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The Sponsor has submitted a complete response to the Divisions Approvable Letter of
August 4, 2005. There were no pre-Approval non-clinical issues in the Approvable letter. There
was one post-Approval non-clinical issue, the Sponsor needed to conduct an embryo-fetal
development study in rabbits. In this submission, the Sponsor states that they have completed
the in-life portion of this study and anticipates submitting the study in October 2006.

The sponsor has proposed changes to labeling. The changes with respect to nonclinical data
were restricted to the Carcinogenesis, Mutagenesis, Impairment of Fertility section. Text the
sponsor added is underlined in red; text the sponsor deleted is in strikethrough-inred. After each
paragraph, this reviewer’s comments on the proposed changes are in ifalics.
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The relevance of the — is uncertain. This statement
should be removed from the label. '
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Page 2 of annotated label
Mechanisms of Action

Pages 18-20 of annotated label

Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis:

Two year carcinogenicity studies were conducted in CD-1 mice at oral (gavage) doses of 1, 15,
and 45 mg/kg and in Sprague-Dawley rats at oral (gavage) doses of 0.3, 1, and 3 mg/kg (males) -
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In this paragraphw the Sponsor describes the results of the full rat carcinogenicity study. The description
is acceptable except that the plasma ratios should be 33 for males at 3 mg/kg and 260 for females at 17
mg/kg.

In mice, there was an increase in lung tumors (combined adenomas/carcinomas) at 15 and 45 mg/kg
males and females.

. Plasma
exposures associated with the no-effect dose (1 mg/kg) were approximately 5 times those expected in
humans.

The sponsor’s proposed language does not add to the clarity of thzs section. It is recommended that the
original language be retained.

The carcinogenic potential of rasagiline administered in combination with levodopa/carbidopa has not
been examined.

Mutagenesis:
Rasagiline was reproducibly-clastogenic i in vitro chromosomal aberration assays in human lymphocytes
in the presence of metabolic activation ¢niy and +
¢lastogernte-in the in vifro mouse lymphoma tk assay in the Mw«:ﬁm—éﬁpresence of metabollc activation.
Rasagiline was negative in the in vitro bacterial reverse mutation (Ames) assay f

}, the in vivo unscheduled DNA synthesis assay, and the in vivo
micronucleus assay in CD-1 mice. Rasagiline was also negative in the iz vivo micronucleus assay in CD-
1 mice when administered in combination with levodopa/carbidopa. :
In this paragraph, the sponsor suggests that rasagiline was negative in the mouse lymphoma assay in the
absence of metabolic activation. The sponsor points out that rasagiline was positive only at the highest
dose tested. The sponsor argues that the rasagiline was “highly cytotoxic and relative growth was
" inhibited by about 80%” (page 1 of label clarifications.pdf). The highest dose did reduce growth by
79.8% (relative growth was 20.2% of control). However, ICH guidance S24 (Specific Aspects of
Regulatory Genotoxicity Tests for Pharmaceuticals) states that “In mammalian cell mutation tests,
ideally the highest concentration should produce at least 80 percent toxicity (no more than 20 percent
survival)” (page 3 of guidance). In addition, the guidance states “Caution is due with positive results
obtained at levels of survival lower than 10 percent.” (page 3 of guidance). Thus, the results of this assay
are within ICH Guidance for a valid test. The sponsor also argues that rasagiline just exceeded the
minimum criteria for a positive test (125.6 mutations/million cells versus a threshold of 120.5
mutations/million cells). Nevertheless, the incidence was above the threshold and the test must be
considered positive. The other sponsor edits do not add to the clarity of the paragraph. 1t is
recommended that the original FDA language be retained.

=

Impairment of Fertility:

Rasagiline had no effect on mating performance or fertility in male rats treated prior to and throughout the
mating period, or in female rats treated from prior to mating through day 17 of gestation at oral doses up
to 3 mg/kg/day (approximately 30 times the expected plasma rasagiline exposure (AUC) at the maximum
recommended human dose [1 mg/day]). The effect of rasagiline administered in combination with
levodopa/carbidopa on mating and fertility has not been examined.

Pregnancy Category C



No effect on embryo-fetal development was observed in a combined mating/fertility and embryo-fetal
development study in female rats at doses up to 3 mg/kg/day (approximately 30 times the expected
plasma ragagiline exposure (AUC) at the maximum recommended human dose [MRHD, 1 mg/day]).
Effects-on-embryo-fetab-dovelopment-inrabbithave porbeen-adeguntebr-assessed:

The sponsor contends that the effects of rasagiline on embryo-fetal development have been adequately
addressed. As noted in a previous review by this reviewer (dated July 14,2005, Submission dated
November 4, 2004), this is not the case. The original FDA language should be retained.

In a study in which pregnant rats were dosed with rasagiline (0.1, 0.3, 1 mg/kg/day) orally, from the
beginning of organogenesis to day 20. post-partum, offspring survival was decreased and offspring body
weight was reduced at doses of 0.3 mg/kg/day and 1 mg/kg/day (10 and 16 times the expected plasma
rasagiline exposure [AUC] at the MRHD). No plasma data were avallable at the no-effect dose (0.1
mg/kg) however, that dose is 1 times the MRHD on a mg/m basis. s sffest-onphysicalund
shayvie loprme syt

In this paragraph, the sponsor is removing language concerning the inadequate assessment of physical
and behavioral development in the Segment 3 reproductive toxicity study. The original language should
be retained.

Rasagiline may be given as an adjunct therapy to levodopa/carbidopa treatment. In a study in which
pregnant rats were dosed with rasagiline (0.1, 0.3, 1 mg/kg/day) and levodopa/carbidopa (80/20
mg/kg/day) (alone and in combination) throughout the period of organogenesis, there was an increased
incidence of wavy ribs in fetuses from rats treated with rasagiline in combination with
levodopa/carbidopa at 1/80/20 mg/kg/day (approximately 8 times the plasma AUC expected in humans at
the MRHD an¢ - i/1 times the MRHD of levodopa/carbidopa [800 - 200 mg/day] on a mg/m’ basis). In a
study in which pregnant rabbits were dosed throughout the period of organogenesis with rasagiline alone
(3 mg/kg) or in combination with levodopa/carbidopa (rasagiline: 0.1, 0.6, 1.2 mg/kg,
levodopa/carbidopa: 80/20 mg/kg/day), an increase in embryo-fetal death was noted at rasagiline doses of
0.6 and 1.2 mg/kg/day when administered in combination with levodopa/carbidopa (approximately 7 and
13 times, respectively, the plasma rasagiline AUC at the MRHD). There was an increase in
cardiovascular abnormalities with levodopa/carbidopa alone (4:1/1 times the MRHD on a mg/m” basis)
and to a greater extent when rasagiline (at all doses; 1-13 times the plasma rasagiline AUC at'the MRHD)
was administered in combination with levodopa/carbidopa. "~ —_

In this paragraph, the sponsor corrects some errors with regards to the clinical Sinemet dose and ratio to
human dose. This is acceptable. The sponsor also adds language

3 - Is. This statement is not Su]ficiently
supported by the data. 1t should be deleted.
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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration

Division of Neuropharmacological Drug Products (HFD-120)
Center for Drug Evaluation and Research

Date:  8/3/05

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 21-641 (rasagiline mesylate, AGILECTTM)

The nonclinical data in the sponsor’s response to the Agency’s Approvable letter (issued July 2,
2004) has been reviewed by Paul Roney, Ph.D. (Pharmacology/Toxicology Review and
Evaluation, NDA 21-641, 7/14/05). The sponsor was asked to address three nonclinical issues: (1)
the need for further evaluation of tissues from the 2-year carcinogenicity study in rats, (2) the
potential for genotoxic impurities to arise during synthesis of the drug substance, and (3) the need
to repeat the oral embryo-fetal development study in rabbits — “roject No. 671411). Each
issue is discussed below:

" 1. Dr. Roney concluded that the sponsor has adequately addressed the need for further evaluation
of tissues from the 2-year carcinogenicity study in Sprague-Dawley rats. In the sponsor’s original
evaluation, tissues from only the control and high-dose groups (male and female) were examined
microscopically. Due to the excessive body weight effects (>10% decrease compared to controls)
observed at the high dose in both males and females, there was concern that the high dose may
not have adequately characterized the potential tumorigenic risk of rasagiline. The sponsor was
asked to conduct a microscopic examination of all tissues from the low and mid-dose groups for

_ both males and females. Those data were submitted, although there were substantial problems
with the electronic datasets submitted for FDA’s statistical evaluation (documented in Dr. Tristan
Massie’s statistical review and evaluation, 7/20/05).

According to Dr. Massie’s original statistical evaluation (based on analysis of tissues primarily
from conirol and high-dose animals), there were no significant tamor findings in rats. The only
new observation resulting from the analysis of tumor data from all dose groups was a statistically
significant positive trend for benign granulosa/theca cell tumors of the ovary (0, 0, 0, 0, 1, and 2
at0,0,0.5, 2,5, and 17 mg/kg, respectively). However, the trend test was not statistically
significant if the high-dose data were omitted, and pair-wise comparison of the control and high-
dose groups was not statistically significant. Ovarian granulosa/theca cell tumors are rare in rats,
so that not achieving statistical significant may not necessarily suggest the lack of tumorigenic
risk. However, a Sertoli cell tumor (malignant; also rare) was detected in 1 control female. Since
granulosa/theca and Sertoli cell tumors belong to the same major category of neoplasms of the
ovary (i.e., gonadal stromal neoplasms) (Carlton WW Neoplasms of Rodents. 41* annual meeting.
Pathology of Laboratory Animals, Uniformed Services University, August 1994), they may be
combined (McConnell EE et al J Natl Cancer Inst 76(2):283-289, 1986). The incidences of the



combined tumors would then be 0, 1, 0, 1, and 2 (non-significant by trend test). (One additional
ovarian tumor (a benign interstitial adenoma) was detected in a control female; this tumor type
(an epithelial neoplasm, also rare in rats) may not be combined with the granulosa/theca and
Sertoli cell tumors.) Therefore, there are no significant tumor findings in rats.

However, as Dr. Roney notes, one finding of concern is the malignant melanoma of the pinna
detected in 1 HDM rat (1 of 130 total high-dose animals) (cf. conclusions at the end of this
section for discussion of a finding in 1 control animal). The concern is primarily based on the
possibility of a signal for melanoma in the clinical trials database. It is difficult to interpret the
finding of a single incidence of a rare tumor type in a 2-year carcinogenicity study. It is not
surprising that melanomas (neoplasms of melanogenic cells) are rare in albino animals. However,
Greaves (In: Greaves P. Histopathology of preclinical toxicity studies. 2™ ed. Elsevier,
Amsterdam, 2000, pg 25-26.) notes that

“Over recent years amelanotic melanoma has been increasingly recognized in rats. In F-
334/N rats they occur in less than 1% of aged animals and the pinna is a frequent site.
They show the cellular features of melanoma but are devoid of pigment...electron
microscopy shows intracytoplasmic premelanosomes, single membrane bound organelles
containing membranous filaments...”

Greaves (2000) cites two published studies (Yoshitomi K et al. Toxicol Path 23(1):16-25, 1995,
Nakashima N et al. Toxicol Path 24(2):158-261, 1996). According to the abstract, Yoshitomi et
al. (1995) reported spontaneous incidence rates for amelanotic melanomas of the skin in Fisher
344 rats (70/11,171 males and 51/10,927 females) in 63 2-year carcinogenicity studies conducted
by the NCI. Of the total of 121 melanomas, the majority occurred in the pinna (84), with lesser
incidence in eyelid (19), scrotum (10), and perianal region (8). Interestingly, Yoshitomi et al
(1995) reported that only the tumors of the pinna were metastatic. Earlier publications by
Yoshitomi and Boorman (Yoshitomi K, Boorman GA Ver Pathol 28(5):403-409, 1991;
Yoshitomi K, Boorman GA Vet Pathol 30(3):280-286, 1993) reported spontaneous amelanotic
melanomas of the uveal tract and eyelids of F344 rats. According to the abstract, five intraocular
melanomas were detected in “records from more than 60,000 females and 60,000 male F344 rats,
which were used as control and treated animals in 2-year carcinogenicity studies” (Yoshitomi &
Boorman, 1991). According to the abstract, spontaneous amelanotic melanomas were detected in
the eyelids of 1/926 (0.11%) male and 5/925 (0.54%) female F344 rats “that were used as control
and treated animals in five different carcinogenicity studies...” conducted by NTP. Nakashima et
al (1996) reported a spontaneous amelanotic melanoma in the pinna of one F344 rat; the total
number of animals was not specified in the abstract. In an earlier publication, Nakashima et al
(Nakashima N et al. J Vet Med Sci 53(2):291-296, 1991) reported spontaneous amelanotic
melanocytic tumors in 6/1920 .male and female F344 rats from 3 24-month carcinogenicity
studies. According to the 2001 Charles River spontaneous tumor incidence rates in Sprague-
Dawley rats (the strain used in the rasagiline carcinogenicity study), benign amelanotic melanoma
of the eye was detected in 1/1531 males and 1/1729 females; in addition, a malignant melanoma
was detected in the pinna of 1/1531 males (none reported in 1729 females). It is unclear whether
the melanomas in the eye and pinna in males were detected in the same or different animals. In
the one published study in Sprague-Dawley rats (Zwicker GM et al Toxicol Path 20(3)(Part 1):
327-340, 1992), malignant melanoma of the skin (location not specified) was detected in 1/717
(0.1%) males and 1/716 (0.1%) females; according to the authors, there had been no previously
published reports of spontaneous skin epithelial and mesenchymal neoplasms in Sprague-Dawley
rats. :



These reports indicate that melanomas do occur spontaneously in albino animals, albeit at a very
low incidence (<0.6%). (The incidence in high-dose rats in the rasagiline carcinogenicity study
was 1/130 or 0.8%.) Although there have also been reports of compound-induced melanomas in
albino animals (e.g., Albert DM et al. Invest Ophthalmol Vis Sci 22(6):768-782, 1982; Gomez S
et al. Pigment Cell Res 1(6):390-396, 1988), one might assume that albino animals are relatively
insensitive to treatment-induced melanomas compared to pigmented animalis. Since both 2-year
carcinogenicity studies of rasagiline were conducted in aibino animals, it is unlikely that the
potential for rasagiline to specifically induce melanomas has been adequately assessed in animals.

In mice, rasagiline induced lung tumors in both males and females (discussed in detail in Dr.
Roney’s reviews, 6/25/04 and 7/14/05). The incidences of alveolar bronchiolar adenomas and
carcinomas are summarized in the following table (doses in mg/kg):

FINDING MALE FEMALE

0 1 15 45 0 1 15 45
adenoma 10/55 6/55 17/55 13/55 12/55 8/55 11/55 17/55
carcinoma 6/55 6/55 9/55 13/55 2/55 5/55 8/55 5/55

“control incidences were consistent with historical control data

According to FDA’s independent statistical evaluation (Tristan Massie, Ph.D. 2/2/04), trend tests
for adenomas or carcinomas alone were not statistically significant in either males or females.
The trend test on combined adenomas/carcinomas was statistically significant in males, but not in
females. Pairwise comparisons indicated a statistically significant increase in alveolar bronchiolar
adenomas and combined adenomas/carcinomas in high-dose males. Dr. Roney notes that
although not statistically significant, increases at the mid-dose in males and at the mid- and high-
doses in females should be considered biologically significant considering the significant effect in
high-dose males. As Dr. Roney also notes, plasma rasagiline exposure (AUC) in females was
substantially lower than in males; at the high dose, the AUC in females was almost 3-fold lower
than in males. (Plasma AUCs at the mid-dose were fairly similar in males and females; plasma
AUC:s for the metabolite, Al, were fairly similar in males and females at all doses.) Also, the data
suggest that an MTD was not achieved in females. Therefore, there may have been reduced assay
sensitivity in females (at least at the high dose), and the increases in lung tumors in females
cannot be dismissed even though they did not achieve statistical significance. (According to the
sponsor, there was also a significant increase in Harderian gland tumors in mice; however,
according to FDA’s independent statistical analysis, the increases in this tumor type (combined
adenomas/carcinomas) were not statistically significant by trend test.)

Therefore, the one significant tumor finding was in lung, a common tumor site in mice (as
evidenced by the incidence rates in the control groups in the 2-year study). Rasagiline did not
induced a rare tumor, induce tumors at multiple sites, or tumors in both animal species, all
characteristics thought to indicate higher predictive value for carcinogenic risk (Gray GM et al.
Reg Toxicol Pharmacol 22:283-291, 1995). However, rasagiline did increase lung tumors in both
males and females in one species and in a dose-related manner, which increases the concern for
carcinogenic potential. The tumor findings are not entirely consistent with either a genotoxic or
nongenotoxic mechanism. Nongenotoxic carcinogens tend to induce tumors only at high doses, in
only one sex, or in only one animal species. Genotoxic carcinogens tend to induced tumors at
multiple sites and/or in more than one animal species. Since rasagiline was positive (with and
without metabolic activation, depending upon the assay) in in vitro studies in human peripheral
lymphocytes and in the in vitro mouse lymphoma assay, a genotoxic mechanism cannot be ruled
out (cf. Dr. Roney’s review, 6/25/04, for a detailed discussion). The sponsor has conducted no
studies to further evaluate the potential mechanism(s) underlying the lung tumors; for example,




reversibility, noted to be a “common characteristic” of nongenotoxic carcinogens (Lima BS, Van
der Laan JW Reg Toxicol Pharmacol 32:135-143, 2000, was not assessed.

Another important consideration is how rasagiline’s genotoxic and carcinogenic potential
compares to approved therapies for Parkinson’s discase with relevant nonclinical data. However,
it is acknowledged that meaningful comparisons are difficult given the differences among studies
in a number of factors, e.g., strain, route/method of dosing, changes in spontaneous tumor
incidence over time, diet, adequacy of dosing. The following information is taken from the PDR
except as noted:

1.

Entacapone (COMTAN®), a reversible inhibitor of catechol-O-methyltransferase
(COMT), increased both small and large colonies (i.e., both mutagenic and clastogenic)
in the in vitro mouse lymphoma tk assay, and was positive in the in vitro chromosomal
aberration assay in human peripheral lymphocytes. In the 2-year carcinogenicity study in
rat, entacapone increased the incidence of renal tubular adenomas and carcinomas in
males (at the high-dose). Entacapone was negative in the 2-year carcinogenicity study in
mouse; however, high mortality at the high dose precluded an adequate assessment of
carcinogenic potential.

Pramipexole (MIRAPEX®), a dopamine receptor agonist, was negative in the standard
genotoxicity battery, and in 2-year carcinogenicity studies in mice and rats.

Tolcapone (TASMAR®), a reversible inhibitor of COMT, was positive (clastogenic) in
the in vitro mouse lymphoma tk assay in the presence of metabolic activation, and
negative in the rest of the standard genotoxicity battery. Tolcapone was also negative in
a 80-95 wk carcinogenicity study in mouse. In the 2-year carcinogenicity in rats,
tolcapone was associated with an increase in uterine adenocarcinomas, “A low incidence
of renal tubular cell adenomas...in middle- and high-dose female rats; tubular cell
carcinomas occurred in middle- and high-dose male and high-dose female rats...”; the
increase was statistically significant in high-dose males.

Ropinirole (REQUIP®), a dopamine receptor agonist, was negative in the standard
genotoxicity battery. In the 2-year carcinogenicity in rat, there was an increase in
testicular Leydig cell adenomas, a tumor type considered irrelevant to humans. In the 2-
year carcinogenicity study in mouse, there was an increase in benign uterine endometrial
polyps at 10 times the maximum recommended human dose (mg/mz).

Pergolide (PERMAX®), a dopamine receptor agonist, exhibited a “weak mutagenic
response...in the mammalian cell-point-mutation assay only after metabolic activation
with rat liver microsomes”; pergolide was riegative in the other genotoxicity assays (i.e.,
in vitro Ames assay, in vivo micronucleus assay). In the 2-year carcinogenicity studies in
mouse and rat, there was “A low incidence of uterine neoplasms... in both rats and mice.
Endometrial adenomas and carcinomas were observed in rats: Endometrial sarcomas
were observed in mice.” These tumors were thought to result from endocrine effects not
present in humans.

Labeling for selegiline (ELDEPRYL®), an irreversible inhibitor of MAO-B (as is
rasagiline), has not been updated in the most recent PDR. However, according to the
labeling sent to the sponsor in the Approvable letter for EMSAM (NDA 21-336, 21-708),
selegiline was positive in the in vitro mouse lymphoma tk assay in the absence and
presence of metabolic activation, but was negative in the rest of the standard genotoxicity



battery. No tumor findings were observed in a 2-year carcinogenicity study in rat;
however, substantial body weight effects may have reduced the sensitivity to detect
carcinogenic potential. (A 78-week carcinogenicity study in mouse was also negative, but
considered inadequate for similar reasons.)

In comparing the reported genotoxicity and carcinogenicity findings for these approved therapies
(with the caveats noted), it would appear that findings with two drugs, entacapone and tolcapone,
are somewhat comparable to those with rasagiline. Selegiline, an irreversible MAO-B inhibitor
(as is rasagiline), was positive in an in vitro genotoxicity assay, but negative in carcinogenicity
studies (although body weight effects may have reduced the sensitivity of these studies).

Conclusion: Taken together, I believe the data for rasagiline indicate a potential carcinogenic risk
to humans, possibly via a genotoxic mechanism. This conclusion is based on the fung tumor
findings in mice and the positive (although not entirely consistent) findings in the in vitro
mammalian cell genotoxicity assays. '

There appears to be a concern that rasagiline may increase the incidence of melanoma in humans,
based on the clinical trials database. There was a single occurrence of malignant melanoma in
high-dose male in the 2-year rat carcinogenicity study. However, it is impossible to conclude that
this one occurrence in animals strengthens the clinical concern. Although rare (<1%), melanomas
do occur spontaneously in albino animals, as noted in a number of published studies (primarily in
F344 rats). What does cause concern regarding this tumor type is that both 2-year carcinogenicity
studies: were conducted in albino animals (Sprague-Dawley rat, CD-1 mouse). Assuming that
albino animals (lacking melanocytes) are insensitive models for assessing the risk of treatment-
induced melanomas, the potential for rasagiline to induce this tamor type has not been adequately
assessed.

The nonclinical genotoxicity and carcinogenicity findings are somewhat similar to some drugs
approved for PD. However, a potential signal for carcinogenicity in humans would greatly
increase concern for rasagiline, particularly considering the unlikelihood of detecting such a
signal during clinical development. If it is concluded that there is a potential clinical signal for .
melanoma, then it is recommended that the sponsor conduct additional studies in pigmented
animals (unless there are data to indicate that they are also an insensitive model) and/or in
relevant in vitro systems to further evaluate the potential for rasagiline to induce tumors of
melanogenic cells.

[In a very recent examination of the individual rat data, it was discovered that a tumor listed in
the summary table as a neurofibrosarcoma (detected in 1 control female) was given the
differential diagnosis of amelanotic melanoma of the skin (location not otherwise specified). It
was noted that “...it would take ultrastructural confirmation to make a diagnosis of amelanotic
melanoma”; there was no mention of such confirmation. (Neurofibrosarcomas were detected in
various tissues in other animals (total of 19); however, for none of these was the differential
diagnosis of amelanotic melanoma noted.) Therefore, it is possible that there is an additional
melanoma in a control animal. This observation does not alter the conclusions presented above.]

2. Dr. Roney concluded that the sponsor has adequately addressed the issue of potential genotoxic
impurities by lowering the specification limitto = for —_ «and
related impurities) and — ndto  —— for '
~—  for the 1 mg tablet (the recommended clinical daily dose). These limits will result in
a daily intake of - — pg/day for each impurity. I agree that the sponsor’s response is adequate.




3. Dr. Roney concluded that the sponsor has not adequately addressed the need for a repeat oral
embryo-fetal development study in rabbits. The sponsor argued that a repeat study was not
needed based on historical data from the conducting laboratory indicating a low incidence of
visceral malformations, similar to that observed in the embryo-fetal study submitted. However,
as noted by Dr. Roney, the incidence of visceral malformations has been determined to be
substantially lower than observed in studies conducted in other laboratories (based on DSI
inspections). Dr. Roney recommends that the sponsor conduct a repeat study as a Phase 4
commitment, as stated in the Approvable letter (July 2, 2004). I agree with this recommendation;
however, I would recommend that if additional data are needed (either nonclinical or clinical)
prior to approval, then a repeat study should be conducted prior to approval, if time permits.

APPEARS THIS WAY
ON ORIGINAL
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Paul L. Roney, Ph.D., D.AB.T. NDA 21-641

Introduction

Rasagiline was submitted on September 5, 2003 for the treatment of Parkinson’s
disease. An Approvable Letter was issued on July 2, 2004. Among the issues the
sponsor was asked to address were the three nonclinical issues identified below. This
review will examine the adequacy of the Sponsor’s responses to these nonclinical issues.

NONCLINICAL

1. For the 2-year carcinogenicity study in rats. you nead to conduct microscopic analysis of a
full baitery of tissues in the low and mid-dose groups. This additional analysis is needed
because the high dose. although not asseciated with an increase in any tnor type. was
associated with an excessive decrease in body weight (relative o controls). That is. the high
dose exceeded a maximally tolerated dose. defined as a >10% decrease in bady weight
relative to controls. This request has previously been provided to vou in the minutes of the
Executive Carcinogenicity Conunittee meeting held on Tune 8, 2604,

-

AGILECT™ is a mesylafe salt and. therefore, potential genotoxic impurities (e.g. ——

- - may arise during synthesis of the drug substance and‘or during storage.
In particular, the potenml presence of the following in the drug substance and/or drug
product is of concen:

(a) — ‘and related impurities) in the drug substance ~  These
compounds are considered to have genotoxic potential based on structural alert.

3] — . a known mutagen. in the drug substance due to the -
d T ~—
(¢}’ - in the drug product. You have demonstrated this

compound o be positive in an in vifro Ames test.

Ideally. the above compounds. known to be mutagenic, shonid be eliminated. If that is
not possible. specifications should be set for each compound at = —  The same is true
for —_— and related impurities); however. since we presuniie
these to be mmtagenic {i.e.. mutagenicity has not been demonstrated), you may choose to
directly test each of these compounds in an in vitro Ames assay and either an in vifro
chromosomal aberration assay in manimalian cells or an #n vitro mouse lymphoma tk
assay (with colony sizing). If they are negative in these assays, there would be no need fo
reduce the levels ir — You need io provide details of the method(s). inclnding
limits of detection and qummanon used to evaluate each compound.

3. There is concern as to the adequacy of the oral embrvo-fetal development study conducted in
rabbit /¥~y Project No. 671411}, This concem is due primarily to the low incidence of
external findings and a lack of visceral findings in rabbit fetuses in the smdy. This would
suggest reduced sensitivity to detect soft fissue abnormalities. variants. etc. Unless data can
be provided that adequately document the sensitiv ity of the methods used fo assess fetal
effects, the study will need to be repeatad.

‘Figure 1, from page 9 of July 2, 2004 Approvable Letter
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Rat Carcinogenicity Study

The original review of the carcinogenicity study is presented in Appendix 1 (see page
17). In this study, male rats were administered 0, 0, 0.3, 1 or 3 mg/kg/day by oral gavage
for two years while female rats were administered 0, 0, 0.5, 2, 5 or 17 mg/kg/day by oral
gavage. Full histopathology was conducted in the control and high dose groups only.
For the low and mid dose groups, only early decedents and gross lesions were examined
histopathologically in the original study; the terminally sacrificed animals were not
examined histopathologically.

As noted in the original review, no significant effect on mortality was observed in either
males or females. On the other hand, decreased body weight was observed at 3 mg/kg in
males and 17 mg/kg in females. Since the decreases were greater than 10% at these

. doses, it was concluded that they exceeded the Maximum Tolerated Dose. The original

review concluded that there was insufficient data to assess the carcinogenic potential of
rasagiline in rats because the high doses exceeded maximum tolerated doses and the
terminal sacrifice lower dose rats were not examined histopathologically. It was
therefore requested that the sponsor conduct histopathology examinations on the rats
from the lower dose groups. In this submission, the sponsor submitted complete
histopathology results on the rats not previously examined. The number of additional rats
examined per group are:

Males: Group 3 (0.3 mg/kg/day) 24
Group 4 (1.0 mg/kg/day) 22

Females: Group 3 (0.5 mg/kg/day) 23
Group 4 (2.0 mg/kg/day) 16
Group 5 (5 mg/kg/day) 20

The incidence of tumor was analyzed by Dr. Tristan Massie using trend tests and
pairwise comparisons. The tumor incidences with statistical analyses are presented

below.

Female Rats: Tumor Incidence and Tests for Trends (from pages 8-10 of Dr

Massie’s review)

: : N i b - |Groups 1-5 |Groups 1-6-
Oraan [ e ' |DOSEY iDOSE2 IDOSES3. DOSE4 |DOSES. |DOSES [Trend . .~ [Trend |
Co?je Organ Name '* Code 4T Contral{Control; 0.5~ 2 5 17 . _|P-Value P-Value
SHic e o TR i R s e . ,|Asymptotic) Asymptotic)
' ; ] : 0.862/ 0.941/
ACV ADRENAL, CORTEX (248  1B-ADENOMA N 1 1. 2 1 | 0 0 0.802 0.907
10.480/ 0.700/
‘AC ADRENAL, CORTEX 286  |M-CARCINOMA 2 0 0 | 0 1 0463 0764
. ADRENAL, B- - : 0.762/ 0.782/
AM - IMEDULLA 249 IPHEOCHROMOCYTOMA 2 23 ! ! Vo795 0.795
ADRENAL, M-MALIGNANT 0.560/ 0.639/
AM - MEDULLA 481 PHEOCHROMOCYTOMA 0 0 1 0 0 00762 0.747
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. R ) : ... |Groups.1-5-|Groups 1_-6'5.
Oraan | 7 _ Fuier . . |DOSE1. |DOSE2 |DOSE3 DOSE4 |DOSES |DOSES [Trend Trend ©
Cogle‘ Organ Name Code Tumor Name Control iControl | .0.5 2 5 17 P-Vaiue P-Value '~
. . . T = il 2 imglkg o mglkg mo/kg imglkg [(Exact/ | ool i(Exach s
, 3 ST N T : . {Asymptotic).|Asymptotic)
- ' 0.2087 0.310/
BR  |BRAIN W/STEM 294 |M-ASTROCYTOMA 1 0 0 2 1 105 9310
. 1,000/ 1.0007
OV |UTERUS,CERVIX |173  |B-FIBROMA ' 0 0 0 0 0,5.9% ors
M- : 1.000/ 1.000/
GV |UTERUS,CERVIX 1268 INEUROFIBROSARCOMA b e T T T e X 0777
CV  |UTERUS, CERVIX [325  |B-LEIOMYOMA 0 0 0 0 0 1INA g'éfg/
HEMATO ' ) 0,162/ 0.202/
HN NEOPLASIA 2 M-LYMPHOMA 9. 0 1 1 ! "io.205 0.268
HEMATO M-SARCOMA, 0.3041 0.142/
HN  INEOPLASIA 264 IHISTOCYTIC 0 1 1 1 1 210.355 0.150
: 1,000/ 1,000/
KD  |KIDNEY 300 M-LIPOSARCOMA 0 2 0 0 0 015900 Jo.839
0.238/ 0.691/
KD KIDNEY jsso  [pLpova 0 1 1 1 1 lo.3e8. oo%0
M-CARCINOMA, 1.000/ 0.351/
L |LVER 280 |HEPATOCELLULAR 0 ! o 0 0 Vo848 0.198
: - 05781 0.667/
Ll JLIVER 385  |B-CHOLANGIOMA 0 o 1 0 0 00578 oo
B-ADENOMA, ’ 1.0007 1.000/
L [HVER 409 HEPATOCELLULAR X T T T I % 0.773
LU JLUNG 400 |M-LEIOMYOSARCOMA 0 0 0 0 0 1INA e
’ . ' 0.653/ 0.715/
MFO MAMMARY,CRANIAL |145  |B-FIBROADENOMA 200 120 13 of 14l 12059 01
: 0.998/ 0.932/
IMFO  MAMMARY,CRANIAL 221 |M-ADENOCARCGINOMA o 7 4 0 0 10998 S0
: _ 0.4717 0513/
MFO |MAMMARY,.CRANIAL [225  [B-ADENOMA 0 0 o 0 oot o
. . 1,000/ 1,000/
MFO |MAMMARY.CRANIAL 461 |M+-FIBROSARCOMA 0 1 0 0 0 0 190 ,o00
0169/ 0.496/
MFT |MAMMARY CAUDAL (132 |B-ADENOMA N 1 2 1 2 3 19102 g4%
: 0.923/ 0.999/
MF1 IMAMMARY CAUDAL (195 [U-ADENOCARCINOMA 5 4 6 6 1 0023 Do
MF1  |MAMMARY,CAUDAL [206  |B-FIBROADENOMA 157 220 19 14 13 510-88%/ 1.000/
. . . o ™ ~10.886 1.000
MF1  |MAMMARY,CAUDAL (383  |B-FIBROMA 0 0 0 1 0 o 8'23‘3”
' v N 0365 0500/
MF1 IMAMMARY CAUDAL (093 |M-SARCOMA, NOS o 0 0 1 0 00568 0683
M- 0.3341 0,589/
MF1  IMAMMARY,CAUDAL 1407 |{E oo aRosARCOMA J 0 0 2 0 003 958
B-GRANULOSA/THECA 0.191/ 0.018/
oV [ovaRY 820 IceLL TUMOR 0 0 ¢ 0 ! 20.050 0.006
B-ADENOMA, 1,000/ 10007
OV |OVARY 420 |INTERSTITIAL GLD 0 oo 00 Oeso 0.785
1.0007 1.000/
OV |OVARY 441 |M-SERTOLI CELL TUMOR 0 1 0 0 0 ys 4900
M-CARCINOMA, ISLET 1.0007 0.303/
PA  IPANCREAS s01 R | 1 0 0 0 0 1,090 9308
) , : e e e
PA  |PANCREAS 353  |B-ADENOMA, ISLET CELL 2 0 0 0 1 0027 o6
B-ADENOMA, ACINAR - 0.820/ 0.883/
PA  |PANCREAS laza 2D 0 1 1 0 0 0,820 0083
H
; e 0.667/
PC  [CAVITY, ABDOM 1102 I\E\o0riBr08ARCOMA 0 0 0 0 0 1INA oo
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: : : o - lGroups:1-5. Groups 1:6

Gronl rumn X - ‘gost?i‘ gostezi D(?gsg- D‘C;SE4‘ 0053_E5'- D_C117SE6 'll;f‘eln;:l__- | ;,32;1 e

Code . |Organ Name Code | Tumor Name ‘ {Control (Control 105 1. 1B 17 P-Value Value .

