in place with a cohesive fixative
bandage. The patch sizes were 10%,5%, and 2.5% of the body surface area, as calculated using
the Meeh formula (3 rats/patch size). New animals were used for each patch size. The
application site was shaved afer patch removal to faciltate skin examination. the animals were
sacrificed on day 8. The following paraeters were recorded:

Observations and Times:

Mortality: daily

Clinical Signs: daily

Bodvweight: days 1 and 8

Gross Pathology: at sacrifice

Toxicokinetics: Blood samples were collected at 10, 24, 72,120, and 144 hr afer application of
the patch, and at approximately 24 hr after patch removal (3 rats/group/time-point). Plasma
concentrations of granisetrol1 were measured using a validated HPLC method with fluorescence
detection.

Other: Local effects were evaluated immediately after and 1 hr after patch removal.

RESULTS:

Mortality: None.

15
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Clinical SieRs: None.

Rodvweil!ht: The effects of graüsetron on bodyweight caiiot be evaluated due to the absence
of a control group. Howcver, Joss of bodywcight occurrd in a1l ~nÎmals. The mean bodyweight
was decreased by 21.3, 6, and 19.3 g in groups treated with 10%,5%, and 2.5% hody surface
area patches, respectively.

Gross Patholol!: No abnormalities were observed.

Toxicokinetics: Plasma concentrations of grisetron were measured. The results are shown in
the table below.

.. .. - . -...__. --,.".
Patch Size tmalt Cma. AUCo.l4-hr AUCIItla..t Cayg

(%Body Surface Aren~ . .. (~it .' , .. ,(liWIi.I).. .. . ... _ (n~lii:/ii.I)__ . __ _Jiig~hrl-ii_I)__ ..Jniým-l)
2.5% 24 5.1 :! 1. 376:1 57 373 :I 60 2.6:10.4

5% 24 6.5 :I 3.2 491 :I 148 516+190 3.4:! 3.7

10% 24 18.6:! 5.0 1394 :I 530 1524 :1600 9.7:13.7
---_..__.-.. ,,_._..",.- -. "-~-'.- L._

Values are the mean:! S.I? of3 rdL~/griup, except tor I'.II (median value).

The AUC, Cayg, and C~;i values in the 5% body surface ar group were disproportionately

sma1l relative to the dose increment over the 2.5% body surface area group. However, the values
in the 10% body surface area group were approximately proportonal relative to the 2.5% body
s\lrtàce area group. At 24 hr after patch removal, granisetron was below the limit of
quantification (0.5 nglml) in the 2.5% body surface area group. wherea low levels (0.66-1.69
ng/ml) were stil present in the 5% and 10% body surface area grups.

Other: The patch application site was evaluated for eryhema, eschar formation, and edema.
Scoring of these evaluations was based on the Draize scale, as shown below.

Score
o
i
2
3

4
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. Score
o
1

2

3

4

For all patch sizes, the eryhema scores immediately after patch removal were 1 or 2. At) hr
after patch removal, thc erythema scores in all animals were 1. No edema was observed in any
animaL.

Conclusions: Granisetron base patches were tolerated at sizes of 2.5%, 5%, and 10% (¡fbody
sudace area. Increased patch size was associated with increased plasma drug levels.

l-Wcek Dosc-Ranl!e-Finding: Study of GraDIsetron IIC. bv 24-11 Continuous I.V. Infusion
to Rats

Kev Study Findinl!s: granisctron HC) was tolerated at 1,3, ¡md 9 mg/glday, given as a
continuous intravenous infusion

Study # 19292/05

Vol. 7

Conductine Laboratory and Location:: b(4)

Date of Study Initiation: August 31, 2005 (rcport dated December 12, 2005)

GLP Compliance: A statement of compliance was included.

OA Report: yes (x) no ( )

Druf!: lot # FX5103; 100.3% pure

METHODS: Male Crl:CDiI(SD) rats (age 63 days, 248.7-300.1 g) were treated intravenously
with 1,3, or 9 mglkglday granIseLTOn Hei for one week (3 rats/group). At seven days prior to
study initiation, catheters were implanted in the jugular vein and saline was continuously infuscd
(60 mllkg/day) to acclimatize the animals to the infusion conditions. The test and control aiticlcs
were administered using continuous (24 hr/day) insion via the implanted catheter. The dose

volume was 60 mllkg/day, and the vehicle was sal,inc. The animals were sacrificed on day 8.
Dose selection was based on informatiQn reported in the Summary Ba-;is for Approval for NDA

17



Reviewer: Sushanta Chakder. Ph.D. NDA 22-198

20,239. The selected doses were withn the range of doses administered in previous toxicology
studies in rats. The present study included the following parameters:

Observations and Times:

Mortality: twce daily

Clinical Signs: twice daily

Bodvweight: days 1 and 8

Food Consumption: weekly

Toxicokinetics: Blood samples were collected at 0.5, 2, 24, 72, 120, and 168 hr afer the start of
infusion (3 ra'ts/group/time-:point). Plasma concentrations of granisetron were measured using a
validated HPLC method with fluorecence detection.

REULTS:

Mortalitv: NOJle.

Clinical Sil!s: None.

Bodvweie:ht: The effects of granisetron on bodyweight cannot be evaluated due to the absence
of a control group~ The mean bodyweight was increased by 9.8, 25.2, and 23.6 g in the i, 3, and
9 mg/kglday groups, respectively.

Food Consumption: The results were reported only as g/kg bodyweight/day. Due to the
absence of a control group, the effectS of granisetron on food intake cannot be evaluated.' No
obvious effect on food consumption was discernible from the reported data.

Gross PathoIo2\: Enlargcd spleen was observed in the 1, 3, and 9 mglglday groups (2/3, 2/3,
and 3/3 rats, respectively). The authors considered this effect as a secondary immune response
caused by the continuous infusion procedure.

Toxicokinetics: Plasma concentrations of granisetron were measured. The results are shown inthe table below. .
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Mcan Daily
Dose tniax .Cmax AUCO-J68 hr AVC Cavil

_~w.kR-~~y) H .(~rl ..._.- _ H Jl!gl-Jl.I).... .. HH (llg~~rfml) (ol!hr/ml) (n g/m))
1 120 10.6:t 2.8 1192:! 302 170:t 43 7.1:!1.

3 120 30.4:! 12.4 3728 :! 903 533:! 129 22.2:! 5.4

9
"---

120 93.2:t 20.7 10,424:! 881 1489:! 126 62.0 :! 5.2

Values are the mean 01'3 r"dtstgroiip/time-point, except for t".. (median value),

The increases in AUe, Cavil, and Cm"" values with dose level were proportional to the dose
increment.

Conclusions: Grànisclron Hei was tolerated at doses of 1,3, and 9 mg/g/day, given as a
continuous intravenous infusion.

2-Wcck Combined Local and Svstemic Tolerance and Subchronic Toxicitv Study of
Granisetron Base Patches Applied Epicutaneouslv Compared to Granisetron HCI Applied
Intravenouslv or Orallv to Rats

Note: This study was submitted as a dra report in the initial submission. The final report was
submitted in amendment # 005.

Kev Study Findines: granisetron patch produced an increased seventy of erythema, as
compared to the placebo patch; hear appears to have been a taget organ of toxicity in the
granisetron patch, 9 mg/g/day iv, and 50 mglkg/day po groups; the systemic toxicity of
transderrally-administered gransetron was similar to that observed with intravenous and oraladministration .
Study # 19138/05

Amendment # ~05. Vol. 1

Conductin~ Laboratory and Location:: - -- b(4)

Date of Study Initiation: July 26, 2005 (report dated June 29, 2006)

GLP Comiiiiance: A statement of compliance was included.

OA Report: yes (x) no ( )

Drue: lot # C017GRATDS/SNR800646 (granisetron base patches); purity of drug was not
stated
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- -.0" --

lot # FX4379 (granisetron HC1); 99.5% pure

METlIODS: Crl:CDQ(SD) rats were trated as described in the following table.

Frequency of
Group Route Dose Administration

I I Epicutaneous Placebo patch 2 consecutive
2 (patch) Gransetron 6% applications for

laminate patch 7 days each
3 Vehicle contrl

4 1 mglkgfday
I Intravenous Gransetrn nCI Daily for

5 9 mg/glday 14' days

Gransetrn nCt
6 Or 50 mg/glday

Grsetrn lICI

Groups 1-2: Males were 50 days old. 231-269 g
Females were 58 days old, 196-220 g

Groups 3-6: Males were 34 days old. 127-164 g
Females were 35 days old, 119-145 g

All groups included 10 rat-i/sex for the main stdy. Groups 2, 4, 5, and 6 also included
6 rats/sex for measurement oftoxicokineLÎcs. For groups 1 and 2, the patch size was equal to
i 0% of the body surface ara, as calculated using the Meeh formula. In group 2, the patch size
for males and females was 36 cm2 and 31.4 cm2, respectively. Similar ~atch sizes were used in
group 1. The granisetron patch contained 0.65 mg granisctron base/cm . The inactive matrix
included an adhesive, the components of which were not stated. The patche.'l were applied to a
shaved area of the back in groups i and 2. The final patch was removed at approximately 1 hr
prior to sacrifice. The granisetron patches were anlyzed tòr residual drug content after removal
from the animals. The residual granisetron content was 13-56% for the first week of treatment,
and 10-36% for the second week of treament. The estimated graniselron dose delivered by the
patches was in the range of to.2 to 19 mglanimal. Although the patches were protected with
fixation bandages during the treatment period, some of the rat mange to chew on the patches,
resulting in an irregular shape at the time of removaL. Therefore, the accuracy of the calculated
residual drug content in patches and the estimated delivered dose is questionable due to the loss
of patch area durng the trealment period.. Intnivenous administmtion in groups 3-5 was
performed using a dose volume of 5 ml/kg, with saline as the vehicle. Ora administrtion in

group 6 was peiformed using a dose volume of 10 ml/kg,with 1 % methyl cellulose as the
vehicle, Most animals were sacrificed on day 15. Some animals in h'lOUp8 3-6 were ùosed on

day) 5 and sacrificed on day 16. The selection of patch size (10% of body surtàce area) was
baseù on results of a 7-day dose range-finding stdy in rat (stdy # 19137/05) and

pharmacokinetic data frOIl humans. Thc largest patch size in the dose range-finding study was
equal to 10% of the body surface area, which is the area of application recommended in OEeD
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guidelines for dermal toxicity studies. The group that was treated with the 10% body surface
area patch exhibited no adverse effects either than erytema at the application site. In addition,
the authors claim that the systemic exposure observed with ths patch size was simlar to that
seen in humans at the clinically active dose. The dose levels used for intravenous and oral
'administration were selected on the basis of information reported in the Summar Basis for
Approval for NDA 20,239 and were within the rage of doses administered in previous
toxicology studies in rats. The present study included the followig parameters:

Observations and Times:

Mortality: twice daily

Clinical Signs: pre-dose and post-dose on all days

Bodvweight: days 1,8, and 15

Food Consuml)tion: weekly

Ophthalmoscopy: day 14

Hematology: blood samples were cOllected at termination (day 15 or 16); bone marrow smears
were prepared from the first five anals/sex in groups 1,2,5, and 6

Clinical Chemistrv: blood samples were collected at termination

Urinalysis: urine samples were collected at termination

Gross Pathology: at termination

Organ Weights: adrenals, brai, heart kidneys, liver, lungs, lymph node (cervical and
mesenteric), ovaries, pituitar, spleen, testes, thymus, thyroid/pa,athyroid

Histopathologv: The following organs/tissues were examined in groups 1, 2, 3, 5, and 6:
adrenals, aort, brai (cerebrum, cerebellum, brain stem), cecum, cervix, colon, duodenum,

epididymides, esophagus, eyes (with optic nerve), femur (withjoint and marrow), gross lesions,
~arderian glands, heart, ileum, injeetion site (groups 3-5), jejunum, kidneys, liver, lungs, lymph
nodes (cervical, mesenteric), mammary gland, ovaries, oviducts, pancreas, pituitar, prostate,
rectum, salivary glands (mandibular, parotid, sublingual), sciatic nerve, seminal vesicles, skeleta
muscle, skin (left flan), skin (patch application site and untreated site in groups i and 2), spinal

cord (3 sections), spleen, sternum (with marrow), stomach, testes, thymus, thyroid/parathyroid,
tissue masses or tumors (including regional lymph nodes), tongue, trachea, ureters, urinary
bladder, uters, vagina. All tissues were staned with hematoxylin-eosin. Additional sections of

heart, kidney, and liver were staied with scarlet R.

Adequate Battery: yes (x) no ( )
Peer Review: yes ( ) no (x)
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Toxicokinetics: Blood samples were collected from the granisetron patch-trated group at 10, 24,
48,96,120, 144, and 168 hr after application ofthe first patch (3 rats/sex/time-point). Blood
was collected from the placebo patch-treated group at 48 hr afèr the first application (3 ras/sex).
The blood sampling time-points for the intravenous drug treatment groups were 2 mi, 15 min,
30 min, 2 hr, and 5 hr post-dose on day 7 (3 rats/sex/time-point). Blood was collected from the
intravenous vehicle control group at 2 min post-dose on day 7 (3 rats/sex). The blood sampling
time-points for the oral drug treatment group were 15 min, 30 min, I hr, 2 hr, and 4 hr post-dose
on day 7 (3 rats/scx/time-point). Plasma concentrations of granseton were measued using a
validated HPLC method with fluorescence aetectiol1.

Other: Local effects were evaluated in groups 1 and 2 immediately afer and at 1 hi afier patch
removal on days 8 and 15. A hearig testwas performed on day 15.

RESULTS:

Mortalitv: None.

Clinical Si2ls: Tonicoelonic convulsions were observed sporadically in group 5 (9 mg/kglday
iv) immediately after dosing. The duration of ths effect was 0.5-5 mi.

Bodvwei!!ht: The effects on bodyweight are shown in the figues below (taken from the study
report).

Figure 1 Body weght of mafe:øs
mea valiioa per gro (n = 10)

.. Gmi 1: p/ iir:
-. Gf ~ Gi tnl.lm pa~ Grp~ wlctllól(t....
-A Gm4: t møGr~b.wJit LLv.)
~ Gr& lIinGmIS~~b;Jit Il,v.)
-+ Orup~ HmlJ~~.b.w./(po.

o 2

tes wee
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Flgutè 2 Body weight offole animals
moan values per gMUp (n .. 10)
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It should be noted that the patch-treated groups were 2-3 weeks older than the intravenous and
oral administration b'TOUPS. Therefore, the bodyweight of the patch-treted groups was higher at

study initiation. 'Weight loss was observed in both the placebo patch- and granisetron
patch-treated males (-20.7 i g and -8.5 g, respectively, based on the mean bodyweights at study
initiation and termination). In contrast, slight weight gai occured in the placebo pateh- and
granisetron patch-treated females (4.52 g and 7.23 g, respectively). Weight gain in group 3 (iv
vehicle) was relatively robust (83.22 g and 54.81 g in males and females, respectively). Weight
gain was reduetd by 11 % and 15% in the i and 9 mglglday iv females, respectively, and by 8%
in the 9 mg/kg/day iv males. Weight gain was unaffected in the 50 mglg/day po group, relative
to the intravenous vehicle control group. The data indicates that weight gain wa'! strongly
inhibited by both the placebo and granisetron patches, with loss ofbodyweight observed in
males. The magnitude of this effect was similar for the placebo and granisetron patches, whereas
the intravenous graniselroii groups exhibited only minimal inhibition of weight gain. Therefore,

the marked impairment ofweighL gain in the granisetron patch-treated group does not appear to
be a drug-related effect.

Food ConsumDtion: The results were reported only as glkg bodyweightlday. A 10% decrease
occurred in the 9 mg/g/day iv group (not significant). Since the absolute amount offood
consumed (g/aniinalday) was not reported, it is diffcult to evaluate the effects on food intake in
Lhe patch-treated groups, in whieh weight gain was markedly impaired.

ODhthalmosconv: No abnormalities were observed.

ECG: Not performed.
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Hematoloev: The results are shown in the table below. Changes in the grsetron patch-treated

group are expressed relative to values from the placebo patch group. Changes in the intravenous
and oral granisetron-treated groups are expressed relative to values from the intrvenous vehicle
control group.

Parameter
WBC

Groii
Granisetron 6%
laminate patchm

Neutrophils

if, 9f mglglday iv

50 m day pOf
Granisetron 6%
laminate patch'"

Lymphocytes

Monocytes

LUC

50 mglglday po"
50m da Of
Graisetron 6%
laminate atchm

Graisetron 6%
laminate chm

Basophils

LUC: large unstained cells
ns; not significant
m: males

f: females

Chao c
60% increase (ns)

29%, 34% increae (ns)

60% increase ns)
107% increase (ns)

39% increase ns)
35% increae (ns)

66% increase (ns)
109% increase (05)

29% increase (ns)
56% increae ns

100% increase (ns)

i 80% increae (05)

Da
15

,15

15

15

is-
IS

15
15

is
15

15

15

Males in the granisetron patch group exhbited increases in neutrophils, lymphocytes,
monocytes, large unstained cells, and basophils. Females in the 50 mglglday po grup
exhibited increases in neutrophils, lymphocytes, and monocytes. TPT (thmboplastin time) and
APTT (activated partal thromboplastin time) were unafected. Bon.e marow smea were
examined .i groups i, 2, 5, and 6. The mycloid:eryhroid rato wa unafted.

Clinical Chemistry: AL T in one male in the grsetron patch group was increaed by 3.4-fold
relative to the mean control value (placebo patch group). No drg-related lesions.i liver were
observed in the microscopic examination of ths anal. Total protein was reucd by 7% in

males in the SO mg/kg/day po group.

Urinalysis: The following paraeters were reported: volume, specific grvity, appearance,
color, glucose, bilirubin, ketones, hemoglobin, pH, protèin, urobilnogen, nitrte, WBC, RBC,
epithelial cells, casts, crystals, bacteria, spenn, and yeast. No parameters were afected.
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OreaR Weiidts: Absolute and relative (glg bodyweight) weights were reported. Changes in
the granisetron patch-treated group are expressed relative to values from the placebo patch
group. Changes in the intravenous and oral gransetron-treated groups are expressed relative to
values from the intravenous vehicle control group.

Liver: Relative weight in the 50 mg/kg/day po males was increased by 17%.

Lungs: Absolute weight was decreased by 14% and 15% in the 9 mg/g/day iv males and the
SO mg/kg/day po females, respectively.

Gross Patholol!: No abnormalities were observed.

HistoDatholol!: Groups 1,2,3, 5,and 6 were examined.

Hear: Lympho-histiocytic infiltration was observed in the gransetron patch-treated group (3/20
rats), the 9 mg/kg/day iv group (2/20 rats), and the 50 mg/kg/day po groups (1/20 rats). Fatt
infiltration and epicarditis OCCUlTed in the gransetron patch-treated group (1/20 rats for each

lesion).

Injection Site (early, groups 3 and 5): Increased incidence of hemorrhage was observed in the
9 mglg/day iv group (7/20 rats, as compared with 3/20 rats in the control group).

Injection Site (last, groups 3 and 5): Increased incidence of perivascular granulation tissue
occurred in the 9 mg/g/day iv group (15/20 rats, as compared with 6/20 rats in the control
group). Hemorrhage was also increased in the 9 mg/kg/day iv group (J0/20 rats, as compared
with 2120 rats in the contr91 group).

Kidneys: Interstitial nephritis occurred in the granisetron patch-treated group and the
9 mg/g/day iv group (1/20 rats in both groups). Lympho-histiocytic infiltration was observed in
the 9 mg/kg/day iv and 50 mg/g/day po groups (1/20 and 2/20 rats, respectively). Basophilic
tubular cells and pyelitis occurred in the 9 mglg/day iv group (1/20 rats for each 1esiôn).

Liver: Focal necrosis and microgranuloma was observed in the granisetron patch-treated group
(1/20 rats for each lesion). Vacuolization occurred in the SO mgig/day po group (1/20 rats).

Thyroid: Lymphocytic infitration was observed in the gransetron patch-treated group (1/20
rats).

Toxicokinetics: Plasma levels of gransetron were measured. The results are shown in the table
below.
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Mean Daily
tmax Cmax AUC AUC c..,g

Dose Sex (hr) ( Rglml) (Rg-hr/ml) (og-hr/ml) (og/ml)
6% granisctron M 24.0 20.4 1531.a 21S.8 9.1

patch F 24.0 53.5 3080.7" 440.1 18.3
Days 1-7

I mglkg/day M 0.03 325.1 l1U b na na
iv F 0.03 298.3 99.6b oa na

Day 7 
i
¡

9 mglkg/day M 0.03 2403.3 10 18.8b 1 na oa
IV F 0.03 2305.0 855.5D

i na na
Dav?

50 mgiglday M 0.25 658.3 i 792. 'f na 11U

PO F 0.25 695.0
...

Ï674j¡C
Day?

na oa

Values were determined from 3 rats/sexlgroup/time-point.
a: 0-168 hr
b: 0-5 hr
c: 0-4 hr
nn: not applicable

The mean daily plasma exposure (AVC) in the granisctron patch group was with the range of

the AUCO-5 hr values in the i and 9 mglkg/day iv groups, whereas the Cmux.values in the

granisetron patch group were substantialy lower than ihose ofile intravenous groups.

Gninisetf(n levels in the intravenous groups were nea the limit of quantification (0.5 ng/ml) at 5
hr post-dose, the final time-point. On days 4-7, the drug concentrations in the patch-tred
group were ~ i 0 ng/ml, whereas higher concentrtions were present durng the initial 48 hr of
application. Thus, the daily plasma exposure produced by the patch appers to have varied
during the 7-day period of application. The AUC, Cma, and C"vg values for the patch-treated
females were approximately 2-fold greater than those of the patch-treted males. In contr.it, no
sex-related dilèrences in pharmacokinetic parameters were observed with intrvenous or ontl
adnúnistratioii.

Other: The patch application site was evaluated for eryhema, escha formation, and edema.
Scoring of these evaluations wa based on the Draizc scae, as shown below.

Score
o
I
2

3

4
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Score
o
i
2

3

4

Day 8: The severity of erythema immediately after patch removal was scored as 3 in all of the
group 2 (granisclron patch) animals, as compared with a score 0(2 in all of the group i (placebo
palch) animab. Th~ s~verily of ~rylh~ma was slighily diminish~d in bolh groups at l hr an~r
patch removal, although the severity was stil greater in the grisetron-treated group. Edema
was not observed in any aial.

Day i 5: A high incidence of crythema scores of 4 (all with eschar) occurred in group 2 (9/20
rais) immediately after patch removal, whereas ihe scores for group 1 were either 2 or 3. The
severity of erythema was diminished in both groups at i hr after patch removal, butlhe severity
remained higher in the granisetron-treated group. Edema was not observed in any animaL.

No dmg-related effects were observed in the microscopic examination of the application sites
from the granisetron patch group. No signs onocal irrtation were observed in the intravenously
trealed groups. Auditory testing results were normal in all animals.

Conclusions: 'l1ie granisetron pateh produced an increased severity of eryhema, as compared to
ihe placebo patch. No signs or drug-related irritation were observed in the microscopic
examinatiori ofthe patch application sites. The estimated mean daily Aue value for the
gransetron patch-treated group was comparable to the AUe values in the intravenously-treated
groups, but substantially lower than that of thc orally-treated group. Hear appears to have been
a target organ of toxicity in the granisetron patch, 9 mg/kg/day iv, and 50 mg/g/day po groups,
based on a low incidence oflyinpho-histiocytic infitration. Lesions in other organs (e.g.,
kidneys and liver) lhal occurred exclusively in drug-treated groups were sporadic, and arc not
considered to be treatment related. Under the study conditions, the systemic toxicity of
transdermally-admiiiistered granisetron in rats was similar to that observed with intravenous or
oral administration. Intravenous administration ot9 mg/g/day granisetron Hei produced an
increased incidence of hemorrhage and perivascular granulation tissue allhe injection site, as
compared with the vehicle conirol. Weight gain was markedly impaired in boih the placebo
patch and graniselTln patch-lrealed groups. The reason for this effect is unkown. Granisetron
was not detected in plasma samples from the placebo patch-treated group, which excludes the
possibilty of an unitended administration of drug in this group. The absolute amount of food
consumed (g/animal/day) was not reported, so the etrect of patch lreatment on food intake is
wicertain.
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2-WeekSubchronic Toxicity Study of Granisetron HCI bv 24-HContiuous I.V. Infusion
to Rats

Kev Study Findine:s: liver appeared to be a target organ of toxicity in the 9 mglkgfday group,
based on the incidence of bile duct proiîferation

Study # 19293/05

Vol. 7 

Conductin!! Laboratory and Location:: '- ~ b(4)

Date of Study Initiation: September 19,2005 (report dated December 9, 2005)

GLP Compliance: A statement of compliance was included.

OA Report: yes (x) no ( )

Dru!!: lot # FX5103; 100.3% pure

METHODS: Crl:CD~(SD) rats (males: age 59 days, 246-320 g; females: age 72 days, 223-284
g) were treated intravenously with 0 (vehicle), 1,3, or 9 mglglday griseton HCI for 

two
weeks (10 rats/sex/group). The toxicokinetic groups were treated with 1, 3, or 9 mglg/day
granisetron HCI (6 rats/sex/group). At 5-8 days prior to study initiation, catheters were
implanted in the jugular vein and saline was continuously infused (60 ml/glday) to accliati

the animals to the infion conditions. The test and control articles were administered using

continuous (24 hr/day) infuion via the implanted cathter. The dose volume was 60 mllg/day,
and the vehicle was saline. The animals were sacriced on day 15. Dose selection was based on
the rèsults ora I-week dose rage-finding study in rats using contiuous iv infusion (study #
19292/05, reviewed above). The dose levels used in this study were 1, 3, and 9 mg/glday (no
control group was included). The only observed abnormality was slight enlargement of the
spleen. The authors stated that 9 mglg/day was the maximum intravenous bolus dose used in
previous subcluonic toxicity studies of granisetron HCl in rats (NDA 20,239). The preent stdy
included the following parameters:

Observations and Times:

Mortality: twce daily

Clinical Signs: multiple times durng each day

Bodvweight: days 1,8, and IS

Food Consumption: weekly
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Ophthalmoscoi1Y: day 15

Hematology: blood samples were collected at tennination (day 15); bone marrow smears wcre
prepared from the first five animals/sex in the control and high-dose groups

Cllniçal Chemistry: blood samples were collected at termination

Urinalysis: urine samples were collected at terniination

Gross Pathoiogy: at tennination

Organ Weights: adrenals, brain, heart, kidneys, liver, IWigS, lymph node (cervical and
mesenteric), ovaries, pituita, spleen, testes, thymus, thyroid/parathyroid

Histopathology: The following organs/tissues were examined in control and high-dose groups:
aurenals, ¡iorta, brain (cerebrum, cerebellwn, brain stem), cecum, cervix, colon, duodenum,
epididymides, esophagus, eyes (with optic nerve), femur (with joint and marrow), gross lesions,
Harderian glands, heart, ileum, infusion site, jejunum, kidneys, liver, lungs, lymph nodes
(cervical, mesenteric), mammary gland, ovaries, oviducts, Pancreas, pituitary, prostate, rectum,
salivary glands (mandibular, parotid, sublingual), sciatic nerve, seminal vesicles, skeletal muscle,
skin (left flank), spinal cord (3 sections), spltitm, sternum (with marrow), stomach, testes,
thymus, thyroid/parathyroid, tissue masses or tumors (including regional lymph nodes), tongue,
trachea, ureters, urinary bladder, uterus, vagina. All tissues were stained with
hematoxylin-eosin. Additional sections of heart, kidney, and liver were stained with scarlet R.

Adequate Battery: yes (x) no ( )
Peer Review: yes ( ) no (x)

Toxicokineiics: Blood samples were collected from the granisetron-treated groups at 0.5, 2,24,
72, 120, and 168 hr aftcr the start ofinftision (3 rats/sex/time-point). Blood was collected Irom
the control group at 168 hr (3 rats/sex). Plasma concentrations of granisetron were measured
using a validated HPI ,C method with fluorescence detection.

Other: A hearing test was perfonned on day 15.

RESULTS:

Mortality: No deaths occurred.

Clinical Siims: No clinical signs were observed.

Bodvwei~ht; Weight gain was unaf1èetcd. The mean weight (:! S.D.) of the control males and
females was 275.0:! 15.9 g and 236.3 :! 8.9 g, respectively, on day i, and 316.2:! 23.5 g and
254.5 :! 14.9 g, respectively, on day is.
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Food Consumption: The results were reportd only as g/g bodyweight/day. No effects were
observed. .
Ophthalmoscopy: No abnormalities were observed.