-ode : s : SApT 2 Simalkg - imglkg - imglkg img/kg” (Exact/ - (Exact
: . SRII o S UERTE BT Asymptotic) {Asymptotic)

Pl IPITUITARY 429 |M-CARCINOMA 0 0 0 1 0 0,050/ oase/

Pl IPITUITARY 8 B—ADENOMA 7 57 57 59 51 58 st 8:233/ | _8_:282/"_

PT  |PARATHYROID 422 |B-ADENOMA ' 0 o 1 0 o 0 g:%g/ 8?23/

sq  [SIPCUTANEOUS 160 M-SARCOMA,NOS o 2 0 of o 01 90/ | 10000 |

s fgmoeons L, meemmes oo o o g [

sa  [SPCUTANEOUS - laos  IM-HEMANGIOSARCOMA 0 0 i o of o Jped oo

sq  [SEPCUTANEOUS ape  IariBROMA 0 0 0 1 o 10383/ g6

sq  [SUBCUTANEOUS 450 N-FIBROSARCOMA o 0 0 1 o o0Sey s

SS  |SKIN, OTHER 33 N UROFIBROSARCOMA 2 o 2 1 0 010980 0960

sS  ISKIN, OTHER 382 |B-KERATOACANTHOMA o o o oo o i 0775

o fome fu EEARREL | o o

SS  |SKIN, OTHER azs [ S ALANOUS CELL o o o 2 o Urgied g

o fonen Jue oo KK

T THYMUS 387  |M-THYMOMA 0 0 oo of o2 8:‘;53’

TY  |THYROID [ps6  |B-ccELLADENOMA |5 & K 6 3 2lo7ar yed

TY  |THYROID 2g7  [STOCLICULAR CELL 0 2 o o 1 0[048Y 070

TY  |THYROID 299 g;\Fa%LngﬁlAAR CFLLV o3 0 2y it 0800 067

TY  [THYROID 443 |M-'C" CELL CARCINOMA o ' o o 2 1828;3/ 0197

o s e BEEERRT | 4 o o o o= e

UT  |UTERUS 302 [B-LEIOMYOMA : 0 v 0; ! o 1%8122;/ 8:383/ _

VA [VAGINA 331 'I:IAéUROF_IBROSARCOMA' o 1 0 0 0 °lo'a07 0854

Male Rats: Tumor Incidence and Tests for Trends (from pages 11-13 of Dr Massie’s

review) ‘

i Ll e T i Groups 144 Groups 1-5.
raan R e “% DOSE? !DOSEZ |DOSE3 DOSE4!DOSE5|Trend . “Trend. "~
Co?ie Organ Name Codo.:jJumor Name -~ - .- IControl{Controk| .0:3.: | 1" 3L P-Value o ciP-Value

, . jlode RS CEle a2 imglkg - imglkg imgrkg (Exact . - i(Exac

‘ L e : SR T T I symptotic) [Asymptitic)
ADRENAL, . 1.000/ 0137/
AC  ICORTEX 256  IB-ADENOMA 1 1 0 0 2}y 976 0,130
ADRENAL, o 1.000/ 0.491/
AC  \CORTEX 259  M-CARCINOMA 1 1 0 0 110979 0518
ADRENAL, ! ‘B- ; 0.331/ 0.967/
AM - IMEDULLA ' PHEOCHROMOCYTOMA 10 8 nom Slo.418 0.968
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. B : . "2 /|Groups:1-4 -Groups 1-5
e ER g IDOSEY. IDOSE2 |DOSES|DOSE4 [DOSES (Trend o
g:;%? Organ Name E‘;’::r Tumor Name ~ ©. % jControkiControl 0.3 5 3. 71P-Value
ode |9 \ Code. | umer Name Con T s 3
[ADRENAL, M-MALIGNANT _
AM - \MEDULLA 297 PHEOCHROMOGYTOMA' 5 4
M-
BR [BRAINWISTEM 114 5 (o 00eNDROGLIOMA 0 0 _
‘BR  |BRAINW/STEM (174 M-ASTROCYTOMA 2 0 0 0 Jiped
B-GRANULAR CELL : \ 1.000/
BR [BRANWISTEM 322 Ting 0 R 0 0 /o981
’ 1.000/
DU |DUODENUM 450  IM-CARCINOMA 0 1 0 0 ol oo
M- ' 0.200/
(MG |HEAD, CORONAL 1192\ ypoFIBROSARCOMA 0 o 1 9 Olosess
M-CARGINOMA. '
HC  |HEAD, CORONAL 265 Soliaiions CeLL o 1 0 0 0N
HEMATO M-SARCOMA, - 10.652/
"N Ineopasia  1¥1® JmisTocyTict 8 T I I
: HEMATO M-LEUKEMIA, LARGE . lo70/
BN Ineoplasia  [*'® GRANULARL 0 oo 2 Toase
- _ 0.248/
HT  HEART 360 NEUROFIBROSARCOMA 0 0 0 1 o340
M-ATRIOCAVAL ' ] 1.000/
HT  IHEART 451 ESOTHELIOMA 0 1 of o /0,980
: 11,000/
JE  |JEJUNUM 436 IM-CARCINOMA 1 0 0 0 01900
' Ti-0007
KD  IKIDNEY 185  IM-LIPOSARCOMA 1 0 0 0 0jd 9%
M-CARCINOMA. ' , [1-000/
KD KIDNEY 402 TUBUAR OELL 0 1 0 0 9l0'950
0.510/
KD  |KIDNEY 405 {B-LIPOMA 0 0 2 0 0l o
: 10.236/
LC  ICORD, LUMBAR |354 M-ASTROCYTOMA o 0 0 1 0[0-2%
4 M-CARCINOMA., 0.307/
L |LIVER 335 HEPATOCELLULAR 0 2 3 2 ©lo.455
B-ADENOMA, v 0.166/
L |uver 43 ATOCELLULAR 1 0 0 2 0l0'285
L ILIVER 487  B-CHOLANGIOMA 0 0 0 1 0 g'ggy
MAMMARY, ’ ' 1000/
U e 143 |BFIBROADENOMA 0 1 0 0 911000
MAMMARY, l0.2677
MM A oo |B-FiBROMA 2 1 3 1 0lo%76
iR v B , ks
MM A 482 B-LIPOMA 0 0 1 0 0l
LN, 0.389/
MS I ntEmc 118 MHEMANGIOSARCOMA 0 1 0 1 ] hg
IN,
MS  ugsentemic (310 [BHEMANGIOMA 0 0 0 0 1|NA
B-ADENOMA, ISLET 0.526/
PA  IPANCREAS 206 e 5 3 3 4 2|0 cad
\ 1.000/
PA  |PANCREAS 396 IM-SARCOMA, NOS 0 1 0 o 030
M-CARCINOMA, ISLET » 0.166/
PA  IPANCREAS  |asa [ HOR 0 1 0 2 0[019
M-CARGINOMA. ACINAR 1,000/
PA  [PANCREAS LI 1 0 0 0 of-900
‘B-ADENOMA, ACINAR 0.535/
PA  |PANCREAS so3 2A0! 0 0 2 o ofg. o3
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; ‘ § o B Groups 14 Groups 1-5.
om0 e [20351 2055 s s poses Tl T
Code gan S Cede SO 2 9 - mé,kg mglkg malkg (Exact) g (E*é?t!';:-:‘.'
B : Sy _ : B N O - [Asymptotic) {Asympiotic)
PI |PITUITARY 188 IM-ASTROCYTOMA 1 1 of o 1 gzggg/ o2 )
[Pl [PTUTARY 60 B-ADENOMA 2 sl 48 3 3 gzg;g/ vg:ggg’
PR |PROSTATE 8 M-CARCINOMA 0 1 0 0 0 8:832( _éiggg{
T [PARATHYROID |49 [B-ADENOMA 0 0 5 1 0'81421;(2)/ | ,82223{ |
sp |spLeEN 181 MHEMANGIOSARCOMA J 0 0 0 0 81_338/ vé:ggg’
fSQ ?%BCUTANEOUS 313 B-FIBROMA 1 1 0 1 1'8%(5)/ jgjgil
s [SUBCUTANEOUS |4y Ig.ipoMA 1 0 0 0 1o :8:282/
15Q ?%BCUTéNFOUS a67 hNAéURQFIBROSARCOMA o o o0 0 8:328/ ppd |
;ss SKIN,OTHER |13  DoGLAMOUS CELL 5 3 1] 1 10988/ 10981/
S5 [SKINOTHER 148 B-FIBROMA 0 o 3 1 1 8:;3;{ 19025/
SS [SKIN.OTHER |20  BKERATOACANTHOMA 2 3 3 1 3|0 3% | g:;gg’ -
oo omonen e HEHBISO |y e hm

S [SKIN.OTHER  |263  B-LIPOMA 1 oo o o ofl-900f o

SS [SKIN,OTHER  [311  IM-MELANOMA o o o o  1Na Fgtied
S5 [SKINOTHER {381 NI\ corimeosarcoma ' 0 ! a 10a0  loaes
5S  [sKIN,OTHER  laes  [SADETOMA 0 0 0 0 2INA oo/

S |SKIN.OTHER  |468 |M-FIBROSARCOMA of 1 o o5y g:;gg"

TE : TESTIS 291 B-SEMINOMA 1 of o o ol ;jggg’

TE  |TESTIS 29 ?J',:‘ATQE;?T'T'AL CELL 1 3 0 0 3|00/ 8:128’

N s MO a o om e

v fveon o BTOLICULARCELL of 4 s 7 apoy oo
Y [HvROD 270  |B-"C’ CELL ADENOMA 3 5 o 6050y g:]gz/

TV [THYROID 387 '\C"Agcﬁ\%l\'; A 0 1 2 0 1 8_’3(1)3/ g:ggg’

Statistical analysis indicated that there was a trend between increasing dose and benign
Ovarian Granulosa Theca Cell tumors. The incidence of this tumor was relatively low
(2/65 at the highest dose) and pairwise comparisons did not suggest a significant increase
in incidence.. The relevance of this finding for human cancer risk is uncertain. No other
significant associations between rasagiline-and tumor incidence were observed. On the
other hand, a single melanoma was observed in a high dose male. This is an extremely
rare tumor, particularly in albino rats which lack melanocytes. In areview of 1,433 (717
males and 716 females) control Sprague-Dawley rats from carcinogenicity studies over a
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15 to 24 month period, only two melanomas were observed (0.14% incidence rate)'. In
conclusion, rasagiline did not increase the incidence of tumors in rats over the course of
the study. However, given the concerns about melanoma risk in patients exposed to
rasagiline, the appearance of a rare melanoma in a high dose male rat is a matter of
concern. :

APPEARS THIS WAY
ON ORIGINAL

! Zwicker, GM, RC Eyster, DM Sells,and JH Gass (1992) Spontaneous Skin Neoplasms in Aged Sprague-
Dawley Rats. Toxicol. Pathol. 20(3 part 1):327-40.
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Potentially Genotoxic Impurities/Degradant

In the approvable letter, the FDA recommended that the Sponsor set specification limits

of less than or equal to ~ — ior a series of potentially genotoxic impurities

’ -_ «and related impurities) and _— in the drug

substance. The sponsor has agreed to set specifications for these substances at less thap
— Adequate analytical methods were developed to monitor these substances at this

level.

-

With regards to — the sponsor has agreed
to set a limit of less than —  in the drug substance. However.” ——  :analso be
formed as a degradant in the drug product. The Sponsor does not have an analytical
method that will detect —  at less than — in the drug product. The sponsor
believes that © — should be considered the lowest practical specification limit for the 1
mg rasagiline tablets. The resulting daily dose at this specification would be ~~—
ug/day. This is well below (more than 200-fold lower) the recommended exposure
threshold of —ug/day. This reviewer considers -—_ o be an acceptable specification
limit.

In summary, the sponsor-has provided adequate response to the FDA’s concerns about
potentially genotoxic impurities.

APPEARS THIS way
ON ORIGINAL

10
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Adequacy of Rabbit Embryo-Fetal Toxicity Study

The sponsor has provided data from the laboratory which documented that there was a
historically low incidence of visceral malformations in rabbits at the laboratory which
conducted the study ( —_— . However, the low incidence of malformations
at this facility stands in contrast to the experience of other laboratories conducting these
assessments. It is therefore recommended that the sponsor repeat this study as a phase 4
commitment.

The sponsor has not adequately addressed the FDA concerns about the validity of the
rabbit embryo-fetal toxicity study. This study will need to be repeated, possibly.as a
phase 4 commitment.

APPEARS THIS WAY
ON ORIGINAL
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Conclusions and Draft Letter Content

Three nonclinical issues were identified in the original Approvable Letter of July 2, 2004.
1 The sponsor needed to conduct full histopathological analysis of low and mid
dose rats in the carcinogenicity study.
2 The sponsor needed to reduce the limits of several potentially genotoxic
impurities and degradants.
3 The sponsor needed to justify the adequacy of the rabbit embryo-fetal toxicity
study or to repeat the study. '

The sponsor has conducted histopathological examination of low and mid dose rats in the
carcinogenicity study. It was concluded that rasagiline did not cause a significant
increase in the incidence of tumors in rats. However, a high dose rat was observed to
have a melanoma. This is a rare tumor in Sprague-Dawley rats. The occurrence of this
tumor is particularly concerning since there are concerns that rasagiline may be
associated melanoma in patients taking rasagiline.

The sponsor has agreed to appropriate limits on potentially genotoxic substances. This is
an adequate response to the Approvable letter.

The sponsor was not able to justify the adequacy of the rabbit embryo-fetal toxicity
study. This study will need to be repeated. This reviewer feels this could be addressed as
a Phase 4 commitment.

This reviewer also recommends changes to the sponsor’s proposed label.

In conclusion, the Sponsor has submitted adequate data to address the nonclinical issues
identified by this reviewer (in the review dated June 25, 2004). Appropriate studies have
been conducted and submitted to characterize the nonclinical toxicity of rasagiline. The
primary nonclinical issue in the original review is the potential carcinogenicity of
rasagiline. Rasagiline increased the incidence of lung adenomas/carcinomas in male and
female mice in the two year carcinogenicity study. In addition, a high dose male rat
treated with rasagiline developed a melanoma in the carcinogenicity assay. This is an
unusual tumor in albino rats. Rasagiline was also positive in four in vitro genotoxicity
assays (three human peripheral lymphocyte assays, 1 mouse lymphoma assay). All of
these data suggest that there may be potential for rasagiline to be carcinogenic in humans.
The potential association of rasagiline treatment with melanoma risk is an on-going
concern of the Medical Officers. The decision on whether to approve the drug will be
based in part on an assessment of the potential benefits of rasagiline versus the potential
risks. No other major nonclinical concerns have been identified.

This reviewer recommends that this application be approved assuming the Sponsor

. accepts recommended changes to the label and commits to repeating the rabbit
embryo-fetal toxicity study. '

15
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/

Draft Letter Content

APPEARS THIS WAY
ON ORIGINAL
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Appehdix 1- Previous Review of Rat Carcinogenicity Study

3.4.5.1 Rasagiline Mesylate (TVP-1012) Carcinogenicity Study by Oral
Gavage Administration to CD®(SD)IGS BR Rats for 104 Weeks

Key study findings:

Adequacy of the carcinogenicity study and appropriateness of the test model:

1. This study only examined the incidence of tumors in high dose and control rats.

2. The high dose in both males and females exceeded the Maximum Tolerated Dose
(MTD) as evidenced by an excessive loss of weight (greater than 20%).

Evaluation of tumor findings:

1. No significant increase in tumor findings were observed.

2. Since the high dose exceeded the MTD, the low and mid-dose groups should be
evaluated for neoplasms to make this a valid study.

Study no.: 6751-109

Location: \tox\6751-109.pdf

Conducting laboratory and location: —

‘Date of study initiation: January 19, 1998

GLP compliance: Yes

QA report: yes (X ) no( )

Drug, lot #, and % purity: 255495223, 255400199

CAC concurrence: The Exec CAC (May 27, 1997) recommended doses of 0.3, 1 and
3.0 mg/kg in males and 0.5, 2, 5 and 17 mg/kg in females. It was also recommended that
the rats be housed individually. There was no discussion of histopathology only being
conducted in control and high dose animals.

Methods
Doses: 0,0,0.3, 1.0, 3.0, 17.0 (females only)
Basis of dose selection (MTD, MFD, AUC etc.):
Species/strain: Rat, — .CD®(SD)IGS BR
Number/sex/group (main study): 65/sex/dose
Route, formulation, volume: oral gavage in distilled water, 10 mg/kg/day
Frequency of dosing: 1/day
Satellite groups used for toxicokinetics or special groups: 15/sex/dose
Age: 7 weeks ‘
Animal housing: Individually housed in hanging wire cages
Restriction paradigm for dietary restriction studies: NA
Drug stability/homogeneity: Drug stable
Dual controls employed: Yes
Interim sacrifices: None
Deviations from original study protocol: no significant deviations

17
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Observation times

Mortality: 2X/day

Clinical signs: 1X/day

Body weights: 1X/week (weeks 1-14), 1X/2 weeks (weeks 15-105)

Food consumption: 1X/week (weeks 1-13), 1X/2 weeks (weeks 14-104)
Histopathology: Peer review: yes ( X ), no ( ); Complete histopathological
examination; Control and high dose only; gross lesions only at low and mid doses;
Toxicokinetics: Day 30, Week 52/53, 78; pre, 0.25, 0.5, 1, 2, 4 hours post dose;
4/rats/sex/dose

Other Studies: Prolactin and luteinizing hormone in control 1 and high dose rats during
weeks 14 and 29

APPEARS THIS WAY
ON ORIGINAL
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Results :
Mortality: No statistically significant effects on mortality were observed.

Adjusted Percent dSurvival
Male
100 [
£
90 mg/kgiday
80 F — 0
70 F
B —= 0
T 60 [
o = -—- 0.3
2 s0 [
2 -
a0 £ Ty 1.0
30 F —— 3.0
20
10
0 :llll||llLlJIlllIllHl||I|||I|11'l1111|||I|||l|||I|||
0 8 16 24 32 40 48 56 64 72 80 88 96 104
Week
Female
100 <o
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90 - g/xg y
- — 0
80 ¢
70 E 0
2 60 [ -=—- 0.5
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Figure 2, from page 31 of Report 6751-109
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- i . T a
Summary of Drug-Related Clinical Observations’

Male Females

myke/day 0 0 03 1 3 0 0 0.5 2 3 17
Swollen Paws 1t 12 17 27 37 4 2 5 20 23 15
Paw Sore/Scab 17 21 26 36 44 9 i3 16 37 42 33
Aggressive Behavior 4] 0 0 0 6 0 0 0 1 1 2
Hyperactivity 0 0 0 4 15 ) 0 0 7 19 35
Alopecia : 14 14 19 14 27 18 17 15 32 30 27
Yellow Hair Coat 10 7 11 12 6 3 7 4 7 17 30
Malocclusion 6 3 5 8 15 0 4 5 6 9 9
Red nasal discharge 1 4 2 3 4 4 6 5 2 N 12
Swollen Axillary region 2 1 3 1 2 14 il 14 i2 10 4
Swollen Ventral region 14 14 14 10 3 23 20 28 2 i4 5
Mass 18 10 24 13 3 39 35 36 30 28 20

a  Number of animals effected.

Figure 3, from page 33 of Report 6751-109

Clinical signs:
Several clinical signs were associated with rasagiline treatment. None of these signs

would be considered dose limiting.

APPEARS THIS WAY
ON ORIGINAL
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Body weights: |

Mean Body Weights
Male
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200 [
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Week
Figure 4, from page 34 of Report 6751-109
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Summary of Mean Body Weights and Weights Gains (g)

Group 1 Group 2 Group 3 Group 4 Group 5
Males 0 mgkg 0 mg'kg 0.3 mg/kg 1 mg/kg 3 mg'ky

Mean body weights in grams (% difference compared to Group 1 control)

Week | 235 233 {-1%) 233 (-1%) 228 ( -3%) 232 (-1%)
Week 14 570 360 (-2%) 538 (-6%) *§ ST (-10%) *# 363 (-19%) *F
Week 28 688 674 (-2%) 64 (-7%) ¥4 590 (-14%) *H 542 (-21%) *#
Week 52 779 766 (-2%) T34(-6%) ¥ 062 (-15%) 8 606 (-22%) *it
Week 78 819 784 (-4%) 775 (-3%) 606 (-15%) *# 625 (-24%) *#
Week 105 741 676 (-9%) 698 (-6%) 715 (-4%) 667 {-10%)
Mean body weight pains in erams (% difference compared to Group | control)
Week 1-13 335 327 {-2%) 305 ¢-9%)4E 283 (-1o%eytH 231 (-31% )
Week [-27 433 441 (-3%) 408 {-10%) *4 362 (20%) *# 311 (-31%) *¥
Week 1-51 544 532 (-2%) 501 (-8%) *¥ 434 (20%) ¥ 374 (-31%) *#
‘Week 1-77 586 552 (-6%) 542 { -8%) 469 (20%) *# 395 (-33%) *#
Week 1-104 512 - 440 (-14%) . 466 { -9%) 484 ( -5%) 436 ¢-15%)
Group 1 Group 2 Group 3 Group 4 Group § Group 6
Fernales 0 mg/ke 0 mg'kg 0.5 mgkg 2 myke 5 mgike 17 mgikg

Mean body weights in grams (% difference compared to Group | control)

Week | 173 171 {-1%) 169 (-2%) 171 (-1%) 169 { -2%)
Week 14 301 303 { 1%) 296 ( -2%) 286 (-3%) * 273 (9%) i
Week 28 350 346 (-1%) 330 ( -3%) 338 (-3%) 322 (-8%) *#
Week 52 425 415 (-2%) 411 (-3%) 400 (-6%) 372 (-12%) *#
Week 7§ 484 488 ( 1%) 468 (-3%) 466 (-4%) 406 (-16%) *i
Week 105 505 475 (-6%) 447 (-11%) 480 (-3%) 438 (-13%)

Mean body weight pains in grams (% difference compared to Group | control)

168 ( -3%)
254 (-16%) *§
301 (-14%) =4
340 (-20%) 4
381 (-21%) *#
365 (-28%) *#

Week 1-13 127 131(3%) 127 (0%) 115 (-9%) *# 104 (-18%) *#
Week 1-27 177 175 (-1%) 170 (-4%) 167 (-6%) 153 (-14%) i
Week [-51 251 244 (-3%) 242 { -4%) 229 (-9%) 203 (-19%) *#
Week 1-77 3 318 (2%) 301 ( -3%) 296 {-5%) 238 (-23%) *¥
Week 1-104 334 306 (-8%) 279 (-16%) 315 (-6%) 271 (-19%)

86 (-32%) *¥
132 (-25%) *#
172 (-31%) =
214 (-31%) *#

199 (-40%) *#

*  Mean value significamntly different from conirol Group ! at p <0.05.
#  Mean value significantly different from control Group 2 at p < 0.05.

Figure 5, from page 35 of Report 6751-109

Excessive weight loss (>10%) was observed at 1 and 3 mg/kg in males and 5 and 17

mg/kg in females.

APPEARS THIS WAY
ON ORIGINAL
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Summary of Mean Total Food Consumption Values {g)

Males

Group |
O mpke

Group 2
U meke

Group 3
0.3 mg'ke

Group 4
| mg‘kg

Group 3
3 mokg

Mean total food consumption in prams (% difference compared to Group 1 control)

Week 1-13 2825 2769 (-2%) 2710 (-4%) * 2588 {-8%) *# 2396 (-15%) *#
Week 1-27 4310 4222 (-2%) 4086 {-5%6) *2# 3826 {-11%) *# 3394 (-17%) ¥#
Week 1-51 6904 6796 (-2%) 6382 (-5%%) * 6037 (-12%) ®it 5725 (-17%) *&
Week 1-77 9811 9660 (-2%) 9365 (-3%) * 8714 (-11%) *# 8217 (-16%) *#
Week 1-104 12663 11985 (-53%) 12238 (-3%) 11441 (-10%)* 11363 (-9%) *

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Females 0 mg/ke 0 mgkg 0.5 mgkg 2 mgrkg S mgikg 17 mpika
Mean total food consumption in grams (% difference compared 10 Group | control)
Week 1413 1904 1940 (2%) 1915 (1%) 1846 (3% *8 1743 (-8%) %% 1693 (-11%) *#
Week 1-27 2853 2891 (1%) 2894 (1%%) 2808 (-2%) 2689 (-6%) #2653 (-7%) ¥
Week 1-5! 4676 4707 (1%) 4745 (1%) 4659 {0%) 4340 (-3%) # 4450 (-5%) *#
Week 1-77 6714 6901 (3%) 6806 (1%;) 6655 (-1%) 6475 (4%) £ 6418 (-4%) *#
Week 1-104 8966 8906 (-1%) 9195 (3%) 8494 (-5%) 8473 (-3%) 8409 (-6%) *

*  Mean value significamly different from control Group 1 at p < 0.05.
#  Mean value significantly different from control Group 2 atp < 0.05.

Figure 6, from page 37 of Report 6751-109

Food consumption:

Hematology/Prolactin Levels:

No effects were observed on hematological parameters.
Female 17 mg/kg prolactin level was decreased at week 29 (146 vs 350 in controls) but
not at week 14 (129 versus 127 in controls). No changes were observed in males. No

significant changes were observed in luteinizing hormone in either sex at week 14 (only

time examined).

Gross pathology:

41

Males

0 mg/kg 0 mg/kg 0.3 mg/kg 1 mg/kg 3 mg/kg
Swollen Foot | 7/65 11/65 14/65 26/65 36/65
Foot Sores 12/65 19/65 24/65 32/65 38/65
Females

0 mg/kg 0 mg/kg 0.5 mg/kg | 2 mg/kg 5 mg/kg 17 mg/kg

Swollen 3/65 1/65 6/65 16/65 24/65 18/65
Foot
Foot Sores | 9/65 9/65 9/65 29/56 35/65 31/65

23




Paul L. Roney, Ph.D., D.A.B.T. NDA 21-641

Histopathology:

Non-neoplastic:
The primary non-neoplastic findings consisted of chronic skin inflammation associated

with foot sores in rats treated with 0.3 mg/kg and above in males and 2.0 mg/kg and
above in females.

In addition, urogenital tract inflammation characterized by inflammation and
hemorrhage of the urinary bladder with dilatation of the kidney and tules and tubular
degernation was more common in rats treated with 3 mg/kg. This is a constellation of
signs, which were not broken out individually, however the group incidence of these
signs were higher than in other dose groups or in terminal sacrifice 3 mg/kg male rats.

Comparison of Kidney and Urinary Bladder in Early Decedents and in High Dose
Terminally sacrificed Male Rats.

0 mg/kg |0mg/kg 0.3 mg/kg |1.0mg/kg |3.0mg/kg |3.0 mg/kg
Early Terminal

Kidney, tubule |2/45 1/45 0/41 3/43 11/41 1724
degeneration
Kidney, tubule |4/45 2/45 3/41 3/43 13/41 0/24
dilation .
Urinary 8/45 4/45 5/41 7/43 14/41 0/24
bladder, acute
inflammation
Urinary 4/45 2/45 2/41 5/43 16/41 0/24
bladder, :
hemorrhage

APPEARS THIS WAY
ON ORIGINAL
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Texi Table 7. Incidences of Animals with Primary Neoplasms in All Animals
Tissue/Neoplasm Males Females
Treatment Group 1 2 3 4 5 1 2 3 4 5 6
Resagiline mesylate (TVP-1012) | 0.0 0.0 0.3 1.0 30 0.0 0.0 Q.5 20 5.0 17.0
Base (mg/kg/day)
Brain (number exeminedy | (65)  (65) (34) (46) (65) | (65) (65) G5 3 G @5
M-Astrecytoma 2 - - - 1 1 - = 2 1 1
M-Oligodendroglioma | - - 1 - - - - - - -
B-Granular cell tumor - H — - - - - - - - -
Thyroid (65) (65) (42) (@3) (65) | (65) (65 (42) (49) (46) (65)
M-C ccll carcinoma - 1 1 - 1 - - - - 1 1
B-C cell adenoma 4 3 3 3 6 5 6 3 3 1 2
M-Follicular cell carcinoma H - 1 - - I 3 - 1 1 1
B-Follicular cell adenoma | - 4 2 5 1 - 2 - - H -
Parathyroid 58 (62) (7 @9 (52) | 563 41 GH @) 6H 69
B-Adenoma { - - - 1 - - - - - - -
Pancreas {65) (64) (39} (43) (65) § (65) (65 (42) (48) 48 (69

M-islet celf carcinoma |  — -

B-Isletcell adenoma | $ 3 2 3 2 2 - - - - _
M-Acinar cell carcinoma 1
B-Acinar cell adenoma -

M-Sarcoma, NOS - i - - - - — - - - -
Spinal Cord, Lumbar (65) (65) (40) (43) (65) | {64) (650 (42) (49 (45) (65)
M-Astrocytoma - - - 1 - - - - - - -
Adrenal Cortex (65) (65) (43) (@9 (65 | (65) (65 (52) (58) (53) (65)
M-carcinoma 1 f - - 1 2 - - - 1 -
B-adenoma t 1 - - 2 1 1 2 1 - -
Adrenal Medulla (65) (64) {44y (42) (65) | (65) (64) (48) (58) (50) (64)
M-Pheochromocytoma | 5 4 2 - 2 - - - - - -
B-Pheochromocytoma | 10 8 4 2 3 2 2 1 I 1 1
Pituitary (65) (64) (48) (50) (65) | (64) (65) (59) (59 (61) (65)
B-Adenoma | 42 51 39 30 33 57 57 56 50 56 51
M-Carcinoma - - - - - - - - 1 - -
M-Astrocyloina {pars nervosa) 1 1 - - i - - - - - -
Thymus (56) (56) (38 @0y () | 5H (61) @) @7 @3) 62)
M-Thymoma - - - - - - - 1 1 - -
Heart (65) (65) (A1) (43) (65) | {65y (65) (42) (49) (45) (65)
M-Neurofibrosarcoma - - - 1 1 - - - - - -
M-Atriocaval mesothelioma - 1 - - - - - - - - -
Jejunum G5y (50 (BN (G4 @GN 6N G4 (32 (35 (33 8

M-Carcinoma 1 - - - - - - - - - -
: G5 6D (9 B (B ) B G (€9 3N (6}
M-Carcinoma - H - - - - - - - - -

Duodenum

Figure 7, from page 73 of Report 6751-109

Neoplastic:
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Liver (65) (65) (46) (48) (65) | (65) (65) 45) (52 (@48) (69
M-Hepatocellular carcinoma | - 2 3 2 - - 1 - - - 1
B-Hepatocellular adenoma | | - - - - 1 - - - - -
B-Cholangioma - - - 1 - - - 1 _ _ -
Spleen 65) (63 (43} 3} (65) | (65 (65) (43) @8 (8 (65
M-Hemangiosarcoma 1 - - - - - - - - - .
Mammary, Caudal, Female na na na na ne i (64 () (5) (55 (50) (63)
M-Adenocarcinoma 5 4 5 [ 1 -
B-Fibroadenoma 15 22 17 11 13 5
B-Adenoma 1 2 1 2 3 1
B-Fibroma - - - i - -
M-Neurofibrosarcoma - - - 2 — -
M-Sarcoma, NOS - - - H - -
Mammary, Cranial, Female na na na na na | (61) (59) (50) (49) (56) (57
M-Adenocarcinoma - 7 4 - - 1
B-Fibroadenoma ’ 20 12 12 9 12 12
B-Adenoma ) _ - - 1 - -
M-Fibrosarcorna } - H - - - ~
Mammary, Crenial & Caudal na na na na na %4 (69 () (55 (500 (63)
Combined, Females
M-Adenocarcinoma 5 10 9 6 1 1
B-Fibroadenoma T30 27 25 i8 20 15
B-Adenoma 1 2 H 3 3 1
M-Fibrosarcoma - i - - - -
M-Sarcoma, NOS ) - - - 1 - -
B-Fibroma - - - 1 - -
M-Neurofibrosarcoma - - - 2 - -
Mammary, Male 3) 4 (6) (€3] (2} na na na na na na
B-Fibroadenoma - 1 - - -
B-Fibroma 2 H 3 1 -
B-Lipoma | - - 1 - -
Tung 63 65 (@2 @) 69 | 69 D @2 @) @6 (65
M-Leiomyosarcoma - - - - - - - - - - 1
Mesenteric Lymph Node (65} (65 @) (437 (62} | (63) (65 (2 (50) (4% (6%
M-Hemangiosarcoma - H - 1 - - - ~ - - -
B-Hemangioma - - - - 1 - - - - - _
Kidney ©5 () @) @) (63 | (69 65 @D GO @) 69
M-Tubular cell carcinoma - 1 - - - - - - - _ -
M-Liposarcoma 1 - - - - - 2 - - - -
B-lipma| - - 1 - -} - 1 - 1 - -
Testis 65) (85 (42) {(43) (64) na na na na na na
B-Interstitial cell umor i 3 - - 3
B-Seminoma i - - - -
Figure 8, from page 74 of Report 6751-109
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Prostate
" M-Carcinoma

64

(65)

“3)

“9)

©35)

na

na

na na

Ovary
M-Sertoli cell tumor
B-Granulosa/theca cell turnor
B-Interstitial gland adenoma

na

nha

na

na -

®5)

Oviduct
B-Adenoma

na

na

na

na

m

Uterus
B-Leiomyoma
B-Endometrial stromal polyp

na

na

na

na

na

Uterus, Cervix
M-Neurofibrosarcoma
B-Leiontyoma
B-Fibroma

na

na

na

na

Vagina
M-Neurofibrosarcoma

na

na

na

na

na

Clitoral Gland )
B-Squamous cell papilloma

na

na

ng

na

Hematopoietic Neoplasia
M-Histiocytic sarcoma
M-Lymphoma
M-LGL levkemia

Skin, Other
M-Squamous cell carcinoma
M-Neurofibrosarcoma
M-Fibrosarcoma
M-Melanoma
B-Keratoacanthoma
B-Squamous cell papiloma
B-Sebaceous adenoma
B-Basal cell adenoma
B-Fibroma
B-Lipoma

Subcutancous Tissue
M-Neurofibrosarcoma
M-Sarcoma, NOS
M-Fibrosarcoma
M-Malig. fibrous histiocytoma
M-Hemangiosarcoma
B-Fibroma
B-Lipoma

Cavity, Abdominal
N-Neurofibrosarcoma

Figure 9, from page 75 of Report 6751-109
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Head, Coronal M e GO o @;n O © O O O
M-Neurofibrosarcoma - - 1 - - - - - - _ _
M-Carcinoma, squarnous cell - 1 - - - - - - - - -

Oral Cavity @ o © O OO, © © © © (©
B-Squamous cell papilioma - - - 1 - - - - - - -

() Numbers in parentheses represent number of animals for which that tissue was examined. For combined mammary
glands (female), the number examined listed was the higher of the two individual glands.

M Malignant; Malig. Malignant

B Benign

- Incidence of zero

NOS Not otherwise specified

na nion-applicable, gender specific tissue

LGL Large granular lymphocyte

_ Figure 10, from page 76 of Report 6751-109

FDA statistician (Tristan Massie, Ph.D.) has conducted a statistical analysis of the data
from this study. At this reviewers request, the statistician has also analyzed the incidence
of certain combinations of tumors (all lymphomas, all lymphomas/leukemias). These
combinations were selected following the guidelines of McConnell et al. (1986).2 The

statistician concluded that there were no noteworthy increases or trends in tumor
incidence.

Toxicokinetics:

APPEARS THIS WAY
ON ORIGINAL

* McConnell, EE, HA Solleveld, JA Swenberg and GA Boorman (1986) Guidelines for combining
neoplasms for evaluation of rodent carcinogenesis studies. J. Nat. Cancer Inst. 76(2):283-289.
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Toxicokinetic Summary of TV 1012

Male Female
mgkgatay 0.3 i) 3.0 0.5 20 5.0 17.4)
Cogan t3g7mD
Day 31 .18 77 34525 50.80 68706 301250
Weck 26 30.93 12225 47400 ST 68R.7S 53
Week 32 §4.38 158948 717.28 67.75 J14.78
Tiess {h1) ’
Day 3¢ 0.25 .50 0.25 0.28 0.25 0.25 025
Week 26 0.25 0.25 0.28 0.28 0.25 0.2% 0.25
Week 82 0.25 .50 0.25 325 0.25 0.25 ¢.25
AUC e, ng*erml
Day 30 2563 9144 436.79 4814 234.61 TEIRG 350013
Week 26 43.75 17232 642,40 7289 355775 964,79 304400
Week 32 3851 23363  B2945 7245 39465 1149.59 336803
tozthrd
Day 30 077 079 0.8 DR .72 1.03 118
Waek 26 122 1.18 .20 0.89 1.09 1.29 175
Week 52 (R 1.08 b12 100 0.96 114 1.36
Ciome = Maximum of peak concemtration.
Tiea = Time to achieve maximum concentration.,
AUCa, = () dt = area under the concentration curve [Ci1) from 0 to 4 hours.
ti; = Half-fife of first erder {rerminal) elimination.
Figure 11, from page 45 of Report 6751-109

Toxicokinetic Summary of Aminoindan

Male Female
mgkeiday 0.3 1.0 30 0.5 2.0 3.0 17.0
Cax (gimh
Day 30 14.36 4392 104.68 38.70 133.50 263.50 3E1.28
Wecek 26 16.10 4498 11338 39.03 12030 23856 383.00
Week 32 i4.22 46.52 127.00 46.82 14300 318325 91025
T (1)
Day 30 0.30 0.50 0.30 .50 0.5 1.00
Week 26 0.56 0.50 0.30 0.50 1.00 200
Week 52 LOG 1.00 100 0.50 104 2,00
AUCq4 ngheml
Day 50 3175 H1.37 294 .48 &8.66 383.69 84932 262643
Week 26 3597 11280 32180 11302 A6 Ti431 0 184568
Week 32 34.01 13027 41218 113.27 42940 1011.89 302004
tiz(hr)
Day 30 22 20 258 1.30 2.53 341 3.86
Week 26 277 2465 339 2.68 389 3.27 445
Week 32 349 RX 282 294 283 374

Cears Maxiinum or peak concendration.

Teins "ime o achieve maximum concentration.

AUCes =] 4(."(l) dt = area under the concentration curve [C{1)} from 3 1o 4 hours.
1> = Half-life of first order (terminaly climination.

Figure 12, from page 46 of Report 6751-109

CONCLUSIONS

It is concluded that no significant increase in tumor incidence was observed in male or
female rats. However, complete histopathological examination was conducted only on
the control and high dose animals. Since the high dose exceeded the MTD, the lower
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dose groups should have been examined. The sponsor will need to conduct this analysis
to make this a valid study.

APPEARS THIS WAY
ON ORIGINAL
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Appendix 2- Executive Carcinogenicity Assessment Committee Meeting
Minutes-Final Mouse and Rat Studies

Executive CAC
June 8, 2004

Committee:  Abby Jacobs, Ph.D., HFD-540, Acting Chair
Joseph Contrera, Ph.D., HFD-900, Alternate Member
Al DeFelice, Ph.D., HFD-110, Alternate Member
[Lois Freed, Ph.D., HFID-120, Team Leader
Paul Roney, Ph.D., HFD-120, Presenting Reviewer

Author of Minutes: Paul Roney, Ph.D.

NDA 21-641
Drug Name: Rasagiline (Agilect)
Sponsor: Teva Pharmaceuticals

Mouse Carcinogenicity Study

CD-1 mice were administered rasagiline orally (by gavage) at doses of 0, 1, 15 or 45
mg/kg for two years. The mice tolerated these doses without notable toxicity. Mortality
at the high dose was comparable 1o control values and final mean body weights were
within 10% of control values. A significant positive trend in the incidence of lung
neoplasms (adenomas/carcinomas combined) was observed in male mice {p=0.0007).
The increase in combined adenomas/carcinomas was significant in the high dose males
{(p=0.0045). There was also a near significant trend in the incidence of lung carcinomas
alone in male mice (p=0.0065, FDA significance criteria is p<0.005 for trend tests) and a
near significant increase in the incidence of combined adenomas/carcinomas in mid-dose
males (p=0.04, FDA significance criteria is p<0.01 for pair-wise comparisons). The
sponsor suggested that the incidence of lung neoplasms was within historical control
range, but an examination of studies conducted within three years of this study showed
that the incidence in control males was comparable to the control values in the present
study. This would suggest that the increase in lung neoplasms observed in this study is
above the historical control range as well. In female mice, a positive trend in the
incidence of lung neoplasms (adenomas/carcinomas combined) was observed. The trend
was not statistically significant (p=0.0071); however, temale mice had lower systemic
exposure to rasagiline than males {the AUC in high dose females was 5,613 ng-hr/ml
compared 10 15,673 ng-hiym! in high dose males) which would lower the probabihity of
detecting tumors in temales. 1t did not appear that an MTD was achieved in females.

Rat Carcinogenicity Study

Rasagiline was administered orally (by gavage) at doses of 0,0, 0.3, 1 or 3 mg/kg in male
Sprague-Dawley rats and at doses o' 0, 0, 0.3, 2, 5 or 17 mg/kg in female Sprague-
Dawley rats for two years. The high dose in both sexes exceeded the MTD as indicated
by greater than 20% decrements in mean body weight compared o controls. No
significant increase in tumor incidence was observed at the high dose. Histopathology
was not conducted on a full battery of tissues in terminally sacrificed rats in the low and
mid dose groups.
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Executive CAC Recommendations and Conclusions:

Mouse carcinogenicity study: the Commitlee agreed that the mouse study was adequate,
and concluded that the mouse study was positive for tumors in males {increased

incidence of combined lung adenoma/carcinoma). There was an increase in the incidence
of lung adenoma/carcinoma in females. Although the increase was not statistically
significant, the Committee concluded that the finding in females should not be dismissed
considering the increase in the same tumor types in male mice.

Rat carcinogenicity study: the Committee agreed that the rat study was adequate.
However, the Committee could not reach a final conclusion regarding the rat study,
because the high dose was associated with an excessive eifect on body weight (i.e., >10%
decrease in mean body weight compared to controls) in both males and females and
complete histopathology was not done on the low and mid-dose groups. The Committee
recommended that the sponsor conduct histopathology on the low and mid-dose groups
and submit the results for evaluation.

Abigail Jacobs, Ph.D.
Acting Chair, Executive CAC

ceh
/Division File, HFD 120
/LFreed, MFD-120
/PRoney, HFD-120
fTWheelous, HFD-120
/ASeifried, HFD-024
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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration

Division of Neuropharmacological Drug Products (HFD-120)
Center for Drug Evaluation and Research

Date: 7/1/04

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 21-641 (rasagiline mesylate, AGILECT™)

The nonclinical data for NDA 21-641 (rasagiline mesylate, AGILECT™) has been reviewed by
Paul Roney, Ph.D. (6/25/04). Based on this review, Dr. Roney has made the following
recommendations:

(1) for the 2-year carcinogenicity study in rats, the sponsor needs to conduct microscopic analysis
of a full battery of tissues in the low and mid-dose groups. This additional analysis is needed
because the high dose, although not associated with an increase in any tumor type, was associated
with an excessive decrease in body weight (relative to controls). That is, the high dose exceeded a
maximally tolerated dose, defined as a >10% decrease in body weight relative to controls.