ECG: Not performed.

Hematolo!V: No effects on hematology parameters were observed. TP and APTI were
unaffected. Bone marrow smears were examined in the control and high-dose groups. The
myeloid:eryoid ratio was unaffected.

Clinical Chemistry: Granisetron had no effect on clinical chemistr parameters.

Urinalysis: The following parameters were reported: specific gravity, volume, color, glucose,
bilrubin, ketones, hemoglobin pH, protein, urobilinogen, nitrte, WBC, RBC, epithelial cells,
casts, crystals, bacteria, sperm, and yeast. A small but statistically significant reduction in
specific gravity occured in the 3 and 9 mg/g/day females. Urine volwne wa increased by
46-75% in the 1, 3, and 9 mglkg/day females.

Orl!an Weie:hts: Absolute weight and relative weight (glg bodyweight) were reported. There
were no effects.

Gross Patholo!V:

Infsion Site: Purlent tissue was observed in the t, 3, and 9 mglg/day grups (1/20,1/20, and
2/20 rats, respectively). Tissue enlargement occurred in the 3 mglg/day group (2/20 rat~).
Hear: Thickening of the auricle was observed in the 3 and 9 mg/kg/day groups (1/20 and 2/20
rats, respectively).

Histopatbolo!V:

Hear: Granulation tissue was observed in the 9 mg/g/day group (1/20 rats). Lympho-histio-
cytic infitration occurred in the 9 mglg/day group (1/20 rats). Purent pericaditis was
observed in the 9 mg/kg/day group (1/20 rats). Each of these lesions occured in different
animals. Given the low incidence and the absence of data from the i and 3 mg/kg/day groups,
the relationship of these lesions to drug treatment is uncertain. However, lympho-histiocytic
infiltration in heart was observed in the 2-week toxicity study in rats using transdermal, iv bolus,
and ora administrtion (study # 19138/05, reviewed above). Therefore, it is reasonable to
assume that lympho-histiocytc infitration in the present study was drug-related.

Liver: Bile duct proliferation was observed in the 9 mg/kg/day group (4/20 rats).

Urinary Bladder: Proteinaceous content was observed in the 9 mg/kg/day group (3/20 rats).

Toxicokinctics: Plasma levels of granisetron were measured. The results are shown in the table
below.
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Mean Daily
Dose tmiix Cmal AUCo.168 br AVe Cavg

(mgtkgldBY) Sex (hr) (nwml) (nii.hr/m)) (nii-hr/ml) (nwml)
1 M 24 8.5 1148 164 6.8

F 2. 8.7 978 140 5.8
3 M 72 24.7 3514 502 20.9

i

F 72 19.3 2701 386 16.1
9 M 120 72.0 tt323 . 1617 67.4

F 24 61. 7599 1086 45.2
Value were determined fi'oni 3 rats/sex/group/tinie-point.

The AVe, Cm.", anù C.vg values were increased with the dose leveL. The increase in these
parameters was proportional to the dose increment. Males exhibited higher AVC, Cmax, and Cavj\

values in comparison to the female values, particularly at 3 and 9 mglkg/day.

Other: All anials tested normal in the hearing test.

Conclusions: Liver appears to be a target organ of toxicity in the 9 mg/kg/day group, based on
the incidence of bile duct proliferation. Heart is also considered as a target organ oftoxicity in
the 9 mglkglday group, based on the incidence oflympho-histiocytic infiltration and the previous
observation of this lesion in the 2-week toxicity study in rats using transdermal, TV bo1tL'i, and

oral administration. A NOAEL (no observed adverse effeet level) was not esablished due to the
effeels in liver and heart, and the absence of histopathology data from the i and 3 mglkglday
groups.

Dose-Ranl!e-Findine: Study for a 2-Week Combined Local and Systemic Tolerance and
Subchronic Toxicity Study of Granisetron Base Patches by EDicutaneous Administration to
Dol!s

Key Study Findine:s: granisetron base patches were tolerated at sizes of5% and 10% of body
surface area; plasma drug levels were similar for both patch sizes

Study # 19139/05

Vol. 9 

Conductine: Laboratory and Location: -- b(4)

Date of Study Initiation: June 7, 2005 (report dated December 1,2005)

GLP Compliance: A statement of compliance was included.
~

QA Report: yes (x) no ( )

31



Reviewer: Sushanta Chakder. Ph.D. NDA 22-198

Drug:: lot # CO l7GRA TDS/SNR800646 (granisetmn base patches); purity of drug was not
. indicated

METHODS: Malc Beagle dogs (age 6 months, 7.5-7.9 kg) were trete with grisetron usg

epieutaiieotls (transdcrmal) administation via grisetron base patches. The patches contaied
0.65 mg granisetron base/cm2. The inactive matrx included an adhesive, the components of
which were not stated. Three dogs were administered ascending patch sizes, with a 7-day
application period used for each patch size. The patch sizes were 5% and 10% oftlie body
sudace arca, as calculated using the Meeh fhrmula. A 3-day wa"hout period was allowed

. between the first and second pateh application peñods. The patehcs were applied to a shaved'
region 011 the back of the animals, and were held in place with a cohesive fixative bandae. The
application site was shaved after patch removal to facilitate skin examination. A scheduled
saerifice was not included in the study protocol. The following pareters wcre recorded:

Observations and Times:

Mortality: twce daily

Clinical Signs: daily

Bodyweight: at the beginning and end of eaeh 7-day treatment period

FoaG-.Çonsumption: daily

ToxÍCokineties: Blood samples were collected from each aial at 10,24,48,72,96.120.144,

and 168 hr afer application of the patch, and at approximately 24 hr after pateh remova. Plasma
concentrations of granisetron wcre meaured usng a validated HPLC method with fluorescence
dt:ection.

Other: Local effects were evaluated immediately afer and at 1 and 24 hr after patch reoval. in

addition, the skin area designated for patch applicaion was evaluated after shaving and pñor to
application.

RESULTS:

Mortality: None.

Clinical Sil!Os: None.

Bodvwcie.ht: The effects of granisetron on bodywight cannot be evaluated due to the absence
ofa control group. The mea (:I S.D.) bodyweigbt was 7.73:! 0.21. 7.77:! 0.32,7.87:: 0.32,
and 8.4 :: 0.36 kg on days i, 8, 11, and 18, respectively.

Food Consumption: TIie effects of gransctron on food intae cannot be evaluated due to the
absence of a control group. Each animal conswncd the entire daily allotment of food (40 glg
bodywcight) during the study.
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Toxicokinctics: Plasma concentrtions of granisetroii were measured. The results are shown in
the table below.

Patch sizel
(%ßoily Surface Area) i

5%
10%

tmax

(hr)
48 :t 24

120:t 4\.6
27.8:t 1.
20.3 :t 9.0

2404:! 419

2285 :t 1272
Values are the mean:t S.D. of3 dogs/group.

The pharmaeokinetie parameters obtained with the 5% and 10% body ~urface area putch sizes
were similar. The reason for this is uncertain.

Other: The patch application site was evaluated tòr erythema, eschar formation, and edema.
Scoring of these evaluations was btlsed on the Draizc scale, as shown below.

E thema and Eschar Formation

No erythema
Very sli ht erythema (barely perceptible)
Well-defined erythema ._....
Moderate to severe eryhema
Severe erythema (beet redness) or eschar formation
in'lIries in de tl1 rcvcntin e hei:~.!c:!!~i~g

Score
o
i
2
3

4

Edema Formation
No edema

Very slight edema barely ere tible
Slight edema (edges of aTei\ well defined by
definite raising).
Moderate edema raised a roximatcly 1 mm):
Severe edema (raised more than 1 mm and

~)(!ending beyond area of ex osure)

Score
o
i_.__..__...._._- .._.

2

3
4

Very slight eryhcma (score of 1) was observed in 2/3 dogs at all observation times aftcr removal
of the 5% body surtàee area patch. All dogs exhibited very slight eryhema immediately aftcr
and at 1 I1r after removal or Lhe 10% body surface area patch, whereas no eryhcma was observed
at 24 hr. No edema was observed aller treatment with either pateh sizc. Prior to application of
the patehesi no erythema or ,edema was observed (days 1 and 1 i).

Conclusions: Granisetroii base patches were tolerated at sizes of 5% and 10% or body surface
area. Plasma drug exposure levels were similar for both patch sizes.
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i. Week Dosc-Rau:e-FiDdiD2 Study of Graiictron HCI by 24" Contiuous LV. Infusion

to Beagle Dogs

Kev Study Findings: gransetron HCl was tolerated at 0.3, 1, and 3 mglglday, given as a
continuous intravenous infusion

Study # 19335/05

Vol. 12

Conductin!! Laboratory and LocatioD~ - b(4)

Date of Study Initiation: August 31, 2005 (report dated Decembe 12,2005)

GLP Compliance: A sttement of compliance was included.

OA Report: yes (x) no ( )

Drue:: lot # FX5103; 100.3% pure

METHODS: Male Beale dogs (age 9 month, 9.8-10.3 kg) were treated intrvenously with 0.3,
i, or 3 mg/glday gransetron HCl for seven days (1 dog/group). The test aricle was
administered using contiuous (24 hr/day) infuion via an implanted catheter in the vena cava
caudalis. The dose volume was 24 mlkglday, and the vehicle was saine. At seven days pnorto

study initiation, the catheters were implanted and sale was continuously insed (24 mllkglday)
to acclimatize the animals to the infion conditions. A scheduled sacrifice was not included in
the study protocol. Dose selection was based on information ieported in the Summar Basis for
Approval for NDA 20,239, The selected doses were within the rage of doses administ in

previous toxicology studies in dôgs. The present study included the followig paraeters:

Observations and Times:

Mortlity: twice daily

Clincal Signs: daily

Bodvweight: days 1 and 8

Food Consumption: daily

Toxicokinetics: Blood samples were collected from each animal at 1,4,24,72, J20, and 168 hr

afer the start of infusion. Plasma concentrations of granisetroii were measured usng a vaidated
HPLC method with fluorescence detection.
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RESULTS:

Mortalitv: None.

Clinical Siims: The 0.3 mg/g/day animal exhibited liquid around the entrance of the catheter on
day 6.

Bodvwcil!t: The effects of granisetron on bodyweight cannot be evaluated due to the absence
of a control group. In all animals, the bodyweight at stuùy termination was identical to that
measured on day I.

Food Consumption: The results were reported only as glkg bodywcightlday. The effects of
granisetron 011 food intake cannot be evaluated due to the absence of a control group. The mean
values for food 'consumption were 24.3, 29.8, and 27.5 g/g/day in the 0.3, i, and
3 mgfg/day groups, respeclively. The daily food allotment was 40 glk~.

Toxicokinetics: Plasma concentrtions of granisetron were measured. The resulls are shown in
the table below.

Dose
(mgl"ay)

0.3

Cmax
(n ml)

3.2
8.2

3 24 44.7
Values were determined from i dog/group.

AVC, Cavg. and Cmax values were increased with dose leveL.

Conclusions: Granisetron Hei was tolerated at doses oro.3, I, and 3 mglkg/day, given as a
continuous inlmvenous infusion.

2-Week Combined Local and Svstcmic Tolerilßce and Subchronic Toxicitv Study of
Granisctron Base Patches Applied Epicutaneously Compared to Granisetron HCI Applied
Intravcnouslv or Orallv to Beaiile DOf!s

Note: This study wac; submitted as a draft report in the initial submission. The final report was
submitted in amendinent ff 005.

Kev Studv Findine.s: the granisetron patch produced subepithelial edema at the application site
(observed microscopically); systcinic toxicity in the granisetron patch h'TOUP, intravenous

gransetron groups, and the oral granisetron group was minimal

Studv# 19140/05

Amendment # 005, Vol. 3
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Conductin,!" Laboratorv and Location:~ b(4)

Date of Study Initiation: Augu 10, 2005 (report dated June 29, 2006)

GLP Compliance: A statement of compliance was included.

OA Report: ycs (x) no ( )

Drug: lot # C01 7GRA TDS/SNR800646 (grasetron base patches); purity of drug was not
stated
lot # FX4379 (grsetron HC1); 99:5% pur

METHODS: Beagle dogs (age 6-6.5 months; males: 6.7-8.0 kg; females: 5.8-7.0 kg) were
treated as describcd in the followng table.

Frequency of

Group Route Dose Administrtion
1 Epicutaeous Placebo patch 2 consecutve
2 (patch) Grasctron 6% applications for

lamnate patch 7 days eah
3 Vehicle contrl

4 0.3 mglg/day
Intravenous Grisetron RCI Daily for

5 3 mglg/day i 4 days

, Gransetrn HCl
6 Oral 2 mglglday

Grnisetron HCl

Each group included 3 dogs/sex. For groups 1 and 2, the patch si7.. was equal to 10% of the
body surface area, as calculated using the Meeh fonnula. The patch sie in the group 2 males
and females was 438-480 cm2 and 398-442 cm2, respetively. Similar ~atch sizes were used in
group 1. The gransetron patch contaied 0.65 mg grisetron basecm . The inactive matrx
included an adhesive, the components ofwbch were not stted. The patches were applied to a
shaved area of the back in groups 1 and 2, and were held in place with a cohesive fixative
bandage. The final patch was removed at approximately 1 hr prior to sacrifice. The gransetron
patches were analyzed for residual drug content after removal from the anals. The residual
granisetron content was 0-15.4% for the fist week of treatment, and 1.2-29.9% for the second
week of treatment. The estimated granisetron dose delivered by the patches was in the rage of

211 to 312 mg/animal. Intravenous administrtion in groups 3-5 was performed using a dose

volume of 2.5 mllkg, with saline as the vehicle. Gelatin capsules wer used for oral
administration in group 6. The animals were sacrificed on day 15. The selection of patch size
(10% of body sUl'facearea) was based on results ofa dose range~findig study in dogs (stdy #

19139/05, reviewed above) and pharmacokinetic data from humans. The larest patch size in the
dose range-finding study was i 0% of the body sudacc area, which is the area of application
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recommended in OECD gtUdelines for dermal toxicity studies. The dogs were initially treated
with a 5% body surface area patch containing granisetron for seven days. After a 3-day washout
period, the dogs were then treated with a 10% body surface area patch for an additional seven
days. Both patch sizes were tolerated. In addition, the authors claim that the systemic exposure
observed with the 10% body surface area patch was similar to that seen in humans at the
clinically active dose. The dose levels used for intravenous and oral administration were
selected on the basis of information reported in the Summary Saiiis for Approval for NDA
20,239 and are within the range of doses adminstered in previous toxicology stdies in dogs.

The present study included the following parameters:

Observations and Times:

Mortality: twice daily

Clinical Signs: pre-dose and post-dose on all days

Bodyweight: days 1, 8, and 15

Food Consumption: daily (mean weekly values were reported)

Ophthalmoscopy: prior to study initiation and on week 2

ECG: For grolips 1 and 2, recordings were taken before and approximately 2 hr afer patch
application on day i. EeG was repeated on day 14 in groups 1 and 2. For groups 3-5

(intravenous administration), recordings were taken before and at approximately 5 min afer
dosing on days 1 and 14. For group 6 (oral administration), ECG was performed before and at
approximately 2 hr post-dose on days 1 and 14.

Hematologv: blood samples were collected prior to study initiation and on day 15; bone marrow
smears were prepared during necropsy

Clinical Chemistry: blood samples were collecte prior to study initiation and on day 15

Unnalysis: urine samples were collected prior to study initiation and on day 15

Gross Pathology: at sacrifice

Organ Weights: adrenals, brain, heart, kidneys, liver, lungs, lymph node (cervical and
mesenteric), ovaries, pituitar, spleen, testes, thymus, thyroid/parathyroid

Histopathology: The following organ/tissues were examined in groups 1, 2, 3, 5, and 6:
adrenals, aorta, brain (cerebrum, cerebellum, brain stem, hippocampus), cecum, cervix, colon,
duodenum, epididymides, esophagus, eyes (with optic nerve), femur (with joint and marrow),
gall bladder, gross lesions, heart, ileum, injection site (groups 3-5), jejunum, kidneys, lacrimal
glands, larynx, liver, lungs, lymph nodes (cervical, mesentenc), mammar gland, ovaries,
oviducts, pancreas, pituitay, prostate, rectum, salivary glands (mandibular, parotid, sublingual),
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sciatic nerve, seminal ducts, skeletal muscle, skin (left flan), skin (patch applicaton site and
untreated site in groups 1 and 2), spinal cord (3 sections)"sp1ccn, stomach, testes, thymus,
thyroid/parathyroid, tissuc masses or tuors (íncluding regional lymph nodes), tongue, trachea,
ureters, urnary bladder, uteru, vagin. Al tissues wert~ staned with hematoxylin-csin.

Additional 'sections of heart, kidney, and liver were stned with sclet R.

Adequate Battery: yes (x) no ( )
Peer Review: yes ( ) no (x)

Toxicokinetics: Blood samples were collected.from the granisetron patch-treate group at 10,24,
48,96, 120,144, and 168 hr after application of the first patch (3 dogs/sexltie-point). Blood
was collected from the placebo patch-treated group at 48 hr afer the fist application
(3 dogs/sex). The blood sampling time-points for the intravenous drg tratment groups were
2 min, 15 min, 30 min, 2 hr, 5 hr, and 8 hr post-dose on day 7 (3 dogs/sexlime-point). Blood
was collected from the intrvenous vehicle control group at 2 min post-dose on day 7 .

(3 dogs/sex). The blood sampling tie-points for the ora drg treatment group were 0.5, 1, 1.5,
3, 5, and 8 hr post-dose on day 7 (3 dogs/sexltime-point). Plasma concentrtions of grantron
were measured using a validated HPLC method with: --:.

Other: Local effects were evaluated in groups 1 and 2 immediately aftr and at 1 hr afr patch

removal on days 8 and 15. Local effects were evaluated daily in thc intravenously trated
groups. A heanng test was peformed prior to stdy intiation and on week 2.

b(4)

RESULTS:

Mortalitv: None.

Clinical Sil!s: Salivation occurred sporadically in the 3 mglglday iv grup. Ths effect
appeared durng administration and contiued for up to 5-20 mi.

Bodvweildt: Transdermal, intrvenous, and ora administrtion of grasetron had no effect on
weight gain. The mean weight (:t S.D.) of placebo patch-trted males and females wa 7.33 :t
0.58 kg and 6.33 :! 0.61 kg, respectively, on day 1, and 7.30:! 0.36 kg and 6.53 :! 0.81 kg,
respectively, on day 15. The mean weight (:t S.D.) of the intrvenous vehicle control males and

females was 6.97 :! 0.25 kg and 6.20:t 0.40 kg, respectively, on day 1, and 7.53 :! 0.40 kg and
6.70:! 0.46 kg, respectively, on day 15.

Food Consumption: Results were reported as glg bodyweightlday. No effects were observed.

Ophthalmoscopy: No abnormalities were observed.

ECG: The timing ofECa recordings is stated above in the "METHODS" section. The
following paraineters were reported: heart rate, P segment, PQ, QRS, QT, and QTç (van de
Water formula). Systolic and diastolic pressure was measured on day 1 and at the end of week 2,
after completion of the ECa. Mean hear rate was increased by 20.6 bpm in the 3 mglg/day iv
males on day 1, relative to the vehicle control value, and by 34.3 bpm relative to the baseline
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value. Similar effects were observed in this group on week 2 (+34 bpm relative to the vehicle
control value, +39 bpm relative to the baseline value). The increase iii heart rate occurred at 5
min post-dose, but disappeared by 30 min. Systolic pressure was increased by 11 % and 18% in
the 2 mglglday po males and females, respectively, on day 1, relative to the intravenous vehicle
control value (13% and 12% increase, respectively, relative to the baseline values). Diastolic
pressure in the 2 mglkglday po females was decreased by 15% relative to the intravenous vehicle
control value on week 2 (20% decrease relative to the baseline value).

The PQ interval in the granisetron patch-treated males was decreased by i 5% relative to the
placebo patch value, and by 13% relative to the baseline value on week 2. QRS in the
granisetron patch-treated males was decreased by 17% relative to the placebo patch value, and
by 22% relative to the baseline value on day 1. In the intravenous groups, granisetron
(3 mglg/day) produced prolongation ofQRS in females. On week 2, this increase was up to
39% relative to the vehicle control value, and 27% relative to the baseline value. One female in
the gransetron patch-treated group exhibited a 36 msec increase in QTç on day l, relative to the
baseline value. Two males in the 2 mglkglday po group exhibited QTc increases of22-24 msec
on week 2, relative to the mean control value. These increases were 19-27 msec relative to ile
baseline values. Given that QTç was unaffected in the 3 mglkglday iv group, which had the
highest Cmax value, the relationship of the QTç increases to drug treatment is uncertin. The P
segment was wiafected.

Hematolol!: The results are shown in the table below. Changes in the granisetron
patch-treated group are expressed relative to values from the placebo patch group. Changes in
the intravenous and oral granisetron-treated groups are expressed relative to values from the
intravenous vehicle control group.

Parameter
Eosinophils

Grou
Granisetron 6%
laminate patchm

Chan e
69% decrease

Da
15

Baso hils
ESR (mmllr)

2.2-fold increase ns)
75% increae ns

2.1-fold increase (ns)

15

15

15

Granisetron 6%
laminate patchf

ESR: eryocyt sedimentation rate
ns: not significant
m: males
r: females

3.9-fold increase (ns) 15

The observed effects in the granisetron patch-treated group included a decrease in eosinophils
(males only) and an increase in erythrocyte sedimentation rate. In contrast, eosinophils were
increased in the 2 mg/kglday po males. Basophils were increased in the 3 mg/kglday iv group.

39



Reviewer: Sushanta Chakder, Ph.D. NDA 22-198

TPT and APTT were unaffected. Bone marow smears were examined in all groups. The
myeloid:erytroid ratio was unafected.

Clinical Chemistr: One female in the 2 mg/kg/day po group exhibited a 5.9-fold increase in
ALT on day 15, relative to the mean intravenous vehicle control value (4.2-fold increase relative
to the baseline value). No hepatic lesions were observed in the microscopic evaluation ofthis
animal.

Urinalvsis~ The following parameters were reported: specific gravity, color, glucose, bilrubin,
ketones, hemoglobin, pH, protein, urobilnogen, nitrite, WBC, RBC, epithelial cells, casts,
crystals, bactena, sperm, and yeast. No parameters were affected. .

Ore:an Weie:hts: Absolute and relative (g/kg bodyweight) weights were reported. Changes in
the gransetron patch-treated group are expressed relative to values from the placebo patch
group. Changes in the intrvenous and oral granisetron-treated groups are expressed relative to
values from the intravenous vehicle control group.

Adrenals: Absolute and relative weight ofnght adrenal was reduced by 25% and 28%,
respectively, in the 3 mg!g/day iv females.

Liver: Absolute weight was increased by 24% in the 2 mg/kg/day po males.

Lungs: Absolute weight was increased by 32% in the 3 mg/kg/day iv males, and by 30% in the
2 mg!g/day po females. Relative weight was increased by 22% in the gransetron patch males,
by 28% in the 3 mglg/day iv males, and by 29% in the 2 mglg/day po females.

Lymph Nodes (cervical):, Absolute weight was increased by 2.1- and 2.8-fold in the granisetron
patch males and females, respectively. Relative weight was increased by 2.3- and 2.S-fold in the
granisetron patch males and females, respectively. Absolute weight was reduced by 40-43% in
the 0.3 and 3 mg/kg/day iv males, by 33% in the 2 mg/kg/day po males, and by 22% in the 2
mg!g/day po females. Relative weight was decreased by 44-46% in the 0.3 and 3 mglg/day iv
males, and by 39% in the 2 mglg/day po males.

Lymph Nodes (mesenteric): Absolute weight was increased by 63% and 31% in the graisetron
patch males and females,respective1y. Relative weight was increased by 74% and 35% in the

granisetron patch males and females, respectively. Absolute weight was decreased by 30% in
the 3 mg/kg/day iv males. Relative weight was decreased by 32% in the 3 mg/kglday iv males:

Spleen: Absolute weight was increased by 27% in the 2 mg/kg/day po males. Absolute and
relative weight were decreased by 36% and 39%, respectively, in the 3 mg/kg/day iv females.

Thymus: Absolute weight was reduced by 44% in the granisetron patch males, by 39% and 26%
in the 0.3 and 3 mg/kg/day iv males, respectively, and by 21% in the 2 mg/kg/day po males.
Relative weight was reduced by 39% in the granisetron patch males, by 40% and 31 % in the 0.3
and 3 mg/kg/day iv males, respectively, and by 26% in the 2 ing/kg/day po males.
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Thyroid: Absolute weight was reduced by 23% in the gransetron patch-treated males, by 28%
and 23% in the 0.3 and 3 lnglg/day iv males, respectively, and by 32% in the 2 mg/g/day pq
males. Relative weight was decreased by 24% in the 0.3 and 3 mg/kg/day iv males, and by 38%
in the 2 mg/g/day po males.

Gross Patholoev:

Lungs: Emphysematous appearance was observed in the 3 mg/glday iv group (1/6 dogs).
Nodular indurated focus (10 mm diameter) occurred iii the 2 mglkg/day po group (1/6 dogs).

Spleen: Scared induration (10 x 30 mm) was observed in the 2 mg/g/day po group (1/6 dogs).

Thyroids: Size reduction ofrigl1 thyroid occurred in the 3 mglkg/day iv group (1/6 dogs).

Histopatholoev:

Brain: Hydrocephalus in frontal lobe o( cerebrum and hippocampus occurred in the
2 mglkglday po group (116 dogs).

Early Injection Site: Granular tissue in vessel wall was observed in the 3 mglglday iv group (1/6
dogs). Perivascular hemorrhage occurred in the 3 mg/g/day iv group (1/6 dogs).

Last Injection Site: Granular tissue in vessel wall was observed in the 3 mg/g/day iv group (1/6
dogs).

Liver (scarlet R stain): Peripheral fatty infitration occured in thc granisetron patch groupaiid
the 3 mg/glday iv group (2/6 dogs in cach group).

Lungs: Alveolar emphysema was observed in the 3 mg/kg/day iv group (1/6 dogs). :Foamy
macrophages occurred in the 3 mglg/day iv group (1/6 dogs). These lesions OCCUlTed in two

different animals. Purulent bronchopneumonia was observed in the 2 mglkg/day po group (1/6
dogs).

Lymph Node (cervical): Hemorrhage occurred in the granisetron patch group (4/6 dogs).

Skin (patch application site): Subepithelial edema occurred in the granisetron patch group (3/6
dogs).

. Toxicokinetics: Plasma levels of granisetron were measured. The results are shown in the table
below.
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Mean Daily
tm3" Cm." AUC AVC Cavg

Dose Sex (hr) (ng/m!) (ng.br/ml) (ng.hr/ml) (ng/ml)
6% granisetron M 19.3:t8.l 101.4:t 23.6 7697:r 1147' 1I00:l 164 45.8 + 6.8

patch F 48.0 :t 0.0 57.1:r 14.0 4657:t 906. 665:t 129 27.7:t 5.4
Days 1-7

0.3 mglgfday M 0.03 + 0.0 67.8:t 8.4 75.4:t 7.3b na na
IV F 0.03 :t 0.0 56.7 :r 24.0 61.5 :t 4.4b na na

Dav?
3 mg/kg/day M 0.03 + 0.0 715 + 126 812+44b na na

IV F 0.03 :t 0.0 695: 175 626:r 38b na na
Day? -

2 mglgfday M 1.33 :r 0.29 90.2 :t 62.1 243+171b na na
PO F 1.00 :t 0.0 56.7 :t 28.3 139:t7Ib na na

Day?
Values are the mean:l S.D. of3 dogs.
a: 0-168 hr
b: 0-8 hr
na: not applicable

Males in the grisetron patch group exhibited a higher mea daily AVC in comparison to the
3 mg/glday iv males (AUCO.8hr), whereas no difference was observed in females. The Cmax

values in the gransetron patch group were similar to thnsc of the 0.3 mglglday iv group.
Granisetron levels in the intrvenous and oral treatment groups were near the limit of
....n..+:.t..".f~.... In " nrv/'l1\ 03+ 0 h,. "'''£'+ An-COD l'hø ftn~1 t1ni': l'i'i",l ~lIh~t~nl1!:l "tl~~l1nn 111 nl~~m~

APPEARS THIS WAY ON ORIGINAL
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Edema Formation
.-..._.-... ... ...