(2) the sponsor needs to more fully characterize “the circulating metabolites of rasagiline in the
test species”, i.e., mouse, rat, dog.

(3) the embryofetal development study in rabbits needs to be repeated “using doses between 7
and 45 mg/kg/day”.

Dr. Roney has recommended that (1) and (2) be required prior to approval, and that (3) be
conducted as a phase 4 commitment.

Comments:
(1) 1 concur with Dr. Roney’s recommendation regarding the 2-year rat carcinogenicity study.

(2) Regarding the issue of circulating metabolites, it is Dr. Roney’s opinion that circulating drug-
related material has not be adequately characterized in the animal species used for toxicity testing
(i.e., mouse, rat, dog). Dr. Roney notes that rasagiline is extensively metabolized in rat and dog,
with parent compound accounting for only 11 and =5% of total radioactivity.

The sponsor has conducted mass balance studies in CD-1 mouse, rat, and dog. In all three species
(oral doses: 1 and 45, 0.45, and 1.6 mg/kg in mouse, rat, and dog, respectively), the primary route
of elimination is via the urine, with urinary radioactivity accounting for =75-80, 90, and 83% of
total dose, respectively. According to the report of clinical Study No. SB-2001-018, “All major



and most minor metabolites of rasagiline that were found in the human urine collected 0-4 h post
dose could be matched by chromatographically indistinguishable metabolites in mouse, rat, and
dog urine.” (In Study No. SB-2001-018, doses administered were 1.0 mg/kg p.o. in mouse and
dog, 0.1 mg/kg p.o. in rat, and 2.0 mg p.o. in human.) According to the OCPB reviewer (Clinical
Pharmacology/Biopharmaceutics Review, Andre Jackson, 5/13/04), 60% of dose radioactivity
was eliminated in the urine in humans (total recovery, 84%); of that, <0.5% 1s accounted for by
unchanged parent compound. These data would suggest that the in vivo metabolic profile in
mouse, rat, dog, and human is qualitatively similar. They do not, however, address the extent of
interspecies differences in exposure to circulating metabolites.

Plasma levels of rasagiline and metabolites were assessed in mouse and dog, and to a lesser
extent in rat. In CD-1 mouse, circulating levels of rasagiline and various metabolites were
quantitated at different time points following oral doses of 1 and 45 mg/kg. Eleven peaks (parent
compound and 10 metabolites) were detected, representing =87-96% of total plasma
radioactivity. The identified (or tentatively identified) metabolites were as follows: 3-OH-AI, Al
trans-3-OH-PAI, 3-keto-Al, 1-indanol, 1-indanone. Peaks (or “spots”) 3Ac, 6b, 9, and 10 were
not identified; peaks 6b and 9 each accounted for <5% of total plasma radioactivity. Al was the
primary metabolite, accounting for =10-34% of total plasma radioactivity. Additional phase 2
metabolites were detected following incubation with B-glucuronidase/arylsulphatase.

In male dog, circulating levels of rasagiline and metabolites were quantitated for up to 8 hrs after
a single oral dose of either 1.6 or 1.0 mg/kg (separate studies). Following the 1.6 mg/kg dose, two
major and 7 minor peaks were detected. The major peak, DM3, accounted for =60-80% of total
plasma radioactivity at 1 hr postdosing, but declined thereafter; DM1 was not detected at 1 hr,
postdosing, but increased over time, being the most abundant metabolite at 8 hrs postdosing (16-
39% of total plasma radioactivity). Parent compound and metabolite (Al) each accounted for <6%
of total plasma radioactivity. With enzymatic hydrolysis, the glucuronide conjugate of 3-OH-PAI
(cis and trans isomers) was identified as a major circulating metabolite. Following the 1.0 mg/kg
dose, circulating levels of parent compound were confirmed to be low, accounting for <6% of
total plasma radioactivity. Other metabolites detected included the following: Al and 3-OH-AI
(each accounting for 1-5% of sample radioactivity), 3-OH-PAI, 3-keto-Al, 1-indanol, and 1-
indanone (<3% each). A large fraction (accounting for 50-80% of sample radioactivity) could not
be further separated. However, following enzymatic hydrolysis, a major component of this
fraction was identified as trans 3-OH-PAI, with minor components being identified as Al and
rasagiline. N-dealkylation and hydroxylation followed by conjugation, and N-depropargylation
were identified as primary metabolic pathways in dog. ’

In rat, metabolism studies focused almost exclusive on urinary metabolites. In one study,

- rasagiline and several metabolites (1-Al, Al, N-acety]l aminoindan, and “possibly” indan-1-one)
were detected in plasma following a single 0.45 mg/kg (oral) dose. Parent compound accounted
for =11% of sample radioactivity at 0.25 hrs postdosing.

Thus, 1t would seem that the sponsor has investigated, to some extent, the in vivo metabolic

* profile of rasagiline, including characterization of circulating drug-related material, in mouse and
dog; minimal data on circulating metabolites were provided for rat. As noted by the clinical
pharmacology reviewer, Dr. Andre Jackson, in his review (Clinical
Pharmacology/Biopharmaceutics Review, 5/13/04), the in vitro metabolism data indicate
qualitatively similar metabolic profiles in rat, dog, mouse, and human. I» vivo data in humans
indicate that rasagiline and a major circulating metabolite, 1-aminoindan (AI), together account
for <50% of total plasma radioactivity. According to Dr. Jackson, this suggests “rapid and



extensive formation of other metabolites”. Alone, Al accounts for =20% of total plasma
radioactivity (3-12 hrs postdosing). According to the report of clinical Study No. SB-2001-018,
parent compound and 8 metabolites were detected in human plasma (samples collected at 1, 2, 4,
and 8 hrs postdosing). Of the 8 metabolites, AI was the most abundant, accounting for “about 6-
12% of the radioactivity in the various plasma samples”; parent compound accounted for “about
7% of the radioactivity of plasma at 1 hour and even a lesser fraction of the radioactivity at later
time points.” According to the data from this study, parent compound and Al accounted for <20%
of total plasma radioactivity.

The OCBP review team finds that “The Clinical Pharmacology and Biopharmaceutics section of
NDA 21-641 is acceptable...” Additional metabolism data in humans is not being requested. The
available data in the mouse, rat, dog, and human indicate that all species tested (including human)
are exposed to circulating levels of parent compound and a major metabolite, Al. In addition, ir
vitro metabolism data and data on urinary metabolites would suggest qualitatively similar
metabolism among all species tested (including human). Without additional data in humans for
comparison, additional data in the animal species would be of limited usefulness. Therefore, it is
recommended that no additional metabolism data in animals be requested.

(3) I concur that the embryo-fetal development study in rabbit needs to be repeated. However,
the primary reason is that the study was conducted in 1997 by ~ —_

The result of a previous DSI inspection revealed that an untrained technician was performing the
fetal examinations in that laboratory during this period (cf. Pharmacologist Review of GLP EIR,
CP — Michael F. Skelly, Ph.D., 4/2/99; 4/3/00). This technician was particularly
deficient in evaluating visceral findings. An examination of the data from the rasagiline study
indicated that no visceral findings were detected, even though >600 fetuses were examined. In
the repeat study, the sponsor should carefully select doses to avoid wide gaps between doses (as
Dr. Roney recommends).

Other issues:

(4) AGILECT™ is a mesylate salt and, therefore, potential genotoxic impurities (e.g., ==

—_— ; may arise during synthests of the drug substance and/or during storage. In
particular, the potential presence of the following in the drug substance and/or drug product is of
concern:

(a) — {and related impurities) in the drug substance = ——.
These compounds are considered to have genotoxic potential based on structural alert.

b —_ a known muta €n, in the drug substance due to” —
g g
—

(c} , . in the drug product. This compound was positive
in an in vitro Ames test conducted by the sponsor.

For the above compounds known or demonstrated by the sponsor to be mutagenic, the sponsor
should ideally eliminate them. If that is not possible, specifications should be set for each
compound at© —— The same is true for : — and related impurities);
however, since we presume these to be mutagenic (i.e., not demonstrated), an alternative would
be for the sponsor to directly test each of these compounds in an in vitro Ames assay and either
an in vitro chromosomal aberration assay in mammalian cells or an in vitro mouse lymphoma tk
assay (with colony sizing). If they are negative in these assays, there would be no need to reduce



the levelstc  —  For each compound, the sponsor should provide a detailed description of the
analytical methods used to quantify each of these compounds. The impurities issues should be
resolved prior to approval.

(These impurity issues were discussed with the review chémist, William Timmer, Ph.D., and the
recommendations reflect input from Dr. Timmer.)

(5) phototoxicity: It is my understanding that there is a concern regarding a possible signal for
increased carcinogenic potential in humans, based on an apparent increase in the incidence of
melanomas in rasagiline-treated patients. One possible mechanism underlying such a finding
would be an increased sensitivity to sunlight. According to FDA’s guidance on photosafety .
testing, the potential to absorb UVA, UVB, or visible light (290-700 nm) and distribution of
drug-related material into skin and eye suggests the potential for phototoxicity. Rasagiline
absorbs light with a peak at 210 nm (8973 dm*/cm/mol) (tested in a range of 190-300 nm), and -
distribution of drug-related material into skin and eye was demonstrated in albino (maximum of
11 and 0.03% of dose radioactivity) and pigmented rats following an acute oral dose. Distribution
of radioactivity into eye and skin was higher in pigmented rats as compared to albino rats (eye:
13-fold at 2 hrs postdosing, 40-fold at 24-48 hrs postdosing), and higher (2-3 fold) into pigmented
skin compared to non-pigmented skin in the same animal. Depending upon the strength of the
signal in humans, additional nonclinical studies may be warranted. "

Labeling issues:

Carcinogenicity: the description of the 2-year carcinogenicity study in rat will be updated when
the sponsor completes the microscopic analysis of tissues in the low and mid-dose groups.

Mutagenesis: for the in vitro mouse lymphoma tk assay, the sponsor —_

_ A — However, there was an increase in mutant
frequency at the HC tested in the absence of metabolic activation. The increase exceeded the
sponsor’s minimum criterion for a positive response. The sponsor characterized the response as
“equivocal” due to the “minimum” increase and the fact that an increase was only observed at the
HC. Neither of these observations sufficiently supports exclusion of the finding from labeling. In
addition, the HC was not associated with excessive cytotoxicity; relative growth at the HC was
20%. Also in this assay, the examination of colony sizes indicated an increase in both small and
large colonies, both in the absence and presence of metabolic activation. Therefore, rasagiline
would appear to be mutagenic and clastogenic in this assay.

Pregnancy Category: the findings observed in the battery of reproductive toxicology studies
support a category “C”, not as proposed by the sponsor. In addition, there is a lack of
adequate data, i.¢., an embryo-fetal development assay in rabbit and prenatal/postnatal
development study (physical and behavioral development) in rat.

An examination of the data from two reproductive toxicology studies (i.e., the prenatal/postnatal
development study of rasagiline in rats and the combination [rasagiline + levodopa/carbidopa]
embryo-fetal development study in rabbits) raised concerns regarding the adequacy of the
evaluation of rasagiline’s effects on physical and behavioral development and additional adverse
effects of rasagiline in combination with levodopa/carbidopa on rabbit fetuses. The concern
regarding the adequacy of the evaluation of postnatal development was based on the observations
that (a) 100% of all animals in all groups (including controls) achieved developmental milestones
or performance criteria on 17 of 21 tasks (or trials) and that (b) performance on developmental
milestones and behavioral tasks were scored as either “0” or “1” (e.g., performance in the Water



maze task was scored only as “0” = no memory or “1” = memory). Dr. Ed Fisher (reproductive

toxicology expert, HFD-120) examined the methods used for behavioral assessment and

concluded that some parameters were assessed too late (e.g., negative geotaxis on Day 21 mstead
of Days 6-12 postpartum) and that the scoring system used was insensitive.

Dr. Fisher was also asked to evaluate the external and visceral findings in rabbit fetuses from the
combination embryo-fetal study because it was noted that interventricular septal defect was
detected in 3 fetuses from three litters in the high-dose combination group (compared with only 2
other affected fetuses, one in the low-dose combination group and one in the levodopa/carbidopa
group. Dr. Fisher concluded that there was an increase in cardiovascular abnormalities in the
levodopa/carbidopa alone group and, to a greater extent, in the combination groups. Although the
effect was not dose-related, the dose-related increase in total litter loss may have masked a dose-

relationship. As noted, interventricular septal defect was observed only with the high-dose

combination.
) RASAGILINE LD/CD RASAGILINE + LD/CD
PARAMETER | CONTROL .
: 3 mg/kg 80/20 mg/kg | 0.1/80/20 mg/kg | 0.6/80/20 mg/kg | 1.2/80/20 mg/kg |
affected fetuses 1/139 2/123 5/154 10/111 6/85 6/138
affected litters 1/17 2/16 4/19 7/19 5/13 5/16

Interspecies comparisons: safety margins based on plasma AUC (for rasagiline) were calculated

using the following data:

SPECIES STUDY DOSE AUC (ngehr/mL)
(mg/kg)
1 . 60"
mouse 2-yr car 15 21407
45 15673 (M), 5613 (F)
male fertility’ 3 no data (360)
female fertility/embryofetal 3 351 (premating)
development 3 746 (GD17)
0.1 no data
pre/postnatal development” 0.3 126 (GD17)
rat 1.0 204 (GD17)
) 1 136
combination embryofetal 0.1/80/20 <LLOQ
development 0.3/80/20 41
1.0/80/20 95
1.2 400
combination embryofetal 0.1/80/20 15.7
rabbit development 0.6/80/20 91.2
1.2/80/20 164
human 1 mg 12.4

*average of means for M and F; 'no data; based on data at 5.1 mg/kg from chronic study: #no data;
used data from the female fertility/embryofetal development study

Safety margins calculated for levodopa/carbidopa were based on a maximum clinical dose of
8000/200 mg/day (i.e., 4933mg/ 123m2) (reference: STAT!Ref, AHFS DRUG INFORMATION®,
through WEBLERN).



Recommendations

1 concur with Dr. Roney’s recommendation that NDA 21-641 is approvable from a
pharmacology/toxicology standpoint. The issues regarding the 2-year rat carcinogenicity study
and impurities need to be resolved prior to approval.

The sponsor needs to conduct a repeat embryo-fetal development study in rabbit. This study
should be conducted prior to approval if time allows while the sponsor is addressing other pre-
approval requirements. If the sponsor can adequately address other pre-approval requirements in
a timely manner, or if there are no such requirements, then the embryo-fetal study may be
conducted as a phase 4 commitment. In the latter case, the sponsor should commit to a timeline
for completion of the study post-approval.

A need for an assessment of potential phototoxic effects of rasagiline should be considered, based
on the perceived strength of the signal for carcinogenicity in humans (i.e., melanomas) and the
anticipated value of mechanistic and/or other nonclinical studies in further evaluation of that
signal.

Recommended Labeling
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EXECUTIVE SUMMARY

1. Recommendations

1.1 Recommendation on approvability
This Reviewer recommends that this application be considered Approvable.

1.2 Recommendation for nonclinical studies :

The sponsor has not adequately evaluated the carcinogenic potential of Rasagiline
in rats. The sponsor needs to conduct histopathology on all of the low and mid dose rats
in their carcinogenicity study and submit the results for evaluation. This should be done
prior to approval. _

The sponsor has not characterized the circulating metabolites of rasagiline in the
preclinical species (mouse, rat, dog and rabbits). It is recommended that the sponsor
conduct studies using radiolabel rasagiline to identify circulating metabolites. This
should be done prior to approval.

The sponsor has not adequately evaluated the potential effects of rasagiline on
embryo-fetal development in rabbits. The sponsor’s study needs to be repeated. This
may be done as a Phase IV commitment.

1.3 Recommendations on labeling
This reviewer recommends changes to the Clinical Pharmacology and the
Carcinogenesis, Mutagenesis and Impairment of Fertility sections.

2. Summary of nonclinical findings

2.1 Brief overview of nonclinical findings

Rasagiline is an MAO-B inhibitor which is proposed for the treatment of
Parkinson’s disease. It preferentially inhibits MAO-B over MAO-A in vivo in mice, rats
and dogs. It is nearly completely metabolized in the preclinical species and the
metabolites are excreted in the urine. It is carcinogenic in mice causing an increased
incidence of combined lung adenomas and carcinomas in both sexes. The carcinogenic
potential has not been adequately examined in rats. Rasagiline is positive in three
separate in vitro chromosomal aberration studies using human lymphocytes and in
another in vitro study using mouse lymphoma cells. It was negative in the Ames assay
and in the in vivo mouse micronucleus test. Rasagiline had no significant effects on rat
fertility or embryo-fetal development. Increased post partum pup mortality was observed
in offspring of rats treated with rasagiline during pregnancy. The effects on embryo-fetal
development in rabbits have not been adequately evaluated. No specific target organs
were identified in repeat dose toxicity testing. The toxicity of rasagiline was increased
with co-administration of levodopa/carbidopa.

2.2 Pharmacologic activity

Rasagiline is the R enantiomer of N-propargyl-1-aminoindan mesylate. Itis a
relatively specific inhibitor of MAO-B over MAO-A. Inhibition of MAO-B is a relevant
pharmacologic activity for a potential Parkinson’s disease drug. The activity resides in
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the parent compound and is specific for the R-enantiomer. Both the mesylate salt and the
hydrochloride salts are effective inhibitors of MAO-B in vivo and in vitro. Rasagiline is
capable of crossing the blood-brain barrier and inhibiting MAO-B. The inhibition is long
lasting (inhibition is observed for up to 72 hours following acute treatment). In
laboratory animals, doses which cause near complete inhibition of MAO-B will also
inhibit MAO-A to a lesser extent.

2.3 Nonclinical safety issues relevant to clinical use

Rasagiline appears to be well absorbed orally. It is extensively metabolized (less
than 1% of administered compound is excreted unchanged). At least 14 separate
metabolites were identified in rat urine. However, circulating plasma levels of the
metabolites has not been completely characterized in the preclinical species (mouse, rat,
dog and rabbit). Rasagiline metabolites are primarily excreted via the urine.

Rasagiline has been tested at doses up to 100 mg/kg for 13 weeks in mice, 17
mg/kg for 26 weeks in rats and 21 mg/kg for 52 weeks in dogs. Adverse effects were
generally limited to body weight changes. No specific target organ toxicities were
identified in these studies.

Rasagiline has been examined in an appropriate battery of genotoxicity studies.
Rasagiline increased the incidence of chromosomal aberrations in human peripheral
lymphocytes in three separate assays and in the mouse lymphoma assay. It was negative
in the Ames assay and in the in vivo mouse micronucleus test.

Rasagiline has been examined in two year carcinogenicity assays in mice and rats.
Rasagiline caused a statistically significant increased trend in the incidence of combined
lung adenomas/carcinomas in male mice with a significant increase in combined lung
adenomas/carcinomas in high dose male mice. A near statistically significant increase in
the incidence of combined lung adenomas/carcinomas was observed in female mice.
Since a significant increase in the same tumor was observed in male mice and since
rasagiline is genotoxic, the increased incidence of lung neoplasms in female mice is
considered biologically significant. No significant increase in the incidence of tumors
was observed at the high dose in male and female rats. However, the high dose exceeded
the maximum tolerated dose and the terminally sacrificed lower dosed rats were not
examined histopathologically. A final conclusion on the potential carcinogenicity of
rasagiline in rats can not be made until the incidence of tumors in the low and mid dose
rats has been evaluated.

Rasagiline has been evaluated in a full reproductive toxicity battery. Rasagiline
did not affect fertility parameters in male and female rats at doses up to 3 mg/kg. No
adverse effects on embryo-fetal development were observed in rats at 3 mg/kg, a dose
which induced mild maternal toxicity. In the rabbit embryo-fetal development study,
fetal toxicity (as indicated by decreased fetal weight and increased embryo-fetal deaths)
was observed at a frankly maternally toxic dose of 45 mg/kg. No maternal or embryo-
fetal effects were observed at 7 mg/kg. The doses used in this study were not considered
adequate. In embryo-fetal development studies, the high dose should cause slight
maternal toxicity. In the present study, the high dose caused severe maternal toxicity
which confounded the interpretation of the results. The mid dose group had n o signs of
maternal toxicity, which suggests that this dose was not high enough to use as a high
dose. 1t is recommended that this study be repeated as a Phase IV commitment using
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doses between 7 and 45 mg/kg (such as 15 and 30 mg/kg). In the pre/post natal
development study, rats were administered 0.2, 0.3 or 1 mg/kg. The 1 mg/kg dose caused
mild maternal and offspring toxicity. No effects were observed on pup physical or
behavioral development. In addition, pup fertility was unaffected.

There is a significant increase in toxicity when rasagiline is administered with
levodopa/carbidopa than is observed with either drug alone in rats, dogs, and rabbits.
The reason for this increased toxicity is uncertain. There does not appear to be any
significant changes in the pharmacokinetics of either substance to account for the
toxicity. Since some of the toxicity observed in dogs (e.g., circling behavior) could be
regarded as stereotypic behavior, this toxicity may be due to excessive dopaminergic
activity. This may due to increased brain dopamine levels, but this has not been
definitely demonstrated.
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3.1 PHARMACOLOGY/ TOXICOLOGY INTRODUCTION

3.1.1 Introduction and Drug History

Teva Neurosicences submitted this application (NDA 21-641) for Rasagiline
(Ageilect) for the treatment of Parkinsons disease on September 5, 2003. The original
Investigational New Drug Application (IND 45,958) was originally submitted on August
5, 1994. Rasagiline has been synthesized as the mesylate and hydrochloride salts. The
sponsor has conducted pharmacological and pharmacokinetic studies which suggest that
the pharmacological and toxicological characteristics of the two salts are virtually
identical. In the course of this review, this reviewer will not differentiate between the
two salt forms. All doses are calculated in terms of the free base. There are concerns
about the potential genotoxicity of degradents products involving the mesylate salts,
which will be addressed by the Chemistry Reviewer (William Timmons, Ph.D.).

This application was submitted as an Electronic Submission. In certain
documents, there are discrepancies between the page numbers in the files and the page
numbers expressed on the original (non-electronic) text. These discrepancies result from
the sponsor adding summaries or errata pages prior to the original text in the electronic
format. When this reviewer cites page numbers in this review, they refer to the electronic
file pages rather than the hard copy page numbers. In most cases the page numbers will
be identical. '
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3.1.2 List of Abbreviations Used in this Review

Acronym

3-OH-PAI
3-OH-Al
3-OH-AAI
3-keto-AAI

3-keto-PAl, 3-PAIO

3-keto-Al
ADME
AGN 44A
AGN 44B
Al

AUC

CD

Cmax

CNS

(Y

DA

EDso
GC-MS
1Cso
Indanol
Indanone, IND
L.p.

1LV,

LD

MAO
MAO-B
MAO-A
NA

PAl

PD

p.o.
Rasagiline
QL
RP-HPLC
s.c.
TLC

tmax
TVP-101
TVP-102,
TV-5701182B
TVP-136
TVP-137

Name

/

3-hydroxy-1-(N- propargylamino)-indan
3-hydroxy-1-aminoindan
3-hydroxy-1-(N-acetylamino)-indan
3-keto-1-(N-acetylamino)-indan _ .
3-keto-1-(N-propargylamino)-indan, 3-N-Propargyl-aminoindan-1-one
(TV-3168 is the code name for the salt)
3-keto-1-aminoindan

Administration, Distribution, Metabolism and Excretion
1-N-Propargyl-1-(S)-aminoindan hydrochloride
1-N-Propargyl-1-(R)-aminoindan hydrochloride
1-Aminoindan, aminoindan

Area under the concentration curve

Carbidopa

Maximum or peak concentration

Central nervous system

Coefficient of Variation (Relative Standard Deviation, RSD)
Dopamine

Effective dose producing 50% inhibition

Gas Chromatography- Mass Spectrometry

Inhibitor concentration causing 50% inhibition of enzyme activity
1-indanol

1-indanone

Intraperitoneal

Intravenous

Levodopa, l-dopa

Monoamine oxidase

Monoamine oxidase type B

Monoamine oxidase type A

Not applicable

N-Propargyl-1-aminoindan

Parkinson's disease

Oral

N-propargyl-1-(R)-aminoindan

Quantitation Limit

Reversed Phase- High Pressure Liquid Chromatography
Subcutaneous

Thin Layer Chromatography

Time to achieve maximum concentration

Rasagiline hydrochloride

1-N-Propargyl-1-(S)-aminoindan hydrochloride
1-N-Propargyl-1-(S)-aminoindan hydrochloride

(R)-1- aminoindan hydrochloride, 1-R-aminoindan hydrochloride
(S)-1-aminoindan hydrochloride '
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(IR

TVP-1012 Raségiline mesylate, N-propargyl-1-(R)-aminoindan mesylate
TVP-1082 Racemic Rasagiline mesylate
uv Ultraviolet

Conversion Factor from Salt to Base
Rasagiline mesylate 1.56
Rasagiline hydrochloride  //
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3.2 PHARMACOLOGY

3.2.1 Brief summary
See page 201.

3.2.2 . Primary pharmacodynamics

3.2.2.1 MECHANISM OF ACTION

3.2.2.1.1 Report on Experimental Results with Compounds 444 and 44B (Isomers Of
AGN1135) Interim Report

Study: TVP-1012/" 001

Location: /pharm/ TVP-1012  001.pdf

This study examined the ability of rasagiline hydrochloride (AGN 44B) and its S-isomer
(AGN 44A, TVP 102) to inhibit MAO-A and MAO-B in rat brain and human post
mortem cerebral tissue. In addition, the ability of rasagiline to potentiate the tyramine
pressor effect (an indication of MAO-A inhibition) was examined. These studies
suggested that rasagiline is a selective MAO-B inhibitor in vitro and in vivo.

Comparison of MAO IC50’s (nM) for Rasagiline, inactive isomer (TVP-102) and
Racemic Mixture, in vitro study using rat brain homogenate

Rasagiline TVP-102 Racemic Rasagiline
MAO-B 2.5 | 17,000 5
MAO-A 73 26,000 140
Ratio MAO-A/MAO-B | 29 1.5 28

Comparison of MAO IC50’s (mg/kg) Rasagiline, inactive isomer (TVP-102) and
Racemic Mixture, in vivo study. Rats sacrificed 1 and 2 hours post administration by IP
injection and oral gavage, respectively.

Route Tissue Enzyme Rasagiline TVP-102 Racemic,
Rasagiline
IP Brain MAO-B 0.07 >10 0.22
MAO-A 1.2 >10 : 2.5
Ratio MAO-A 17 -— 11
MAO-B
Liver MAO-B 0.06 >10 0.11
MAO-A 5 >10 5
Ratio MAO-A "~ | 83 -—- 45
MAO-B
Oral Brain MAO-B 0.17 >10 0.29
MAO-A >10 >10 >10
Liver MAO-B 0.05 >10 0.09
| MAO-A >10 >10 >10
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Insufficient data were presented to calculate IC50’s for human cerebral MAO inhibition,
but the data indicate that rasagiline is relatively specific for MAO-B (PEA as substrate) in
comparison to MAO-A (SHT as substrate).
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The inhibition was irreversible. In rats administered 1 mg/kg ip, there was a rapid
decrease in brain MAO-B activity with only slow recovery out to 72 hours.
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Fially, 1 mg/kg ip rasagline did not potentiate the pressor effect of 50-100 ug tyramine
- ivinrats. This dose would be expected to inhibit MAO-A by about 50%. However, a 5
mg/kg ip dose caused about a three fold increase in the pressor reaction.

It 1s concluded that rasagiline is a relatively specific irreversible inhibitor of MAO-B.

3.2.2.1.2 Inhibition of MAO In Vivo - Comparison of Activity Between TVP-101 and
TVP-1012 ' ‘

Study: TVP-1012/ 011 :

Location: /pharm/TVP-1012 011

This study compared the activity of the hydrochloride (TVP-101) and mesylate (TVP-
1012) salts of rasagiline following oral exposure. MAO-A and -B activities in the rat
brain and liver were examined two hours after oral administration. The two salts were
essentially equivalent in degree of MAO inhibition. The MAO-B was inhibited by about
50% at 0.1 mg/kg while significant MAO-A inhibition was observed at about 5-10 ’

mg/kg.
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3.2.2.1.3 Development of AGN-1135 (TVP-101) as an Antiparkinson Drug. Interim
Report

Study: TVP-1012/" /004

Location: /pharm/ TVP-101?2  004.pdf

These studies examined the specificity of rasagiline for MAO-B over MAO-A. Both the
hydrochloride and mesylate salts of rasagiline had similar specificity for inhibiting MAO-
B over MAO-A in rat brain homogenate (data not presented here; 1C50’s were not -
calculated). Finally, rasagiline (0.2 mg/kg sc) did not affect dopamine metabolism in the
brain of rats pretreated with 6-hydroxy-DOPA in a microdialysis study. Since dopamine

is metabolized by MAO-A in the rat, this suggest that rasagiline does not affect MAO-A
at low doses.

10
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3.2.2.1.4 Report On Experimental Results Of Ex Vivo MAO Activity Measured in Rat
Intestine, Liver and Brain After Chronic Treatment With TVP-1012 and Deprenyl
Study: TVP-1012° 007
Location: /pharm/ TVP-1012  007.pdf
Rats (6 males/group) were treated with 0.01-1 mg/kg/day rasagllme or deprenyl for 21
days. The rats were sacrificed and the brain, liver and intestinal MAO-A and MAO-B
activity was compared to control values. The results were similar in all tissue (although
intestinal MAO-B activity was less affected than liver or brain MAO-B activity). Near
complete MAO-B inhibition was observed at 0.05 mg/kg. At 1 mg/kg, MAO-A activity
is also inhibited by rasagiline.
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Figure 5, from page 6 of Report TVP-1012/ 007

3.2.2.1.5 Ex Vivo MAO Activity in Rat Tissues From Carcinogenicity Study of Rasagiline
Mesylate ( —  Study No. 6751-109

Study: TVP-1012/ 316

Location: /pharmy/ TVP-1012  016.pdf

Tissues (brain, liver, intestine, kidney) were collected from rats (4-8/dose) in the
carcinogenicity study (see page 134) at termination and analyzed for MAO-A and MAO-
B activity. The results indicate that rasagiline inhibited nearly all MAO-B activity
(greater than 80% inhibition) in the various tissues at all dose levels (except the intestine
at 0.5 mg/kg in females). Although there is some specificity for MAO-B at low doses
(0.3-0.5 mg/kg), there was still substantial inhibition of MAO-A in all the tissues at all
doses used in this study.
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Figure 7, from page 6 of Report TVP-1012’/
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3.2.2.1.6 Ex Vivo MAO Activity in Mouse Tissues From Carcinogenicity Study of
Rasagiline Mesylate (  —  study No. 6751-104)

Study: TVP-1012 . — 917

Location: /pharm/TVP-1012 -~ 017.pdf

Tissues (brain, hiver, intestine, kidney) were collected from mice (4-8/dose) in the
carcinogenicity study (see page 121) at termination and analyzed for MAO-A and MAO-
B activity. Tissues from concurrent control mice were not obtained, so 12 week old male
mice were used as controls for both males and females. The lack of an age-matched
control makes it difficult to interpret this study. There appears to be substantial inhibition
of MAO-B at all dose. There also appears to be inhibition of MAO-A at the mid and
high doses in all tissues (except male liver), but this reviewer can not interpret the data at
the low dose with confidence without data on the MAO-A activity in aged mice. In
Figures 8 and 9 below, negative MAO activity numbers indicate that there is more
substrate in the mixture at the end of the incubation period than was theoretically added
to the mixture at the beginning of the incubation period. This is an experimental artifact
indicating near complete inhibition of enzyme activity.
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Table 2: MAQ A and MAQ B activity in famale mouse lissues.
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3.2.2.1.7 Report on Experimental Results of Ex-Vivo MAO Activity Measured in Mice
Brain After Acute Treatment With TVP-1012.

Study: TVP-1012/ /019

. Location: /pharm/TVP-1012  019.pdf

This study examined the effect of rasagiline (0.06-20 mg/kg sc) on mouse brain MAO
activity. Mice were sacrificed two hours after rasagiline administration. Rasagiline
preferentially inhibited MAO-B activity over MAO-A activity in mouse brain.
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Figure 10, from page 4 of Report TVP-1012 .019
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3.2.2.1.8 Ex Vivo MAO Activity in Dog Tissues From Toxicity Study of Rasagiline
Mesylate (Study TVA/165- = , .,

Study: TVP-10127 — /021

Location: /pharm/TVP-1012 ~ 021.pdf

Tissues (brain, liver, intestine) were collected from dogs (3-6/dose) from the combination
rasagiline/sinemet study (see page 87) at termination and analyzed for MAO-A and
MAO-B activity. In this study, rasagiline preferentially inhibited MAO-B over MAO-A.
Inhibition was reversed after an eight week recovery period.
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3.2.2.1.9 Development of AGN-1135 as an Antiparkinson Drug. Report at Conclusion of
First Year Study (1989-1990)

Study: TVP-1012/ 002

Location: /pharm/TVP-1012  002.pdf

These studies examined the effect of rasagiline (AGN-1135) on various in vivo models of
MAO-A and MAO-B inhibition. These studies suggested that rasagiline does not inhibit
MAO-A at doses up to 5 mg/kg ip, but the tests for MAO-B inhibition were inconclusive.

In the first experiment, the effect of rasagiline and its inactive enantiomer (TVP-102) on
DOCA-induced hypertension in unilaterally nephrectomized rats (about 4/group) was
examined in two studies. Blood pressure was measured for a week in untreated rats
(baseline measurements). The rats were then administered drugs by IP injection for a
five (0.1 and 1 mg/kg/day) or ten (5 mg/kg/day) days with daily blood pressure
measurements (treatment). The results were difficult to evaluate since the 5 mg/kg dose
did not appear to affect blood pressure as much as 1 mg/kg. These doses were expected
to inhibit MAO-A.

Effect of Rasagiline on Blood Pressure (mmHg) in DOCA Hypertensive Rats (1% study)

Saline Rasagiline TVP-102
0.1 mg/kg 1 mg/kg 0.1 mg/kg 1 mg/kg
Baseline 188 188 193 189 184
Treatment 162 165 142 167 161
Difference -26 -23 -5 1 -22 -23.

Effect of Rasagllme on Blood Pressure (mmHg) in DOCA Hypertensive Rats (2™ study)

Saline Rasagiline TVP-102 Deprenyl
5 mg/kg 5 mg/kg 1 mg/kg
Baseline 178 192 176 187
Treatment 180 176 170 180
Difference +2 -16 -6 -7

The effects of rasagiline on 2-phenylethylamine (PEA) induced locomotor activity were
examined in male rats. Rats (3-4 males/group) were pretreated with rasagiline (1 mg/kg
ip), deprenyl (1 mg/kg) or saline. An hour later, rats were administered PEA (25 mg/kg
ip) and activity was monitored. No significant increases in locomotor activity were
observed (data not shown), although the deprenyl and rasagiline treated rats had altered
behavior (“crouching expectantly with wide open eyes”, page 6 of the report). Since the
positive control (deprenyl) was negative in this assay too, it was concluded that the assay
was insensitive for detecting in vivo MAO-B inhibition.

The effects of rasagiline on L-DOPA induced locomotor activity was examine in male
rats. Rats (3-4 males/group) were pretreated with rasagiline (5 mg/kg ip), TVP-102 (5
mg/kg), deprenyl (1 mg/kg) or clorgyline (2 mg/kg). An hour later, rats were
administered L-DOPA (50 mg/kg ip) and activity was monitored for two hours. No
significant increases in locomotor activity were observed in rats treated with rasagiline,
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TVP-102 or deprenyl, but clorgyline (an MAO-A inhibitor) caused increased locomotor
activity in L-DOPA treated rats. The authors suggested that since the rat metabolizes
dopamine via MAO-A, these results suggest that rasagaline does not inhibit MAO-A to
an extent that dopamine metabolism would be affected.

3.2.2.1.10 Development of TVP-1012 as an Antiparkinson Drug. Annual Report
Study: TVP-1012 7005

Location: /pharm/TVP-1012  )05.pdf

Sprague-Dawley rats were administered rasagiline by oral or ip injection daily for 21
days. Striatal dopamine and metabolites were determined 24 hours after the last dose.
When administered i.p., rasagiline did not affect the concentration of dopamine in the
striatum, but the levels of dopamine’s metabolites (DOPAC and HVA) were decreased.
Given p.o., rasagiline increase striatal dopamine levels at doses of 2 and 5 mg/kg. There
was an increased concentration of serotonin in the hippocampus and mid-brain in
rasagiline-treated rats (both routes). These doses of rasagiline would be expected to
inhibit MAO-A (see pages 7 and 11 for relevant data on i.p and p.o admnstration,
respectively).
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3.2.2.2 DRUG ACTIVITY RELATED TO PROPOSED INDICATION

3.2.2.2.1 Suppression of MPTP-Indiiced Dopaminergic Toxicity By MAO-B Inhibitors
Study: TVP-1012/ 001
Location: /pharm/TVP-1012 )01
This study examined the effect of rasagiline pretreatment on MPTP-induced dopamine
depletion in the striatum. Mice were administered saline, rasagiline (2.5 mg/kg), TVP-
102 (2.5 mg/kg) or deprenyl (5 mg/kg) by ip injection. 60 minutes later, half of the mice
were administered 30 mg/kg MPTP ip. Mice were sacrificed 7 days later and dopamine
and DOPAC concentrations in the striatum were determined. Rasagiline protected
-against the MPTP induced dopamine depletion; the inactive enatiomer had no effect on
MPTP-induced dopamine depletion. This reviewer does not regard this study as being
useful in the determining the potential efficacy of rasagiline in Parkinsons disease.
MPTP must be activated to the neurotoxin MPP+ via MAO-B. Since rasagiline inhibits
MAAO-B, it prevented the formation of the toxic intermediate. Thus, the effectiveness of
rasagiline is specific to this toxin and has doubtful relevance for idiopathic Parkinsons
disease.