Score
No edema 0
Very slight edema (barely perceptible) i
Slight edema (edges of area well defined by 2
defintte raising)
Moderate edema (raised approximately 1 mm) 3
Severe edema (raised more than 1 mm and 4
extending beyond area of exposure)

Day 8: Erythema in the placebo and granisetron patch-treated groups occurred with similar
severity. Scores of i o,r 2 were obtained for each observation time. Edema scores oro or I were
observed lor the placebo and granisetron patch-treated gl'ups. A complete absence of edema
was observed in 2/3 drug-treated females, whereas all the placebo-treated females exhibited very
slight edema (score of 1). In males, the severity of edema was not increased by the drug.

Day 15: Erythema occurred in the placebo and gr).setron patch-treated groups, a'! described
above for day 8. A complete absence of edema was observed in 5/6 dogs in the granisetron
patch-trated group, whereas all dogs in the placebo group had edema scores of 1. Only One of
the drg-treated dogs had an edema score of 1.

No signs ofIoeal irritation were observed in the intravenous groups. Auditory testing results
were nonnal in all animals.

Conclusions: The granisetron patch produced no gross signs of drug-related irritation at the
application site. However, miCroscopic examination revealed the presence of subepithelial
edema at the application site in the granisetron patch-treated group, whereas the placebo patch
did .not produce this effect. The estimated mea daily AVC value for the gmnisetron
patch-treated group wa'! comparable to the AVC value in the 3 mglglday iv group. Systemic
toxicity in the !:'TdJisetron patch group, intravenous granisetron HCl groups, and the oral
granisetron HCl group was minimaL. Liver appeared to be a target organ of toxicity in the
granisetron pateh group, the 3 mglglday iv group, and the 2 mg/glday po group, based on the
incidence of peripheral fatt infltration and a marked increase in ALT. The only lesion that
occurrd exclusively and with high incidence in the granisctron patch group was hemorrhage in
the cervical lymph nodes. The signficance of this observation is uncertain. Lungs appeared to
be a target organ of toxicity in the 3 mg/kglday iv and 2 mglglday po groups,

2-Week Subchronic Toxicitv Study of Granisetron HCI bv 24-H Contin'uous I.V. Infusion
to Beaele Does

Kev Study Findings: pulmonary lesions (interstitial pneumonia, alveolar emphysema, and
foamy macrophages) and spleen congestion (red pulp) occured in all treatment groups

Study # 19336/05

Vol. 12
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-- - b(4)Conductin!! Laboratory and Location:

Dale of Study Initiation: April 10, 2005 (report dated December 9, 2005)

GLP Compliance: A slalement of compliance was included.

QA Report: yes (x) 110 ( )

Dru!!: lot # FX51 03; 100.3% pure

METHODS: Beagle dogs (males: 6.5-8.5 months old, 6.4-9.7 kg; females: 7.0-8.5 months old,
6.1-8.7 kg) were treated intravenously with 0 (vehicle), 0.3, i, or 3 mglg/day gmnisetron BCl
for two weeks (3 dogs/sex/group). The test and control aricles were administered using
continuous (24 hr/day) infusion via an implanted catheter in the vena cava caudalis. The dose
volume was 24 ml/kglday, and thc vehicle was sàline. At seven days prior to study intiation, the
catheters were implanted and saine was continuously infused (24 ml/kglday) to acclimatize the
animals to the infusion conditions. The anals were sacrificed on day i 5. Dose selecton was
based on the results of a I-week dosc ragc-finding stdy in' dogs using continuous iv infusion

(study # 19335/05, reviewed above). The dose levels used in that study were 0.3, 1, and
3 mg/kglday (no control group was included). No signs of local or systemic toxicity were
observed. The authors stated thai the systemic exposure at 3 mglglday was similar to that
observed for the maximum intrvenous bolus dose (3 mglkglday) in previous subcbrnic toxicity
stdies in dogs (NDA 20,239). The present study included the following parameters:

Observations and Times:

Mortality: twice daily

Clinical SiiiDs: daily

Bodyweiirt: days 1,8, and 15

Food Consumption: daily (mea weekly values were reported)

Ophthaloscopy: prior to study initiation and on week 2

ECG: Recordings were taken before and at 4 hr after the st of infusion on day 1. ECG wa
repeated at the end of week 2. Systolic and diastolic pressur was meaured after completion of
each ECG recording.

Hematology: blood samples were collected prior to stdy initiation and on day 15; bone marow
smears were prepared during n~cropsy

Clinical Chemistr: blood samples were collected prior to stdy initiation and on day 15

44



Reviewer: Sushanta Chakder, Ph.D, NDA22-198

Urinalysis: urine samples were collected prior to study initiation and at the end of week 2

Gross Pathology: at sacrifice

,Organ Weights: adrenals, brain, heart, kidneys, liver, lungs, lymph node (cervical and
mesenteric), ovaries, pituitar, spleen, testes, thymus, thyroid/parathyroid

Histopathology: the following organ/tissues were exåmined in all groups: adrenals, aorta, brain
(cerebrum, cerebellum, brain stem, hippocampus), cecum, cervix, colon, duodenum,
epididymides, esophagu, eyes (with optic nerve), femur (with joint and marrow), gall bladder,
gross lesions, heart, ileum, infusion site (tip of catheter in vena cava caudalis), jejunum, kidneys,
lacrimal glands, larynx, liver, lungs, lymph nodes (cervical, mesenteric), mammary gland,
ovaries, oviducts, pancreas, pituitar, prostate, rectum, salivary glands (mandibular, parotid,
sublingual), sciatic nerve, semina ducts, skeletal muscle, skin (left flan), spinal cord (three

sections), spleen, stomach, testes, thymus, thyroid/parathyroid, tissue masses or tumors
(including regional lymph nodes), tongue, trachea, ureters, urinary bladder, uterus, vagina. All
tissues were stained with hematoxylin-eosin. Additional sections of heart, kidney, and liver were
stained with scarlet R.

Adequate Batery: yes (x) no ( )
Peer Review: yes ( ) no (x)

Toxicokinetics: Blood samples were collected from the tratment groups at 1,4,24, 72, 120, and

168 hr after the star of infsion (3 dogs/sexlgroup/time-point). Blood was collected from the
control group at 168 hr after the sta of infusion (3 dogs/sex). Plasma concentrations of
granisetron were meased using a validated HPLC method with fluorescence detection.

Oter: A heanng test was performed prior to study initiation and on week 2.

RESULTS:

Mortalitv: No deaths occured.

Clinical Siens: No sign were observed.

Bodvweiizht: Weight gai was reduced by 46% and 82% in the 1 and 3 mg/kgiday males,
respectively. Weight loss occurred in the control and 3 ing/g/day females (-0.57 and -0.3 kg,
respectively). The mean weight (:! S.D.) ofthe control males and females was 8.33 :! 1.9 kg
and 7.60:! 0.98 kg, respectively, on day 1, and 9.07:! 1.51 kg and 7.03:! 1.21 kg, respectively,

on day 15.

Food Consumption: Results were reported as g/kg bodyweightlday. Food intake in the 0.3, 1,
and 3 mg/g/day males was decreased by 20-24% on week 1, and by 11~18% on week 2.

Ophthalmoscopy: No abnormalities were observed.
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ECG: The following parameters were reported: systolic and diasolic pressure, hear rate, P
segment, PQ, QRS, and QT. QTc was calculated using the van de Water formula. Hear rate, P
segment, PQ, QRS, and QTc were unafected. Systolic pressure in the 3 mglg/day females was
decreased by 28% on week 2, relative to the vehicle control value (22% decrease relative to the
baseline value on day i). Diastolic pressure in the 3 mg/kg/day females was decreased by 20%
on week 2, relative to the vehicle control value (14% decrease relative to the baseline value on
day 1).

Hematolo2V: Eryocyte sedimentation rate (mmlr) was increased by 25-fold in one of the
3 mg/kg/day females on day is, compared to either the vehicle control or baseline value. TPT
and APTT were unaffected. Myeloid:eryoid ratio in böne marow was unaffected.

Clinical Chemistry: No parameters were affected.

Urinalysis: The following parameters were reported: specific gravity, color, glucose, bilrubin,
ketones, hemoglobin, pH, protein, urobilnogen, nitrte, WBC, RBC, epithelial cells, casts,
crystals, bacteria, sperm, and yeast. No parameters were afected.

Orl!an Weiehts: Absolute weight and relative weight (g/kg bodyweight) were reported.

Adrenals: AbsoMe weight of left and right adrenals was reduced by 17% and 22%, respctively,
in the 3 mglkg/day females. Relative weight ofleft and right adrenals was increased by 24% in
the 3 mg/kglday females, an effect that was due to loss ofbodyweight.

Brain: Relative weight was increased by 21 % in the 3 mg/g/day females.

Kidneys: Absolut~ weight ofleft kidney was reduced by 19%, 14%, and 21 % in the 0.3, I, and
3 mglg/day males, respectively. Absolute weight ofleft and right kidneys was reduced by 13%
and 16%, respectively, in the 3 mg/kg/day females.

Liver: Absolute weight was reduced by 19% in the 3 mglkg/day males. Absolute weight was
reduced by 14% and 17% in the 0.3 and 3 mg/g/day females, respectively.

Lungs: Absolute weight was reduced by 48%, 22%, and 22% in the 0.3, 1, and 3 mg/glday
females, respectively.

Lymph Nodes (cervical): Absolute weight was reduced by 43% and 14% in the I and
3 mg/g/day males, respectively. Absolute weight was reduced by 3 i % in the 3.mg/g/day
females.

Lymph Nodes (mesenteric): Absolute weight was increased by 89%, 60%, and 57% in the 0.3,
1, and 3 mglkg/day females, respectively. Relative weight was increaed by ,87%, 72%, and 91 %
in the 0.3, i, and 3 mg/kg/day females, respectively.

Spleen: Absolute weight was reduced by 48% and 25% in the i and 3 mg/kg/day males,
respecti vely.
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Testes: Absolute weight ofleft and right testes was increased by 20-53% in the 0.3, 1, and
3 mg/g/day groups. Relative weight of left and right testes was increased by 32-102% in the
0.3, 1, and 3 mg/g/day groups.

Thymus: Absolute weight was reduced by 16% and 34% in the 1 and 3 mglkg/day males,
respectively.

Thyroids: Absolute weight ofleft and right thyroids was reduced by 13-32% in the 0.3, 1, and
3 mg/g/day males. Absolute weight ofleft thyroid was reduced by 30% and 23% in the 1 and
3 ing/kg/day females.

Gross Patholof!:

Spleen: Dark discoloration was observed in the 0.3, 1, and 3 mg/glday groups (4/6, 516, and 2/6
dogs, respectively).

L1lgs: Emphysematous appearance occurred in the 1 and 3 mg/kg/day groups (116 dogs in each
group). Multiple dark foci were obsered in the 3 mg/g/day group (116 dogs).

Histopatholoiw:

Gall Bladder: Subepithelial lymphocytic infitration occurred in the 3 mglg/day group (116
dogs).

Lungs: Alveolar emphysema occurred in the 1 and 3 mglkg/day groups (1/6 dogs in each group).
Interstitial pneumonia was observed in the 0.3, 1, and 3 mglg/day groups (4/6, 1/6, and 2/6
dogs, respectively). Foamy macrophages were observed in the 0.3 and 3 mg/glday groups (3/6
and 1/6 dogs, respectively.

Pancreas: Lymphocytic infitration occurred in the 3 ing/g/day group (1/6 dogs).

Spleen: Congestion of red pulp was observed in the 0.3, 1, and 3 mg/g/day groups (4/6,5/6, and
2/6 dogs, respectively).

Toxicokinetics: Plasa levels of gransetron were measured. The results are shown in the table
below.

47



Reviewer: Sushanta Chakder. Ph.D. NDA 22-198

Mean Daily
._--,-----

Dose tain Cm.. AUCO-l68br AUC Cavg

(mwkg/day) Sex (hr) (nglml) (ngohr/ml) (Dg"hr/ml) (nglml)-
168 74.4 :! 42.2 3.1 -t 1.80.3 M 4.0 + 2.0 520:t 296--

74.9:t 14.2 3.1 -: 0.6F 120 3.5:t 0.6 524 :t 100-
1 M 72 10.8 :t 0.6 1657:t 120 237:t 17 9.9 :to.7.- ..

F 72 8,8:t 1.9 1293 :! 282 185 :t 40 7.7:t 1.7

3 M ¡ 72 . 38.7:i 16.2 5288 :! 1372 755:t 196 : J 1.5 :i 8:2
F 120 32.2 + 8.2 4050:t 1133 579:t 162 ¡ 24.1:t 6.7-_._._.._. ._--."~'

Values are the mean +. S.D. ofJ dogs, excepl for 1m.. (median value).

The AUC and Cnvg values in the 1 and 3 mglg/day malcs were 28-31 % highcr than those of the .
females. Plasma drug levels were increased with dose leveL. The Cmax values in the i and
3 mglglday males wcrc 20-23% higher than those of the females. The increases in AVC, c.vg,
and Cma.x values in males were proportional to the dose increment, whereas the increses in

females were slightly lower in relation to dose increment.

Other: All animals responded normally in the heaing test.

Conclusions: A NOAEL was not demonstrated due to the incidence orpulmonary lesions
(interstitial pneumonia, alveolar emphysema, and foamy macrophages) and spleen congeston
(red pulp) in all treatment groups.

Published Toxicolol!v Studies:

Toxicological Study of Granisetron Hydrochloride- Single Dose Toxicity in Mice and Rats and
Repeate Dsoe Toxicity in Rats and Dogs. Hahansson S, Artus JA, Kelvin AS, Abdi M, Nishioka Y,
Iwabuehi M. The Clinical Report 1990, 24(10): 371.

Single dose toxicity studies of granisetron were conducted in rats and mice and repeated dose toxicity
studies were conducted in rats and dogs following oral and Lv. administration.

Approximate LDso values for intravenously administered granisetron were 17 and 25 mg/kg for male and
female mice respectively. The LDso values for male and female rats were 14 and 16 mg/kg, respectively.
Convulsions were observed in both mice and rats prior to death and in some suriving anials for a short
period of time after dosing. Adverse clinical signs in suriving animals also included subdued behavior
and tail erection in both species, and paddling of limbs, hunched posture and increased respiration rate in
mice and abnormal gait and twitching in rats.

In repeat dose toxicity studies, granisetron was administered intravenously to rats at 0.03, 0.3, 3 and 9
mg/kg/day for one month and at 0.1,0.5 and 6 mg/kg/day for 3 months, and in dogs at 0.03, 0.3 and 3
mg/kg/day for 1 month and at 0.1, 0.5 and 3 mg/kg/day doses for 3 months. A proportion of control and
high dose animals were maintained for 2 and 4 week withdrawal periods after completion of the I-month
and 3-month dosing periods, respectively.
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Physical signs recorded at the high dose included occasional convulsions in both species, and low
incidences of vomiting in dogs. Mild, sporadic deviations in GOT and GPT activities were observed in
dogs in the I-month and 3-month toxicity studies, mainy affecting the high dose males. Fat deposition of
diffuse or peri-portal tye was observed in the liver of a majority of high dose females in the 3-month rat
study; ths change was not observed at the end of the 4-week recovery period. There were no
toxicologically signficant effects on body weight, food or water consumption, ophthalmoscopy,
electrocardiogram, hematology, urialysis, organ weights or macroscopic pathology. The no observed
effects levels (NOAEL) for the 1- and 3-month toxicity studies were considered to be 3 and 0.5 mg/kg/day
for rats and 0.3 and 0.5 mg/g/day for dogs, respectively.

Toxicological Study of Granisetron Hydrochloride (Second Report) - Oral Repeated-Dose Toxicity
in Rats. Abdi M, Hakansson S, Kelvin A and Toseland CD. Jpn Pharmacol Ther 1995,23 (5); 1237-
1247.

Sprague-Dawley rats (10 anials/sex/group, 5-6 weeks of age, body weights 101-125 g for the 1-
month study; 20 anmals/sex/group, 4-5 weeks of age, body weights 76-100 g for the 6-month study) were
used in the studies. For the I-month study, the doses were 0.25, 25 and 125 mg/g/day, and for the 6-
month study, the doses were 0.25, 5 and 100 mg/g/day. There were recovery groups for the control and
the high dose groups. The anals were subjected to obserVation of general condition, measurement of
body weight, food and water consumption and ophthalmc examinations. Clincal chemistr, hematology
and urialysis were conducted in week 4 of administration and in week 2 of the recovery period for the 1-
month study, and in weeks 5, 12 and 25 of dosing (for urialysis, weeks 4, 11 and 24) and at the end of the
6-week recovery period for the 6-month toxicity study. At the end of the dosing and recovery periods, thé
anmals were sacrificed, complete necropsies performed, and weights of the kidneys, liver, heart, lungs,
spleen, adrenals, brain, testes, ovares, pituitary, uterus and thymus were recorded. Histopathological
examinations were conducted for a standard list of organs/tissues.

In the I-month toxicity study, there wer~ mortalities at the 250 mg/kg/day dose, and clinical signs
such as reduced activity, ataxia, tremor, salivation, stained coat, rough coat and other changes were
observed at this dose. The 250 mg/kg/day dose was reduced tol25 mg/kg/day from day 7. Decreased
body weight gain was observed at the high dose. At the end of the dosing period, hematological
(elevation of platelet, total leucocyte, neutrophil and lymphocyte count) and clinical chemistry (slight
elevation of ALP and GTP) changes were observed in males receiving the high dose. High dose males and
females had increased liver weight compared to controls. On histopathological examination, about half of
the males and females of the high dose group exhibited stronger focal hepatitis as compared to controls; 5
males and two females from this group had higher liver glycogen levels. Both changes were reversible at
the end of the recovery period.

In the 6-month study, salivation, rough coat and stained coat were noted at the high dose. Increased ALP
levels were observed in males and females of the high dose group at all points of measurement. Slight
elevation of bilirubin levels was observed in females ofthe high dose group. Hepatomegaly and increased
liver weights were observed at the high dose, and histopathologically, eosinophilic or basophilic change of

. hepatocytes and increased hepatocyte glycogen levels were observed in males and females of the high
dose group. Thus, the NOAEL was estimated as 25 mg/kg/day.
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Toxicological Study of Granisetron Hydrochloride (Third Report) - Oral Repeated-Dose Toxicity in
Dogs. Abdi M, Hakansson S, Kelvin A and Toseland CD. Jpn Pharmacol Ther 1995, 23 (5); 1249.

One and six month repeat dose oral toxicity studies with granisetron were conducted in beagle
dogs. Eight to 9 month-old dogs were used for the I-month study, and for the 9-month study, the animals
were about 6 months old. For the main study groups, 3 anals/si;x were used and for the recovery groups

(control and the high dose groups, 2 and 6 weeks recovery, respectively), 2 anals/sex were used. The
doses used were 0.25, 2.0 and 10 mg/g/day for the l~month study, and 0.25, 1.5 and 10 mg/kg/day for the.
6-month study. For the I-month study, the intial high dose of20 mg/kg/day was reduced to 15
mg/kg/day on Day 2 and to 10 mg/kg/day on Day 5 because of detenoration of general condition.

No mortalities were observed in any group in the I-month study. At the 20 mg/kg/day dose,
convulsions were observed after the first dose. On Day 5, muscular tremor/spasm, reduced activity,
protrsion of the nictitating membrane, conjunctival eryhema, mydnasis, lacriation and blepharoptosis
were observed. Three females of the high dose group showed slight elevations of hemoglobin, hematocnt
and RBC levels at the end of the treatment penod.

In the 6-month study, High dose males and females showed protrusion ofthe nictitating
membranes on Days 1-8 of admstration. Transient clonic spasm was observed in one male on day 61 of
dosing. Two males of the high dose group exhbited elevation of hemoglobin, RBC and hematocrit values.
No signficant effects on body weight, food consumption, Ophthalamology, ECG, Unnalysis and gross or
histopathology parameters were observed, in any group, either in the I-month or 6-month studies.

2.6.6.1 Overall toxicology summary

Two-week bridging toxicology studies comparing gransetron patches with i.v. and orally
administered granisetron HCl have been conducted in rats and dogs. Application of
granisetron patches produced increased severity of edema at the application sites compared to
placebo patches. In rats, lymphocytic infitration in the heart was observed in groups receiving
the patch, and oral or Lv. gransetron, and interstitial nephrtis in the kidneys was observed in
groups receiving the patch and the I.v. dose. In dogs, fatty infitration in the liver and increased
ALT levels were observed in groups receiving all three dosage forms. Thus, sustained
exposure of gransetron to rats and dogs for 2 weeks though application of gransetron patch
or continuous Lv. administration of gransetron hydrochloride showed similar toxicity profiles
to granisetron administered orally once daily. No new target organs oftoxicIty were identified
following application of the patch in rats and dogs.

2.6.6.3 Genetic toxicology

The following published study on the genotoxicity of gransetron was submitted.
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Toxicological Study of Granisetron Hydrochloride - Mutagenicity Study. Mitchell IG, Rees RW,
Carlton JB, Nishioka Y, Ishii R. The Clinical Report 1990, 24(13): 261.

The genotoxic potential of gransetron was examied in five different assays - the unscheduled DNA
synthesis (UDS) assay in HeLa cells, the bacterial reverse mutation assay (Ames test), the gene mutation
assay in mouse lymphoma L5178Y cells, the human lymphocyte chromosome aberration assay and the
mouse micronucleus assay.

In the UDS assay in HeLa cells, a reproducible and statistically significant increase in the incidence was
observed in the absence of microsomal activation (1000 and 2000 llg/mL concentrations). In the presence
of metabolic activation, no signficant increases in the UDS were observed at any doses. In the Ames test,
no signcant increases in mutant colonies were observed at any concentrations in the absence or presence

of metabolic activation. Gransetron was negative in the mouse lymphoma cell chromosome aberration
assay. However, in the human lymphocytes chromosome aberration assay, it was positive in the absence
of metabolic activation, and negative in the presence of metabolic activation. The in vivo mouse
micronucleus assay was negative.

Thus, granisetron was positive in the DDS assay in HeLa cells and the human lymphocyte chromosomal
aberration assay in the absence of metabolic activation.

Genetic toxicology summary:

The genotoxic potential of granisetron was examined in five assays - the unscheduled DNA synthesis
(DS) assay in HeLa cells, the bacterial reverse mutation assay (Ames test), the gene mutation assay in
mouse lymphoma L5178Y cells, the human lymphocyte chromosome aberration assay and the mouse
micronucleus assay. Gransetron was not mutagenic in an in vitro Ames test and the mouse lymphoma cell
forward mutation assay, and the in vivo mouse micronucleus test. It, however, produced a significant
increase in UDS in HeLa cells in vitro and a significant increased incidence of cells with polyploidy in an
in vitro human lymphocyte chromosomal aberration test

2.6.6.5 Carcinogenicity

No studies were submitted.

2.6.6.6 Reproductive and developmental toxicology

The sponsor submitted the following published studies in which the reproductive toxicity of
granisetron was examined in rats and rabbits.
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Toxicity study of Granisetron Hydrochloride - Intravenous Administration Study During
Organogenesis in Rats and Rabbits. Baldwin JA, Davidson EJ, Goodwin J, Pritchard AL,
Ridings JE, Nishioka Y, Iwabuchi M..The Clinical Report 1990, 24:423

Teratogenicity studies in rats and rabbits were conducted following intravenous administration
gransetron. In pregnant female rats, gransetron was adminstered at I.v. doses of 0.3, 3 and 9
mg/kg/dayon gestation days 6 through 15. In rabbits, 0.3, 1 and 3 mg/kg/day doses were
adminstered on gestation days 6 though 18.

Single isolated incidences of tremor and convulsions were observed mainy in rat dams at 3 and 9
mg/kg/day, with one animal being killed in extremis and one death. Among rabbits at 1 and 3 mg/kg,
single occurences 'oftransient increase in breathg rate were observed at each group. Reduced
food consumption and a transient slight reduction in body weight were also observed at these doses.
Abortons occured in one rabbit each in the 1 and 3 mg/kg/day groups on gestation days 24 or 25.
Autopsy did not show any relationship between aborton and the drg treatment. No treatment
related effects on the number of corpora lutea, weight of gravid uterus, number oflive fetuses,
number of dead fetuses, number of resorptions, pre- or post-implantation loss were observed. No
treatment related effects of gransetron were observed on the frequency or tye of malformations,
anomalies of fetal internal organ, or skeletal varations in rat or rabbit fetuses. Thus, granisetron
was not teratogenic in rats and rabbits at I.v. doses up to 9 and 3 mg/kg/day, respectively.

Toxicology Study of Granisetron Hydrochloride -Fertiity and General Reproductive

Performance Study and Perinatal and Lactation Period Study in Subcutaneously Treated
Rats. Baldwin JA, Davidson EJ, Goodwin J, Pritchard AL, Ridings JE, Nishioka Y, Iwabuchi
M. The Clinical Report 1990, 24:435.

A fertility and general reproductive performance study (Segment I) and a periatal and lactation
period dosing study (Segment III) were conducted in rats following subcutaneous adminstration of
granisetron. The doses used were 0.1, 0.5 and 6 mg/kg/day in both studies.

In the Segment I study in rats, males in the 6 mglkg/day group exhibited mild suppression of weight
gain throughout the dosing period. However, the body weights ofFO females remained unaffected,
and no effect was noted on the general condition, food consumption, or reproductive performance of
PO anials. On examination of the Pi animals, no changes were noted in intrauterine or post-natal
development, although the weight of the epididymides was lower than control in the 6 mg/kg/day
group. However, no effects on the reproductive function ofF1 animals were observed. The growth
and reproductive performance of FO females remained unaffected. In case P2 animals, a slight
reduction of the body weight oflive fetuses of the 6 mg/kg group was noted. However, the body
weights of the neonates on the day after birh remained unaffected.

In the Segment II study, piloerection was noted in several dams of the 6 mg/kg/day group on days
17-18 of pregnancy, and one dam each oftte 0.5 and 6 mg/kg/day groups on the day after delivery.
In one dam of the 6 mg/kg/day group, the general condition deteriorated immediately after delivery;
and all of its neonates died. The dam was sacrificed 3 days after delivery, and autopsy revealed no
evidence of the mammary gland development. On analysis of the growth of neonates, the survival
rate until weaning was slightly decreased in the 6 mglkg/day group. This could be due to death of all
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neonates from one dam in this group. The general condition, body weight, and physical and
fuctional development of neonates were not affected by the treatment.

Thus, in the s.c. Segment I reproductive toxicity study in rats, gransetron had no signficant effects
on the fertilty and general reproductive performance. In the Segment II pre- and post-natal toxicity
study, post-natal growth was not affected at doses up to 0.5 mg/kg. The mean mortality was slightly
increased at a dose level of 6 mg/kg.

Toxicological Study of Granisetron Hydrochloride - Reproductive Toxicity in Orally Treated
Rats. Baldwin JA, Davidson EJ, Goodwin J, Pritchard AL, Ohta M, Yasuda E, Nishioka Y.
Jpn Pharmacol Ther. 1993,21 (6):115.

Gransetron was orally administered to rats in a fertilty and general reproductive performance study
(Segment 1), an organogenesis study (Segment II) and a peri- and post-natal toxicity study (Segment
II). The doses were set at 0.25,5 and 100 mg/kg/day for Segments I and II, and 0.25,25 and 125

mg/kg/day for the Segment II study.

In the Segment I study, a dam in the high dose group died on day 19 post partm. Enlarged liver
was observed in three FO males of the high dose group. There was a reduction of gestation body
weight gain of high dose females, and there was a signficant increase in food and water
consumption. There were no treatment-related changes in physical signs or reproductive
performance ofFO animals, or organogenesis, development and reproductive performance of the
next generation. .
In the Segment II study, the body weight gain of the high dose group was slightly reduced. The food
consumption of the high dose group was increased. No treatment related effects were observed on
the reproductive performance of dams or the development of offspring.

In the Segment II study, two dams of the high dose group died respectively on gestation day 21 and
22, respectively. Subsequent to the deterioration ofphysicai signs, one dam of the mid dose group,
and two dams of the high dose group lost their litters. There were no treatment-related effects on the
body weight, water or food consumption andreproductive performance of dams, or development of
offspring.

Reproductive and Developmental Toxicology Summary:

Granisetron at subcutaneous doses up to 6 mg/kg/day (36 mg/m2/day) and oral doses up to 100
mg/kg/day (600 mg/m2/day) had no effect on fertilty and reproductive performance of male and

female rats. Teratogenicity studies with granisetron hydrochloride have been conducted in
pregnant rats at intravenous doses up to 9 mg/kg/day (54 mg/m2/day) and oral doses up to 125
mg/kg/day (750 mg/kg/day). Teratogenicity studies have been conducted in pregnant rabbits at
intravenous doses up to 3 mg/kg/day (36 mg/m2/day) and at oral doses up to 32 mg/kg/day (384
mg/m2/day). These studies did not reveal any evidence of impaired fertilty or harm to the fetus
due to granisetron. It was not teratogenic in rats and rabbits.