Effect of Rasagiline pretreatment on MPTP induced dopamine depletion in the striatum
(mean (SEM))

Dopamine (ng/mg protein) DOPAC (ng/mg protein)

Control MPTP Control MPTP
Control - 162.8 (7.2) 53.1 (6.1) 8.4 (0.5) 3.2(0.2)
Rasagiline 185.4 (6.9) 177.9 (14.4) 7.01 (0.6) 5.95(0.3)
TVP-102 174.8 (4.7) 59.4 (6.9) 5.57(0.1) 3.32(0.3)
Deprenyl 170.6 (7.0) 197.4 (8.0) 5.6 (0.3) 6.4 (0.4)

3.2.2.2.2 The Protective Effect of TVP-101 On MPTP Toxicity in Mice Striatum:
Comparison With Deprenyl

Study: TVP-1012/°  ./002

Location: /pharm/TVP-1012 J02.pdf

This study examined the effect of rasagiline pretreatment on MPTP-induced dopamine

- depletion in the striatum. Mice were administered saline, rasagiline (TVP-101, 0.1-2.5
mg/kg), or deprenyl (0.1-2.5 mg/kg) by ip injection. 60 minutes later, half of the mice
were administered 30 mg/kg MPTP ip. Mice were sacrificed 7 days later and dopamine
and DOPAC concentrations in the striatum were determined. Dopamine concentration in
mice treated with MPTP alone was 70.4 ng/mg protein (data not presented on sponsor
graph). Rasagiline increased the concentration of dopamine and DOPAC in MPTP
treated animals to levels associated with control values. Similar degrees of change were
noted in DOPAC (data are not presented). This reviewer does not regard this study as
being useful in the determining the potential efficacy of rasagiline in Parkinsons disease.
MPTP must be activated to the neurotoxin MPP+ via MAO-B. Since rasagiline inhibits
MAO-B, i1t prevented the formation of the toxic intermediate. Thus, the effectiveness of
rasagiline is specific to this toxin and has doubtful relevance for idiopathic Parkmsons
disease.
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3.2.2.2.3 The Protective Effect of TVP-101 Against A/[PT P Toxicity: Can TVP-1 0] Be
Given After the Toxin?

Study: TVP-1012/ /003

Location: /pharm/TVP-1012"  ,003.pdf

The aim of this study is to examine whether rasagiline (TVP-101) is effective in
preventing the dopaminergic effects of MPTP when administered after the toxin. Mice
(6-8/group) were injected with MPTP (30 mg/kg ip). Groups of mice were then injected
with rasagiline (5 or 10 mg/kg) 0, 1, 2 or 4 hours post-injection. Controls were
administered saline or MPTP alone. Mice were sacrificed seven days later and straital
concentrations of dopamine and DOPAC were determined. Rasagiline was effective only
when given simultaneously with MPTP. It was ineffective when given after MPTP
injection. As noted previously, MPTP must be activated to the active neurotoxin MPP+
via MAO-B. Since rasagiline inhibits MAO-B, it is expected that when rasagiline is
given simultaneously with MPTP, it would prevent formation of the neurotoxic
metabolite preserving dopamine function in the animals.
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3.2.2.2.4 Restoration of Normal Motor Activity by TVP-1012 and TVP-1082 in Two
Animal Models of Hypokinesia (A Comparative Study)

TVP-1012/ 040

/pharm/TVP-1017 040.pdf

Mice were injected rasagiline or TVP-1082 (racemic rasagiline) (1.8-15 mg/kg ip). Two
hours later, the mice were administered a dopamine antagonist (haloperidol, 6 mg/kg sc).
Mice were evaluated 3 hours later for behavioral indices of catalepsy (vertical rod
climbing, horizontal rod grasping, and siting against wall immobility). The mice were
scored on a 1-4 point scale for each test. A positive control was not used and the tests
appeared to be unblinded. Rasagiline caused a dose dependent increase in activity. Itis
difficult to ascribe this activity to MAO-B inhibition since the mouse brain MAO-B amd
MAO-A activity would be almost completely inhibited at the low dose (1.8 mg/kg) (see
page 16). '

In a second study, Wistar rats (4-8 males/group) were administered rasagiline or TVP-
1082 (2.0-7.5 mg/kg ip). Two hours later, the rats were administered 100 mg/kg ip
alpha-methyl-p-tyrosine, a tyrosine hydroxylase inhibitor. The rats motor activity was
monitored for 10 hours post dose. The 2 and 5 mg/kg rasagiline dose increased activity
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“to near control levels, but the high rasagiline dose (7.5 mg/kg) had lower motor activity
than rats administered alpha-methyltyramine alone. This reviewer does not regard this a
very specific test for determining dompminergic activity. Tyrosine hydroxylase is
involved in the synthesis of epinephrine and norepinephrine. Rasagiline’s effects may
have been due to action of the adrenergic system rather than the dopamine system.
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3.2.3 Secondary pharmacodynamics

3.2.3.1 COMBINATION SCREEN DATA REPORT

Study: TVP-1012/1 = 001

Location: /pharm/TVP-1017 - ,001.pdf .
Rasagiline was examined in a receptor/enzyme binding screen. At 10 uM, rasagiline
inhibited binding to the adrenergic alpha-2b receptor by 63% and binding to the central
imidazoline 12 receptor by 53%. By comparison, the IC50 for MAO-B inhibition is
0.002 uM. Complete results are presented below.
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Figure 22, from page 8 of Report TVP-1012/ 001

3.2.3.2 PHARMACOLOGY OF TVP-101. REPORT AT CONCLUSION OF SECOND YEAR’S
STUDY (1990-1991)

Study: TVP-1012/ 003

Location: /pharm/TVP-1012  J03.pdf

This report examined the effects of rasagiline on various systems. At 100 uM, Rasagiline
inhibited acetylcholine or histamine action on the guinea pig ileum or rabbit duodenum,
but no effects were noted at lower doses (10 uM) Rasagiline potentiated the pressor
effects of tyramine at 10 mg/kg PO, but not at 5 mg/kg PO; rasagiline also potentiated the
tyramine pressor effect at 5 and 10 mg/kg ip. No potentiation of the tyramine effect was
observed following 0.1 or 0.5 mg/kg/day for 21 days. Finally, rasagiline did not inhibit
raclopride binding to dopamine D2 receptor at 100 uM, although there was significant
inhibition at 1000 uM (about 90% inhibition of binding).

28



Reviewer: Paul L. Roney, Ph.D.. D.A.B.T. NDA No. 21-641

3.2.4 Safety pharmacology

3.2.4.1 NEUROLOGICAL EFFECTS

3.2.4.1.1 Rasagiline Mesylate Irwin Test in Rats Following Oral Administration
Study: TVA 148/003273

Location: /pharmy/TV A 148003273.pdf

Male rats (6/dose) were administered 0.12, 0.5 or 2 mg/kg rasagiline. Behavior was
assessed at 30, 90, 150 and 300 minutes post administration.

No abnormalities were observed at any time point.

3.2.4.1.2 Assessment of Rasagiline Effects on Spontaneous and Cocaine-Induced
Locomotor Activity in Mice

Study: TVP-1012/NIDA/001

Location: /pharm/TVP-1012NIDA001.pdf

Male Swiss Webster mice (8/group) were administered.0, 3, 10, 30 or 100 mg/kg by ip
injection. At 20 minutes post injection, locomotor activity was assessed for 1 hour. In a
separate study, mice were administered 0, 10, 30 or 100 mg/kg ip. At 20 minutes post
injection, mice were administered 20 mg/kg cocaine ip and locomotor activity was
assessed for 1 hour. '

When rasagiline was administered alone, there was a dose-dependent decrease in activity
starting at about 10 mg/kg.- When rasagiline was given in combination with cocaine,

- there was a dose dependent decrease in cocaine induced ambulation. Since rasagiline by
itself causes decreased ambulation, it is difficult to interpret the significance of this
finding. It may be concluded that rasagiline does not potentiate the locomotor activity
associated with cocaine, but no conclusion may reached on other potential effects of
cocaine.
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Figure 23, from page 4 of Report TVP-1012/NIDA/001
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Figure 24, from page 5 of TVP-1012/NIDA/001
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3.2.4.2 CARDIOVASCULAR EFFECTS

3.2.4.2.1 Rasagiline Mesylate (TVP 1012) Telemetric Evaluation of Cardiovascular
Effects in the Conscious Dog Following Oral Administration

Study TVA 147/003839

Location: /pharm/TVA 147003839.pdf

Four dogs (2/sex) were administered 0 or 3 mg/kg in a crossover study. There was a
seven day washout between doses. Dogs were monitored telemetrically for 2 hours
predose and 24 hours post dose. ECG and blood pressure variables were measured every
15 minutes. Both Bazett and Fridericia correction factors were applied to the QT
intervals.

No effects were observed on heart rate, blood pressure or ECG parameters.

3.2.4.2.2 Cardiovascular Profile of TVP-1012, TVP-136 & TVP-137 Afier Intravenous

Administration to Conscious Wistar Rats

Study TVP-1012, ‘006

Location: /pharmy/TVP-1012 J06.pdf

Rats were administered 0 (13 rats), 1 (5 rats) or 5 (7 rats) mg/kg IV rasagiline. Rats were

also administered 5 mg/kg IV of TVP-136 (R-1-aminoindan HCI) or TVP-137(S-1-

aminoindan HCI1). The blood pressure and heart rate were monitored using an indwelling

catheter.

Rasagiline did not have any effects on blood pressure. Heart rate appeared to be
“depressed at 5 mg/kg IV starting at about 2 hours post injection and returning to normal

at about 11-12 hours post injection. TVP-136 did not affect heart rate or blood pressure.

Effect of Rasagiline on HR

Sa

Heart Rate (

Time (hr)

- Saline —a=1mglkg =% 5 mg/kg

Pulmonary effects:
No studies submitted.
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3.2.4.3 RENAL EFFECTS
3.2.4.3.1 Effect of TVP-1012 and Its Combination with Levodopa/Carbidopa on the
Excretion of Urine in the Rat
“Study: :999-177
Location: /pharm 1999-177.pdf
Sprague-Dawley rats (4 males/group) were dosed orally administered rasagiline or
levodopa/carbidopa (see table below) for 10 days.
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Figure 25, from page 11 of Report 1999-177

Rat urine production was monitored daily and for 48 hours post dosing cessation.
Hematology parameters were monitored on Day 10.

The combination of rasagiline and levodopa/carbidopa exceeded the MTD as indicated
by decreased body gain on Day 12 in rats treated with the combination (D3 and D4). One
group D4 rat died 46 hours after cessation of treatment. This rat was reported to have
renal medullar tubular epithelial cell necrosis (only the kidney was examined
histopathologically). Rasagiline may have decreased HVA excretion on days 10-12 of
the study; but rats treated with levodopa/carbidopa had significantly increased HVA
excretion. Rasagiline had no effect on water consumption or urine production. _
Levodopa/carbidopa increased water consumption and urine production. No effects on
urine parameters were observed. Rats treated with the combination of rasagiline and
levodopa/carbidopa had increased hematocrit values, but no other abnormalities were
observed.

Appears This Way
On Original
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Gastrointestinal effects:
No studies submitted.

Abuse liability:
No studies submitted.

Other:
No studies submitted.

APPEARS THIS WAY
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3.2.5 Pharmacodynamic drug interactions

3.2.5.1 MODIFICATION OF CARDIOVASCULAR RESPONSES TO ORALLY ADMINISTERED L-
DOPA BY TVP-1012, DEPRENYL AND CLORGYLINE

Study: TVP-1012/.. 009

Location: /pharm/TVP-1012" ~ 009.pdf

This study examined the potential interaction between rasagiline and L-DOPA. Blood
pressure and heart rate were determined in rats (6-8 males/group) via a tail catheter.
Rasagline (0-5 mg/kg po) was administered. Two hours later, blood pressure and heart
rate were determined. Rats were orally administered increasing doses of L-DOPA (50,
100 and 150 mg/kg) and blood pressure and heart rates were determined 30 minutes post
dose. The highest dose of rasagiline (5 mg/kg) increased the blood pressure in rats
treated with 150 mg/kg L-DOPA. No significant interaction effects were observed on

heart rate.

Change in BP from Baseline Change in HR from Baseline
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3.2.6 Metabolite pharmacological activity
3.2.6.1 THE EFFECTS OF TVP-136 AND TVP-137 ON MAO-A AND MAO-B ACTIVITIES

Study: TVP-1012’
Location: /pharm/ TVP-1017

- JO4A

)O4A.pdf

This study examined the effects of the rasagilihe metabolites TVP-136 and TVP-137 on
MAO-A and MAO-B activity. The in vitro and ex vivo studies suggest that the
metabolites would not be expected to affect either MAO-A or MAO-B activity.

Rasagiline and its Metabolites Inhibition of Rat Brain MAO-A and MAO-B -

MAO-B MAO-A :
IC50 (nM) | ' Ratioto IC50 (nM) Ratio to Ratio MAO-
: rasagaline rasagaline A/MAO-B
1C50 IC50 IC50’s
Rasagiline 10 1 900 1 90
TVP-136 20,000 2,000 75,000 83 37
TVP-137 350,000 35,000 150,000 167 0.42
Table 2: Ex-vivir inhibiibon of Bver MALRA fsalstrate 5-HT) and MAO-B
{sulesirate PEA) fotlowing scule administration of TV P-136 and T¥P-137 in
Fals.
%% Inbilstion %
Dose (madks, pas) e 0 N |
Moleyle I MAG o | N R :
AR 1377 124 350 D25 Emx 2N ;
TVP-136 MAO-A 937 44 FEE I [T E P
; A1aAI-B ~4.2+ 1.9 121+ 22 11,3 + % {
TV MAGA 60 174 122273 KZia7 |

Table 3: Ex-vlve nhibition of brakn MAag-a (substrate 5-HTY and MAO-R
{substriute PEA) follpwing ueate ndministration of TVP-L36 and TYP-137 s

ruds.
9 Tnbihition

Dose prapdhs s £ ) B
- Mulecuic AAL) form
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Figure 27, from page 4 of Report TYP-1017 JO4A
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3.3 PHARMACOKINETICS/TOXICOKINETICS

33.1 Brief summary
See page 203.

3.3.2 Absorption
3.3.2.1 MASS BALANCE AND PROFILING OF METABOLITES IN PLASMA AND URINE OF MICE

TREATED WITH A SINGLE ORAL DOSE OF RASAGILINE MESYLATE
Study: 2001-039
Location: /pk/  2001-039.pdf

Mice were administered 1 or 45 mg/kg PO radiolabeled rasagiline. Doses appeared to be
based on doses used in the mouse carcinogenicity study.
The urine was the primary route of excretion of radiolabel.

Cumulative excretion of radioactivity in urine and feces
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Figure 28, from page 26 of Report 2001-039
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Most of the excreted radioactivity was highly polar compounds that could not be
separated (spots 1 and 2 in the figure below). Spot 6 is Al and accounts for 8-19% of the

administered dose. Spot 3 was 3-hydroxy-Al and accounted for 5-7% of the administered

dose. Other metabolites accounted for less than 5% of the administered dose.
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Figure 29, from page 29 of Report 2001-039
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The plasma kinetics of rasagiline and selected metabolites in male mice (only sex tested)
are presented below (PALI is rasagiline).

Tahde 31, Pharmuscokinetic parameters of rasogiling and s selected metabolites
?Iafe'nn‘m:wérmf FOH-ATY Al L Trans PAI
Parameter L onRAL
Group
Crnss ', 2L 20 M 7.2 57
ng/ml) M <md WS 28 1770
Tisenn i 2L NA LU 025 (.25
thy " 2H ; WA £.06 f L] 050
Al yan 7 2. < Bl : 133 13 : 55
thxtogmb)  2H Ccuess ws12 789 6659
ComiDose L c20 &2 | 13 55
ingmiyimghka) gt 5 = 0 4% 5.9 A
AUCans/Dose 2L =88 12 T Y
ihx ing/miyimgke) : 2H . 37 236 f 1 By
* The exael sahues coubl o Be detosmmsd foe 3-0H-AT dee booan aser oo oot
NA - o agplecalds » ‘

Figure 30, from page 70 of Report SB-2001-039

However, these components do not account for most of the circulating radioactivity. The
total rasagiline equivalents identified in the above table are 307 and 19,715 ng-hr/mi for 1
and 45 mg/kg, respectively. The pharmacokinetic parameters of total radioactivity
(derived from Table 26 on page 65 of this report) are presented below. Dividing the
AUC for the identified metabolites above by the AUC for total radioacivity below, it is
determined that the sponsor has identified 28% and 46% of the circulating metabolites at
I and 45 mg/kg, respectively.
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Pharmacokinetics of Radiolabel Rasagiline in Male Mice

Dose AUC.5y ngeq-hr/ml | Cmax (ng eg/ml) Tmax (hour)
1 mg/kg 1,098 472 0.25

45 mg/kg 42,463 8,159 0.5
Percentage of Circulating Radiolabel Accounted for by Identified Metabolites
Metabolite 1 mg/kg 45 mg/kg

PAI (parent) 5.9% 15.7%

Al 12.1% 25.0%

3-OH-PAI 1.6% 1.9%

3-OH-AI <8.3% <3.9%

Total 28.0% 46.4%

It is concluded that rasagiline is rapidly metabolized and accounts for 5.9% and 15.7% of
circulating radiolabel at 1 and 45 mg/kg, respectively. However, the circulating levels of
rasagiline metabolites have not been adequately characterized.

KPPEARS THIS WAy
ON ORIGINAL

40




Reviewer: Paul L. Ronev,'Ph.D., D.A.B.T. NDA No. 21-641

3.3.2.2 PAI N-PROPARGYL-1(R)-AMINOINDAN (PAI) THE BIOAVAILABILITY OF PAI
FrROM TwO DIFFERENT SALT FORMS AFTER SINGLE ORAL DOSES TO RATS

Study: TVA 66/050593

Location: /pk/TVA 66050593 .pdf

This study examined the relative bioavailability of the hydrochloride and mesylate salts
“of rasagiline. Rats (3/sex/timepoint) were administered 0.7 mg/kg po. Plasma levels of
rasagiline (PAl) and one of its metabolites (TVP-136, aminoindan) were monitored in the
plasma at 0.25, 0.5,k 0.75, 1, 2, 3, 4, 6, 8, 12 and 24 hours post dose. The two salt forms
were equivalent in Cmax and AUC parameters for both parent and metabolite.
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Figure 31, from page 24 of Report TVA 66050593
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Figure 32, from page 25 of Report TVA 66050593
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3.3.2.3 TVP-1012: A COMPARATIVE DETERMINATION OF PLASMA LEVELS OF
PROPARGYL-1-AMINOINDAN (PAI) AND 1-AMINOINDAN (AI) FOLLOWING SINGLE ORAL,
INTRAPERITONEAL OR SUBCUTANEOUS ADMINISTRATION OF RASAGILINE MESYLATE IN
THE RATS '

Study: B45pk’ -98

Location: /pk/B45pk 98.pdf

The purpose of this study is to compare the bioavailability of rasagiline (1 mg/kg) via
various routes of exposure (po, ip, sc). Rats (9 males/route) were administered 1 mg/kg
po, 1p or sc. Plasma levels of rasagiline (PAI) and its main metabolite (TVP-136, Al,
aminoindan) were monitored in the plasma at 0, 2, 5, 10, 15, 30, 60, 120, 180 and 300
minutes post dose. Rasagiline had better bioavailability via subcutaneous or
interperitoneal injection than via oral adminstration.
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Figure 33, from page 16 of Report B45p} 98
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Figure 34, from page 17 of Report B45pk’ 38
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Figure 35, from page 18 of Report B4ASpkRSG-98

3.3.2.4 N-PROPARGYL-1(R)-AMINOINDAN (PAI) THE BIOAVAILABILITY OF N-
PROPARGYL-1(R)-AMINOINDAN (PAI) FROM TWO DIFFERENT SALT FORMS AFTER SINGLE
ORAL DOSES TO DOGS

Study: TVA65/040593

Location: /pk/TVA 65040593.pdf

This study examined the relative bioavailability of the hydrochloride and mesylate salts
of rasagiline at a dose of 0.7 mg/kg free base po. Dogs (3/sex) were dosed with the salts
in a cross-over experiment. Plasma samples were taken at 0, 0.25, 0.5, 0.75,1,2,3,4,7,
8, 12 and 24 hours post dose. There was a seven day washout between experiments. No
particular differences in Cmax, AUC or Tmax were observed.

Effect of Salt form on parent and a selected metabolite (TVP-136) PK parameters

Rasagiline TVP-136
HCl Mesylate Ratio HCI Mesylate | - Ratio
Cmax 31.7 34.5 0.92 25.9 28.7 0.90
(ng/ml)
AUC 43.0 41.4 1.04 99.0 86.4 1.14
(ng-hr/ml) _
Tmax (hr) 1.0 1.0 — 1.5 1.2 —
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3.3.3 Distribution

3.3.3.1 ["C]-TVP-101 THE ABSORPTION, DISTRIBUTION AND EXCRETION IN RATS

Study: = /TVA 58/930525
Locaton: /pk TVA58930525.pdf
Male albino and pigmented rats were administered 0.45 mg/kg radiolabelled rasagiline

po.
Radiolabel was primarily excreted via the urine (about 90%). The feces was a minor

route of excretion (about 5%).
It was rapidly distributed to the tissues (maximum tissue concentrations were generally

about 15 minutes post dose).
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Figure 36, from page 31 of Report I'VA 58930525

When rasagiline was administered to pigmented rats, the concentration of rasagiline in
the eye was 13-fold higher than in albino rats. Concentrations in other organ were

comparable between the strains.

Rasagiline was rapidly metabolized. At 15 minutes post-administration, only 11% of
circulating metabolite was chromatographically similar to unchanged rasagiline. One of
the components was similar to TVP-136 ((R)-1-aminoindan); full identification of

* metabolites was not performed in this study.
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3332 ['4C]-TVP—101 STUDIES OF PLASMA PROTEIN BINDING IN VITRO (MOUSE, RAT,
DOG AND MAN)

Study: TVA 108/951876

Location: /hpbio/hupharm/TVA108951876.pdf

The in vitro binding of rasagiline was determined by ultrafiltration in vitro.
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3.3.4 Metabolism
For data in mice, see page 37.

33.4.1 [‘4C]—RASAGIL1NE MESYLATE BIOTRANSFORMATION IN THE DOG AFTER A SINGLE
ORAL ADMINISTRATION '

Study: TVA 153/013289

Location: /pk/TVA 153013289.pdf

This study examined the metabolism and excretion of rasagiline in dogs. Three male
dogs were administered 1 mg/kg PO. Blood samples were taken at 0, 1, 2, 4 and 8 hours
post dose. Rasagiline was extensively metabolized in vivo. At 1 and 2 hours post dose,
parent compound was only 4.8 and 1.2% of circulating radioactivity, respectively. The
metabolite TVP-136 was only 4.8 and 1.2% of circulating radioactivity at 1 and 2 hours
post dose, respectively. 90% of circulating metabolites were not identified in this study.
Urine and feces was also examined for rasagiline and metabolites. Radiolabel was
primarily excreted in the urine (83%) with a small amount in the feces (5%), mostly
within 24 hours. Less than 0.1% of the excreted radioactivity was parent compound. The
major metabolites identified in the urine were 3-hydroxy-1(N-propargylamino)-indan (3-
OH-PAI) and its glucuronide derivatives. 3-OH-AI and Al were also identified in the
urine. :

APPEARS THIS WAY
ON ORIGINAL
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3.3.4.2 PROFILING OF METABOLITES IN RAT URINE FOLLOWING A SINGLE ORAL
ADMINISTRATION OF RASAGILINE GIVEN IN TWO DIFFERENT DOSES

Study: 2001-001

Location: /pk/  2001-001

Rats (3/sex, group M1 and F1) were administered 3 mg/kg radiolabelled rasagiline PO,
another group (three males, group M2) received a single dose of 0.1 mg/kg radiolabelled
rasagiline PO. Urine was collected for up to 96 hours post dose and analyzed for
metabolites. :

70-80% of administered radiolabel was excreted within 24 hours in the urine. 78-85% of
administered radiolabel was excreted within 48 hours in the urine. There was minimal
excretion beyond 48 hours (about 2% of administered radioactivity). Metabolites were
profiled using 2D thin layer chromatography. The results in naive rat urine and in urine
treated with glucoronidase are presented below. Spots A-F are highly polar compounds
and are probably phase Il conjugates. The major unconjugated metabolic products were
(in descending order): 3-OH-AI (spot 3), Al (spot 6) and 3-OH-AAI (spot 4). The
metabolite profile was similar in males and females at 3 mg/kg in males at 3 and 0.1
mg/kg.

o admirestered dose
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Figure 39, from page 27 of Report  2001-001
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3.3.4.3 ISOLATION AND PARTIAL CHARACTERIZATION OF RAT URINARY RASAGILINE
METABOLITES

Study: © PK 32

Location: /pk/ PK 32.pdf

3.3.4.4 "C-PAI METABOLITE IDENTIFICATION IN RAT URINE

Study: TVA124/984688

Location: /pk/TVA 124984688

Instudy -PK 32, five male Sprague-Dawley rats were administered 4 mg/kg rasagiline
for 13 days. On days 10 and 13, four rats were administered radiolabelled rasagiline.
Urine samples were analyzed for metabolites from days 10-14 of the study. On day 13,
blood samples were obtained from the tail vein at predosing and 1, 4, 8, 12 and 24 hours
postdose.

The study was unable to identify plasma metabolites “because the samples were not
sufficient enough to perform this research” (page 14 of report). Mean plasma
concentration of rasagiline and metabolite combined are presented below. Virtually all of
the radioactivity was excreted in the urine. The urine was subjected to multiple
extractions with ethyl acetate at various pH’s with or without enzyme treatments (beta-
glucuronidase and sulfatase). In the urine, the major radiolabel compounds included:
parent, 1-aminoindan and N-acetyl-1-aminoindan. The sponsor did not present a
quantitative summary of the distribution of radioactivity. The urine was also examined
by mass spectrometry (Study TVA 124/984688). Although quantitative results were not
obtained, the sponsor proposed a metabolic pathway (see below).
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3.3.4.5 CHARACTERIZATION OF TVP-1012 METABOLISM TESTED IN AN IN VITRO SYSTEM
USING HUMAN, DQG AND MOUSE HEPATIC MICROSOMAL PREPARATIONS

Study: -2000-095

Location: /hpbio/hupharm.  2000-095.pdf _
Rasagiline was incubated with microsomes (1 mg/ml) from various sources (human, dog,
rat and mouse) for 60 minutes. The dog was most rapid metabolizer and the human
microsomes were the slowest. The dog and rat both formed 3-hydroxy-PAI, but humans
and mice did not form this metabolite to any great extent.
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3.3.5 Excretion
For data in mice, see page 37.

For data in rats, see page 44.
For data in dogs, see page 46.

APPEARS THiS WAY
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51



Reviewer; Paul L. Roney, Ph.D., D.A.B.T. NDA No. 21-641

3.3.6 Pharmacokinetic drug interactions

3.3.6.1 COMPARATIVE PROFILING OF LEVODOPA METABOLITES IN RAT PLASMA
FOLLOWING SINGLE AND MULTIPLE ORAL ADMINISTRATIONS OF LEVODOPA/CARBIDOPA
OR LEVODOPA/CARBIDOPA/RASAGILINE

Study: _000-058

Location: /pk/  2000-058.pdf

Male rats (8/group) were administered 40/10 mg/kg levodopa/carbidopa with or without
1 mg/kg rasagiline for 1 or 7 days. Levodopa and its metabolites were determine at 0.5,
1, 2,3, 4, and 8 hours after the last dose of levodopa/carbidopa. Two levodopa
metabolites (DOPAC and HVA) had reduced AUC levels, which were attributed to their
being products of MAO metabolism. 3-MT is a product of COMT metabolism of
dopamine. This suggests that there is increased production of dopamine from levodopa
in rats.

Tabh &, Pliasinarkinegic ;mrammm {af lcm:»ds:;pamﬂ s metablites affer acid Fpdralyais

Seudy gronp: A, ung&alm@mthﬁnemgﬁm& ‘ Smﬂyw B.ilnwmﬂ&mgmﬁgw
Cmas | Cmes | Tman § AUC e | ABCs | Tmas ﬂ@m Tonan | Al | AL
ng'mi =M hours | spdiml | ponlshd nrgrs'nn' uid hrais ngxlu’ml. m;smni?s.%%
GOPAL B8 | S0 65 | 20 124 g | 42 R 55
Levndopa | 4448 | 1% 2% 1 oM | BT | 4%F | 204 | 1m MoLE ;711
Hva | 1me | 71 RS 1431 0 1% | 03 5351 ans
SR Kami |40 30 | aneea | 2203 | sess | 2 | am | su3 | oaeed
Dupamenz | 1B | 68 o [ s | oms | s 7o | o | s | ome
Lh81 W e | an | w | oqns | e R | 4 | omm |03
Sudy promp: €, mmbipls doses withaut eassgalios |Study graup: D, mulcipie doses with rasageline
Cmas | s | Tmax | AT, | ADCas | o | Gross | Touss | AUCLm | ATCM
n;.!ml Y bours | wpdbenk ;mszlxl;‘ﬁlx Mﬁﬁ."ﬁﬁ ey . zaeml pxsim‘a-:?x% '
DOPA LI “3 £t szj 15¥ e 1 )s 1¢ o Hn 1.2
Lodspm | 685 | Z10 T R T R T T A N
HYVA 1431 79 TR MWy 1 59 o | 430 | 238
50D W67 | 514 | mn | a5ty | wve | euig | 28 | 80 | dwey | KD
Gogamae | 1397 | ES T wa TR L sk | o w1 751
T Sin 31§ 4n 4 35 FIR i1 54 T 12 3

Figure 44, from page 41 of'Report 2000-058

52



Reviewer: Paul L. Roney, Ph.D., D.A.B.T.

NDA No. 21-641

34 TOXICOLOGY

3.4.1 Overall toxicology summary
See page 206. -
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3.4.2 Single-dose toxicity

3.4.2.1 TV-5701182 AcUTE ORAL TOXICITY IN THE MOUSE

Study: Poject No. TEV/067/TV

Location: /tox/TEV067TV pdf

Male and female CD-1 mice were administered rasagiline hydrochloride. The doses were
reported as the salt (rather than free base). The doses expressed as free base (salt) are:
Preliminary study: 83 (100), 413 (500), 827 (1000), 1240 (1500), 1653 (2000) mg/kg
Main study males: 66 (80), 132 (160), 264 (320) and 529 (640) mg/kg

Main study females: 129 (156), 207 (250), 331 (400), 529 (640), 846 (1024) and 1354
(1638) mg/kg.

Mortality results are presented below. No clinical signs were observed at 207 mg/kg and
below. Ataxia and decreased motor activity were observed in all rats at 264 mg/kg and
above. The sponsor estimated that the LD50 (95% confidence intervals) were 485 mg/kg
(345-681) and 364 mg/kg (301-439) for males and females, respectively.
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3.4.2.2 TVP 101 AND TVP 1012 COMPARATIVE ORAL TOXICITY TO THE RAT

Study: 920722D/TVA 69/AC

Location: /tox/920722D TVA 69AC.pdf

Sprague Dawley rats (5/swex/dose) were administered rasagiline as either the
hydrochloride (TVP-101) or mesylate (TVP-1012) salt. Doses were expressed as the salt
form. Mortality was similar with the two salt forms. No significant differences were
observed in clinical signs (lethargy, decreased respiratory rate) between the two groups.
Deaths occurred over a period of three days.

Mortality and LD50 (in mg/kg) in rats administered two salt forms of rasagiline

TVP-101 (hydrochloride) TVP-1012 (mesylate)
Salt dose 160 250 400 250 400 640
Base dose 133 208 332 160 256 410
Males 1/5 3/5 4/5 0/5 3/5 5/5
LD50 , 201 (148-269) 246 (192-314)
Females o5 | o5 | 55 o5 | 25 | 55
LD50 266 (193-396) 269 (211-344)
Combined |  1/10 | 310 | 9/10 0/10 | 510 | _10/10
LD50 227 (183-295) 256 (216-306)
APPEARS THIS WAY

ON ORIGINAL
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3.4.2.3 TVP-5701182 MAXIMUM TOLERATED DOSE STUDY IN BEAGLE DOGS BY THE
ORAL ROUTE

Study: TEV/058/TV

Location: /tox/TEVO58TV.pdf

Three groups of dogs (1/sex/dose) were administered single doses of rasagiline
hydrochloride 0.85, 3.4, 17, 25.5, 51 or 102 mg/kg. The equivalent doses of free base are
0.7, 2.8, 14, 21, 42 and 84 mg/kg, respectively. Sufficient time was allowed between
doses to ensure full recovery (21 days between doses).

Both dogs administered 84 mg/kg (free base) died 2-3 days post dosing. Clinical signs
included vomiting (2 dogs), diarrhea (1 dog), blood in feces and mouth (1 dog) and
decreased food consumption (2 dogs). _

At 42 mg/kg (free base), dogs had diarrhea on Day 2. No other significant adverse
effects were noted at this dose. '

No significant effects were observed at 21 mg/kg (free base) or below.

APPEARS THIS WAY
ON ORIGINAL
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3.4.3 Repeat-dose toxicity

3.4.3.1 TOXICITY TO RATS BY REPEATED ORAL ADMINISTRATION FOR 26 WEEKS WITH A
13 WEEK RECOVERY PERIOD

Key study findings:

1. Decreased body weight (final body weight 90% or less of control body weights) were
observed at 5.1 mg/kg in males and 17 mg/kg in females.

2. Salivation was observed at 5.1 and 17 mg/kg.

3. Aggressive behavior and subdues behavior were observed at 17 mg/kg, mostly early
in the study.

4. Effects were observed on the liver. Increased adjusted liver weight was observed at
17 mg/kg. Centrilobular hypertrophy was also observed at 17 mg/kg.

5. Thyroid follicular hypertrophy was observed at 17 mg/kg.

Study no.: TVA 133/993217

Location: /tox/ TVA 133993217.pdf

Conducting laboratory and location: —
Date of study initiation: March 17, 1993

GLP compliance: Yes

QA report: yes( X )no ()

Drug, lot #, and % purity: 255493203 — pure

Methods
Doses: 0, 0.85, 5.1, 17 mg/kg/day
Species/strain: Rat, ~ .CD BR
Number/sex/group or time point (main study): 20 rats/sex/dose
Route, formulation, volume, and infusion rate: Gavage, water vehicle, 10 ml/kg
Satellite groups used for recovery: : 5/sex (control and high dose)
Satellite groups used for toxicokinetics: 5/sex/dose (treated only)
Age: 6 weeks

Weight (nonrodents only):
Unique study design or methodology (if any):

Observation times and results

Mortality: '

17 mg/kg male #68 was sacrificed due to injuries resulting from fighting in week 2.
17 mg/kg female #161 died due to malignant lymphoma in week 13.

Clinical signs: 1X/day
17 mg/kg- aggressive behavior and subdued behavior; this was observed mostly early in

the study.
5.1 mg/kg and above- salivation and brown perioral staining throughout the study
0.85 mg/kg- no clinical signs were observed
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Body weights: 1X/week

Decreased body weight observed at 0.85 mg/kg and above in males and 5.1 mg/kg and
above in females

Week 26 Body Weights as Percent of Controls

0.85 mg/kg 5.1 mg/kg 17 mg/kg
Males 91% 84% 78%
Females 101% 93% 90%

Rofyvainhis - granp s vifo
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Figure 46, from page 38 of Report TVA 76930540

Food consumption: 1X/week

Reduced food consumption was observed at 0.85 (males only), 5.1 and 17 mg/kg in both
males and females.

Cumulative Food Consumption in g/rat (% of control)

0 mg/kg 0.85 mg/kg 5.1 mg/kg 17 mg/kg
Males 5,736 5,194 (91%) 4,625 (81%) 3,650 (81%)
Females 4,009 4,025 (100%) 3497 87%) {2,633 (91%)

Values in Bold significantly different from controls

Ophthalmoscopy: Pre, Weeks 13, 26 (control and 17 mg/kg only)
No effects
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EKG: Not done

Hematology: Weeks 13, 26
No effects '

Clinical chemistry: Weeks 13,26
No significant effects

Urinalysis: Weeks 13, 26
No significant effects

Gross pathology:
No significant effects.

Organ weights: _
Increased adjusted liver weight at 17 mg/kg.

Body Weight Adjusted Liver Weights (in g)

0 mg/kg 0.85 mg/kg 5.1 mg/kg 17 mg/kg
Males 20.4 223 22.1 25.0
Females 12.5 12.0 12.4 13.7

Values in Bold significantly different from controls

Histopathology: Adequate Battery: yes ( X ), no ( )—explain
Peer review: yes(X), no( )

Control and High dose only, except liver, thyroid, urinary bladder and gross lesions at

low and mid dose.

Incidence of hepatic centrilobular hypertrophy

0 mg/kg 0.85 mg/kg 5.1 mg/kg 17 mg/kg
Males 2/20 13/20 3/20 19/19
Females 0/20 0/20 3/20 13/19
Incidence of Thyroid follicular hypertrophy

0 mg/kg 0.85 mg/kg 5.1 mg/kg 17 mg/kg
Males 2/20 0/20 2/20 5/19
Females 1/20 1/20 0/20 7/19
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Toxicokinetics: Days 1, 90, 181; 0.25 and 6 hours post dose

Plasma concentration of Rasagiline (ng/ml) at various times after dosing

Dose Sex Da Day 90 Day 181
mg/kg 0.25 hr 6 hr 0.25 hr 6 hr 0.25 hr 6 hr
0.85 M 115.34 2.50 80.36 6.68 128.68 8.64
F 53.00 15.4 105.28. 4.76 144.44 5.26
5.1 M 190.90 9.92 602.40 50.12 337.60 28.64
F 351.36 17.88 601.00 54.56 1147.60 50.20
17 M 1058.60 82.80 1975.40. 142 2278.80 | 233.40
F 1402.40 | 136.72 | 2043.80 | 208.00 | 3464.40 | 243.80
Plasma concentration of Al (ng/ml) at various times after dosing '
Dose Sex Day 1 Day 90 Day 181
mg/kg 0.25 hr 6 hr 0.25 hr 6 hr 0.25 hr 6 hr
0.85 M 16.56 12.32 31.86 11.02 32.68 10.44
F 35.86 14.70 58.12 21.16 55.88 23.22
5.1 M. 106.14 49.64 138.00 49.36 70.80 26.94
F 134.30 89.70 166.84 142.12 236.20 130.20
17 M 275.00 144.72 391.20 183.20 405.60 167.00
F 339.20 237.44 510.20 535.20 602.80 423.60
Other:

Recovery animals had increased weight gain during the recovery period.
No significant histological alterations were noted in recovery animals.

APPEARS THIS WAY
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3.4.3.2 4 WEEK ORAL (GAVAGE) COMBINATION DOSE RANGE FINDING STUDY WITH
TVP-1012 (RASAGILINE MESYLATE), LEVODOPA AND CARBIDOPA IN RATS

Key study findings:

1. Rats did not tolerate the combination of 3 mg/kg rasagiline and 80/20 levodopa/

carbidopa. Increased mortality and decreased combination, especially in males.
Deaths occurred after the dose was lowered to 2 mg/kg. No specific target organs
were identified. _

The 0.3 mg/kg dose had no effect on levodopa PK parameters, but 2 mg/kg lowered
the Cmax and AUC values by 54% and 57%, respectively.

Levodopa/carbidopa lowered the rasagiline Cmax and AUC values by 73% and 15%,
respectively.

Study no.: TVA 133/993217

Location: /tox/TVA133993217 and /tox/TVA 1 7401 3969
Conducting laboratory and location: -

—_—/

Date of study initiation: May 25, 1999
GLP compliance: Yes
QA report: yes(X)no( )

Drug, lot #, and % purity: CN-255400199
Methods

Species/strain: Rat, CD

Route, formulation, volume, and infusion rate: oral gavage, 10 ml/kg
Age: 39-43 days

Unlque study design: rasagiline was coadministered with levodopa/carbidopa
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Observation times and results

Mortality:
These deaths occurred after the high dose of rasaglhne was reduced from 3 to 2 mg/kg

(day 12) due to poor body weight gain

Greap | Anliial | Msdealdiath | Dar of " Hipniiicamt
9% Mo, Suith ante-mortew finding
B 40| Baded #r exvmwmr | 21| Likiaraciies, PoeTeetnn, Bunched pratiee, dotp s iralion.
€04 51 Kiites] #r exrreves 7 “Thin, Iritahle, maderactive, FIBCHEEN, 3%k, |obed e of
Torelimiba, lenched pustims, doms wf Iabciscod reapirtion.
5% | Kilicd i cevrewmds | 3F THini, pilnerection, alaxm
5 f  owd R Hane ‘ ‘ __El
57 Rilied m zoromis I Talivation, piloerectinn, latsd pugils, eaxis
W | Folled to exiremis | 30 Salivation, ploeTection, CovOISHm, POCETalE Fislur
¥ | Killsh i sarremiz | 0% Underactive, plomreting, atana, irrguklr reaHrtam
[““BE T 117 | Kallel s exfamiz W "Thin, suleractive, pilosreclion, pallor, Hmilsd e of

Tk, dpegiilis dsd ilow repivakion

120 | Bl e cxireess | 32 “Thin, undemetive, pakeerez o, palier, S wyrs, |ated
ol forckinnieg, show respsentiin

Figure 48, from page 29 of Report TVA 134993925h

No specific target organ histopathological changes were observed.

Clinical signs: 1X/day; also 1X/week detailed examination

Lonrp : 1 1 X 4
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Figure 49, from page 40 of Report TVA 134/993925
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Body weights:

“Effect of Treatment on Final Body Weight in grams (% of control)

Group 1 | Group 2 Group 3 Group 4 Group 5 Group 6
Male 354 328 (93%) 1355 (100%) | 347 (98%) [330(93%) [283 (80%)
Female [233 216 (93%) [233 (100%) |223 (96%) [223 (96%) [216 (93%)
{imup mon IAPUE] - WA
Gy : 1 T 3 4 5 &
Campanrd : Co® THPI0D  LevonbopeCaitinlpi TV HHD + Leandopa Carbrawion
Do imybepthyt  : i} 1400 e Q3+3 18+ A0 YR

a1 = = o 2 -+ - - DR — - — SR — -~ G —H— RN

[} . | 4 S i

Figure 50, from page 38 of Report TVA 134/993925

APPEARS THIS WAY
ON ORIGINAL
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Figure 51, from page 39 of Report TVA 134/993925

Food consumption: 1X/week _
Group 6 males had decreased food consumption (86% of control).
Group 2 males had decreased food consumption (89% of control).

Ophthalmoscopy: Not done

EKG: Not done

Hematology: Week 5
No significant effects

APPEARS THIS WAY
ON ORIGINAL
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Clinical chemistry: Week 5

Male changes in clinical chemistry

Groupl |Group2 |[Group3 |Group4 |[Group5 |Group6
Urea (umol/1) 3.90 4.06 437 3.90 5.40 7.23
Glucose (mmol/1) [ 4.57 6.25 6.78 6.22 6.79 7.84
ALT (u/l) 43 31 24 25 22 24
AST (u/l) 74 71 65 68 81 91
Albumin (g/1) 35 34 35 37 34 33
Values in Bold significantly different from control (p<0.05)
Female changes in clinical chemistry :
Groupl |Group2 |[Group3 |Group4 |[Group5 |[Group 6
Urea (umol/l) 5.08 5.03 4.60 5.32 6.17 6.88
Glucose (mmol/l) [5.85 5.85 6.31 7.23 6.53 6.91
ALT (u/) 34 31 25 22 23 73
AST (u/]) 68 67 69 72 171 322
-{ Albumin (g/1) 42 39 39 38 38 34
Values in Bold significantly different from control (p<0.05)
- Urinalysis: Week 5
Male changes in urinalysis
~ |Groupl |Group2 |Group3 [Group4 |Group5 [Group6
Volume (ml) 19.6 12.9 14.3 22.4 12.5 2.6
Specific Gravity |[1017 1020 1020 1012 1020 1051
()
Values in Bold significantly different from control (p<0.05)
Female changes in urinalysis
Groupl |Group2 |[Group3 |Group4 |[Group5 |Group 6
‘Volume (ml) 11.8 12.0 18.0 18.1 10.6 6.3
Specific Gravity | 1021 1018 1013 1015 1024 1035
) '

- Values in Bold significantly different from control (p<0.05)

Gross pathology:
No effects
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Organ weights (specify organs weighed if not in histopath table):

Male changes in relative organ weights (expressed as %body weight)

Groupl |[Group2 |Group3 |Group4 |Group5 |Group 6
Spleen 0.192 0.197 0.172 0.200 0.169 0.147
Thymus 0.141 0.133 0.136 0.162 . [0.136 0.117
Values in Bold significantly different from control (p<0.05)
Female changes in relative organ weights (expressed as %body weight)

Group1 |Group2 |[Group3 |[Group4 [Group5 |Group6
Spleen 0.225 0.224 0.217 0.210 0.206 0.182
Thymus 0.201 0.219 0.228 0.179 0.196 0.127

Values in Bold significantly different from control (p<0.05)

Histopathology: Adequate Battery: yes ( X ), no ( )—explain

Peer review:

yes (1), no(X)

Histological changes in decedent animals were apoptotic changes in the stomach,
intestines, thymus, spleen, liver, pancreas and prostate associated with poor clinical

condition.

No specific histological changes were observed in rats terminated at the end of the sfudy.

PEARS THIS WAY

ON ORIGINAL
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Toxicokinetics: Rats were sampled at 0, 0.5, 1, 2, 4, and 6 hours post-dose
(4/sex/timepoint)

Pharmacekinetic parameters of PAI on Day 30 of rewtment following dally oral sdmiskstration
of rasagiline mesylate to rats with or withoot co-sdministration of levedopafcarbidopa

ata doce leve] of BV20 mp/kp/day
Doselevel | Gy T AUC, AUC k A
g/l Jibours) { (oxhimd) LL! mh | chours) | thours)
3oRg® | e a.5 1501 € .
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3 P Ring 1687 05 1626 - ¢ - ‘
0:3 65 04 25.5 - e -
Sopot | 357 | 4 1354 - e - r

N Trose reducsd from 3.0 mpkpiday 1o 20 mpfofday from Dwy 12 of estiment
¥ Nosdministraticn of kvedops and cabidops
€ Terminal rane constand coeld noy be eatmantd adequately

Figure 52, from page 20 of Report TVA 174/013969

Pharmacokinete parameters of AI on Day 30 of treatraent following daily aral administration
of resugiline mesylate to rats with or withont co-admindstration of levodopafcarbidops

ot 2 doce level of 3020 mpfkeiday
Maley _
Dioaa level Cone Teams AUC, AUC k Ty
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0.3 ' 89 6 1 W - P .
g 51.3 4 | 1084 . e -

E

Bt vesdicad from 3.0 mg/kgidny ie 2.0 mpkeiday fom Day 12 of trestment
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< Terminal rate constant could ok be udmmd sulevyiaaly

Figure 53, from page 21 of Report TVA174/013969
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Fharmacokinetic parwttters of levodopa on Day 30 of treatment fallawing dadiy orsd
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Figure 54, from page 22 of Report TVA 174/013969
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Figure 55, from page 23 of Report TVA 174/013969

Other:
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3.4.33 13 WEEK ORAL (GAVAGE) COMBINATION TOXICITY STUDY WITH TVP-1012
(RASAGILINE MESYLATE), LEVODOPA AND CARBIDOPA IN RATS ‘

Key study findings

1. Combination of 1 mg/kg rasagiline with 80/20 mg/kg levodopa/carbidopa caused
increased mortality and body weight changes.

2. Rats tolerated 1mg/kg rasagiline alone or 80/20 mg/kg levodopa/carbidopa alone with
no significant effects.

3. Rasagiline had no significant effect on levodopa levels, but levodopa decreased 1
mg/kg rasagiline Cmax and AUC by 72% and 28%, respectively.

Study no.: TVA 162/013506

Location: /tox/TVA162013506

Conducting laboratory and location:© ——-
Date of study initiation: March 27, 2001

GLP compliance: Yes

QA report: yes(X)no( )

Drug, lot #, and % purity: CN-255400100

Methods
Doses: See table below
Species/strain: Rats, CD strain
Number/sex/group or time point (main study): See table below
Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics: See table below
Age: 6 weeks
Unique study design or methodology (if any):
Eﬂn Frosémmi Ty ngagiar) N T T
Biwirm  Losdapa’ Miin sudy Suteliie atudy
Ritogidise Carbitiape 205k  Femske Mike Exnaie
st
EVTInE) e
1HP Eorrmnal 4 aqwao s il el B.Y% 1] fi m 0] & a
iF LewtdopusCurbidaps n 20 1 L
3¥F Hamegiline Morybsx (TYF-IHZ) 80 o E1g 14 4§ 2
P Ramgllw Wirbae (TP 1002) &1 R0 B 1] 9 ]
+ LaviaopaiCartifege:
™ Risgiluw: Slespdive [TE-200 ) nas B0 1% ] 1 0
+ LevinkipaTurbidapa.
6MF  Mamgibne Moy {TVP- M) 0% vt m 5 » ]
+ LesodopaTarbklapa
ar Ruagibes Meoine JTWP: 10425 1o Ly I3 2 o L4
+ LeentaperTaibwbage
Figure 56, from page 15 of Report TVA 162/013506
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Observation times and results

Mortality: 1X/day

Group | Animal | SioBe etk Sgnieand
S Mo. ofdeth ol desth AHES AT A and nscropsy adingy
™ &3 (2. 753] Rk 3 Sgns - no sipeiticans sigas
dorropsy - £loped hand in e todivn, Fem caecal tontmis.
&3 iied % Bigh - fin sigrficant Hges
Bexnypey — skin, musclq mad boss on nose panisily easiilialived.
&6 Eillisd i L Signs = plloesecilng, undsnsvily, buiched potum. Aremal kifked dee
23tremiy 10 fis poor coedilice; o bl imples takem,
BNectopay —aslemaling adipome Sone. shdemiesd disession
arapdi liver. depressed nees on glondaler suisse af Bormmch
67 Killistm 4 Sigrs - both ayes cenndalised; e stiining o the hesd, Asimal kificd
P L] due 10 b poar coditii #0 Beod semple ke
Ketsipsy - s, vight Harderian gland 2nd righi omk BeEvE
conipibaliznt, skis. mescolaters and parborbiial boos parsally
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Nexeepsy - a0 sigodfican findings, Hasd paniizty eansihalived,
F 125 Died 1 Sips —na signilicanl signs.
Necropss - no sigaificam fisdisgs. Exiengive cnnitalisaton
Figure 57, from page 30 of Report TVA 162/013506

Clinical signs: 1X/day
Piloerection was observed in rats treated with levodopa/carbidopa with or without

rasagiline. Onset was earlier in rats treated with the combination (week 8§ for all
combination groups) than in the group treated without rasagiline (week 11). There was
no apparent dose response relationship with rasagiline.

Body weights: 1X/week

Final Body Weights in Grams (% control)

Group 1 | Group2 | Group3 | Group4 | Group 5 | Group 6 | Group 7
Males 512 471 (92) | 488 (95) |482(94) [477(93) | 439 (86) | 412 (80)
Females | 298 295 (99) | 283 (95) | 287 (96) | --- 273(92) | 281(94)
--- No female group 5 :
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Figure 58, from page 42 of Report TVA 162/013506
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Figure 59, from page 43 of Report TVA 162/013506

Food consumption: 1X/week
No effects

Ophthalmoscopy: Pre, Week 13
No effects
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EKG: Not done

Hematology: ‘Week 13
No significant effects

Clinical chemistry: Week 13
No significant effects

Urinalysis: Week 13
No significant effects.

Gross pathology:
No significant effects

Organ weights (specify orgians weighed if not in histopath table):

No significant effects

Hlstopathology Adequate Battery: yes ( X ), no ( )—explain
Peer review: yes (), no(X)

No significant effects

APPEARS 1IS WAY
ON OF INAL
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Toxicokinetics: Rasagiline had no significant effect on levodopa levels, but levodopa
decreased rasagiline Cmax and AUC. ~

(. for PAT on Day 340

Gronp ~ Dozage Linss {gfml) AUC, {ng:.himl)
{tghgrday)  Males Femabs MEnlas Fomabes
3 363 LE 1225 EX .
4 4.t B 3.1 © €
-] Dy T2 X 124 4318
7 b 148 142 75.6 6.2

a  Levodopa/oarbidopa were not administesed to this group
b Maximam mean plasma conceimralion was. below the limis of goanifieation
o InsufTledend dala s calculae ALIC,

Figure 60, from page 33 of Report TVA 162013506

T Group Dozage Cog (ng/mly ALy (. vmi)

i fmp/kglday) Msbas Pesvalex Blnles Females
3 i.0a 414 34 1673 2054
4 .4 24 32 b B
a 03 B35 £3? £7.1 Z8.5
T [ %)) 4.3 23 1138 1518

& Levodoepatcarhidopa wees nat administersd o this groap
b ingufficien) dats to calcabste AU,

Figure 61, from page 33 of Report TAV 162013506

Group Dosage of Coons Ingiiml} AUC, (nghiml)

TYP1012
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2 . 534R.5 1419 25828 THIE
L ! ol &838.7 45089, 1 249215 17681
& 0.5 45878 41258 27993 24834
7T LD 4081.6 338 2OHARS 171

Figure 62, from page 34 of Report TVA 162013506
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bMaximum. plasma consenieatsmn and ALC fp

Group  Dosageof Cos (ngml) AUC, (nghlml} |
TYP-1Ei}
(mg/kpidny)  Dabes  Females Muless  Females
2 0 BT 1315 144 663
| a0 338 248 I3 632
& 0% 831 1179 475 R 1 §
7 1.0 574 150.7 281 721

Figure 63, from page 34 of Report TVA 162013506

Other:

PPEARS THIS WAY
ON ORIGINAL
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3.4.3.4 SUBCHRONIC ORAL TOXICITY STUDY IN MICE WITH TVP-1012

Key study findings:

1. Some body weight effects were observed at 45 mg/kg and above in males and 60
mg/kg and above in females. These effects were less than 10% of the body weight
-and the significance is uncertain.

2. Liver hypertrophy (as indicated by increased relative liver weight and hepatocellular
enlargement) was observed 15 mg/kg and above in males and 60 mg/kg and above in
females.

3. No other effects on hematology, urinalysis or pathology were observed. No clinical
chemistry studies were done.

Study no.: — 2695-106

Location: /tox’ — 2695-106.pdf

Conducting laboratory and location: —
Date of study initiation: April 18, 1996

GLP compliance: Yes

QA report: yes(X)no( )

Drug, lot #, and % purity: 255495223

Methods
Doses: 0, 5, 15, 45, 60, 100 mg/kg
Species/strain: Mouse, ~— .CD-1(ICR)BR
Number/sex/group or time point (main study): 10/sex/dose
Route, formulation, volume, and infusion rate: Oral gavage
Satellite groups used for toxicokinetics: 99/sex (5, 45 and 60 mg/kg only)
Age: 7 weeks '
Unique study design or methodology (if any):

Observation times and results

Mortality:
0 mg/kg- 2 males died (Day 57, 81)
100 mg/kg- 1 female (A60398) found dead on Day 7

Clinical signs: 1X/day
100 mg/kg- 1 female had tremors (found dead on Day 7)

No other significant increase in clinical signs.
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Body weights: 1X/week

In general, body weights of male mice at 45 mg/kg and above were lower than controls,
but differences were less than 10%; body weights of female mice at 60 and 100 mg/kg
were lower than controls, although differences were less than 10%.

Cumulative Body Weight Changes in Grams (Week 14 BW - Week 1 BW)

0 mg/kg

5 mg/kg

15 mg/kg

45 mg/kg

60 mg/kg

100 mg/kg

Males 7.5

6.8

6.9

5.6

6.9

5.7

Females 53

3.6

5.1

4.8

4.2

3.1

Values in Bold significantly different from controls.

Body Weight (g)

Body Weight-males
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Body Weight (g)

Body Weight-females

(2]
=]
[]

N
©
[l

N
[=.-]
1

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Week

—a— 0 mg/kg =*=5mg/kg =*=15mg/kg =¢—45 mg/kg
—-o— 60 mg/kg == 100 mg/kg

Food consumption: 1X/week

No effects

Ophthalmoscopy: Week 13

No effects

EKG:

Not done

Hematology: Week 14
No effects

Clinical chemistry: Not done

Urinalysis: Week 14
No effects
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Gross pathology:

No effects

Organ weights:
Increased liver weight was observed at 45 mg/kg and above in both males and females.

Relative organ weights (%body weight)-Males

Organ 0 mg/kg 5 mg/kg 15mg/kg | 45mg/kg | 60 mg/kg [ 100 mgkg
Liver 4.41 442 4.61 5.16 5.24 5.75
Testes 1.50 1.43 1.40 1.46 1.36 1.19
Prostate 0.292 0.256 0.221 0.222 0.213 0.228
Seminal 1.026 0.926 0.817 0.690 0.828 0.750
vesicles
Relative organ weights (%body weight)-Females
Organ 0 mg/kg 5 mg/kg 15mg/kg | 45 mg/kg | 60 mg/kg | 100 mg/kg
Liver 4.48 431 4.54 5.01 5.20 5.22
Uterus 1.21 1.00 0.81 0.79 0.87 0.87
APPEARS THIS WAY

-ON ORIGINAL
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Histopathology: Adequate Battery: yes ( X ), no ( }—explain
Peer review: yes( ), no(X)

Complete histopathology in control and high dose mice only.

Increased incidence of liver hypertrophy (hepatocelluar enlargement) at 15 mg/kg and
above (groups 3-6) in males and at 60 mg/kg (group 5-6) in females. Increased lymphoid
necrosis in the thymus of females at 100 mg/kg (group 6).
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Figure 64, from page 130 of ' — 2695-106
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Toxicokinetics:

Only 5, 45 and 60 mg/kg groups were evaluated (Groups 2, 4 and 5). Mice (2-
3/sex/timepoint) were sampled at 0, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 12 and 24 hours postdose
on Days 1, 30 and 90.
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Reviewer: Paul L. Roney, Ph.D., D.A.B.T. NDA No. 21-641

3.4.3.5 TVP-1012 Toxicity To DOGS BY REPEATED ORAL ADMINISTRATION FOR 52
WEEKS '

Key study findings:

1. One dog died at 21 mg/kg (high dose).

2. Decreased body weight gain was observed at 21 mg/kg.
3. Increased cholesterol at 21 mg/kg in males and females.
4. Increased triglycerides at 21 mg/kg in males only.

Study no.: TVA 77/942506

Location: /tox/TVA 77942506.pdf -

Conducting laboratory and location: ~ -
Date of study initiation: March 11, 1993

GLP compliance: Yes

QA report: yes(X)no ()

Drug, lot #, and % purity: 255493203, __— ,ure

Methods
Doses: 0, 0.85, 5.1 or 21 mg/kg/day
Species/strain: Dog, beagle
Number/sex/group or time point (main study): 4/sex/dose
Route, formulation, volume, and infusion rate: gelatine capsules PO
Satellite groups used for 26 week interim sacrifice: 3/sex/dose
Age: 33-40 weeks '
Unique study design or methodology (if any):

~

Observation times and results

Mortality:
One 21 mg/kg female (564) was found dead in Week 51.

Clinical signs:
One 21 mg/kg female (564) had isolated convulsion in Week 33.
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Body weights:

Dogs dosed with 21 mg/kg tended to have less body weight gain than control dogs.

Body Weight Changes in kg weeks 0-52

0 mg/kg 0.85 mg/kg 5.1 mg/kg 21.0 mg/kg
Males 1.3 1.0 ' 2.0 0.0
Females 0.8 1.2 1.3 0.4
Value in Bold significant at 0<0.05
Inchuted ouly anleaby dased for 52 wesked
Bodyesigh; {hy}
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Figure 69, from page 33 of TVA 77942506

Food consumption:
No effects

Ophthalmoscopy:
Pre, Weeks 13, 26, 39 and 52
No treatment related effects observed.

EKG:

Pre, Weeks 13, 26, 39 and 52. Only heart rates presented.
No effects on heart rate. No waveform abnormalities were observed, but no data were

submitted.

Hematology: .
Pre, Weeks 13, 26, 39 and 52

No effects
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Clinical éhemistrv:
Pre, Weeks 13, 26, 39 and 52
Increased cholesterol (males and females) and triglycerides (males only) at 21 mg/kg

Cholesterol (males)
200
~ 175
=]
5 150
E 125
2 100
(2]
7
9
o 50
O 25
: 0 13 26 39 52
Week
B 0 mg/kg E2E 0.85 mg/kg
fracsiaisi) 51 mg/kg it e 21 mg/kg
Triglycerides (males)
50
= |
= |
) 40
E
o 30
[}
S
® 20
Q
>
2 10
|_
0 § k i
0 13 26 39 52
Week
E=m 0 mg/kg  E=E0.85 mg/kg
=1 5.1 mg/gk Fee 2 1 mg/kg
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Cholesterol (females)

225
200
175
150
125
100

N

Cholesterol (mg/dl)
3

N
(3]

o

0o . 13 26 39 52
Week
Em 0 mg/kg EEE 0.85 mg/kg
=15.1 mg/gk EmmE 21 mg/kg

Triglycerides (females)

~J
(=]

——

Triglycerides (mg/dl)
N WA OO
Qo © O O O

-
(=]

(=]

39 52

Week _
EZE 0 mg/kg  E=EE 0.85 mg/kg

=21 5.1 mg/gk  EZEm 21 mg/kg

Urinalysis: _
No significant effects

Gross pathology:
No significant effects
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Organ weights (specify organs weighed if not in histopath table):
No significant effects

Histopathology: Adequate Battery: yes (X)), no ( )—explain
yes (), mo ()

No effects.

Peer review:

Toxicokinetics:
Day 0, Weeks 26 and 52; 0.75 and 6 hours post dose
Data taken from study TVA 77/950296 Addendum to TV A 77/942506

Plasma concentration of rasagiline in ng/ml

Dose Sex Day 1 Week 26 Week 52
Mg/kg 0.75 hr - 6 hr 0.75 hr 6 hr 0.75 hr 6hr -
0.85 M 9.0 0.1 23.6 0.9 63:1 0.4
F 21.0 0.6 81.4 1.6 17.0 1.1
5.1 M 166.1 6.3 372.6 11.0 198.5 17.5
' F 183.6 3.8 3243 15.1 386 10.9
21 M 3070.4 33.9 2847.8 29.6 2613.5 33.8
F 1479.1 47 3774.7 90.2 3650.3 78.1
Plasma concentration of Al in ng/ml
Dose Sex Day 1 Week 26 Week 52
Mg/kg 0.75 hr 6 hr 0.75 hr 6hr | 0.75hr 6 hr
0.85 M 29.0 34 21.1 6.0 23.0 6.3
F 24.3 34 28.2 5.6 18.2 5.0
5.1 M 174.9 31.5 281.8 64.2 161.1 74.1
F 308.1 36.6 242.3 70.3 303.8 - 69.0
21 M 1222.3 285.1 1175.0 446.8 1042.5 263.1
F 933.0 308.7 1015.0 519.2 925.0 432.2
Other:
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3.4.3.6 TOXICITY STUDY OF RASAGILINE MESYLATE (TVP-1012) BY ORAL CAPSULE
ADMINISTRATION IN COMBINATION WITH 80/20 MG/KG/DAY LEVODOPA/CARBIDOPA IN
THE BEAGLE DOGS FOR 13 WEEKS FOLLOWED BY AN 8 WEEK RECOVERY PERIOD

Key study findings:

1.

2.

The combination of 2 mg/kg rasagiline with levodopa/carbidopa caused circling
behavior (suggestive of stereotypic behavior). Circling behavior was also observed in
one dog receiving 1 mg/kg rasagiline with levodopa/carbidopa.

Reduced body weight gain was observed at 2 mg/kg rasagilne with
levodopa/carbidopa.

3. Levodopa/carbidopa caused emesis in treated dogs at all doses.
4.
5. No significant effects were noted on toxicokinetic parameters.

Rasagiline alone had no adverse effects in this study.

Study no.: TVA 165/023224

Location: /tox/TVA 165023224

Conducting laboratory and location:” = — . -
Date of study initiation: July 25, 2001

GLP compliance: Yes

QA report: yes (X )no ()

Drug, lot #, and % purity: J14K0250, — ,pure

Methods

Doses: See table below

Species/strain: Dog, beagle

Number/sex/group or time point (main study): 4/sex/dose

Route, formulation, volume, and infusion rate: Oral capsules

Satellite groups used for recovery: ~ 2/sex, groups 1 and 6 only

Age: 18-24 weeks '

Weight (nonrodents only): 6.8-10.0 kg (males), 5.7-9.3 kg (females)

Unique study design: Rasagiline was administered with the first LD/CD dose

Gromp 17 daily dose T daily duse
Treatmenf Dosuspe mp'ky  Trestmeni Dosage mp'ke
1 Ermply cypsules . Erpty capsales
2 LD A1 LT C B
3 Ransp line b Enipiy espsubes -
4 Rasapifine 83 - _ -
LIWCD 1 LIBXCD Wy
5 Roawagibing (Wi . -
LIWCD 10 LBCD H 1A
L3 Rasagitine 20 . - -
1100 A1 LT Ay
Figure 70, from page 22 of Report TVA 165023224

each day; second LD/CD dose was 8 hours after the first LD/CD dose.

87



NDA No. 21-641

Reviewer: Paul L. Roney, Ph.D._, D.A.B.T.

Observation times and results

Mortality:

Group 6 male #725 was sacrificed humanely during week 12 due to abnormal behavior
(circling behavior). This dog had lost 0.8 kg between week 10 and 11.

Clinical signs: 1X/day
* One female in Group 5 and 3 males and 1'female in Group 6 had circling behavior

(stereotypy) from week 10 onwards.
All dogs treated with levodopa/carbidopa vomited 30-90 minutes after the first dose each
day.

Body weights:
Decreased weight gain was observed in dogs treated with levodopa/carbidopa.

Body weight gain in kg weeks 0-13

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Males 4.4 31 43 33 3.2 4.1
Females 3.9 3.0 3.5 2.8 2.8 2.7

Values in Bold significantly different from controls (p<0.05).

APPEARS THIS way
ON ORIGINAL
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Food consumption: 1X/week
Decreased food consumption was observed in all dogs treated with levodopa.

Ophthalmoscopy: Pre, week 13
No effects observed

EKG: Prestudy (3X), Week 6, 13; predose and 2 hours post AM dose; QT interval was
corrected using QTcv adjustment .

Decreased heart rate was associated with levodopa treatment, but no effects on corrected
QT intervals. In the graph below, the three prestudy values are presented as an average.
Pre week 6 and pre week 13 refer to values taken prior to drug administration; post week
6 and post week 13 refer to values taken two hours after the morning dosing.

Heart Rate (males)

-
N
3]

Heart Rate (bpm)

&

Qﬂe' Qoé'
Sampling Time
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Heart Rate (females)

E=Z Group 1
EZ3 Group 2
Group 3
@ Group 4
= Group 5
= Group 6

Heart Rate (bpm)

Sampling Time

Hematology: Pre, Weeks 6, 13
No significant effects were observed.

Clinical chemistry:
No significant effects were observed.

Urinalysis:
No significant effects were observed.

Gross pathology: _
No significant effects were observed.

Organ weights (specify organs weighed if not in histopath table):
No significant effects were noted on organ weights.

Histopathology: Adequate Battery: yes ( X ), no ( }—explain

Peer review: yes (), no(X)
One group 6 female dog had minimal to slight basophilic cortical tubules in the kidney.
Thymic involution was noted in all male dogs receiving levodopa and in group 6 females;
this lesion was not observed after the recovery period.
No other significant effects were observed.
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Toxicokinetics: Week 6, 0, 0.5, 1, 2, 4 and 8 hours post dose; no significant effects.
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Figure 73, from page 38 of Report TVA 165023224
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3.4.4. Genetic toxicology

344.1 TVP-1012 (BATCH P92208) BACTERIAL MUTATION ASSAY
Key findings: Rasagiline did not induce mutations in the Ames assay.
Study no.: TVA 64B/920799

Location: /tpx/TVA 64B920799.pdf _
Conducting laboratory and location: -
Date of study initiation: May 18, 1992

GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: Batch P92208

Methods
Both plate incorporation (experiment 1) and pre-incubation (experiment 2) methods were
used. :

Strains/species/cell line:
Salmonella typhimurium TA98, TA100, TA102, TA1535, TA1537

Doses used in definitive study:
50, 150, 500, 1500, 5000 ug/plate

Basis of dose selection: Limit dose (5000 ug/plate)

Negative controls: Vehicle (water)

Positive controls:

Strain -S9 ' +S9

TA98 2-Nitrofluorene (80 ug/plate) 2-Aminoanthracine (0.5 ug/plate)

TA100 N-Ethyl-N’-nitro-N- 2-Aminoanthracine (1 ug/plate)
nitrosoguanidine (3 ug/plate)

TA102 Mitomycin C (0.5 ug/plate) 1,8-Dihyroxyanthraquinone (30

ug/plate)

TA1535 | N-Ethyl-N’-nitro-N- 2-Aminoanthracine (2 ug/plate)
nitrosoguanidine (5 ug/plate) : '

TA1537 | 9-Aminoacridine (80 ug/plate) 2-Aminoanthracine (2 ug/plate)

Metabolic Activation System:
Aroclor 1254 pretreated male rat hepatic S9

Incubation and sampling times:
Plates counted after 72 hours
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Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): Adequate doses were used. The positive controls were positive and the negative
controls were negative. In experiment 2, excessive toxicity was observed at 5000
ug/plate in the presence of S9 in TA102 and TA1535, but this does not affect the validity
of the study.

Study outcome: The results are presented below. Rasagiline did not show mutagenic
potential in this test system.

Mean revertants/plate in experiment 1 (plate incorporation assay)

TA98 TA100 TA102 TA1535 TA1537

Dose | -89 | +S9 -S9 +S9 -S9 | +89 -39 | +S9 -S9 | +S9

Water | 21 24 99 107 149 188 12 14 14 16

0 22 22 108 102 163 192 11 12 12 15

50 25 24 105 113 176 162 12 14 14 16

150 23 21 106 111 164 175 9 13 13 17

500 24 24 96 104 135 | 172 13 13 13 15

1500 22 24 114 116 164 172 15 14 14 14

5000 24 25 108 130 152 173 10 12 12 12

PC 189> 275 327 633 518 810 | 246 | 236 | TMC | 108

PC = Positive control
TMC = “Too many colonies to count accurately”

Mean revertants/plate in experiment 2 (pre-incubation assay)

TA98 TA100 TA102 TA1535 TA1537

Dose -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9

Water | 26 31 98 | 116 205 216 14 15 16 15

0 27 25 112 115 189 216 11 14 16 16

50 27 25 84 97 224 224 11 14 13 12

150 22 26 88 | 104 182 232 13 12 18 18

500 19 27 103 125 189 222 11 10 14 18

1500 26 30 92 125 207 206 12 10 13 14

5000 14 20 9 | IL 114 | IL 12 12 15 12

PC 275 215 329 461 700 974 188 57 | TMC | 124

PC = Positive control
IL = Incomplete bacterial lawn
TMC = “Too many colonies to count accurately”
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3.4.42 TVP-1012 (BATCH 23029101-132) BACTERIAL MUTATION ASSAY
Key findings: Rasagiline did not induce mutations in the Ames assay.
Study no.: TVA 64C/920800

Location: /tox/TVA 64C920800.pdf
Conducting laboratory and location: B
Date of study initiation: May 18, 1992

GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: Batch 23029101-132

Methods _
Both plate incorporation (experiment 1) and pre-incubation (experiment 2) methods were
used.

Strains/species/cell line:
Salmonella typhimurium TA98, TA100, TA102, TA1535, TA1537

Doses used in definitive study:
50, 150, 500, 1500, 5000 ug/plate

Basis of dose selection: Limit dose (5000 ug/plate)

Negative controls: Vehicle (water)

Positive controls:

Strain -39 +S9 v :

TA98 2-Nitrofluorene (80 ug/plate) 2-Aminoanthracine (0.5 ug/plate)

TA100 N-Ethyl-N’-nitro-N- 2-Aminoanthracine (1 ug/plate)
nitrosoguanidine (3 ug/plate)

TA102 Mitomycin C (0.5 ug/plate) 1,8-Dihyroxyanthraquinone (30

ug/plate) .

TA1535 | N-Ethyl-N’-nitro-N- 2-Aminoanthracine (2 ug/plate)
nitrosoguanidine (5 ug/plate)

TA1537 | 9-Aminoacridine (80 ug/plate) 2-Aminoanthracine (2 ug/plate)

Metabolic Activation System:

Aroclor 1254 pretreated male rat hepatic S9

Incubation and sampling times:

Plates counted after 72 hours
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Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): Adequate doses were used. The positive controls were positive and the negative
controls were negative. In experiment 2, excessive toxicity was observed at 5000
ug/plate in the presence of S9 in TA102 and TA1535, but this does not affect the validity
of the study.

Study outcome: The results are presented below. Rasagiline did not show mutagenic
potential in this test system.

Mean revertants/plate in experiment 1 (plate incorporation assay)

TA98 TA100 TA102 TA1535 TA1537

Dose | -S9 +S9 -S9 | 489 -S9 +S9 -S9 | +S9 -S9 | +89

Water | 21 24 99 107 149 188 12 14 12 16

0 22 22 108 102 163 192 11 12 11 16

50 20 23 112 99 158 163 10 14 10 13

150 22 23 100 104 182 174 13 16 12 13

500 20 24 99 | 109 154 159 12 14 15 13

1500 23 21 100 106 161 168 13 13 14 16

5000 21 27 104 127 155 160 12 16 13 14

PC 189 275 327 633 518 810 | 246 | 236 | TMC | 108

PC = Positive control
TMC =*“Too many colonies to count accurately”

Mean revertants/plate in experiment 2 (pre-incubation assay)

TA98 TA100 TA102 TA1535 | TA1537

Dose | -S9 +S9 -S9 | +89 -S9 +S9 -S9 +S9 -S9 | +S9

Water | 26 31 | 98 116 205 216 14 15 16 15

0 27 25 112 115 189 216 11 14 16 16

50 23 | 27 118 103 224 212 8 11 17 16

150 21 24 92 117 211 235 15 12 15 15

500 26 31 93 116 195 224 10 12 15 18

1500 24 20 99 136 | 218 220 15 11 17 17

5000 23 24 94 90 111 124 10 7 12 16

PC 275 215 329 | 461 700 974 188 57 | TMC | 124

PC = Positive control
IL = Incomplete bacterial lawn
TMC = “Too many colonies to count accurately”
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3.4.4.3 TV-5701182 ASSESSMENT OF MUTAGENIC POTENTIAL IN HISTIDINE AUXOTROPHS
OF SALMONELLA TYPHIMURIUM (THE AMES TEST)

Key findings: Rasagiline did not induce mutations in the Ames assay. This study is
considered incomplete since it did not include an assessment of AT point mutations
(study did not include S. typhimurium TA 102 or E. coli WP2) and there were
methodological problems (eg duplicate rather than triplicate cultures) and lab errors -
(contaminated cultures).

Study no.: TEV/054/TV

Location: /tox/TEV054TV.pdf

Conducting laboratory and location: —_
Date of study initiation: February 1990

GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: Batch 23028901-121 .

Methods
Plate incorporation method was used.

Strains/species/cell line:
Salmonella typhimurium TA98, TA100, TA1535, TA1537, TA1538

Doses used in deﬁnitivé study: 25, 125, 625, 1250, 2500 ug/plate

Basis of dose selection: Reduced lawn at 5000 ug/plate

Negative controls: Vehicle (water)

Positive controls:

Strain -S9 +S9

TA98 4-Nitro-o-phenylenediamine (20 2-Aminoanthracine (2 ug/plate)
ug/plate)

TA100 Sodium Azide (3 ug/plate) 2-Aminoanthracine (2 ug/plate)

TA1535 | Sodium Azide (3 ug/plate) 2-Aminoanthracine (2 ug/plate)

TA1537 | ICR-191 (2 ug/plate) 2-Aminoanthracine (2 ug/plate)

TA1538 | 4-Nitro-o-phenylenediamine (20 2-Aminoanthracine (2 ug/plate)
ug/plate)

Metabolic Activation System:
Phenobarbital/3-methylcholanthrene pretreated male rat hepatic S9

Incubation and sampling times:
Duplicate plates counted after 48 hours
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Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): Adequate doses were used. The positive controls were positive and the negative
controls were negative. Only duplicate plates (rather than triplicates) were used.
Cultures were incubated for 48 hours rather than 72 hours. 2-Aminoanthracene did not
induce mutations in the absence of S9 (data not presented). Six plate were contaminated.
The solvent control in the TA1538 with metabolic activation (experiment 1) was
unexpectedly low.

Study outcome: The results are presented below. Rasagiline did not show mutagenic
potential in this test system.

Mean revertants/plate in experiment 1

TA98 TA100 TA1535 TA1537 TA1538

[Dose | -9 +S9 -S9 +39 -S9 +S9 -S9 | 489 -S9 | 4S9

Water | 16 18 44 58 15 10 12 6 12 | 4

0 12 -- 42 -- 26 -- 20 -- 20 --

25 14 26 42 36 15 8 18 8 18 44

125 16 16 20 69 21 18* 25 6* 18 30

625 12 41* 30 58 26 14 20 14 18 25

1250 | 12 35 32 58 32 16 18 16 12 29*

2500 14 24 29 56 29 16 18 16 30 28

PC 1510 | 370 277 170 ] 2290 | 135 | 1480 | 234 | 1732 | 1272

PC = Positive control
* = single plate; duplicate plate had contamination.