53



Reviewer: Sushanta Chakder; Ph.D. NDA 22-198

In a Segment II reproductice toxiçity study in rats, there were no treatment-related effects on the
body weight, water or food consumption and reproductive performance of dams, or development of
offspring at oral doses up to 125 mg/kg/day.

Labeling Recommendations: None.

2.6.6.7 Local tolerance

Skin Sensitiation Test of Granisetron Base Laminate in Guinea Pil!s

Kev Study Findinl!s: granisetron base laminate did not produce skin irritation or sensitization

Study # 19 136/05

Vol. 13

Conductinl! Laboratory and Location: - b(4)

Date of Study Initiation: June 30, 2005 (report dated November 30, 2005)

GLP Compliance: A statement of compliance was included.

OA Report: yes (x) no ( )

Drul!: lot # C017GRAIDS/SNR800646 (granisetron base patches); purty of drug was not stated
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Methods: Male Dunn-Harey guinea pigs (age 46 days, 188-281 g) were used. The study
groups were treated with dermal application of a placebo lamnate (patch) or granisetron base
laminate (10 and 20 guea pigs, respectively). The grisetron patch contained 0.65 mg

granisetron base/cm2. The inactive matrix included an adhesive, the components of which were
not stated. Both the placebo and granisetron patches were 6 cm2, The site of application was
shaven prior to each administration. In the induction phase of the study, the test and control
arcles were applied to the left flank region of guinea pigs on day O. The exposure duration was
3.5 days. Ths procedure was repeated on days 7 and 14. Skin reactions were evaluated
immediately after the end of each exposure (see grading scale below). The challenge phase was
intiated on day 28, two weeks after the last application in the induction phase. Both the placebo
laminate and granisetron laminate groups were challenged by application of granisetron laminate
to the nght flank. The exposure time was 6 hr. At 21 hr after removal of patches (day 29), the.
challenge area was cleaned. Three hOlU"s later, an evaluation of erthema and ,swellng at the
application site was performed. Skin reactions were graded based on the following scale.

Grading Scale for Evaluation of
Skin Reactions Grade

No visible char~e 0
Discrete or patchy erythema 1

Moderate and confuent erythema 2
Intense eryema and swellng 3

A second evaluation was perfonned at 48 hr after patch removal. The positive control group was
treated using dennal application of2% aqueous p-phenylene diamene diydrochloride solution

(20 guinea pigs). The test procedures for the positive control ariCle were similar to those used
for granisetron laminate, except for the use of a 6-hr exposure period for the induction
treatments. The positive control arcle was applied using a patch held in place with an occlusive

dressing.

Results: In a preliminar test using two animals, the granisetron base lamnate did not produce

iritation after a 6-hr exposure. In the main study, each animal in the placebo patch and
granisetron patch groups had scores of 0 .(Le. no irritation) at all tie-points in the induction and
challenge phases. All animals in the positive control group had skin reaction scores of i or 2
durng the challenge phase.

Conclusions: Under the study conditions, granisetron base laminate did not produce ski
irritation or sensitization.
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Other Studies:

Study Title: Granisetron Base: Evaluation of in vitro phototoxicitv on Balb/c 3T3 fibroblasts
usine the Neutral Red Uptake assay.

Study No.: 2776/1

Conducting laboratory: __
b(4)

Methods: Granisetron base (batch #0000035001,98.7% purty) was assessed forphototoxicity to
Balb/c 3T3 fibroblast cells using the Neutral Red uptake assay. Balb/c 3T3 fibroblast cells, seeded
into 96 well micro titer plates (lxlOs cells/mL), were treated with a range of concentrations of
granisetron (0.3160 to 1000 i-g/mL) and the positive control, chlorpromazine. Phosphate buffered
saline (PBS) was used as the negative control. Final treatment concentrations ofPBS were
prepared for treatments in the presence and absence ofUV-A. After incubations of45 hours, the
wells were washed with PBS and then 100 l1L of vehicle, test aricle or æositive control solutions
were added to the appropriate wells. Al plates were incubated at 37::1 C in the datk for 60
minutes in a humidified chamber. On completion of the incubation, one plate for each test
substance and negative control and one plate containg the positive control were irdiated using

the UV -A light source to achieve a UV A dose of 5 J/cm2. The remaing plates were kept at room
temperatue in the dark for the same period.
Following treatment, test solutions were removed, cells were washed with PBS and supplemented
DMEM was added to each welL. The plates were then incubated at 37:: °c in the dark for 20::2 '
hours in a humidified chamber. At the end of incubation, the cells were briefly examined
microscopically for signs of cytotoxicity. Immediately following visual assessment, the cells were
washed and 100 l1L of Neutral Red solution (50 l1g/mL) was added to each well. The cells were
incubated for approximately 3 hours, and at the end of incubation, Neutral Red solution was
removed and the cells were washed.
Optical densities (OD) of each well were read on a - plate reader at a wavelength of

540 nm. Neutral Red absorbances were expressed in tenns of absolute optical density (ODS40)'

Whenever possible, the ICso (concentration inducing a 50% inibition of Neutral Red uptake) was
calculated iIi the presence and absence of UV -A light. .
If suitable concentration-response profies were obtained for the test substance in the presence and
absence ofUV~A light, a Photo-Irrtation Factor (PIP) was calculated.
PIF = ICso in the absence ofUV-AlICso in the presence ofUV-A

b(4)

Acceptance Criteria: The assay was considered valid if the following criteria were met:

a. Iradiated vehicle controls showed a viability of approximately 80% of the non-irradiated
vehicle control

b. ODS40 in the untreated irradiated controls ::0.4
c. The positive controls showed a clearly cytoxic response in the presence ofUV-A light,

compared to the response in the absence ofUV-A light, such that the PIP for the positive
control was ::6. '
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The test substance was considered photoxic ifPIF values of:;5 wen~ obtained, and was considered

negative if the PIF values were ,2.

Results:

Toxicity: There was evidence of concentration-dependent cytotoxicity at the two highest
concentrations of chlorpromazine (100 and 1000 i-g/ml) il the absence ofUV-A and at 1.0 and
100 i-g/mL in the presence of UV -A. There was evidence of cytotoxicity at the highest
concentration of gransetron (1000 i-g/mL) in the absence and presence ofUV -A. No precipitation
was observed at any concentration tested.

Phototoxicitv: Chlorpromazine induced a positive response with a PIP value of 47.296. In the
untreated controls, OD540 value was :;0.4.
Treatment of cultues with the highest concentration of granisetron (1000 i-g/mL) base resulted in
a decrease in cell surival, both in the presence and absence ofUV-A light. The cell survival at
the highest concentration tested was less than 50%. There were no signficant differences in
neutral red uptake in the presence ofUV-A when compared with values in the absence ofUV-A
light.

Results of the 1Cso and PIF calculations are given below:

Test article ICso absence of ICso presence of PIF Value

tN-A (/Jg/mL) IW-A (/Jg/mL)

Granisetron Base 864.840 519.582 1.664
Chlorpromazine 41.242 0.872 47.296**

, ,
** PIF 2: 6, therefore positive control response was acceptable.

Thus, under the conditions of the study, granisetron base was not photo toxic in this in vitro assay
at concentrations up to 1000 i-g/mL.

Study Title: Granisetron Base: Induction of chromosome aberrations in Chinese hamster
ovary (CRO) cells in the presence of ultra violet lIl!ht.

Key findings: Granisetron was positive in the Chinese hamster ovary (CHO) cell chromosome
aberration assay when exposed to UV irradiation. It was negative in the absence of UV irradiation.

Study no.: 2776/2

Conducting laboratory and location: b(4)-
57



Reviewer: Sushanta Chakder, Ph.D. NDA 22-198

Date of study initiation: November 20, 2006
GLP compliance: Yes
QA reports: yes (X) no ( )
Drug, lot #, and % purity: Granisetron base, Lot # 0000035001; purity 98.7%.

Methods

Strains/species/cell line: Chiese hamster ovar (CHO) cells were used for the in vitro
chromosome aberration assay.

Doses used in defintive study: The concentrations of granisetron base used in the definitive study
were, 10, 50, 200, 300, 350, 380,420,460, 500, 540, 580 and 620¡.g/mL.

Basis of dose selection: The gransetron concentrations for the main chromosome aberration assay
were selected based on the phototoxicity range-finding experient. In the range-finding

experiment, no effect on the osmolarity or pH was observed in the presence or absence ofUV
iradiation. The test aricle did not show any evidence of photo toxicity in the range-finding
experient.

Negative controls: DMSO was used as the negative control.

Positive controls: 8-methoxypsoralen (8-MOP) was used with and without exposure to the chosen
dose ofUV light in order to confirm that photo activation is required to induce photoclastogenicity.
In the absence ofUV light 4-Nitroquinone-l-oxide (NQO) was used as a positive control.

Incubation and sampling times: Quadrplicate cultures were treated with the vehicle and duplicate
cultues were treated with the test article at appropriate concentrations (0.05 mL). Additional sets
of duplicate cultures were treated with 0.05 mL of positive controls. The final cultue volume was
5 mL. After incubation (37:11 0q in the dark for 15 minutes, the flasks were exposed to the
required dose of UV light or remained non-irradiated. Treatment and harvest times were staggered
to ensure all flasks could be iradiated within 3 hours of the addition of vehicle, test aricle or
positive control. Post-irradiation, all flasks were irradiated for at least 2 hours prior to removal of
treatment media.

Three hours after addition of test or control article, treatment media was removed, cells were
washed twice, and the cultues were then incubated for 17 hours before haresting. Approximately
1.5 hours prior to harest, co1cichine was added (1 ¡.g/mL final concentration) to arrest metaphase.
Slides were prepared, cells stained in Giemsa, and examined under a microscope for chromosomal
aberrations.

Where possible, 100 metaphases from each sample were analyzed for chromosome aberrations.
Aberrant cells in each cultue were categorized as follows: cells with structual aberrations
including gaps, cells with structural aberrations excluding gaps, and polyploidy, endoreduplicated
or hyperdiploid cells.
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Results

Study validity: The study was considered valid if,

1. The binomial dispersion test demonstrated acceptable heterogenicity between replicate
cultures,

2, The proportion of cells with strctual aberrations (excluding gaps) in negative control

cultues (non-irdiated) fell withi the historical negative control range, .
3, At least 160 cells out of an intended 200 were suitable for analysis at each concentration,

4, The positive control chemicals induced statistically significant increases in the proportion
of cells with strctual aberrations.

Based on the above-mentioned critena, the study was considered valid.

The study was considered positive if.there was a statistically signficant increase in the
proportion of cells with strctural aberrations (excluding gaps) at one or more concentrations.
The proportion of cells with strctural aberrations at each concentration exceeded the histoncal
control range, significant increases iii aberrations were observed in the presence ofUV but not
in the absence, and cells with chromosomal aberrations occur at lower concentrations in the
presence ofUV or with signficantly higher frequencies than the total of aberration frequencies
observed in the iradiated vehicle control plus the aberration frequency in the non-iradiated
sample at that concentration.

Studvoutcome: In the range-findig study, cytotoxicity was observed at 129.6 /lg/mL and higher
concentrations in the presence ofUV light at 350 mJ/cm2. Photo toxicity data is summanzed in the
Tables below.
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IN 350mJ/cnl
Concentration Replicate Cell Comlts T otai Cells! Concentration Cytotoxicity Poplùation C:yiotoxicity

(fig InlL) flask Meanxl06 based on cell Doublig based on
xl06 counts (%) population

doubli (%)*

Vehic1e A 3 i 0600 3.11 3.264 0 1.86 0
B 342200 3.42

3.628 A 382800 3.83 3.828 0 1.616 0
6.047 A 352400 3.52 3,524 0 1.97 0
10.08 A 333800 3.34 3.38 0 1.419 0
16.80 A 317600 3,18 3.176 3 1.47 3

27.99 A 389400 3.89 3.894 0 1.641 0
46.66 A 340200 3.40 3.402 0 1.446 0
7776 A 338400 3.38 3.384 0 1.39 0
129,6 A 278400 2.78 2.784 15 1.57 17
216.0 A 260800 2.61 2.608 20 1.063 23
360. A 238200 2.38 2.382 27 0.932 33
600.0 A 129200 1.9 1.292 60 0.049 96
1000 A 22600 0.23 0.226 93 -2.466 100

* Poplùation doubligs (PD) and relative toxicity are calciùated for each concentrtion as follows:
PD = (log (N + Xo)) + Iog2
Where, N = mean final cell cOlmt/culnire at each concentrtion
Xo = stai1Ing (baselie) count

A and B refers to the number of cliIllires treated (two (A, B) for vehicle controls and one (A) for test arcle)

Cytotoxicity was also observed at 77.76 i-g/mL and higher concentrations in the presence ofUV
light at 700 mJ/cm2.
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UV 700mJ/cm2
Concentration Replicate Cell CO\Uits Total Cells / Concentration Cytotoxicity Population Cytotoxicity

Ülg/in) flask Mean 1'106 based on Doublùg based on
xl06 cell cmmts. population

(%) doubling
(%)*

Velucle A 319200 3.19 3.193 0 1.55 0
B 319400 3.19

3,628 A 332400 3.32 3.24 0 1.413 0
6,047 A 309000 3,09 3.090 3 1.07 3
10.08 A 288000 2,88 2,880 10 1. 206 11
16.80 A 295200 2.95 2.952 8 1.41 8
27,99 A 291000 2.91 2.910 9 1.21 10
46.66 A 294000 2.94 2,940 8 1.236 9
77 76 A 264400 2.64 2.644 17 1.083 20
129.6 A 212600 2.13 2,126 33 0.768 43
216,0 A 241600 2.42 2.416 24 0.952 30
360.0 A 227600 2.28 2,276 29 0,866 36
600.0 A 119200 1.9 1.92 63 -0.067 100
1000 A 22400 0.22 0.224 93 -2.479 100

* Population doiiblings (PD) and relative toxicity are calculated for each concentration as follows:
PD = (log (N + Xo)) + log 2
Where. N = mean fial cell coimt/cu1tlle at each concentration
Xo = siartg (baselùe) coimt

A andB refers to the munber of cultmes treated (two (A, B) for velucle controls and one (A) for test article)

As there were no marked diftèrences in toxicity following treatment at the I\vo UV
doses (as ilhistrated above), there was no evidence of phototoxicity. Therefore, one

dose ofUV light (700 mJ/cm2) was used in the main experiment treatments.