Mean revertants/plate in experiment 2

TA98 TA100 TA1535 TA1537 TA1538

Dose | -89 +S9 -S9 | +S9 -S9 +S9 -89 | +S9 -S9 +S9

Water | 24 30 78 54 24 14 6 10 15 24

0 6 -- 73 -- 20 -- 10 -- 12 --

25 14 C 96 41 8 14 7 10 10 12
125 10 9* 86 62 14 17 6 8 14 17*
625 10 17 32 32 28 18 4 4 10 22
1250 16 24 62 62 22 16 5 8 18 12

2500 8 19 38 38 26 20 4 7 18 12

PC 1378 | 409 308 98 2104 | 119 ] 2390 | 370 | 2692 | 3136

PC = Positive control
* = gingle plate; duplicate plate had contamination.
C = both plates were contaminated
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3.4.4.4 STUDY TO EVALUATE THE CHROMOSOME DAMAGING POTENTIAL OF TVP-1012
By ITS EFFECTS ON CULTURED HUMAN PERIPHERAL BLOOD LYMPHOCYTES USING AN IN
VITRO CYTOGENETICS ASSAY

Key findings:
Rasagiline induced a significant increase in the incidence of chromosomal aberrations in
the presence of metabolic activation, but not in the absence of metabolic activation.

Study no.: 1 STIP.015 TIP 15/

Location: /tox/! 2TIP.015 TIP 15 102816.pdf
Conducting laboratory and location: _—

Date of study initiation: November 4,1992

GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: P-92214, >

Methods

Strains/species/cell line:
Human Peripheral Lymphocytes

Doses used in definitive study:

Basis of dose selection:
50-80% decrease in Mitotic Index in Dose Range Finding Study.

Negative controls:
Vehicle (water)

Positive controls:
4-Nitroquinoline 1-oxide (1.25, 2.5, 5.0 ug/ml) -S9
Cyclophosphamide (1.25, 2.5 ug/ml) +S9

Metabolic Activation System:
Aroclor 1254 pretreated male rat hepatic S9 (dosage and duration not given). Media
contrained 5% of S9 mixture.

Incubation and sampling times:

-S9- 20 hour incubation (trial 1)

-S9- 44 hour incubation (trial 1) [not evaluated]

-S9- 3 hour incubation with 41 hour recovery (trial 2) [not evaluated]

+S9- 3 hour incubation with 17 hour recovery (trials 1 and 2) [only one trial done)

99



Reviewer: Paul L. Roney, Ph.D.. D.A.B.T. NDA No. 21-641

Results

Study validity (comment on replicates, criteria for positive results, etc.):
The methods were appropriate. The positive and negative controls gave appropriate
responses. The study is considered valid.

Study outcome:
Rasagiline caused an increase in the incidence of chromosomal aberrations at 63.5 ug/ml

and above in the presence of metabolic activation. No increase was observed in the
absence of metabolic activation. Due to the positive result in the first study, the other
planed studies were not conducted.

Incidence of Aberrations in the Absence of Metabolic Activation after 20 hours of
Treatment

Dose |Cell {Gap |[Chr [Chr |Ctd {Ctd |Other [Abs |Abs-gap [Num [MI
ug/ml del |exch |del [exch +gap |(%Abs) [Abs

0 200 {1 2 0 2 0 0 5 4 (2.0 2 55 |
89 200 {2 1 0 1 0 0 4 2.0 3 4.8
211 200 |1 0 1 2 0 0 3 2(1.0) 3 3.5
667 (200 |5 1 0 2 0 0 7 3(1.5) 1 3.0
890 200 |3 2 0 3 0 0 8 5(2.5) 1 1.9
1190 [200 |1 1 0 5 0 0 7 6 (3.0) 0 2.2
NQO [50 |5 4 0 15 |7 5 23 22(44) |10

Abs refers to number of cells with aberrations (cells may have more than one type of
aberration).

Incidence of Aberrations in the Presence of Metabolic Activation after 3 hours of
Treatment followed byl7 hours of Recovery

Dose |Cell |Gap |[Chr [Chr |Ctd [Ctd |Other jAbs |Abs-gap |Num |[MI
ug/ml del |exch |del |exch +gap |(%Abs) | Abs

0 200 |2 1 0 2 0 0 5 3.5 1 5.2
6.36 {200 |2 0 0 1 0 0 3 1 (0.5) 4 5.4
20.1 200 |3 0 0 0 0 0 3 0(0.0) 5 5.1
35.7 (200 |6 1. |0 5 0 0 10 5(2.5) 4 3.4
63.5 1200 {5 6 0 19 10 0 17 15(7.5) |14 33
113 {200 |17 |2 0 17 (3 2 30. |20(10.0) |16 2.4
2670 1200 |18 2 0 25 |2 2 37 26 (13.0) |6 3.8
CPA |50 11 5 0 14 10 0 19 15(30.0) |0 ---

Abs refers to number of cells with aberrations (cells may have more than one type of
aberration). .

Values in Bold were statistically significant (p<0.01)

Values in Bold Italic were statistically significant (p<0.001)
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3.4.4.5 RASAGILINE MESYLATE (TVP-1012) IN A CHROMOSOMAL ABERRATIONS ASSAY
IN CULTURED HUMAN PERIPHERAL BLOOD LYMPHOCYTES IN THE PRESENCE AND ABSENCE
OF 1 MM GLUTATHIONE UNDER METABOLIC ACTIVATION CONDITIONS

Key findings:

Rasagiline induced a significant increase in the incidence of chromosomal aberrations in
“the presence of metabolic activation 20 hours, but not after 41 hours. No increase was

observed in the presence.of glutathione, but no positive control was tested in the presence

of metabolic activation. In addition, the high dose of rasagiline did not induce significant

cytotoxicity in the 46 hour sampling time, suggesting that higher doses should have been

used at this time point.

Study no.: 18585-0-4490ECD

Location: \pharmtox\tox\18585-0-4490ECD.pdf

Conducting laboratory and location: *

Date of study initiation: August 6,1997

GLP compliance: Yes

QA reports: yes (X ) no( )

Drug, lot #, and % purity: CN:255495223," — pure

Methods | :
Cells were incubated with and without 1 mM glutathione.

Strains/species/cell line:
Human Peripheral Lymphocytes

Doses used in definitive study:
See below

Basis of dose selection:
50-80% decrease in Mitotic Index in Dose Range Finding Study.

Negative controls:
Vehicle (water)

Positive controls:
Cyclophosphamide (50, 100 or 150 ug/ml) +S9

Metabolic Activation System:
Hepatic S9 from male rats pretreated with 500 mg/kg/day Aroclor 1254 for 5 days.
Concentration in the test media was not given.

Incubation and sampling times:
+89- 3 hour incubation with 17 hour or 41 hour recovery
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Results

Study validity (comment on replicates, criteria for positive results, etc.):
The methods were appropriate. The positive and negative controls gave appropriate
responses. The positive control (cyclophosphamide) was not tested in the presence of
glutathione which makes it difficult to interpret the glutathione data. The high dose in the
presence of glutathione 46 hours after treatment did not induce significant cytotoxicity
(MI was 70% of control) suggesting that higher doses should have been used.

Study outcome:
Rasagiline caused an increase in the incidence of chromosomal aberrations at the highest

dose only (2673 ug/ml) after 3 hour treatment and a 17 hour recovery (cells fixed 22
hours after treatment). No increase in aberrations were observed after a three hour
treatment followed by a 41 hour recovery period. No increases were observed in the
presence of glutathione, but the lack of a positive control with glutathione treatment
makes it impossible to interpret the data (does glutathione interfere with the expression of
aberrations in a specific or non-specific matter). '
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3.4.4.6 STUDY TO EVALUATE THE CHROMOSOME DAMAGING POTENTIAL OF TVP-101 By
ITs EFFECTS ON CULTURED HUMAN PERIPHERAL BLOOD LYMPHOCYTES USING AN IN
VITRO CYTOGENETICS ASSAY ‘

Key findings:

Rasagiline induced a significant increase in the incidence of chromosomal aberrations in
the presence of metabolic activation. There was also an increase at the middose, but not
the low or high dose in the absence of metabolic activation.

Study no.: 1’ [TP.002 TTP 2/

Location: /tox/] .E TIP 002TIP2 pdf
Conducting laboratory and location:

Date of study initiation: November 4,1992
GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: RLB 91400530,

Methods

Strains/species/cell line:
Human Peripheral Lymphocytes

Doses used in definitive study:
See below

Basis of dose selection:
50-80% decrease in Mitotic Index in Dose Range Finding Study.

Negative controls:
Vehicle (water)

Positive controls:
4-Nitroquinoline 1-oxide (1.25, 2.5, 5.0 ug/ml) -S9
Cyclophosphamide (12.5, 25 ug/ml) +S9

Metabolic Activation System:
Aroclor 1254 pretreated male rat hepatic S9 (dosage and duration not given). Media
contrained 5% of S9 mixture.

Incubation and sampling times:

-S9- 20 hour incubation (trial 1) -

-S9- 44 hour incubation (trial 1) [not evaluated]

+S9- 3 hour incubation with 17 hour recovery (trial 1)

+S9- 3 hour incubation with 41 hour recovery (trial 2) [not evaluated]
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Results

Study validity (comment on replicates, criteria for positive results, etc.):
The methods were appropriate. The positive and negative controls gave appropriate
responses. The study is considered valid.

- Study outcome:
Rasagiline caused an increase in the incidence of chromosomal aberrations starting at the

lowest dose tested (1168 ug/ml) in the presence of metabolic activation. In addition, an
increase was observed at 492.9 ug/ml in the absence of metabolic activation, but not at
657.2 ug/ml. Due to the positive result in the first study, the other planed studies were
not conducted. ,

Incidence of Aberrations in the Absence of Metabolic Activation after 20 hours of
Treatment

Dose |Cell {Gap |Chr |[Chr |[Ctd |Ctd |Other |Abs |[Abs-gap {Num |(MI
ug/ml del [exch [del |exch +gap |(%Abs) |Abs

0 200 [3 o o 3 |o 0 6 3(1.5) [0 [6.0
369.7 [200 |11 |1 |0 5 [0 0 15 630 |1 3.6
4929 [200 12 Jo o 9 |1 0 20 [10(5.00 |3 2.9
657.2 [179 |9 0 |0 4 o 0 10 [422) o [25

NQO {50 |5 0 0 14 |8 1 15 14 (28.0) {0

Abs refers to number of cells with aberrations (cells may have more than one type of
aberration).
Values in ltalics were statistically 51gn1ﬁcant (p<0.05)

Incidence of Aberrations in the Presence of Metabolic Activation after 3 hours of
Treatment followed by17 hours of Recovery

Dose |Cell {Gap |[Chr {Chr |[Ctd [Ctd [Other jAbs |Abs-gap |[Num |MI
ug/ml del {exch |del [exch +gap [(%Abs) |Abs

0 200 |5 2 |0 2 |o 0 9 4200 1o 6.2
1168 |200 {12 |4 |1 9 |1 1 21 [15(75) 113 |27
1558 1200 {17 |9 |0 20 |3 2 35 [27(13.5 |6 |26
2077 (200 |20 [4 o 29 |3 0 30 (2210 |11 (29|
CPA |50 [6 11 |0 22 |1 0 25 [2448.0) Jo -

Abs refers to number of cells with aberrations (cells may have more than one type of
aberration).

Values in Bold were statlstlcally significant (p<0.01)

Values in Bold Italic were statistically significant (p<0.001)
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Figure 80, from page 24 of Report 1 ATIP.002 TIP 2
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3.4.4.7 CYTOTOXICITY AND MUTAGENICITY TEST ON RASAGILINE MESYLATE (TVP-1012)
IN THE L5178Y TK+/- MOUSE LYMPHOMA FORWARD MUTATION ASSAY WITH AND
WITHOUT METABOLIC ACTIVATION AND IN THE PRESENCE OF 1 MM GLUTATHIONE UNDER
ACTIVATION CONDITIONS

Key findings:

Rasagiline was positive in this assay in the presence and absence of metabolic activation.
Colony sizing showed that there was an increase in small colonies suggesting that the
effect was due to clastogenesis. Rasagiline was positive in the presence of glutathione.

Study no.: 18585-0-431CY and 18585-1-431

Location: /tox/18585-0-431CY and 18585-1-431.pdf
Conducting laboratory and location: —_—
Date of study initiation: July 29, 1997

GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: CN:255495223

Methods

Strains/species/cell line:
L5178Y TK+/- Mouse Lymphoma Cells

Doses used in definitive study:

Basis of dose selection:
10-20% survival compared to control in range finding assay

Negative controls:
Vehicle (water)

Positive controls:
-S9: Methyl methanesulfonate- 5, 10 nl/ml
+S9: Methylcholanthrene- 2, 4 ug/ml

Metabolic Activation System:
Hepatic S9 from male rats pretreated with 500 mg/kg/day Aroclor 1254 for 5 days.
Concentration in the test media was not given.

Incubation and sampling times:
4 hour incubation with rasagiline followed by 48 hour expression period.
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Results

Study validity (comment on replicates, criteria for positive results, etc.):
Appropriate methods were used. The positive and negative controls gave the expected
results. The study is considered valid.

Study outcome:
Rasagiline increased the incidence of mutations in the absence of metabolic activation at

1000 ug/ml and in the presence of metabolic activation at 0.25 and 5 ug/ml (although not
at the three intermediate doses). The addition of 1 mM glutathione reduced the
cytotoxicity of rasagiline (enabling higher doses to be tested), but the higher doses were
also mutagenic (50, 75, 100 ug/ml). Colony sizing suggested that there was an increase
in the proportion of small colonies suggesting that rasagiline is clastogenic.
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Figure 81, from page 30 of Report 18585-0-431CY and 18585-1-431
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Figure 82, from page 31 of Report 18585-0-431CY and 18585-1-431
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Figure 83, from page 32 of Report 18585-0-431CY and 18585-1-431
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AMALYSIS OF COLONY SIZE WITH RASAGILINE MESYLATE (TVP-1012)
— ASSAY MUMBER 13585-1-431 v
Dosg 50 | Mutnt S%Llape | % Small Ratio
{ug'ml) | Feequency Colomies Colonies %
(% 10%y* 5
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v - 50,9 49.0 510 1.04
Pt - | 333 98 | W0z |
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Figure 84, from page 33 of Report 18585-0-431CY and 18585-1-431

Estimated Mutation Frequencies (x 10°®) derived from Figure 84

Dose Glutathione | S9 | Total MF Large Small
Colony MF | colony MF

vC - - 50.9 24.9 26.0
PC - - 331.3 165.0 166.3
1000 - - 123.3 46.3 66.2
vC - + 50.0 26.7 . 233
PC - + 416.7 162.1 254.6
5.0 - + 175.0 753 99.8
VC + + 60.3 29.4 30.9
PC + + 286.0 116.4 169.6
75.0 + + 248.3 504 197.9
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3.4.4.8 TVP-1012 MOUSE MICRONUCLEUS TEST

Key findings:
Rasagiline did not increase the incidence of micronuclei in this study.

Study no.: M/MMN/35197

Location: /tox/MMMN35197.pdf

Conducting laboratory and location: ' —
Date of study initiation: about July 1992

GLP compliance: Yes

QA reports: yes (X) no( )

Drug, lot #, and % purity: P.92208

Methods

Strains/species/cell line:
Mouse, CD-1

Doses used in definitive study:
50, 100, 200 mg/kg, PO

Basis of dose selection:
Mortality in dose range finding study at 320 mg/kg

Negative controls:
Vehicle (water)

Positive controls:
Mitomycin C, 4 mg/kg ip

Incubation and sampling times:
Mice were given single PO dose of rasagiline and sacrificed 24, 48, 72 hours post
injection. Five mice/sex/dose were used at each time point. '
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Results

Study validity (comment on replicates, criteria for positive results, etc.):
Positive and negative controls had appropriate responses. The high dose was adequate
based on mortality at 320 mg/kg.

Study outcome:

Rasagiline was negative in this assay.

Males
Day Dose Mean PCE | Mean Mean Ratio [ Mean %
MN-PCE | MN-NCE | PCE/NCE | MN-PCE
1 0 1011.6 0.4 0.0 1.02 0.04
50 1093.0 0.4 0.2 1.01 | 0.04
100 1020.0 0.4 0.2 1.03 0.04
200 1047.6 0.2 0.2 0.92 0.02
PC 1054.6 12.4 1.0 0.86 1.17
2 0 1021.4 0.0 0.2 1.01 0.00
50 1022.4 0.0 0.0 [ 0.97 0.00
100 1005.6 0.0 0.2 0.92 0.00
200 1020.8 0.2 0.0 0.99 0.02
3 0 1024.6 1 0.0 0.2 0.95 0.00
50 1010.0 0.0 0.2 0.98 - 0.00
100 1021.6 0.0 0.0 1.00 0.00
200 1030.8 0.6 0.4 0.95 - 0.06
Females
Day Dose Mean PCE | Mean Mean Ratio Mean %
MN-PCE | MN-NCE | PCE/NCE | MN-PCE
1 0 1006.6 0.4 0.2 0.95 0.04
50 1035.2 0.4 0.4 0.99 0.04
100 1023.6 0.2 0.0 1.03 0.02
200 1018.6 0.0 0.0 0.94 0.00
PC 1030.8 13.0 0.8 0.95 1.26
2 0 1024.6 0.2 0.2 1.01 0.02
50 10124 0.0 0.0 1.00 0.00
100 1014.0 0.0 0.0 0.98 0.00
200 1 1022.0 0.0 0.0 1.01 0.00
3 0 1043.6 0.2 0.2 0.94 0.02
50 1019.6 0.0 0.2 1.00 0.00
100 1011.0 0.2 0.0 0.99 0.02
200 1018.8 0.0 0.0 0.99 0.00
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Combined Sexes

Day Dose Mean PCE | Mean Mean Ratio Mean %
MN-PCE [ MN-NCE | PCE/NCE | MN-PCE

1 0 1010.1 0.4 0.1 0.99 0.04
50 1064.1 0.4 0.3 1.00 0.04
100 1021.8 0.3 0.1 1.03 0.03
200 1033.1 0.1 0.1 0.93 0.01
PC 1030.8 13.0 0.8 0.95 1.26

2 0 1023.0 0.1 0.2 1.01 0.01
50 . 1017.4 0.0 0.0 0.98 10.00
100 1 1009.8 0.0 0.1 0.95 0.00
200 1021.4 0.1 0.0 1.00 0.01

3 0 1034.1 0.1 0.2 0.95 0.01
50 1014.8 0.0 0.1 0.99 0.00
100 1016.3 0.1 0.0 1.00 0.01
200 1024.8 | 0.3 0.2 0.97 0.03

APPEARS THIS WAY

ON ORIGINAL
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3.4.4.9 GENOTOXICITY TEST ON THE EFFECT OF RASAGILINE MESYLATE (TVP-1 012) oN
IN VIVO/IN VITRO UNSCHEDULED DNA' SYNTHESIS IN RAT PRIMARY HEPATOCYTE
CULTURES AT TwO TIMEPOINTS

Key findings:
Rasagiline did not induce unscheduled DNA synthesis in this study..

Study no.: 18585-0-494

Location: /tox/18585-0-494.pdf

Conducting laboratory and location: —_
Date of study initiation: June 3, 1997

GLP compliance: Yes

QA reports: yes (X) no( )

Drug, lot #, and % purity: CN:255495223

Methods

Strains/species/cell line:
Rat, International Gold Standard - — CD(SD)IGS BR), males only

Doses used in definitive study: |
25, 50, 100, 200 mg/kg, PO

Basis of dose selection:
Maximum tolerated dose

Negative controls:
Vehicle (water)

Positive controls:
N-Dimethylnitrosamine 10 mg/kg ip (2-3 hour timepoint), 15 mg/kg ip (15-16 hour
timepoint)

Incubation and sampling times:

Rats were given single dose of rasagiline and sacrificed 2-3 hours or 15-16 hours later.
Hepatocytes were isolated and examined for unscheduled DNA synthesis using tritiated
thymidine. Three rats were used per timepoint.
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Results

Study validity (comment on replicates, criteria for positive results, etc.):

Positive and negative controls had appropriate responses. The high dose was adequate
based on mortality observed at 200 mg/kg in this study.

Study outcome:
Rasagiline was negative in this assay. Two out of three rats died prior to sacrificed at the
15-16 hour time point. The 200 mg/kg group could not be analyzed due to this toxicity.

‘Tﬁhle_ 3. Summary of UDE af the 7- t¢ 3-hour Timepoint

Tolean Mt ¥ Dells with > 5 Mean
“Vehiole Control | 082 200 602
Pagitive Control : ‘
T i i MG
0 Y - 2.00 183
100 : 165 0y 851
504 | 095 059 503

welghted for the actual number of cells ponlyzed por slids.

Figure 85, from page 21 of Report 18585—0-494
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0 095 033 348
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Figure 86, from page 22 of Report 18585-0-494
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3.4.4.10 IN Vivo MOUSE MICRONUCLEUS ASSAY WITH RASAGILINE MESYLATE IN
COMBINATION WITH 80 MG/KG/20 MG/KG LEVODOPA/CARBIDOPA &
LEVODOPA/CARBIDOPA ALONE USING THE ORAL GAVAGE ROUTE OF ADMINISTRATION

Key findings:

Rasagiline mesylate in combination with 80 mg/kg/20 mg/kg Levodopa/Carbidopa &
Levodopa/Carbidopa alone, was negative in the mouse bone marrow micronucleus assay
under the conditions of this assay. '

Study no.: 21326-0-4550ECD

Location: /tox/21326-0-4550ECD.pdf
Conducting laboratory and location: ~ —
Date of study initiation: March 22, 2000

GLP compliance: Yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: CN: 255400199

Methods

Strains/species/cell line:
Mice, Crt:CD-1 (ICR) BR strain, males

Doses used in definitive study:
See below.

Basis of dose selection:

5/6 mice dosed with 200 mg/kg rasagiline with 80/20 mg/kg levodopa/carbidopa died
within 24 hours of treatment. No mortality was noted with the combination of 100 mg/kg
rasagiline with 80/20 mg/kg levodopa/carbidopa. '

Negative controls:
Vehicle (water)

Positive controls:
Cyclophosphamide

Incubation and sampling times:
24 and 48 hours post dose
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Results

Study validity (comment on replicates, criteria for positive results, etc.):

Positive and negative controls had appropriate responses.

Study outcome:

No significant increase in micronucleus formation was observed in rasagiline treated

mice.
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b B 0 D64 £ 008
LEVOROPACARBIDNES 140050 mghky M br 304 £ a0 L8 £ 00T
ROVSMGmpky M 204 = 043 5% £ 006
a8 b G0 ¢ 003 05Y = DOS
ROSITIVE Crwagky Mo 192 & 040 DS & DIvs
TEST ARTICLE Spmgkg  Mlw 049 + 001 050+ D04
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Figure 87, from page 21 of Report 21326-0-4550ECD
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3.4.5. Carcinogenicity

3.4.5.1 RASAGILINE MESYLATE (TVP-1012) CARCINOGENICITY STUDY BY ORAL GAVAGE
ADMINISTRATION TO CD-1 MICE FOR 104 WEEKS

Key study findings:

Adequacy of the carcinogenicity study and appropriateness of the test model:

1. There was adequate survival to permit tumor development.

2. Body weights at all dose levels wee within 10% of control values.

3. No dose limiting histopathology was observed.

4. Based on the increased incidence of lung neoplasms in males, the doses in males are
considered adequate.

5. An MTD was not reached in females.

Evaluation of tumor findings: ,

An increased incidence of combined lung adenomas/carcinoma in male mice at 45
mg/kg; there was also a significant trend in combined lung adenoma/carcinoma in male
mice. Increased incidence of combined lung adenoma/carcinoma was observed in female
mice, but the increase was not considered statistically significant. No other significant
associations were observed in male or female mice.

Study no.: 6751-104

Location: tox\6751-104.pdf

Conducting laboratory and location: ~ —
Date of study initiation: April 22, 1998

GLP compliance: Yes

QA report: yes (X) no( )

Drug, lot #, and % purity:

Control Number . Date Regoived _ Wioeks Used Purity
2354958223 13 Dtober 1997 | throagh 23
255495223 5 June 1998 2% theeugh 49
235405223 26 February 1999 4% through 53
235400199 14 April 1999 54 through S8
559001 9% 21 April 1999 52 through 105
Mot Purity nexults weere olitaaed by lieation assays,

Figure 88, from page 18 of Report 6751-104

CAC concurrence: The CAC (March 10, 1998) concurred with the sponsor’s original
doses of 1, 15 and 45 mg/kg; The committee recommended that the sponsor consider
raising the low dose to enable a better evaluation of potential dose response relationships.
Meeting minutes did not discuss histopathology only being done at control and high dose.
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Metho

ds

Doses: 0, 1, 15, 45 mg/kg/day

Basis of dose selection (MTD, MFD, AUC etc.): MTD

Species/strain: Mouse, CD-1(ICR)BR

Number/sex/group (main study): 55/sex/dose

Route, formulation, volume: Oral gavage, Distilled water, 5 ml/kg
Frequency of dosing: 1X/day

Satellite groups used for toxicokinetics: 50/sex/dose (rasagiline treated mice)
Satellite groups used for liver assay: 15/sex/dose (reviewed on page 14)
Satellite groups used for prolactin assay: 12/sex/dose

Age: 6 weeks at start of study

Animal housing: Individual in wire mesh cages

Restriction paradigm for dietary restriction studies: N/A

Drug stability/homogeneity: Drug formulations were stable

Dual controls employed: No

Interim sacrifices: None

Deviations from original study protocol: No significant deviations

Observation times

Mortality: 2X/day

Clinical signs: 2X/week

Body weights: 1X/week (weeks 1-14), 1X/4weeks (weeks 15-104)

Food ¢

Histopathology: Peer review: yes ( X ), no ( ); complete histopathology in control and
high dose mice and early decedents; also gross lesions, lungs, liver, kidney and harderian

onsumption: 1X/week (weeks 1-14), 1X/4weeks (weeks 15-104)

gland (males only) were examined in the low and mid dose groups.

Toxicokinetics: Day 30- 0, 0.25, 0.5, 1, 2, 4 and 8 hours post dose; Week 26- 0.25 and 2

hours postdose.

APPEARS THIS WAY
ON ORIGINAL
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Results

Mortality: No statistically significant differences, high dose males had “nearly”
significant increase in mortality.
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Figure 89, from page 37 of report 6751-104
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Clinical signs:
Rough hair coat, yellow hair coat and yellow abdominal skin were observed in high dose

males; No dose limiting clinical signs were observed
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Figure 90, from page 38 of Report 6751-104

Body weights:
Slight decreases in body weight were observed at the high dose. The changes were about

5-6% in males and 2-8% in females. These changes would not generally be considered
dose limiting.
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Figure 91, from page 39 or Report 6751-104
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Mean Body Weights
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Figure 92, from page 40 of Report 6751-104
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Food consumption:

Increased food consumption observed at 15 mg/kg (males only) and 45 mg/kg (both
sexes.
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Figure 93, from page 43 of Report 6751-104

Hematology/Prolactin Levels:
No effects were observed on hematological parameters or on prolactin levels.

Gross _pathology:

(A consolidated gross pathology table (early and terminal decedents) was not included in
the study report. This was requested from the sponsor and provided in an e-mail of
February 9, 2004 from Mr Dennis Williams (TEVA Neuroscience) to Ms. Teresa
Wheelous (FDA))

Lung Masses

0 mg/kg 1 mg/kg 15 mg/kg 45 mg/kg
Males 4/55 4/55 8/55 10/55
Females 2/55 3/55 7/55 10/55
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Histopathology:

Non-neoplastic:

Malez Frmales
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Figure 94, from page 47 of Report 6751-104

The hepatocyte necrosis observed at 15 and 45 mg/kg was defined as “isolated, single or

small clusters of necrotic hepatocytes” (page 11 of pathology report, 67 of study report).

The severity was minimal to mild in all cases and was not considered of biological

significance. This reviewer concurs in this assessment.

- An increased incidence of cataracts was observed in males, but not females

| 0 mg/kg 1 mg/kg 15 mg/kg 45 mg/kg
Males 1/46 (2.2%) 2/30 (6.7%) 1/27 (3.7%) 8/47 (17%)
Females 4/45 (8.9%) 3/34 (8.9%) 5/25 (20%) 1/34 (2.9%)
An incidence of alveolar cell hyperplasia v
0 mg/kg 1 mg/kg 15 mg/kg 45 mg/kg
Males 2/55 (3.6%) 2/55 (3.6%) 1/55 (1.8%) 1/55 (1.8%)
Females 3/55 (5.5%) 3/55 (5.5%) 0/55 (0.0%) 3/55 (5.5%)
APPEARS THIS WAY
ON ORIGINAL
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Neoplastic: The tables below present the neoplastic findings from the study.
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Figure 95, from page 45 of Report 6751-104
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Figure 96, from page 46 of Report §751-104
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An FDA statistician (Tristan Massie, Ph.D.) has conducted a statistical analysis of the
data from this study. At this reviewers request, the statistician has also analyzed the
incidence of certain combinations of tumors (lung adenoma/carcinoma, lung alveoloar
hyperplasia/adenoma/carcinoma, all lymphomas, all lymphomas/leukemias). These
combinations were selected following the guidelines of McConnell et al. (1986)." The

statistician identified several notable tumor findings (see below).
Table | Notable Difesvuces i Tamidr lacidences in Mice

L1535 Fﬂﬂ'&

75 Pmm

L 3543 l]iﬂ!!&

* Pair-wise comparison between mediun dose ¢15) and control for olveokar brenchiolar carcinoma in
Temales & neasly significant (Asympietic p=41.02 and Exoct p=0.04) campared 4y the .01 significance bevel
far gommen tumaoes.

Figure 97, from page 7 of Dr. Massie's Statistical Review of 2/2/04

The FDA statistician concluded that there was adequate survival in both sexes to allow
tumor development. Using FDA criteria for significance in trends (p<0.005), a
significant trend in the incidence of combined bronchioalveolar adenomas and
carcinomas was observed in male mice (p=0.0007). Trends were also noted for the
incidence of adenomas (p=0.0304) and carcinomas (p=0.0065) alone, but these were not
considered significant using FDA criteria. Using pair wise comparison, there an increase

! McConnell, EE, HA Solleveld, JA Swenberg and GA Boorman (1986) Guidelines for combining
neoplasms for evaluation of rodent carcinogenesis studies. J. Nat. Cancer Inst. 76(2):283-289.
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in the incidence of these combined tumors at the high dose (p=0.0045, significant by
FDA criteria) in male mice. The increase in mid-dose males for combined adenomas and
carcinomas was not considered statistically significant (p=0.04). An increase in the
incidence of hepatocellular carcinomas in mid dose males was observed, but in the
absence of an effect at the high dose, the biological significance of this observation is
unclear. An increased trend in the incidence of harderian gland adenomas in males
(p=0.0231) was not considered significant.

' In female mice, an increased trend in the incidence of combined bronchioalveolar
adenomas and carcinomas was observed (p=0.0071), but was not considered significant
by FDA criteria. In addition, an increased trend in bronchioalveolar adenomas was
observed, but not considered significant byFDA criteria (p=0.0119). No significant
increase was observed in the trend for carcinomas alone (p=0.2075). A non-significant
increase in the incidence of carcinomas alone was observed in the mid-dose group
(p=0.04)but not in the high dose group (p=0.1645).

The sponsor submitted historical control data for lung neoplasms, which is
presented below.
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Figure 98, from page 1654 of Report 6751-104

This reviewer requested that the sponsor provide more details on the historical
control data including year of study initiation and the incidence of lung tumors in each
study. In addition, this reviewer requested that the sponsor submit historical control data
on studies initiated after 1998. These data were received on April 28, 2004. The results
are summarized below. In male mice, there is a trend towards lower rates of adenomas,
carcinomas and combined adenomas/carcinomas. The studies initiated in 1989, 1990 and
1992 have, in general, higher rates lung neoplasms than in studies initiated and 1996 and
after. For instance, the range of values for combined adenomas/carcinomas for the 1989-
1992 studies was 36.7-46.0%; the range of values for the studied initiated in 1996 or later
was 20.7-28.3%. The combined incidence in the present study is 23.6%. The control
data in the present study is broadly consistent with the studies initiated after 1996.
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Practically speaking, the studies for the later historical control results could not have been
initiated after 2001 (to allow time for two years of dosing and histpathological analysis).
Thus, all the later historical control data were initiated within about three years of this
studies’ initiation date. These data would be the most relevant for comparison with the
current study.

Male Mouse Historical Control Data for Lung Neoplasm Incidence (percent)

| 191DE | 227DE | 298DE [ 1019DE [ 3006DE | 3436DE [ 3493DE| Total || Present
Init | 1989 | 1990 | 1992 | 1996 | >1998 | >1998 | >1998 | 1989- | 1998
date v _ >1998
#mice | 50 69 49 58 60 65 | 60 411 55
Aden 14 13 12 4 - 11 [ 11 5 70 10
(28.0) | (18.8) | 245 | (6.9 | (18.3) | (16.9) | (8.3) | (17.0) | (18.2)
Carc 11 16 6 8 6 4 8 59 6
(22.0y | (23.2) | (12.2) | (13.8) | 10.0) | (6.2) | (13.3) | (144 § (10.9)
Comb [ 23 26 18 12 17 15 13 124 13
(46.0) | 371D 1 (36.7) | 20.1) | (28.3) | (23.1) | (21.7) | (30.2) | (23.6)

NOTE: Values in italics were obtained by adding the incidence of adenomas and
carcinomas together (combined incidence was not broken out in the sponsor submission
for these studies). Since it is possible for a single mouse to have both an adenoma and a
carcinoma, these values may overestimate the incidence of combined tumors.

Based on the examination of historical control data, it appears that the control
incidence in the present study is similar to the incidence in historical control studies. It is
therefore concluded that the trend toward increased incidence of lung neoplasms in this
study is not the result of random variation but is a drug related finding.

In contrast, the historical control data for the female mice are broadly consistent
over time. The incidence of carcinomas in the 1989 study is twice as high as the
incidence in any other study. There does not appear to be any significant drift in the
incidence of adenomas or combined adenoma/carcinoma with time. The control data for
the present study had a slightly higher incidence of adenomas with a lower incidence of
carcinomas. The combined data were consistent with previous studies.

Female Mouse Historical Control Data for Lung Neoplasm Incidence (percent)

191DE | 227DE | 298DE | 1002DE | 3007DE [ 3437DE | 3494DE| Total [ Present
Init 1989 1990 1992 1996 | >1998 | >1998 | >1998 | 1989- }§ 1998
date >1998
# mice 49 69 50 60 60 65 60 413 55
Aden 6 10 7 10 10 16 6 65 12
(12.2) | (145 | (14.0) | (16.7) | (16.7) | (24.6) | (10.0) |} (15.7) § (21.B)
-Carc 9 6 3 5 4 5 4 36 2
(18.4) | (8.7) (6.0) | (8.3) 6.7 | (1.7 (6.7) (8.7) (3.6)
Comb 14 17 10 16 14 21 10 103 13
(28.6) | (24.6) | 20.0) | 26.7) | (23.3) | (32.3) | (16.7) | (24.9) | (23.6)
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NOTE: Values in italics were obtained by adding the incidence of adenomas and
carcinomas together (combined incidence was not broken out in the sponsor submission
for these studies). Since it is possible for a single mouse to have both an adenoma and a-
carcinoma, these values may overestimate the incidence of combined tumors.

Toxicokinetics:

Males were exposed to higher levels of rasagiline and Al at 45 mg/kg compared to

females on Day 30 of the study.
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Figure 93, from page 15 of Report 6751-104

Conclusions:

It is concluded that rasagiline increased the incidence of combined lung
adenomas/carcinomas in male mice.
A non-significant increase was also observed in the incidence of combined lung
adenomas/carcinomas in female mice.

An MTD was not observed in female mice.

APPEARS THIS WAY
ON ORIGINAL
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3.4.5.1 RASAGILINE MESYLATE (TVP-1012) CARCINOGENICITY STUDY BY ORAL GAVAGE
ADMINISTRATIONTC - :CD®(SD)IGS BR RATS FOR 104 WEEKS

Key study findings:

Adequacy of the carcinogenicity study and appropriateness of the test model:

1. This study only examined the incidence of tumors in high dose and control rats.

2. The high dose in both males and females exceeded the Maximum Tolerated Dose
(MTD) as evidenced by an excessive loss of weight (greater than 20%).

Evaluation of tumor findings:

1. No significant increase in tumor findings were observed.

2. Since the high dose exceeded the MTD, the low and mid-dose groups should be
evaluated for neoplasms to make this a valid study.

Study no.: 6751-109

Location: \tox\6751-109.pdf

Conducting laboratory and location: ’ —

Date of study initiation: January 19, 1998

GLP compliance: Yes ‘

QA report: yes(X) no( )

Drug, lot #, and % purity: 255495223, 255400199

CAC concurrence: The Exec CAC (May 27, 1997) recommended doses of 0.3, 1 and
3.0 mg/kg in males and 0.5, 2, 5 and 17 mg/kg in females. It was also recommended that
the rats be housed individually. There was no discussion of histopathology only being
conducted in control and high dose animals.

Methods
Doses: 0,0, 0.3, 1.0, 3.0, 17.0 (females only)
Basis of dose selection (MTD, MFD, AUC etc.):
Species/strain: Rat, CD®(SD)IGS BR
Number/sex/group (main study): 65/sex/dose
Route, formulation, volume: oral gavage in distilled water, 10 mg/kg/day
Frequency of dosing: 1/day
Satellite groups used for toxicokinetics or special groups: 15/sex/dose
. Age: 7 weeks
Animal housing: Individually housed in hanging wire cages
Restriction paradigm for dietary restriction studies: NA
Drug stability/homogeneity: Drug stable
Dual controls employed: Yes’
Interim sacrifices: None
Deviations from original study protocol: no significant deviations
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Observation times

Mortality: 2X/day

Clinical signs: 1X/day

Body weights: 1X/week (weeks 1-14), 1X/2 weeks (weeks 15-105)

Food consumption: 1X/week (weeks 1-13), 1X/2 weeks (weeks 14-104)
Histopathology: Peer review: yes (X)), no ( ); Complete histopathological
examination; Control and high dose only; gross lesions only at low and mid doses;
Toxicokinetics: Day 30, Week 52/53, 78; pre, 0.25, 0.5, 1, 2, 4 hours post dose;
4/rats/sex/dose

Other Studies: Prolactin and luteinizing hormone in control 1 and high dose rats during
weeks 14 and 29

APPEARS THIS WAY
ON ORIGINAL
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Results
Mortality: No statistically significant effects on mortality were observed.
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Figure 99, from page 31 of Report 6751-109
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Clinical signs:
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Figure 100, from page 33 of Report 6751-109

Several clinical signs were associated with rasagiline treatment. None of these signs
would be considered dose limiting.