Chromosomal Aberration:

Strctural aberration: Treatment ofthe cells with granisetron base in the absence ofUV irradiation

did not cause a significant increase in the frequencies of cells with structural chromosome

aberrations as compared to concurent vehicle control. The positive control caused a significant

increase in the frequencies of cells with chromosome aberrations. The data for non-irradiated

samples are summarized in the Table below.
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Table 1

Non irradiated, -8-9, Experiment 1

Treatment Replicate Cell Ce ils with C ells with SignCailCe Cyotoxicity

ÜlwniL) Score AbelTations AbeLTatioii §
O/ó

d
hicludiig Excluding

Gaps Gaps

Veluc1e A 100 0

B 100

Totals 200 2 0

200.0 A 100 0 0

B 100 0 0

Totals 200 0 0 NS 22

350.0 A 100

B 100 0

Totals 200 2 NS 46

380.0 A 100

B 100 0 0

Totals 200 NS 44

8-MOP, 1.0 A 100 2 0

B 100 2 2

Totals 200 4 2 NS

NQO, 0.30 A 100 46 '46 .
. .:'.-."'"..:--."'. .... ".,':. .

.JB 100 37 "/3(r,\ . ,
"

Totals 200 83 82 p s 0.001

Binomial Dispersion Test 'l.= 5.04, Not Signficant
§ Statistical signficance (Appendi 5)
Ntuiibels highghted exceed historical negative control range (Appendix 7)
* Cytotoxicity based on population doubling (PD) calculated for each concentration as follows:

PD = (log (N + Xo)) + log 2
Where, N = mean fial cell count/cnlture at each concentration
Xo = staiting (baselie) count

Treatment of the cells with granisetron base in the presence of UV irradiation resulted in

statistically significant, concentration-related increase in the frequencies of cells with structural
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chromosome aberrations, and these increases were higher than the historical control range at 200

and 300 ¡.g/mL concentrations. The data for UV-Iradiated samples are sumarized in the Table

below.

Table 2

UV 700 mJ/cnt, -S-9, Experiment 1

Treatment Replicate Cells Cells with Cells with Signfic1l1Ce Cytotoxicity

(iiglin ) Scored AbelTations Abenations S %~

Including Excluding

Gaps Gaps

Vehicle A 100 3 2

B 100 3 3

Totals 200 6 5

50.00 A 100 5 4

B 100 2

Totals 200 7 5 NS 16

200.0 A 100 11
, iò.'

-- ;,

B 100 21

Totals 200 32 27 P ~ 0,001 28

300.0 A 100 32

B 100 35 ':1

Totals 200 67 67 P ~ 0.001 50
'-.,' '..:',:1-:-;::'-" . .

8-MOP,1.0 A 100 98 ;,98'

B 100 97 91

Totals 200 195 195 P ~ 0.001

Binonial Dispersion Test l= 4.35, Not Signficant

§ Statistical signficance (Appendix 5)
Numbers highghted exceed historical negative control range (Appendix 7)
NS = Not Significant
* Cytotoxicity based on population doubling (PD) calculated for each concentration as follows:

PD = (log (N.; Xo)).; log 2
Where, N = mean fmal cell coimt/culture at each concentration
Xo = staiting (baselie) cmmt
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The numbers and tyes of aberrations are shown in the Table below.

Table 4

UV 700 mJ/cm2, -8-9, Experiment 1

Treatment Rep Cells G Cli Cil- Od Od Other Abs Abs

(pg/ii) * del exch del excl +g -g.

Velic1e A 100 2 2 0 0 0 5 3

B 100 0 2 0 0 4 4

Total 200 2 3 2 0 2 0 9 7

50.00 A 100 2 2 0 7 6

B 100 0 0 0 0 2

Total 200 2 2 2 2 0 9 7

200.0 A 100 2 0 10 0 14 13

B 100 6 6 3 14 2 32 26

Total 200 7 8 1 4 24 2 46 39

300.0 A 100 5 7 37 0 51 50

B 100 2 11 3 5 40 3 64 62

Total 200 3 16 4 12 77 3 115 112

8-MOP,l.OO A 100 0 8 19 34 78 140 140

B 100 5 14 0 15 52 65 151 146

Total 200 5 22 34 86 143 291 286

* Total cells examed for strnctmal aberrtions
Totals given for each cultue may dier from values given in Appendix 1 if cells are obseied
which have more than one aberrtion

Numerical aberration: Frequencies of cells with numerical aberrations were within historical

negative control ranges for all gransetron concentrations botl; in the absence and presence ofUV

irradiation.
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Thus, granisetron base induced increases in the frequency of strctual chromosome

aberrations in Chiese hamster ovar cells in the presence ofUV light, as a maximum UV A dose

level of 700 mJ/cm2 in the absence of metabolic activation.

Study Title: Photosensitization Test of Granisetron Transdermal Patch after Dermal
Application

Key Findings: Under the condition of the experiment, Granisetron Transdermal Patch did not
show any photosensitizing effects.

Study Report No.: 21022/06

Conducting Laboi:atory: -- i b(4)'- -
Date of study initiation: March 06, 2007
Drug: Gransetron Transdermal Patch (52.0 cm2, sterile package), containng 34.3 mg/unt
granisetron; batch no. 35072. Placebo patches used were of the same size without any drug
substance.

~

Methods: Twenty-five (25) female guinea pigs (age, 31 days; wt., 269-330 g) were randomized
into 5 groups (5 animals/group), and each group received the following treatments;

Group Test item UV irradiation

1 Untreated control yes

2 Placebo patch yes

3 Granisetron Transdermal patch yes

4 Positive control
2l 2' -thio-bis(4. 6-dichlorophenol) 3 yes

5 Irritation control: Granisetron Transdermal patch no

Stage 1 (Induction): The neck region (approximately 10 cm2) of the animals was shaved for
application of the patches. Granisetron and placebo patches were cut into pieces of 10 cm2 and
placed on the shaven skin of the animals for 72 hours. The animals of the positive control group
(Group 4) were treated with 1 mL of 5% 2, 2' -thio-bis-(4,6-dichrolophenol)/animal (dissolved in
ethanol), applied to gauze patch and placed on the shaved ski of the animals. All patches were
covered with a plastic foil and secured with an adhesive bandage. After 72 hours, the patches were
removed and the animals were exposed to irradiation using a mercury lamp. The doses ofUV
irradiation were 10 J/cm2 for UV-A and 0.1 J/cm2 for UV-B at wave lengths predominantly
between 320 - 400 ru. The exact irradiation time (sec) was calculated as follows:
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Iradiation tie (see) = 10 J/cm2/x W/cm2.
Tlro-m2 = v -U,.1"lro-m2 . v = -m",,,,,"r,,rI TnT.A rlA"",.n UT/ro-m2

Test day 4 7 14

UV-A intensity (mW/cm2) 14.5 14.7 14.4

UV-B intensity (mW/cm2) .0.1 0.1 0.1

Irradiation time (min) 11.5 11.3 11.5

The induction procedure - 72 hours patch application plus iradiation, was repeated twice startg

on test days 4 and 11.

Stage 2 (challenge): After 10 days of the last irradiation, both flan regions of all anals were
depilated (approx. 7.5 cm x 5.0 cm). On the following day, the test item patch was applied to the
left flan and the placebo patches on the right flan of anals of group 3 and 5. The anmals of
the placebo control group (Group 2) received the Granisetron Transdermal Patch, applied to the
left flan, and placebo patch, applied to the right flank. For the positive control group, 2 mL of
1 % 2, 2' -tho-bis-( 4,6-dichrolophenol)/animal were applled to gauze patch and placed on the
shaved ski of the anals' left flan. No placebo patches were applied to the right flan.

The patches were covered and imediately after a 72-hour exposure, UV radiation was applied to
the application sites at the following intensities:

Test day 28

UV-A intensity (mW/cm2) 17.4

UV-B intensity (mW/cm2) 0.2

Irradiation time (min) 9.6

Skin Evaluation and Scoring: Twenty-four (24) hours after the end of each treatment period, skin
reactions were evaluated. Dung the challenge period, skin reactions were also examined at 48
and 72 hours. The evaluation was based on the following scheme:
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Erythema and Eschar Formation Grade

No erythema 0

Very slight erythema (barely perceptible) 1

Well-defined erythema 2

Moderate to severe erythema 3

Severe erythema (beet redness) to slight
eschar formation (injuries in depth) 4

Maximum possible: 4

Oedema Formation Grade

No oedema 0

Very slight oedema (barely perceptible) 1

Slight oedema (edges of area well defined
2by definite raising)

Moderate oedema (raised approx. 1 mm) 3

Severe oedema (raised more than 1 mm
and extending beyond area of exposure) 4

Maximum possible: 4

The animals were also observed for mortalities (daily), clinical signs (daily) and body weights
(prior to and at the end of treatment).

Results: Under the test condition, Granisetron Transdermal Patch did not show any
photosensitizing effects in female guinea pigs. The animals ofthe positive control group showed
photosensitizing effect in the form of a severe eryhema (beet redness) to slight eschar formation
(injuries in depth) 24 to 72 hours after UV exposure. There were no mortalities, and no effects on
body weights or clinical signs were observep.
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2.6.6.8 Special toxicology studies

None

2.6.6.9 Discussion and Conclusions

The sponsor submitted the NDA according to 505(b)(2) of the Federal Food, Drug and Cosmetic
Act, and as such is relyig on the Agency's previous findings of safety and effectiveness of the
Reference Listed Drugs. The Reference Listed Drugs for ths product are the three dosage forms
ofKytl (gransetron HCl) approved under NDA 20-239 (Injectable), NDA 20-305 (Tablets) and
NDA 21-238 (Oral Solution). However, since ths is a new dosage form with no previous '
expericene, the Division recommended that "Preclincal Bridging Studies Comparg the
Transdermal (Using the Proposed Patch Formulation) to the Intravenous Route of Adminstration
wil need to be Performed in Multiple Species Because the Route, Dosage Form and Duration are
Different from What has been Approved". The sponsor conducted 2-week bridging toxicity
studies in rats and dogs comparig the patches with the i.v. and oral formulations.
In addition, published pharacology, PK and toxicology studies with granisetron are provided in
the NDA submission. The sponsor also conducted studies to examie the irtation and

photosensitization potential of the patch, and photogenotoxicty potential of gransetron.
Toxicology studies with the patch in rats and dogs did riot identify any new target organs of
toxicity, and the toxicological profiles were similar for the patch, and i.v. and oral formulatións.
However, there were irtations at the site of application in both species. Thus, the new patch
formulation does not raise any serious concerns about the adverse effects of the new dosage form
of the drg.

2.6.6.10 Tables and Figures

Tables and Figures are incorporated in appropriate sections of the review.

2.6.7 TOXICOLOGY TABULATED SUMMRY
N/A

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Granisetron is a selective 5-hydroxytrytamine-3 (5-HT3) receptor antagonist with little or no
affinty for other serotonin receptors, including 5-HT1, 5-HT1A, 5-HTIB/C, 5-HTz, alphai, alphaz or
beta-adrenoreceptors, dopamine Dz, histamine-Hi, benzodiazepine, picrotoxin or opioid receptors.
Serotonin receptors of the 5-HT3 type are located peripherally on vagal nerve terminals and
centrally in the chemoreceptor trigger zone of the area postrema. Stimulation of 5-HT 3 receptors in
these areas induces vomiting. Animal studies indicate thatgranisetron, by binding to 5-HT 3,
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receptors, blocks serotonin stimulation and subsequent vomiting after emetogenic stimuli such as
cisplatin. Granisetron is currently approved as tablets, oral solution and injectable dosage forms
for prevention of nausea and vomiting associated with intial and repeat courses of emetogenic
chemotherapy, and nausea and vomiting associated with radiation. The sponsor developed a patch
formulation of granisetron and submitted NDA 22- 198 According to FDC Act 505 (b )(2). The
indication is for the prevention of chemotherapy-induced nausea and vomiting. The sponsor
conducted 2-week bridging toxicity studies in rats and dogs comparig the patches with the Lv.
and oral formulations. The skin sensitization potential of the patch was examined in guinea pigs,
and the in vitro phototoxicity of granisetron was examined on Balb/c3T3 fibroblasts. The
photogenotoxic potential òf granisetron was examined in the CRO cell chromosome aberration
assay, and the photosensitization potential of the patch was examned in guinea pigs. In addition,
published pharmacology, PK and toxicology studies with gransetron were provided in the NDA
submission.

Following two consecutive applications for 7 days of the granisetron patch (6%) to rats, the
maximum plasma concentration was reached in 24 hours. The AVC was higher than that
following Lv. adminstration of a 9 mg/kg/day dose; however, the Cmax was lower than that
following the Lv. adminstration. The exposure levels in female rats were higher that that in males.
Similar to rats, in dogs granisetron patch group had higher mean daily AVC compared to that
following a 3 mg/kg/day Lv. dose. The Cmax values for the grsetron patch group were similar to

that of the i.v. dose group. No apparent sex differences in the exposure levels were observed
between male and female dogs. Following application of the patches, the maximum plasma
concentration was reached in about 19 hours in males and 48 hours in females.

Two-week bridging toxicology studies comparing granisetron patches withi.v. and orally
admiistered granisetron Rei was conducted in rats and dogs. Application of gransetron patches
produced increased severity of edema at the application sites compared to placebo patches. In rats,
lymphocytic infiltration in the heart was observed in groups receiving the patch, and oral or Lv.
granisetron, and interstitial nephrtis in the kidneys was observed in groups receiving the patch and
the Lv. dose. In dogs, fatty infitration in the liver and increased ALT levels were observed in groups
receiving all three dosage forms. Thus, sustained exposure of gransetron to rats and dogs for 2
weeks though application of granisetron patch or continuous i.v. adminstration of granisetron
hydrochloride showed similar toxicity profiles to gransetron administered orally once daily. No
new target organs of toxicity were identified following application of the patch in rats and dogs.

Conclusions:

Thus continuous exposure of granisetron for 2 weeks through application of granisetron patch or
continuous i.v. administration of granisetron hydrochloride showed similar toxicity profies to
granisetron administered orally once daily. No new target organs of toxicity were identified
following application of the patch in rats and dogs. Thus, from a nonclinical standpoint the
granisetron patch does not appear to have any serious safety concerns.
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Unresolved toxicology issues (if any): None

Recommendations: From a nonclincal standpoint, approval of the NDA application is
recommended.

Suggested labeling: See the labeling recommendations in the Executive Summary section of the
review.

Sushanta Chakder, Ph. D.
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