APPEARS THIS WAY
ON ORIGINAL
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Body weights:
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Figure 101, from page 34 of Report 6751-109
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Figure 102, from page 35 of Report 6751-109

Excessive weight loss (>10%) was observed at 1 and 3 mg/kg in males and 5 and 17

mg/kg in females.
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Food consumption:
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Figure 103, from page 37 of Report 6751-109

Mean value significantly different feom control Oroep 2 28 p < 205,

Hematology/Prolactin Levels:

No effects were observed on hematological parameters.
Female 17 mg/kg prolactin level was decreased at week 29 (146 vs 350 in controls) but
not at week 14 (129 versus 127 in controls). No changes were observed in males. No

significant changes were observed in luteinizing hormone in either sex at week 14 (only

time examined).

Gross pathology:
Males )

: 0 mg/kg 0 mg/kg 03 mg/kg | 1mgkg 3 mg/kg
Swollen Foot | 7/65 11/65 14/65 26/65 36/65
Foot Sores 12/65 19/65 24/65 32/65 38/65
Females

0 mg/kg 0 mg/kg 0.5 mg/kg | 2 mg/kg 5 mg/kg 17 mg/kg

Swollen 3/65 1/65 6/65 16/65 24/65 18/65
Foot
Foot Sores | 9/65 9/65 9/65 29/56 35/65 31/65
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Histopathology:

" Non-neoplastic:
The primary non-neoplastic findings consisted of chronic skin inflammation associated
with foot sores in rats treated with 0.3 mg/kg and above in males and 2.0 mg/kg and
above in females.

In addition, urogenital tract inflammation characterized by inflammation and

~ NDA No. 21-641

hemorrhage of the urinary bladder with dilatation of the kidney and tules and tubular
degernation was more common in rats treated with 3 mg/kg. This is a constellation of
signs, which were not broken out individually, however the group incidence of these
signs were higher than in other dose groups or in terminal sacrifice 3 mg/kg male rats.

Comparison of Kidney and Urinary Bladder in Early Decedents and in High Dose
Terminally sacrificed Male Rats.

141

0 mg/kg [0mgkg |03 mg/kg |1.0mgkg |3.0mgkg |3.0 mgkg
Early Terminal

| Kidney, tubule |2/45 1/45 0/41 3/43 11/41 1/24

degeneration | |

Kidney, tubule |4/45 2/45 3/41 3/43 13/41 0/24

dilation '

Urinary 8/45 4/45 5/41 7/43 14/41 0/24

bladder, acute

inflammation

Urinary -4/45 2/45 2/41 5/43 16/41 0/24

bladder,

hemorrhage

APPEARS THIS WAY
ON ORIGINAL
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Neoplastic:
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Figure 104, from page 73 of Report 6751-109
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Figure 106, from page 75 of Report 6751-109
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Figure 107, from page 76 of Report 6751-109

FDA statistician (Tristan Massie, Ph.D.) has conducted a statistical analysis of the data

from this study. At this reviewers request, the statistician has also analyzed the incidence

of certain combinations of tumors (all lymphomas, all lymphomas/leukemias). These
combinations were selected following the guidelines of McConnell et al. (1986).2 The

statistician concluded that there were no noteworthy increases or trends in tumor

incidence.
Toxicokinetics:
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Figure 108, from page 45 of Report 6751-109

% McConnell, EE, HA Solleveld, JA Swenberg and GA Boorman (1986) Guidelines for combining
neoplasms for evaluation of rodent carcinogenesis studies. J. Nat. Cancer Inst. 76(2):283-289.
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Figure 109, from page 46 of Report 6751-109

CONCLUSIONS

It is concluded that no significant increase in tumor incidence was observed in male or
female rats. However, complete histopathological examination was conducted only on
the control and high dose animals. Since the high dose exceeded the MTD, the lower
dose groups should have been examined. The sponsor will need to conduct this analysis
to make this a valid study.

APPEARS THIS WAY
ON ORIGINAL
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3.4.6. Reproductive and developmental toxicology

3.4.6.1 TOXICITY STUDY ON MALE FERTILITY WITH RASAGILINE MESYLATE (TVP-1012)
IN THE RAT

Key study findings:

1. Rats did not tolerate 5 mg/kg; high dose was lowered to 3 mg/kg.

2. No significant effects were noted on sperm or reproductive parameters.
3. Decreased prolactin levels were observed.

Study no.: ~— Project 660036

Location: ,

Conducting laboratory and location: —_—
Date of study initiation: August 25, 1997

GLP compliance: Yes

QA reports: yes (X )no( )

Drug, lot #, and % purity: 225495 223

Methods

Doses: 0, 0.5, 2.0, 5.0 mg/kg/day; dose was lowered to 0.3, 1.0 and 3.0 mg/kg on
Day 19 due to excessive toxicity at the high dose.

Species/strain: Rat, OFA Sprague-Dawley

Number/sex/group: 22 males/group

Route, formulation, volume, and infusion rate:

Satellite groups used for toxicokinetics:

Study design: Male rats treated for 28 days prior to mating w1th untreated
females; females sacrificed 14 days post coitus.

Parameters and endpoints evaluated: male fertility, sperm analysis, serum
prolactin.

Results

Mortality: _
One low dose (0.5 mg/kg) male (#41) was found dead on Day 42. Death was ascribed to

urinary tract infection; rat piloerection, sedation, abdominal position and dyspnea on
Days 40 and 41.

Clinical signs: _ .

All high dose rats had increased aggression and piloerection on Day 4 of dosing. Slightly
increased aggression was noted in all high dose rats on days 20 and 27.

No other clinical signs were reported in any group.
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Body weight: Decreased body weight, particularly at 5 mg/kg.

500 Dose Lowered

Body Weight (g)

16 20 24 28 32 36 40 44
Day

0 4 8 12

=== 0 mg/kg =—4=— 0.5 mg/kg === 2 mg/kg =e=5 mg/kg

Day 44 Body weights (SD)

0 mg/kg 0.5 mg/kg | 2.0 mgkg 5.0 mg/kg
Body Weightin g 483 (35.4) | 465(25.9) | 464 (26.7) | 423 (29.6)
% of Control 100% 96% 96% 88%

Value in Bold significantly different from control (p<0.01).

Food consumption: ‘
Decreased relative food consumption was observed at 2 and 5 mg/kg, (-10 and -18%,
respectively), but after the dose was reduced on Day 19, relative food consumptlon was

similar among the groups (within 4% of control).

Toxicokinetics:
Not done

APPEARS THIS WAY
ON ORIGINAL
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Necropsy:
No particular findings; histopathology was not performed.
Gioup {Mumber |Number | Mumber of makes with findings
of males ]of males — .
" A E. cC 1 D E 2 G
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2 2 1w [ 32
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C = Deferent doct tedoced in sz G =Cryptoochizm
D= (qumdﬂﬂ:dmimlmdhmﬂ}imﬂupkﬁndmgsmhﬂn&yﬁ.mm
bladder, prostate, seminal vesicics, adrenal gland, tiytes and body cavitles (e p. 94)
Figure 110, from page 24 of — Project 660036

Rat 41 had enlarged hemorrhagic kidneys while the thoracic and abdominal cavities
contained watery clear fluid.

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
Some increase in time to mating was observed at the mid-dose (mating within 4-5 days is
considered normal (The Laboratory Rat, GJ Krinke (ed), page 217).
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Figure 111, from page 59 of — Project 660036

No other effects on mating parameters (pregnancy rate, time to mating).
No effects on sperm motility, concentration or morphology were observed.

Decreased prolactin levels (ng/ml) were observed

0 mg/kg 0.5 mg/kg 2.0 mg/kg 5.0 mg/kg
Mean 50.74 33.90 17.99 12.30
SD 31.93 26.90 7.97 4.98

Values in Bold significantly different from control (p<0.05).
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3.4.6.2 RASAGILINE MESYLATE (TVP-1012) COMBINED STUDY FOR EFFECTS ON FEMALE
FERTILITY AND EMBRYO-FETAL DEVELOPMENT AFTER ORAL ADMINISTRATION (GAVAGE)
IN THE RAT

Key study findings:

1. No adverse effect on female fertility or embryo-fetal development was observed in
female rats administered up to 3 mg/kg. '

2. The 3 mg/kg dose caused decreased weight in rats during the premating period.

3. AUC(0-8) and Cmax values were increased two to four fold in pregnant rats
compared to non-pregnant rats.

Study no.: — Zroject 806916

Location: /tox/ Project 806916.pdf
Conducting laboratory and location: —_—
Date of study initiation: May 21, 2001

GLP compliance: Yes

QA reports: yes(X)no ()

Drug, lot #, and % purity: 255400100

Methods

Doses: 0, 0.3, 1.0, 3.0 mg/kg

Species/strain: Rat Icolbm: OFA Sprague Dawley

Number/sex/group: 22 females/group

Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics: 9 females/dose group

Study design: females were treated from 14 days premating through gestation day
17; females were mated with untreated male; females were sacrificed on day 21 of
gestation.

Parameters and endpoints evaluated: female fertility, embryo-fetal development

Results

Mortality:

There was no early mortality.

Clinical signs:
No clinical signs were observed in treated rats.

150



Reviewer: Paul L. Roney, Ph.D., D.A.B.T. NDA No. 21-641

Body weight:
Decreased body weight was observed at 3 mg/kg prior to mating. Body weight gain

during gestation were similar among the groups

Premating Body Weights
270
— 260~
2
E
>
9 250~
=
)
=]
O
@ 2404
2304+—r——r—T—T—p—T—T—T—T—TTT
0 2 4 6 8 10 12 14
Day
=& 0 mg/kg =#— 0.3 mg/kg =% 1 mg/kg == 3 mg/kg

APPEARS THIS waY
“ON ORIGINAL
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DIFFERENCES IN MEAN BODY WEIGHT GAIN (G) OF DAMS - GESTATION PERIQ

Group Dﬂa post soltum
0-5 612 12-18 4-1B
mghg) g (W) g %) g (% g %)
1 19 +7.2) 23 (+8.1) 43 (+16.0) 21 {+34.5)
{0}
2 o {+8.6} 24 (+8.6) 50 (+188) | 96  (+37.5
(0.3)
a 2z {+8.8) 24 (+8.9) 48 +15.3) 2 (378
{1.00 ‘
4 & (5.8} 23 [+B.E} 49 +17.4} 53 (+39.1)
(3.0)
Group Days post coltum Corrected body
18-21 6-21 welght gain % #
{mafka) 9 (%) g iH {se¢ pp. B2-65)
1 47 [+13.2) 119 {+a2.0) 5.5
{0
2 49 [+13.9) 123 [+44.2) g2
(0.3) »
3 46  [+13.4) 118 (+43.5) 6.1
(1.0)
4 46 {+13.8) 118  {+45.8) 70
300 |
# = Body weight gain at day 21 post coilum corracted for ubares weight.

Figure 112, from page 64 of — project 806916
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Food consumption:
At 3 mg/kg, decreased food consumption was observed during the premating and
gestation period (-14.4 and -6.95, respectively). No effects at other doses.

Toxicokinetics: v
Rats were sampled on Day 14 (premating) and Gestation Day 17. Blood samples were
taken at O (predose), 0.5, 1, 2, 4, and 8 hours post dose (3 rats/timepoint).

Compasison of soxicakinglic parameters of PA| and Al throughout She diftesail growgys aited rapaated
administralion Tor 14 days pre-maling and untE day 37 pest colum,
Teet llom MG i Cra Toes T hat-Be M e
PAl ing*him) inpamlp L th {hi
FO.3 {142 - = 3] ‘ 0.5 10 . 12
Fa2{17peld 126 54 a5 1.7 28
Fio{isx) 118 &) (A 12 _ 1.7
F1O017 psd 204 122 a.5 ' 08 15
1F 30 {140 s 165 Q.5 15 24
Fap{i7pey | 746 oA 1.0 1.4 25
Tes! itam AUC; s T Thatie | MAT e
AL (ng*hamd] . Ingfml} _ ) s}
EO.8(12x0) 87 15 10 28 a4
F 0.3 (17 p.G.} 70 12 10 3.0 44
F 1.0 (14x) 241 50 10 3.6 53
F1.0 07 p.c) 258 a0 1D 5.6 52
F3.0(14%) 835 193 14 34 52 ,
Fao(i7pe) | 1298 24 | o | a7 | s |
Figure 113, from page 27 of — Project 806916

Necropsy:
No abnormal findings were noted at necropsy

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):

No effects were observed on female fertility (22/22, 22/22, 21/22, 21/22 females became
pregnant at 0, 0.3, 1 and 3 mg/kg, respectively). One 1 mg/kg dam delivered normal
pups on GD 12, so it was assumed that the study staff had failed to detect this rat’s initial
mating (page 23 of the report). Thus, the number of 1 mg/kg dams in the tables below is
20 rather than 21.

No adverse effects were noted on embryo-fetal development (deaths, fetal weights)

Half of the live fetuses were examined by micro dissection for visceral abnormalities; the
other half were examined for skeletal abnormalities using alizarin red S staining. No
significant changes were observed in external, visceral or skeletal examinations of the
fetuses.
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Figure 114, from page 72 of Project 806916
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ShOUP 3 Gheur 3 GRCRIE X e iR
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Figure 115, from page 73 of ' Project 806916
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3.4.6.3 STUDY FOR EFFECTS ON EMBRYO-FETAL DEVELOPMENT WITH RASAGILINE
MESYLATE (TVP-1012) IN THE RABBIT

Key study findings:

1. 45 mg/kg caused decreased body weight in does.

2. Increased post-implantation loss was observed at 45 mg/kg.

3. Decreased fetal weight was observed at 45 mg/kg.

4. No significant increase in fetal abnormalities or variations was observed.

Study no.: — Project 671411

Location: /tox- — Project 671411.pdf
Conducting laboratory and location: —
Date of study initiation: October 7, 1997

GLP compliance: Yes

QA reports: yes(X)no( )

Drug, lot #, and % purity: 255495 223

Methods

Doses: 0,1, 7, 45 mg/kg

Species/strain: Rabbit, Chinchilla (CHbb:CH, hybrids, SPF quality)

Number/sex/group: 20/group

Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics: None

Study design: Does were treated from gestation day (GD) 6 through 20; does
were sacrificed on GD28 and fetuses were examined for abnormalities.

Parameters and endpoints evaluated: Embryo-fetal development

Results

Mortality (does):

- 0 mg/kg- Doe 5 found dead on GD26;
1 mg/kg- no deaths
7 mg/kg- Doe 54 found dead on GD28
45 mg/kg- Doe 61 found dead on GD8

Clinical signs (does):

0 mg/kg- Doe 5 had vaginal bleeding on GD25; Doe 17 partially aborted on day 28
1 mg/kg- no clinical signs

7 mg/kg- no clinical signs

45 mg/kg- Doe 61 had tachypnea, tremor and head ﬂlckmg on GD7; does 62 and 76
aborted on days 27 and 20, respectively
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Body weight (does):

BRIP4 0 NGOG (Valueiz) exciried)

memme e e eees GROUP 3 (1 MEHEY Valuals) eched]
- s n = ROP 3 7 MGG  (Yeleiz] exdided]
e GROP & U5 HE/KE (Valueds) excuded)

OAY¥E

Figure 116, from page 34 of ™ . Project 671411

Food consumption (does):

Decreased food consumption at 45 mg/kg (-49.6% compared to controls) during

treatment
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Toxicokinetics: Not done, but TK results from the dose range finding study are presented

below. The doses in the dose range finding study were 5, 15 and 45 mg/kg compared to
1, 7 and 45 mg/kg in the present study.

Talide ® :

 Pharmacokiseiic paragieters of PAL (basc) on day 20 post eoifon
Tollowing dadly ovil administration af TVF-1012 to preginnt rabbits

Duse level Cras Taes AUC,, AUC,
(mpkgfdoy) {apiml) hour) | {mghouriml) (g howrims
5 SGB. 5554 36 0.5 W34 A1 N I0.63 I 38T
5 | IM9SLII0ES | O3 | 4461 5EI4ES1 | 44710114642
43 $503 3411083 0.5 191862446792 | 12194624577 4
: Tabde 18
Pharmpcekinetic parameters of Al (hase) on day 30 post cobtumm Followisg

deily oral admdelateation of TYP-1012 o pregodnt rabbiis

Pose devek

o Tom AlCas AU,

{mppday) | (apmel) | (owr) | (epheur/ml) | (ngbourml) |

5 SOTOEIL TS | 075502 | MISQEI2TT | 12S6TEIETS

I5 CEMG AT | GEGEG DT R ST 7 1052, 5244962

T WEATING | 0671029 | S4B BEISTAD | SGI0 12628031

Figure 117, from page 34 of Report~ PK101/98
APPEARS THIS way
0K ORIGINGY
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Tenninal 'and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.):
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HENH §+ .5 1g.31 - 2.3 18,3
ST.OEW, 2.2 .8 %21 1.4
PHST-THPANTATI 1033 . 20 11 . 18
of IHPL. BETEZ [#) ©13.% 0.9 NN ] 0.4
Hm ] 1.3 T8 1 0.8 ¥.1
£% 06N » i3 i3 g.¥ 3.7
HUHSER OF DeMs AFFEETED 7 F B 2
;m,nn'm*mn SITE BRARS 2 o ] p o
% OF TPL. SITES (&) 3.3 5L a8
HEAM £4) -4 1.7
7. 0. 2.3 .9
EMBSTRMICSFETAL BEATHS TTAL 1 2k 10 ]
% AF IMPL. SLTES [ . 7.2 .9 =% 8,2
HEAR (+} 0.7 Eed 0.6 0.k
SE.BEV. i.9 z.2 o.7 0.8
NMRZR OF ORSS AFFECTED § 7 ] &
ENBRYSNIC AESORFEIONA ] L) A %
% oF AP, SITES m 5.9 2.5 2.1 2.3
m';u Y 5 6.3 6.2 -1
3.8 n.7 3.4 2.7
ﬁuuaer& "OF DANS M‘FMED L] 5 i T
© FETaL AESURPTIOAG ‘ t 58 & i
X OF INPL. SETEX 1#) 1.3 <A 3.2 2.3
sEAK [+) 0.1 7.8 0.¥ 0.2
ST.OEY, 0.5 21 a.¥ g.%
WINRAA OF HAME mr:m: 1 3 4 A
f&:!mt
'mn;. rrrum ' 132 171 i 142
OF IMFL. SITES &) £5.4 By.1 g # TF-E
nEwn 6+) B.F 8.0 - N 532
sF.OBU. 3.3 - 2.3 1.8 8
LIve PETUSES .. e an 176 148
pEAD FETUSES ] 2 ] i
ABMDRMAE. RETUSES H L1 /] 13
% BF FETUSES {F) 1.3 o.£
HERM % 2.1 Bl
5T ONER. 0 0.2
MUMBER o i AFFECTER z 1
ARMORdaL LINE FETURES
AT EXTERMAL EXANIHATEQH 2 t ] ]
ABROAHAL BERD FETUSES ) o
T EXTERHAL EMAMFHATION i 3 o L]
Bk paenati-Teab Saged on poclad varianse ﬂ.gmm:m#‘ st lewwi 3% [*) = 1B M%)
3§ ' Fismer's Gemct Tadt sigosticant st Beval % oM oy 1% ()
+ - Stumi Beit significant mk lewek 58
|

Figure 118, from page 61 of Project 671411
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Figure 119, from page 62 of Project 671411

45 mg/kg- Increased post-implantation loss due in part to 3 does having complete
resorptions or abortions.

APPEARS THIS WAY
ON ORIGINAL
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Offspring (malformations, variations, etc.):
Decreased fetal weight was observed at 45 mg/kg.
No significant increases in abnormalities or variations.

External and Fresh Vigceral Exaniinations of Fatuses
Group  No.of . Type of sbnormal fincling , Individusl  Fosus(es)
femseis : . . dats of of Litcer
(melkgl  cxamined i fetualed)™  rumber
1 ’ 132 {ex) Arthoogryposts (left amd right H19.8F 4
o . Torepow :
(ex) Oligodactylia, chrws partially o 207 1
mizsing (hfc fhmpaw}' i :
2 1T {ex) Asnibrogryposis (el and nghl ?.MGW 23
m foeepaw)
S No ool findiags
n’ '
3 M2 (ox) Footanchc modessiely seliged  25WZREM 69
3} (ex) Fontanells fightly enlarged FETIRT . )
* o= F-msmﬂrbcr.fbmymug}tmm!mm giale; F = fomale)
{ex) = Externsl cxsmination inchiding exomination of the crmivm for the degree of
ossification after the Skin bad been removed.
Figure 120, from page 71 of Project 671411
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Examination of Heads, Including Bmin of Fetuges [by Witzon
Technique™) ‘
Grgup " Mo.af Type of abensmal finding Individuat Fetasiesy
heads ' dats of af ligter
{mgkgl examined ' fetus{nsi*  umgber
1 132 Hydroosphalus intermus o BIIOAF 4
4] ~ hemdiphaeres)
z 17 Ha dhnoamal 'ﬁnﬁﬁﬂ
{1} . :
3 16 Na shnormal findlsgs
|
4 44 Mo abadital firsdings
145)
* = Peus muniber { body weight in groms J sex (M = male; F = femnale)
Figure 121, from page 72 of — Report 671411
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Skabetal Examination of Feluses (Abnonmal Findings)

Licoup N, of Type ol sbiormal finding Tndividual  Foras{es}
feuses ~ : datn of af liter
{mgikg) - SxHfHited . Tesusies) mexmhey
1 i3 Rir mo. B5, flylng (both sides) 4435363/ 13
{0 Sternebrae nes. 4 and 5 ubpormally

Oligodecayhia, claws partinlly missing 204407 1)
(el forepen’y {condimmatiom of the ,
findings noded during the ensernal

3 mxaminaties, e page 71)
2 7L 10 thorcic vertebral arch and 11*  SIISAT 29
- oib mimsing {right side}, 117 and 12"
thomare verfehval body Rsed Jeft
sided
3 176 10" thoracis vericbeal body wd 10*  J3SOSAE 50
m : thoragic vertetwal wech (right . alde)

misging, b no. ) fying, B0 and
11 thorecic vertabeal arches {eff)
fused

i 148 17® thorasic veriehral body end 11°  I5W3R3A 70
{15 _ thomcic werisbral acch (right sids)
‘missig, i mos. 11 snd 12 jright

*w !’»ﬁ'«:ms,numb:r! body wesght in gmuﬁ £ oo (M = male; B = fomale)

Figure 122, from page 73 of ~—~ Project 671411
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3.4.6.4 STUDY ON THE COMBINED EFFECTS OF RASAGILINE MESYLATE (TVP-1012) AND
LEVODOPA/CARBIDOPA (80/20 MG/KG/DAY) ON EMBRYO-FETAL DEVELOPMENT AFTER
ORAL ADMINISTRATION IN THE RAT

Key study findings:

1. Combination of rasagiline (up to 1 mg/kg) with sinemet (80 mg/kg levdopa/20 mg/kg
carbidopa) did not increase the incidence of fetal abnormalities.

2. Slight maternal toxicity was observed at the high dose combination as indicated by
slightly reduced dam weight and increased skeletal variations.

Study no.: — Project 817806
Study Location: /tox/ — Project 817806.pdf
Conducting laboratory and location: - —_—
Date of study initiation: November 28, 2001
GLP compliance: Yes
QA reports: yes (X )no ()
Drug, lot #, and % purity: 255400100 —
Methods '
Doses:
Group Femabse  Femade  Teslibhms and doss*

Mumbers  Maanbers mp'kg

Makn Toxico-

Siudy kinatin

_ Study
i 1- 22 133-136 Mehylenlulese:  5milky (in the moming)
: 5 mikg (in tha afiemoon)
2 23- 44 155-144  Fesagiling 1 mghyg fin the marming)
Mafhydeslliilaga: & bkg fin ke aflemonon)
3 45- BB 145-153  LDMGCD™: 4000 mghg in the moming)
0610 mgAeg [in the Eftarroar)
4 8- BE 154-162 LOACDr: 400 mgikg + 0.1 npfig Ragagilise {in the meming)
40/ Mgl [0 the Altarnoony -
5 BS= 110 &3« 1 LOTACDT 4000 mpkg + 003 mptkg Aasagliine {in the maming}

401 mpkg [in tha sflarnaon) -~

& 1i1-132  172-180  LD=ACO* 40010 mo%o + 1 mokg Rasagdine {in the moming
B A0 Mm% [0 the altarmonn) —

* = Dosk jevels wers besed on resulis of AGG sludy nurmbar B1779S5, in which & dosa levet of
8 mphg Rasagiliee (TWP-1012] and LevodopaiCarbidepa B80S0 mghkg causad sewera
sympicens and moriakkies.

* = LEWODOEA

= CARBIQCPS

Figure 123, from page 26 of _ Project 817806

Species/strain: Rat Icolbm: OFA Sprague-Dawley SPF

Number/sex/group: 22 females/group

Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics: 9 rats/dose

Study design: Pregnant rats were dosed from Gestation Day (GD) 8 through 17.
Dosing was initiated on GD8 rather than GD6 due to the known effects of dopamine
agonists (e.g. levodopa) on implantation in rats. Dams were sacrificed on GD21.
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Parameters and endpoints evaluated: effects on embryo-fetal development Half of
the live fetuses were examined by micro dissection for visceral abnormalities; the other
half were examined for skeletal abnormalities using alizarin red S staining.

Results

Mortality (dams): -

At 1 mg/kg rasagiline alone, 1 rat was found dead on GD20. No clinical signs or
symptoms of ill health were noted in this rat or others in this group. This death was not
considered drug related.

Clinical signs (dams):
All levodopa/carbidopa treated rats had ruffled fur.
No clinical signs were observed in rats administered rasagiline alone.

Body weight (dams):

Body Weight

Dosing Stopped

Dosing Began

w
N

Body Weight (g)
N w
=~ (=]

N
(2]
(=]

22E ] ] | ] | ) | 4 [ ] ] L) | | L] L} | L} 1 | L § | ]

0 3 6 9 12 15 18 21
, Gestation Day
=~ Group 1 == Group 2 == Group 3
—+— Group 4 —e— Group 5 =i~ Group 6

Food consumption (dams):
Decreased food consumption during GD8-12 was observed in groups 5 and 6 (-6.3 and -
14.6%, respectively).
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Toxicokinetics:
Pl v _
(IW! ’ _'ll’vl {hg i) {hi h)
2 T7{100%) 0.5 135 {100R%) o7 28
5™ 12 0.5 41 1.2 25
B 38 {a9%) 05 | 85(70%) 1.8 42
Al -
Groupla) Coax L™ AUC . T half life MHAT
; {rgghemt} L (g B} h) Ligd]
g 43 {100%:} 1.0 241 [100%:) 5.5 8.8
B v o5 {5 4.0 181 (%] e _IBE
AlICy. t was B hibize
* =Moo mlisbis value dus to lack of sufllcient date for cafcudation {ses 1abda 4 p, 585)
= Mot used Jor Intarprstation
Figure 124, from page 32 of — Project 817806
o —
| Group Chvner Toruit L 0 T half iifa MET
{ngmi) ih} ng } {n {h}
3 3238 (100%} 1o B596 (100%} 1.8 28
4 2718 {B4%) 10 7528 187%) 22 3.3
5 2263 [M1G) .5 THE0 (BF%) 27 4.1
& 2318 {72%) .5 8835 {102%) 24 __3&
cD —
Group o Tras AL Thalfife | MRAT o
{ng/nnd) {h) {ng himi} {h} )
3 57 [100%,) 1.0 57 (100%) | . 24
4 265 (£1%) 1.0 TTS(AT%) 13 24
5 222 (B2%) 12 703 {73%) 1.8 %
i v 257 (T2% 8.5 743 {75%) 22 22
AllCnq 1'wae 8 hours

* = Mo refiable valiss Hug 30 laok of sulficient data for caloulation {see fable 9 p. S88)

Figure 125, from page 33 of — Project 817806
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Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.):

No adverse effects on necropsy
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Figure 126, from page 88 of — ‘roject 817806
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Figure 127, from page 89 of ~— Project 817806
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Figure 128, from page 90 of .~ Project 817806
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Figure 129, from page 91 of —  Project 817806
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Offspring (malformations, variations, etc.):

No effects on fetal body weight.

One group 5 fetus had scoliosis and kyphosis with a hindlimb medially rotated and
stretched.

No significant incidence of visceral or skeletal abnormalities were observed.

There were occasional increases in the incidence of skeletal variations (incomplete
ossification), which are generally indicative of maternal toxicity.

VISCERAL EXAMINATION OF FETUSES BY M[GHBDIBSEWW TECH ?,I
- SUMMARY OF FINDINGS

e — - Ea m?@ .
Dase (mpgiday) V'E,ﬂ) m} {(I. WDJ}
Nirnbar of #icrs , 20 = ! =0
Number offetusss xamined | 153 154 W
“incidances of belugas Wi ' [ M % N % . N ®
Abeommaltylies) of heart bunk | 2 1] 0 o 1 1
vagsals b L o

“Thymus elongsted -unaters) . 8 5 0 7 5 | 10 T

“Lozalizad hasenorhape TR 7 e
“Emakaddilonal fver lobe witin | 28 17 | 26 17 | 28 20
1he mmeadian chelt v e i
Median liver lobe witls cisplaced B o a 2 5 4
cladt e ' S
“Frenal palvisies) dilated w15 | o= 14 | 25 18
Latt-aiday umbiical arery 0 L. 3 3 2
Giber sbnormaities 7 5 & g ! 2 1
L ittars with any abmarmal incng 20 106 18 o 19 85
Fages »h any abnommal finding : 69 45 &1 40 4 52

Figure 130, form page 99 of- — Project 817806

APPEARS THIS way
ON ORIGINAL
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VISCERAL EXANMINATION OF FETUSES BY MICRODISSECTION TECHNIQUE
- SUKEMARY OF FINDINGS

Group _ 4 5 ]

Do {mgikpiday) T {B0/20+0.7) (BIV20+0.3) (80204 1.0}

. WDCD + Has} | (LDCD -+ Aag) | (LINCD + Ask)

Numbir of liters 20 21 22
_Number o tetuses sxamined ‘ 145 155 158
Incidenoss of fefuses wiln L T .. U O.. N
Abnpnmeitylies) of hearlirunk | @ 1] 1 i o 0
Thymus elongatsd (bi-funiiatary) © 10 7 5 4 50 8
Localizad hasmarthage AT 10 15 10 13 B
St aridiliongi liver lobe within ¢ 28 18 31 20 2z 14
the median clefi i

Madian liver loba with displaced | 5 3 5 4 8 5
il i

Fenalpalvisfesteiated | 13 ) 12 B ¥ 4
Lafl-sided wrnbilical artery ' 3 2 1 3 1
OAber abnommalies 4 & ¢ 0 o 1 i
Litiars watty ary abrormal finding 18 86 { 20 % . 2 a5
Fituses with any abnomal linding | 85 45 51 2 53 4
Figure 131, from page 100 of — Project 817806

APPEARS THIS WAY
ON ORIGINAL
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SKELETAL EXAMENATION OF FETUSES - ABNORMAL FINDINGS AMD
SKELETAL VARIANTS
Grewp B, of Type of abnosmal finding Litier No,  Febus Mo
mghig)  Fetuss
axEmIREd
1n' 141 Thoracic verebral body 12 cdumbbslbekaped 2 273
0] .
Thoracis verlebeal body 12 dumbbeilshaped 3 a1
Thoracic veriabeal body 11 dumbind-shaped 3 =
Thoeacie weriebeal hody 13 biparia B =21
Thoracic verlebral bady 11 slightly cupnbbadi- k-1 1206
Fhapod
Thneeacie werisbrak bogy 12 alightly cumbbeil- LL] 13va
shapad
2 145  Theeacks vertebral bady 13 slightty combibeil- 25 182
4104 shapad
‘Theracic verisbral body 11 slightly duabhedl- i F{o 0
shapRd :
Tharatic varinbrak bady 11 slightiy cmiybed- 854
shapat ’
Tharasic veriebrat by 12 biparibe 44 1475
3 128 Thiracis varisbral bady 11 dumbbaihshapad 48 m
{BE2
Tharazic varatyal badiss 11 and 13 dumbbal- a8 2z
shapad
ThOtagis warabral bodies ¢ and 11 slighily 48 238
dhirmabe-shapad
Tharagic varsebro! baty 12 dumbbal-shapsd 48 238
Tharacic vatabral bady 12 dumibbgii-shapad 52 877
Thoraci: wertebral body 12 biparite 52 341
Stesrwbea & bipanite, thomcic verighral bodles 10 ix] 11311
#pvd 12 right portions abeant, kmbar wariebral body
1 right frevtion atiser
Thoragie veetebral body B durnbball-abaped 63 1624
Figure 132, from page 118 of — ’roject 817806
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SKELETAL EXAMMATION OF FETUSES - ABNORMAL FINDINGS AND
SKELETAL VARBNTS
Group | No.of | Typ of sbnormal finding Litter Mo, Fotus Ma.
imgikg) Foluzes :
wssEninsed
& 135  Thorasc venstral body 12 danbbel-shaped M 418
{80401}
Tharatic vemebtel bedy § Sanbbel-shaped 1 421
Thatacs varisaral body 12 dambbokshaped 72 T8
Toorsie vartsral body 11 demble b-shaped 73 Eal]
Thorsdic voreoral body 11 dumbbef-etiaped i d 724
Thareic vameonal Doy 11 dumbbab-ghisped 74 T35
Tharsci varbearal body 11 bipartie Bz A¥G
Thiracc vartiearal body 1§ slightly dumbiball- i 1847
shaped
Thorsiit verteral body 12 dumbbeikshaped 85 1527
S 156 1.8t f78 8 - 12 wavy, 10 alighily shafanad, rghs 8a 94
B+ 035 fibs B « % wavy
Tharess: vanadnal body 12 slighty tumbibel- a4 436
=haped
Tharacin wericbral tody 11 dumbibell-shapaed 94 &AL
Tharacic vartelral body 11 gighy dumbbst- <] G4
shaped
Therack; vartetral body 13 dumbbell-shapad g 504
Thoracic vartabnal body 31 markady duibied- 98 Lt ]
shaped
Theamein varabnal Body 11 dunbball-shapad 02 it49
Thaorasic vamaoral body 11 dunbbel-shapsd 104 1163
Figure 133, from page 119 of — Project 817806
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SUELETAL EXAMINATION OF FETUSES - ABNORMAL FINDINGS AND SKELETAL
WARIANTS
Growg  No.ol | Typsofabnormalfinding Uittar Mo, Fatus Mo,
ERAMEAG
& 146 Theearic eersbral bady 12 sighily dembbell- 114 153
180:20+1.00 shaped
Ledl rios B eid 90 - 12 &gty Wiy, Agh).ribs 10 - 138 L)
13 wavy
Ledt rigs 11 and 12 slightly wavy, right ris 7 118 Sdi
sEghtly wavy, B - 12 wawy
Régt cibs 30 and 41 sigily wavy 118 548
Ledi pibe 30 - 12 wavwy, right £ibs 9 - 12 wayy 18 g1
Leit ring 90 ~ 12 wavy, righ fbs 5 and & slightly 118 BS4
vaayy, 7« 12 wavy
Lt ribs 90 and 11 2Bghlly wavy, right ¢ika 2-12 120 817
Tharacic wartebral Dody 10 Dipartis L 1es
Tharaeic wartehiral ody 19 dumbbell-shaped 28 1329
Right fibs 10 - 12 sEghlly wavy 128 1339
Righd ribs 19 ann 12 waey 126 1343
Laferiba 11 ad 12 alighty wavy, fight rina - B 189 1345
alighiy wavy, 9 - 13 wavy
Thorack: varabral bady 13 dumbbelt-shaped 129 1347
~ Flighi rizs 11 and 12 sighlly wavy 129 1351
Figure 134, from page 120 of ~— Project 817806
APPEARS THIS WAY
ON ORIGINAL
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3.4.6.5 STUDY ON THE COMBINED EFFECTS OF RASAGILINE MESYLATE (TVP-1012) AND
LEVODOPA/CARBIDOPA (80/20 MG/KG/DAY) ON EMBRYO-FETAL DEVELOPMENT AFTER
'ORAL ADMINISTRATION IN THE RABBIT

Key study findings:
1. Rabbits did not tolerate the combination of 3 mg/kg rasagiline with 80/20 mg/kg
levodopa/carbidopa.

2. The combination of 0.6 or 1.2 mg/kg rasagiline with 80/20 mg/kg levodopa/carbidopa
caused an increased rate of total implant loss.
3. No other adverse effects were observed on embryo-fetal development.

Study no.: — Project 826468

Location: /tox/ — Project 826468.pdf
Conducting laboratory and location: = —
Date of study initiation: January 29, 2002

. GLP compliance: Yes

QA reports: yes (X )no( )

Drug, lot #, and % purlty 255400100. = —

Methods
Group Female Taut bems and dess S
Mumbears mgikp » e
1 1- 22 Wt oollslose:  5mikyg (in the maming)
5 mieg (in the afsmoon)
2 . 44 Fosagiing: 3 mghg {in the moming)
Mathicaliose: 5 milieg {in the atisemaon}

3 45 - B LEACR™: 40 0 mgikg {in the maming)
410 mpkg Lo the aflernoon}

F i B7. g LOACO™:  A00 mpdkg + 0.1 mgikg Rasagiine {r The moevng)
ADNMD mpkg (in the fisenoon) -—

5 Ba 110 LOPRCD:  A0Mi0 mpfeg + 0.8 mykg Rasagiling [in the moming}
40445 moeg (in the atismopa) =

g 123 - 1447 LIACD: AlN) mghg + 1.2 mgpleg Rasagiline fin the moming)
40018 mpfkg din tha allemenn) «-

* = LEWDDOFA o

* = CARBIDOPA

hais Re-alioestion o animal numbers o ghoup & wad spacilied in the amentment r. 2 ko s

gldy pean
Figure 135, from page 19 of° — Project 826468

Doses:

Species/strain: Rabbit, Chinchilla

Number/sex/group: 22/dose

Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics: Not done

Study design: Rabbits were dosed from Gestation Day (GD) 6-18; they were
sacrificed on GD28 ‘

Parameters and endpoints evaluated: Embryo-fetal development

176



Reviewer: Paul L. Roney, Ph.D., D.A.B.T. NDA No. 21-641

Results

Mortality (dams):

The original high combination dose (3 mg/kg rasagiline/100 mg/kg sinemet) resulted in
excessive maternal toxicity (13 animals died or were sacrificed moribund). A separate
high dose group was initiated for the study.

Geaiap 1 2 3 4 5 8
Nundar of mated jamaine s 22 ] 2 22 2
Female pumbees 122 2344 4566 g7BE a9-114% $23-144
Mumber of pregnant females 20 21 21 22 20 22
Dig'moriburyd BACIBCE: (4} 2 2 1 2 1 2
Accidenial doath (B} o} 1 ki [} 1 fu}
Killeds adar abortion {C) 1 -3 & LU a 2
Examined a1 G-aection 13 Ll Fax] 20 18 20
HNon pregner (D) 4 1 1 1] 2 &
Showing totad pasiHmgieniation g b 1 1 2 4
Toss {EY
Nismber of hamales with Fee 17 16 18 2 ia 5
fetuses # faAminalion”
* = Ut far paloulation of graup mesn wshios for foad cansunption and body wekght dats.
Figure 136, from page 27 of  — Zroject 826468

Clinical signs (dams):
No particular signs were associated with treatment.

APPEARS THIS WAY
ON ORIGINAL
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Body weight (dams): Decreased body weight was observed in all groups after Gd6; the
decreases in groups 4 (-80g), 5 (-85 g) and 6 (-112 g) were much higher than control
decreases (-42g) and were considered treatment related. The decreases in groups 2 (-65
g) and 3 (-31 g) were less and not considered dose related.

4500 1
aa0 |
4400 1

4150 ,

v == i = ~Group 2
4054 -

— A — Group 3
400D - [ D = Ginsp
— G — Group 5
[—*—GnuwpE

grane
i

BE50

3750 ~

o 4 6 10 14 19 24 2B
gesiation day

Figure 137, from page 42 of — ’roject 826468
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Food consumption (dams):

Decreased food consumption was observed in groups 4, 5 and 6.

.

and 18, pp. 518, B1T)

Gumup &: high variabiily of body weights wahin hia graug
Vaksas lens relable sinch Jaka ane baaad on only 1-3 afivnsls {see Tablss 14 ard 17, pp. 616, 618)
mimminbqummuhmmrdmm;mmsoﬁmmm{mmﬁs

Toxicokinetics:
PAl My Doso Cmax Does Trnax ™ [ MAT ey
nommakzad nommaltzed
AL g™ : Cenax™
— e (pabvmly ¢ oqngimby | by | R [ iy |
Groep 2 3_Rasagiie #5 132100 55F 183 | SLDE00%)| 12 | 21 3.8
Group & 0:F_Rasafpiawl INCD 157 157 (118 %) 55 S50 {80%) =33 4 1 =
Group & 08 WI}W T 1N 274 457 {75%)| 08 12 ] =za
Elrmp E. 1.2 M 154 137 (13 ‘%} 57.1 473 {78 %) 10 15 28
Ak AUG gy 5T ] Croas Doae Tormx % | MAT e
] [ EET fanmallzed
AlfCe o Cmax™
) ' inp-hmll | dng-himl) i) [rgghenl} {h _ [k L1 -
G & 5 Raangline a7 3=~ azA=r A TE™ 1.2 33 | 7.6
{100 2%} {10093
Growp 4: 01 _FPasagiineiDNED | 6 na. L A, TR na: na.
Group & IJ.E wmmn 2.2 203 B3 %) 31 52 B0 %) is A 28
: - 8.7 158 448%5f 4.0 B3 3%l 14 2.3 LR
* AUGy. dosa of Rasagiine
*  Crax’ go38 o Besagling
*++  |gap rellabin vakue cisa 10 high standard daviatdion {see Table &, g, £06)
e pwn oelly D6 Animal [Bes Tabibe 7, po 608)
AUCr, Cman Tmm % WA e
LD ingihamL} {ngfmi} D218 iR (o}
Gmoup 2:  O_Faangiat DG 17317 [H00%] ; B268 {100 %) 1.0 11 i3
Grmup 4 01_Pasaplinad O)CD 25408 [146%){ BEER 8B ] 99 R | 20
Gioup 5: 06 _PRasagilinod DACD BEARY [i49%: 1 9587  {138%) 0.8 10 23
i 1?8 l zﬂ‘l‘:! 4550 m*@ . 0,7 10 1.8
ARy Grmax Trmax % WA
o : e Snn-himby (rwgiimi | 1w thy 1
Group 3: 0_Pasaifinal OFCD B4 (D% | =6 (0wl 14° A% 2.8
Groupd: 01 FaanglineLOCD aug [112%) | 233"  (10& %) & 3.7 4.9
Biup S 05 _Rasaghinal D0 173 (148%) | 229" [149%) 11 ZE 47
Giroup B: 12 Pasogiined DAGD Baa %] el e a8 (-

Figure 138, from page 32 of . — Project 826468
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Terminal and necroscopic evaluations:C-section data (implantation sites

re- and post-

implantation loss, etc.):

There was an increase in total implant loss in groups 5 and 6, which was considered

treatment related.

There were no treatment related necropsy findings.
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Offspring (malformations, variations, etc.):

No effects on fetal body weight
No significant increases in the incidence of external, visceral or skeletal abnormalities
were observed.

Mean (SD) fetal body weights in grams

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
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incidencas {continued) :
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ABNORMAL FINDIMNGS FROM SKELETAL EXAMINATIONS OF FETUSES
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ABHORMAL FINDINGS FROM SKELETAL EXAMIATIONS OF FETUSES
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ABRORMAL FINDINGS FAOM SKELETAL EXAMINATIONS OF FETUSES
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3.4.6.6 RASAGILINE MESYLATE (TVP-1012) STUDY FOR EFFECTS ON PRE- AND
POSTNATAL DEVELOPMENT INCLUDING MATERNAL FUNCTION IN THE RAT

Key study findings:

1. 1 mg/kg caused minor maternal toxicity (decreased body weight gain) and
fetotoxicity (increased pup mortality); no adverse effects were noted at 0.3 mg/kg.

2. 1 mg/kg F1 rats had slightly reduced body weights (about -5%) compared to controls,
but this was not considered significant.

3. No adverse effects on pup development, learning or reproductive capacity were
observed.

Study no.: — Project 828145

Location: /tox/ — ?’roject 828145.pdf
Conducting laboratory and location: —_—
Date of study initiation: September 10, 2001
GLP compliance: Yes

QA reports: yes(X)no ()

Drug, lot #, and % purity: 255400100. ——

Methods

Doses: 0, 0.1, 0.3, 1 mg/kg

Species/strain: Rat Icolbm: OFA Sprague-Dawley SPF

Number/sex/group: 22 pregnant rats/group

Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics: none

Study design: Dams were dosed from gestation day 6 through post partum day 20;
developmental parameters and fertility were assessed in 22 pups/sex/dose in the F1
generation

Parameters and endpoints evaluated: maternal function, pup development

Results

Fo in-life:

No deaths or clinical signs were observed in treated rats.

Body weight was about 10% lower at 1 mg/kg;

Decreased food consumption was observed at 1 mg/kg.

Increased pup mortality was observed at 1 mg/kg. An increase was also noted at 0.3
mg/kg, but this was attributed to a single litter, so the significance of this finding is
uncertain.

Fq necropsy:
No abnormalities were observed.
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Gestation Body Weight
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BREEDING DATA PER GROUP
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Figure 148, from page 55 of — ‘'roject 828145
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BREEDING DATA PER GROUP
FO0 GENERATION
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Figure 149, from page 56 of ~ . Project 828145

F, physical development:

No significant effects on body weight (1 mg/kg body weights were about 3-5% lower
than controls; this was not considered significant).

No significant effects on physical development.

No significant clinical signs were observed in developing pups.

DEVELOPMENTRAL INDICES PER GROUP (DAYS P.P.)
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Figure 150, from page 78 of — Project 828145
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Pup Body Weight (M+F)
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Fi behavioral evaluation:

No significant effects on learning.

BEHAVIOURAL TESTS

Project 828145
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Figure 151, from page 83 of ~

194



Reviewer: Paul L. Roney, Ph.D.. D.A.B.T. NDA No. 21-641

BEEHAVIOURAL TEETS PER GROUP
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F, reproduction:
No effects were observed on time to mating, fertility or embryo development
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Figure 154, from page 121 of . Report 828145

F, findings:
None
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3.4.7 Local tolerance
No Studies Submitted

APPEARS THIS WRY
ON ORIGINAL
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3.4.8 Special toxicology studies
No studies submitted.

APPEARS THIS WAY
ON ORIGINAL
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3.5 OVERALL CONCLUSIONS AND RECOMMENDATIONS

3.5.1 Introduction

Parkinson’s disease is a neurodegenerative disease characterized by bradykinesia,
muscular rigidity, resting tremors, and postural instability. If left untreated, it will
progress to a rigid akinetic state in which the patient is incapable of taking care of
him/herself. Pathologically, Parkinson’s disease is characterized by a progressive loss of
dopaminergic neurons in the substantia nigra resulting in decreased dopaminergic tone.
Since the cause of this loss is unknown at present, current therapy for Parkinson’s disease
utilizes substances that increase dopaminergic tone (e.g., ropinerole, pramipexole) or
increase the amount of dopamine available at the receptor site (e.g. levodopa, COMT
inhibitors, MAO-B inhibitors). Despite the use of these drugs, patients may still
experience “off” episodes in which their muscle movement is slow or frozen. These off
episodes are thought to be the result of deficient dopaminergic tone.

In the brain, there are three primary methods of terminating dopamine’s action.
Dopamine can be taken up into the presynaptic terminal. It may be methylated to 3-
methoxytyramine by catechol-O-methyl transferase (COMT). Finally, it may undergo
oxidative deamination to 3,4-dihydroxyphenylacetic acid (DOPAC) by MAO. In
humans, MAO-B is responsible for this conversion, but in rats, MAO-A is the primary
enzyme. Both 3-methyoxytyramine and DOPAC can be further metabolized to 3-
methyoxy-4-hydroxy-phenylacetic acid (HVA) by MAO and COMT, respectively.
Drugs that inhibit either COMT or MAO would be expected to increase the amount of
dopamine available in the brain for interacting with the dopamine receptor.

Rasagiline is a MAO-B inhibitor which is proposed for the treatment of
Parkinson’s disease. It is structurally similar to selegiline (Eldepryl), another MAO-B
inhibitor which is approved for the treatment of Parkinson’s disease.

» CH,S0,H

H CH,-C==CH

Figure 155, Rasagiline (Agilect) Figure 156, Selegiline (Eldepryl)
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3.5.2 Pharmacology of Rasagiline

Pharmacology studies examine whether a drug has desirable characteristics which
would make it useful in the clinic. First, the drug needs to interact with an appropriate
target, e.g., by inhibiting a target enzyme. Second, the drug should inhibit the target
enzyme in the target organ. Third, the drug should be relatively specific for the target
enzyme. Fourth, the drug may be assessed for secondary effects which may contribute to
its pharmacological action. Finally, drugs are often examined for activity in animal
models of the disease of interest. For Parkinson’s disease, two common models involve
treating animals with MPTP or 6-hydroxy-DOPA (6-OH-DOPA). Both of these drugs
preferentially injure dopaminergic neurons resulting in symptoms similar to Parkinson’s
disease.

Rasagiline is a propargylamine based drug for the treatment of Parkinson’s
disease. It has a single chiral center. The R-enantiomer is the active moiety with a ICsg
of 2.5 nM for rat brain MAO-B compared to an ICso of 17,000 nM for the S-enantiomer
(TVP-102). Rasagiline also inhibits the human cortex MAO-B, although an ICs, could
not be calculated, it would appear to be between 1 and 10 nm. Rasagiline has a 29-fold
greater specificity for MAO-B over MAO-A in vitro (2.5 nM versus 73 nM using rat
brain homogenate). In human cortex homogenate, rasagiline also has a preference for
MAO-B over MAO-A (IC50 would be between 100 and 1000 nM). This is a desirable
characteristic since inhibition of MAO-A is associated with the “cheese effect”, a pressor
reaction to dietary tyramine that results in increased blood pressure. Studies in rats
suggest that a single dose of rasagiline (1 mg/kg ip) could inhibit MAO-B for up to 72
hours (about 70% inhibition at 72 hours, the last timepoint assessed) (see page 7). The
parent compound is responsible for MAO inhibition in vivo since the primary metabolite,
Al, does not inhibit MAO-B in vitro (IC50 = 20,000 nM, see page 36). Rasagiline has
been examined for the ability to interact with a panel of receptors (including dopamine
receptors) and enzymes tested (see page 26). Rasagline did not interact to any significant
extent with any of the receptors or enzymes. Among the targets examined were the
dopamine receptors (D1-D4), dopamine transporter, tyrosine hydroxylase (responsible for
the conversion of tyrosine to L-DOPA). Aromatic amino acid decarboxylase (responsible
for the conversion L-DOPA to dopamine) was not examined in this study.

Rasagiline is also an effective inhibitor of MAO-B in vivo. The ICs, for
inhibiting rat brain MAO-B was 0.17 and 0.07 mg/kg by oral and intraperitoneal
administration, respectively. In contrast, the ICsq for inhibiting rat brain MAO-A was
>10 and 1.2 mg/kg by oral and intraperitoneal administration. This suggests that
rasagiline is relatively specific for MAO-B in vivo (see page 7). Similarly in mice, an
acute dose (0.06 mg/kg sc) that caused near complete inhibition of brain MAO-B activity
had virtually no effect on brain MAO-A activity (see page 16). However, the goal of
treatment with rasagiline is to decrease MAO-B activity by more than 50%. As the dose
is increased, there is potential for inhibition of the non-target MAO-A. For instance, in
rats chronically administered 0.3 and 0.5 mg/kg (males and females, respectively), brain
MAO-A activity was inhibited by 79% and 75%, respectively (see page 11). It was also
noted that the low doses in the mouse and dog toxicology studies resulted in inhibition of
MAO-A as well as near complete inhibition of MAO-B (see pages 14, 17).

Studies on rasagiline have used both the hydrochloride salt (TVP-101) and the
mesylate salt (TVP-1012). The sponsor has compared the in vitro and in vivo
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pharmacology of the two salt forms. The two salts (compared on a free base basis) are
virtually identical in their pharmacological activity in vitro and in vivo (see pages 9,10).
The sponsor has done minimal work in evaluating the efficacy of rasagiline in
animal models of Parkinson’s disease. In these studies, rasagiline was administered to
mice one hour prior to MPTP injection. MPTP treatment destroyed dopaminergic
neurons as indicated by decreases in striatal dopamine. Rasagiline pretreatment
prevented the dopamine depletion in MPTP treated mice (see pages 22, 22 and 23). This
inhibition was observed at doses (as low as 0.2 mg/kg) that selectively inhibited MAO-B.
However, this reviewer does not regard this study as being useful in the determining the
potential efficacy of rasagiline in Parkinson’s disease. MPTP must be activated to the
neurotoxin MPP+ via MAO-B. Since rasagiline inhibits MAO-B, it prevented the
formation of the toxic intermediate. Thus, the effectiveness of rasagiline is specific to
this toxin and has doubtful relevance for idiopathic Parkinsons disease. It is noteworthy
that when the rasagiline (5 or 10 mg/kg) was given to mice one to four hours after MPTP
treatment, rasagiline was ineffective in preventing dopamine depletion in the striatum
(see page 23). Itis concluded that rasagiline has not demonstrated activity in animal
models of Parkinson’s disease which would be considered relevant for humans. This is
not important, however, since rasagiline has been shown to have pharmacological activity
(MAO-B inhibition) which has been shown to be relevant to the treatment of Parkinson’s

diceace

L

In conclusion, the sponsor has demonstrated that rasagiline is a relatively specific
inhibitor of MAO-B over MAO-A. Inhibition of MAO-B is a relevant pharmacologic
activity for a potential Parkinson’s disease drug. The activity resides in the parent
compound and is specific for the R-enantiomer. Both the mesylate salt and the
hydrochloride salts are effective in vivo and in vitro. Rasagiline is capable of crossing
the blood-brain barrier and inhibiting MAO-B. The inhibition is long lasting (inhibition
is observed out to 72 hours following acute treatment). There is also potential for
rasagiline to inhibit MAO-A following chronic treatment.
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3.5.3 Pharmacokinetics of Rasagiline

The purpose of the pharmacokinetic evaluation is to determine whether the
pharmacokinetics of the drug substance is similar in humans and the nonclinical species.
If humans make a metabolite that is not made in preclinical species, then the preclinical
studies may not identify all the potential toxic effects of a compound. Likewise, if an
animal makes a metabolite that is not present in humans, then it may predict toxicities
that may not occur in humans. Concurrence in the formation of metabolites offers
assurances that the nonclinical studies are valid models for human exposures.

The pharmacokinetics of rasagiline has been examined in mice, rats, and dogs.
Comparative studies of the oral pharmacokinetics of the mesylate and hydrochloride salts
of rasagiline have been conducted in rats (see page 41) and dogs (see page 43). The two
salts have very similar pharmacokinetic properties as indicated by similar Cmax, AUC,
and Tmax values following equal doses of the free base. In addition, primary metabolite
AT had similar pharmacokinetic properties as indicated by similar Cmax, AUC and Tmax
values following administration of the two salt forms. For the purposes of this
discussion, no distinction will be made between the two salt forms.

Although comparative studies between oral and IV exposures have not been
conducted, rasagiline has adequate oral bioavailability. Mass balance studies in mice (see
page 37), rats (see page 44) and dogs (see page 46) using radiolabelled rasagiline found
the 80-90% of orally administered radiolabel was excreted in the urine within 6 to 24
hours. In addition, the pharmacology studies suggest that oral doses of less than 1 mg/kg
are effective in inhibiting brain MAO-B in rats.

Following absorption from the gut, rasagiline is rapidly distributed through the
body into the tissues. Maximum concentrations of radiolabel in rats were observed 15
minutes following administration, primarily in the skeletal muscle, liver and skin (see
page 44). The in vitro protein binding of rasagiline has been examined in human, mouse,
rat, and dog plasma proteins (see page 45). About 90-93% of rasagiline was bound to
human plasma proteins at protein concentrations between 1 and 100 ug/ml; in contrast,
binding in mouse, rat, and dog plasma proteins were 73%, 78-79% and 83-86%,
respectively.

Rasagiline is rapidly metabolized. Only 11% of circulating drug related material
was chromatographically identical to parent following 0.45 mg/kg po in the rat.

Similarly in dogs, only 4.8% and 1.2% of circulating radiolabel was parent compound 1
and 2 hours, respectively, after a dose of 1 mg/kg po (see page 46). Corresponding
values of the metabolite Al were 4.7% and 4.6%. The remaining 90% of circulating
radiolabel was unidentified. The sponsor has not characterized circulating metabolite
levels in mice, rats or dogs. Most of the available information on in vivo metabolism is
derived from analysis of urinary metabolites. In rats, the primary urinary metabolites are
3-OH-AI, Al and 3-OH-AAI in descending order (see page 47, 48). In dogs, the main
urinary metabolite identified was 3-OH-PAI followed by 3-OH-AI and Al (see page 46).
In all species, at least nine distinct urinary metabolites were identified. Studies using
hepatic microsomal preparations have been performed using mouse, rat, dog, and human
samples (see page 50). Al was a major component in all species tested; 3-OH-PAI was
identified as a major metabolite in rat and dog preparations, but was a minor component
in human and mouse microsomal preparations. The sponsor has proposed a metabolic
pathway for rats; in addition, the sponsor has prepared a semi-quantitative comparison of

203



Reviewer: Paul L. Roney, Ph.D., D.A.B.T. NDA No. 21-641

urinary metabolites in mice, rats, dogs and humans (see below). It is noted that a major
component of this table is unidentified polar metabolites. In addition, these are pooled
urinary metabolite values and do not reflect circulating metabolite levels. The sponsor
will need to identify the circulating metabolites in mice, rats, and dogs prior to approval
of this application.
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Figure 157, from page 22 of Report TVA 12498688
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Figure 158, from page 19 of Sponsor Nonclinical Overview

In summary, rasagiline is rapidly absorbed following oral administration. Itis
extensively metabolized, but the identity of the circulating metabolites is (are) have not
been determined. In toxicokinetic studies associated with the toxicology studies, the
sponsor has monitored parent and Al plasma concentrations. However, data in the dog
suggest that these two compounds account for less than 10% of circulating radioactivity
in mass balance studies. Rasagiline is excreted via urine.

APPEARS THIS WAY
ON ORIGINAL
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3.5.4 Toxicology of Rasagiline

For the purpose of examining the toxicity, it is useful to have some parameter to
compare the doses among species. Plasma levels of the drug expressed as the maximum
concentration (Cmax) and the average drug concentration over a specified period (AUC)
are useful parameters for comparing doses. At the recommended clinical dose of 1
mg/day, the Cmax is 8.5 ng/ml while the AUC(0-inf) is 13.5 ng-hr/ml.

3.5.4.1 SAFETY PHARMACOLOGY

The purpose of safety pharmacology studies is to detect forms of toxicity that can
not be assessed via traditional toxicology studies. Rasagiline has been evaluated for
effects on the central nervous system, cardiovascular system, and the renal system. The
renal safety pharmacology study will be discussed in the section on rasagiline’s
interactions with sinemet (see page 213). No studies were submitted on the potential for
rasagiline to affect the respiratory or gastro-intestinal systems.

The potential effects of rasagiline on the central nervous system were examined in
two studies. Rasagiline had no effect on rat behavior at doses up to 2 mg/kg in the Irwin
test (see page 29). In another test, rasagiline was administered to mice at doses of 3, 10,
30 or 100 mg/kg ip and locomotor activity was followed for 60 minutes (see page 29). A
dose dependent decrease in locomotor activity was observed starting at 10 mg/kg.
Rasagiline also did not potentiate cocaine (20 mg/kg ip) induced hyperactivity in mice. It
is concluded that rasagiline had no adverse effects in neurological safety pharmacology
studies.

The potential effects of rasagiline on the cardiovascular system were examined in
two safety pharmacology studies as well as a component of the dog toxicity studies. In a
safety pharmacology study in the dog, 3 mg/kg rasagiline PO had no effect on ECG
parameters or blood pressure for up to 24 hours (see page 31). In another study, rats were
administered 1 or 5 mg/kg IV and monitored for 16 hours (see page 31). At 5 mg/kg,
rasagiline decreased the heart rate by about 15%. This dose had no effect on blood
pressure and ECG parameters were not examined in this study. No effects were observed
at 1 mg/kg rasagiline or with Al at 5 mg/kg IV. The sponsor has not conducted a HERG
assay.

It is concluded that rasagiline did not have any adverse effects in the safety
pharmacology studies submitted in this application.

3.5.4.2 ToxXiICOLOGY

The acute toxicity of the hydrochloride and mesylate salts of rasagiline was
examined in rats (see page 55). When calculated as free base, the LD50’s of the two salt
forms were similar (227 mg/kg for the hydrochloride versus 256 mg/kg for the mesylate
salt for the two sexes combined). Similar clinical signs (lethargy, decreased respiratory
rate) were observed in rats treated with the two salt forms. Mortality was observed at
doses as low as 133 mg/kg. _

In the 26 week rat study (see page 57), rats were administered 0, 0.85, 5.1 or 17
mg/kg by oral gavage. The primary adverse effect observed was decreased body weight
(defined as final body weight <90% of control values) starting at 5.1 mg/kg in males and
17 mg/kg in females. The primary clinical signs were salivation at 5.1 mg/kg and above
and behavioral alterations (subdued, aggressive) at 17 mg/kg. No adverse effects were
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noted on hematological, clinical chemistry, urinalysis or ophthalmoscopy examinations.
Alterations were noted in the in liver (increased adjusted liver weight and centrilobular
hypertrophy) at 17 mg/kg, but these alterations were considered adaptive changes rather
than adverse effects. Similarly, the thyroid follicular cell hypertrophy observed at 17
mg/kg was considered secondary to the liver hypertrophy. It was concluded that the
NOAEL in this study was 0.85 mg/kg in males and 5.1 mg/kg in females. AUC levels
were not calculated in this study. However, the 0.25 hour rasagiline concentrations may
be used as a Cmax. The Cmax at the NOAEL’s in males and females were 80 and 351
ng/ml, respectively. These values are 9.5 and 41 times the human Cmax values,
respectively.

The sponsor has also conducted 4 and 13 week studies in rats. These studies were
not reviewed because the high dose used in those studies (17 mg/kg for both studies) was
the same as was used in the 26 week study. A cursory review of these studies did not
suggest that these had any independent significance. Therefore, these studies were not
reviewed in this report.

In a 13 week mouse study, mice were administered 0, 5, 15, 45, 60 or 100 mg/kg
(see page 75). Decreased body weight gains were observed at 45 mg/kg and above, but
the differences were not consistently dose dependent in either sex. Liver hypertrophy
was observed at 15 mg/kg and above in males and 60 mg/kg and above in females. This
is generally considered an adaptive change. Lymphoid necrosis of the thymus was
observed in females at 100 mg/kg. It is concluded that the NOAEL’s in males and
females were 15 and 45 mg/kg, respectively. Toxicokinetic monitoring was conducted
only on mice administered 5, 45 or 60 mg/kg. At 45 mg/kg, the Cmax values were 892
and 1,913 ng/ml in male and female mice, respectively. These values are 105 and 225
times the human Cmax. At 45 mg/kg, the AUC(0-24) values were 3934 and 3800 ng-
hr/ml in male and female mice respectively. These values are 291 and 281 times the
human AUC values.

In a maximum tolerated dose study (see page 56), both dogs administered 84
mg/kg as a single oral dose died within two to three days. Clinical signs included
vomiting, diarrhea, decreased food consumption and blood in the mouth and feces. The
only significant clinical sign noted at 42 mg/kg was diarrhea.

In the 52 week dog study (see page 81), dogs were administered rasagiline at
doses of 0, 0.85, 5.1 or 21 mg/kg/day in gelatine capsules. One 21 mg/kg dog was found
dead at week 51; this dog had an isolated convulsion during week 33 but no other clinical
signs were noted. The high dose dogs had lower body weight gains than in the other
groups. There were no treatment related clinical signs noted. No effects were observed
on ophthalmologic evaluation. Rasagiline had no effect on the heart rate or ECG
waveforms, but quantitative measurement of ECG parameters (eg, QT interval) were not
calculated. High dose dogs had higher cholesterol and triglyceride levels, but no other
alterations were noted in hematological, clinical chemistry or urinalysis tests. No effects
were noted on organ weight, gross pathology or histopathology. The NOEL in this study
is 5.1 mg/kg based on decreased weight and mortality (in a single dog) at 21 mg/kg.
AUC levels were not calculated in this study. However, the 0.75 hour rasagiline
concentrations may be used as a Cmax. The Cmax at the NOAEL’s in males and females
were 166 and 184 ng/ml, respectively. These values are 20 and 22 times the human
Cmax values, respectively.
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The sponsor has also conducted 4 and 13 week studies in dogs. These studies
were not reviewed because the high dose used in those studies (17 mg/kg for both
studies) was lower than the dose used in the 52 week study (21 mg/kg). A cursory review
of these studies did not suggest that these had any independent significance. Therefore,
these studies were not reviewed in this report.

In summary, rasagiline has been tested at doses up to 100 mg/kg for 13 weeks in
mice, 17 mg/kg for 26 weeks in rats and 21 mg/kg for 52 weeks in dogs. Adverse effects
were generally limited to body weight changes. No specific target organ toxicities were
identified in these studies. The plasma levels of rasagiline in the toxicity studies were
higher than the plasma levels observed in the clinic.

3.5.4.3 GENOTOXICITY

Rasagiline was examined in for mutagenic potential in three bacterial mutations
assays (Ames assays) (see pages 93, 95, 97). Two of the studies used an appropriate
range of Samonella typhimurium strains. However, one of the studies did not have a AT
point mutation strain (such as TA102 or E. coli WP2). All three of the studies used
concentrations up to the limit dose for the assay (5000 ug/plate) and had appropriate
positive and negative controls. Rasagiline did not increase the rate of mutations in any of
the assays.

Rasagiline was examined for mutagenic potential in a series of three in vitro
chromosomal aberration studies in human peripheral lymphocytes and in an in vitro
mouse lymphoma assay with and without glutathione. The chromosomal aberration
studies used both the mesylate salt and the hydrochloride salt. Both salts caused an
increase in the incidence of chromatid deletions in the presence of metabolic activation.
The hydrochloride salt caused chromatid deletions at 1168 (the lowest dose evaluated),
1558 and 2077 ug/ml following treatment in the presence of metabolic activation for
three hours (see page 106). The aberrations occurred at doses that caused a 53-57%
decrease in mitotic index (MI), suggesting the aberrations were not due to excessive
cytotoxicity. The mesylate salt caused a dose dependent increase in chromatid deletions
between 63.5 and 2670 ug/ml (see page 99). The aberrations occurred at doses that
caused a 27-54% decrease in MI, suggesting the aberrations were not due to excessive
cytotoxicity. In the other chromosomal aberration study, rasagiline was positive only at
the highest dose tested (2673 ug/ml) in the presence of metabolic activation at 17 hours
post exposure, but not at 41 hours post exposure (see page 102). The sponsor suggests
that the difference may be due to the presence of gentamycin in the culture media of the
first two studies, but not in the last study. However, there were multiple differences in
the conduct of the study (fetal bovine serum concentration, S9 concentration). In
addition, the sponsor did not conduct a direct comparison of the genotoxicity of rasagiline
in the presence and absence of gentamycin. The sponsor has proposed to add language to
label stating the —— . A

— rhis reviewer considers this to be speculative and inappropriate for
inclusion in the label. The sponsor also examined the potential effects of glutathione on
rasagilne genotoxicity in this study. However, the studies conducted in the presence of
glutathione appear to be inadequate. In the 46 hour sampling time, the mitotic index for
the high rasagiline concentration was about 70% of control values. For doses to be
considered adequate in these assays, the high dose should cause at least a 50% decrease
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in mitotic index (ICH guideline S2A). In addition, a positive control was not used in the
presence of glutathione. This reviewer regards this section of the study as being
inadequate.

Rasagiline was positive in the mouse lymphoma assay in the presence and
absence of metabolic activation (see page 109). The increase was increased only at the
highest dose (1000 ug/ml) in the presence of metabolic activation. In the presence of
metabolic activation, an increase was observed at 2.5 ug/ml (non-significant) and 5.0
ug/ml (significant, highest dose). An increase was also observed at the lowest dose in the
presence of metabolic activation (0.25 ug/ml), but not at two intermediate doses (0.5 and
1 ug/ml). In an additional study, rasagiline tested in the presence of 1 mM glutathione
and metabolic activation. Rasagiline caused a dose dependent increase in mutant
frequency at 50, 75 and 100 ug/ml. Evaluation of colony sizes at the high doses (the only
rasagiline doses evaluated) suggested that there was an increase in the proportion of small
colonies in the presence of metabolic activation. No particular changes in the proportion
of colonies were noted in the absence of metabolic activation. Absolute increases were
observed in large and small colony formation, although the absolute increases were larger
in small colony formation. These data suggests that rasagllme causes clastogenic
changes in treated cell in this assay.

Rasagiline was negative in the in vivo mouse micronucleus assay at doses up to
200 mg/kg (see page 114). This was an appropriate high dose since mortality was
observed in mice administered 320 mg/kg in a dose range finding study. Rasagiline was
also negative in the unscheduled DNA synthesis assay at 200 mg/kg in rat hepatocytes
(see page 117). This assay has not been adequately validated. It should not be discussed
in the label.

In summary, rasagiline has been examined in an appropriate battery of
genotoxicity studies. Rasagiline increased the incidence of chromosomal aberrations in
human peripheral lymphocytes in three separate assays and in the mouse lymphoma
assay. It was negative in the Ames assay and in the in vivo mouse micronucleus test.

3.5.4.4 CARCINOGENICITY

Rasagiline has been evaluated for carcinogenic potential in rats and mice. The
Executive Carcinogenicity Assessment Committee has evaluated both the protocols for
these studies and the results (see appendices).

In the mouse carcinogenicity study, mice were administered 0, 1, 15 or 45 mg/kg
for two years (see page 121). The mice tolerated these doses with out notable toxicity.
Mortality at the high dose was comparable to control values and body weights were
within 10% of control values. A significant positive trend in the incidence of lung
neoplasms (adenomas/carcinomas combined) was observed in male mice (p=0.0007).
The increase in combined adenomas/carcinomas was significant in the high dose males
(p=0.0045). There was also a near significant trend in the incidence of lung carcinomas
alone in male mice (p=0.0065, FDA significance criteria is p<0.005 for trend tests) and a
near significant increase in the incidence of combined adenomas/carcinomas in mid-dose
males (p=0.04, FDA significance criteria is p<0.01 for pair-wise comparisons). Although
the increase in mid-dose males was not statistically significant, this reviewer regards this
increase as being biologically significant due to the positive response in the high dose.
The sponsor suggested that the incidence of lung neoplasms was within historical control
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range, but an examination of studies conducted within three years of this study showed
that the incidence in the control males was comparable to the control values in the present
study. In female mice, a positive trend in the incidence of lung neoplasms
(adenomas/carcinomas combined) was observed, but the trend was not statistically
significant (p=0.0071). An increased incidence of combined lung adenomas/carcinomas
was observed in the low and high dose females, but the increase was not statistically
significant (p=0.0175 at the high dose). However, the female mice had lower systemic
exposure to rasagiline than males (the AUC in high dose females was 5,613 ng-hr/ml
compared to 15,673 ng-hr/ml in high dose males) which would lower the probability of
detecting tumors in the females. This reviewer feels that the lung neoplasms in females is
a biologically significant finding at the mid and high dose due to the positive response in
males in the same tissue, the positive genotoxicity studies (see above) and the lower
systemic exposure in the study.

In the rat carcinogenicity study, male rats were administered 0, 0, 0.3, 1 or 3
mg/kg for two years; female rats were administered 0, 0, 0.5, 2, 5 or 17 mg/kg for two
years (see page 134). The high dose in both sexes exceeded the MTD as indicated by
greater than 20% decrements in body weight compared to controls. No significant
increase in tumor incidence was observed at the high dose. However, doses which
exceed the MTD have lower sensitivity for detecting a tumorigenic response than doses
which do not exceed the MTD. In cases in which the high dose exceeds the MTD, the
lower dose groups must be fully examined for tumors. In the present study,
histopathology was not conducted on the terminally sacrificed rats in the low and mid
dose groups. It is FDA policy that if the high dose exceeds the MTD, then
histopathology must be conducted on all animals in the lower dose groups. A final
conclusion can not be made on the potential carcinogenicity of rasagiline in rats until full
histopathology has been conducted on the low and mid dose rats. This reviewer
recommends that the sponsor conduct histopathology examinations in the lower dose
groups prior to approval of the drug product.

In summary, rasagiline caused a statistically significant increased trend in the
incidence of combined lung adenomas/carcinomas in male mice with a significant
increase in combined lung adenomas/carcinomas in high dose male mice. A near
statistically significant increase in the incidence of combined lung adenomas/carcinomas
was observed in female mice. Since a significant increase in the same tumor was
observed in male mice and since rasagiline is genotoxic, the increased incidence of lung
neoplasms in female mice is considered biologically significant. No significant increase
in the incidence of tumors was observed at the high dose in male and female rats.
However, the high dose exceeded the maximum tolerated dose and the terminally
sacrificed lower dosed rats were not examined histopathologically. A final conclusion on
the potential carcinogenicity of rasagiline in rats can not be made until the incidence of
tumors in the low and mid dose rats has been evaluated.

3.5.4.5 REPRODUCTIVE TOXICITY

In a male mating and fertility study, rasagiline was administered to rats at 0.5, 2.0
and 5.0 mg/kg/day for 28 days prior to mating (see page 147). The dose was
subsequently reduced to 0.3, 1.0 and 3.0 mg/kg due to excessive toxicity (decreased body
weight). No adverse effects on fertility were observed. In addition, No effects were
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observed on sperm parameters. It was concluded that rasagiline had no effect on
parameters affecting male reproductive capacity.

In a combined mating/fertility and embryofetal development study in females,
rasagiline was administered at 0.3, 1 or 3 mg/kg for 14 days prior to mating through
gestation day 17 (see page 150). This is an appropriate method for combining these
studies. The 3 mg/kg dose caused decreased body weight in the rats during the premating
period. No effects on body weight gain were noted during the gestation period.
Rasagiline did not affect any reproductive parameters (female fertility, fetal development,
fetal malformations) in this study. Toxicokinetic evaluations were performed prior to
mating (after 14 days of dosing) and on gestation day 17. The AUC(0-8) and Cmax
values were increased in pregnant rats by 2-4-fold compared to non-pregnant rats.

Rasagiline was examined for effects on embryo-fetal development in rabbits (see
page 156). Rabbits were administered 0, 1, 7 or 45 mg/kg from gestation day 6 through
20. The does administered 45 mg/kg lost about 150 grams body weight during treatment
. compared to a gains of 150-200 grams in the other groups. Decreased fetal weight and
-increased embryo-fetal mortality was observed at 45 mg/kg. No adverse effects were
observed at 7 mg/kg. This reviewer is concerned about the wide gap between the high
dose and the mid-dose. In a preliminary dose range finding study (study — ’roject
659823, not reviewed in this report), rabbits tolerated a 15 mg/kg dose with no adverse
effects while 45 mg/kg caused mortality in 1/5 treated does. The sponsor did not justify
the doses used in this study. This reviewer is concerned about the adequacy of the doses
used in this study. The high dose in an embryofetal development study should induce
mild maternal toxicity. A dose which is frankly toxic, as is the 45 mg/kg dose in the
present study, would permit an assessment of whether fetus is at greater sensitivity to
drug effects than the parent. Likewise, a high dose which is too low would not permit
adequate exposure to the fetus to detect potential teratagenic effects. This reviewer
recommends that the sponsor repeat the Segment 2 rabbit study using doses between 7
and 45 mg/kg. This could be done as a Phase IV commitment.

In a prenatal/postnatal reproductive toxicity study, female rats were administered
0, 0.1, 0.3 or 1 mg/kg from gestation day 6 through post partum day 21 (see page 188).
The 1 mg/kg dose induced mild matemal toxicity as indicated by a 10% decrease in body
weight compared to controls. Increased pup mortality was also observed at 1 mg/kg
between post partum days 0 and 4 (viability index) was well as between post partum days
5 and 22 (weaning index). No significant alterations in physical or behavioral
development were observed. Fertility in F1 rats was unaffected. The NOEL in this study
was 0.3 mg/kg while the LOEL was 1 mg/kg. '

In summary, rasagiline has been evaluated in the full reproductive toxicity
battery. Rasagiline did not affect fertility parameters in male and female rats at doses up
to 3 mg/kg. No adverse effects on embryo-fetal development were observed at 3 mg/kg
in rats, a dose which induced mild maternal toxicity. In the rabbit embryo-fetal
development study, fetotoxicity (as indicated by decreased fetal weight and increased
embryo-fetal deaths) were observed at the frankly maternally toxic dose of 45 mg/kg. No
maternal or embryo-fetal effects were observed at 7 mg/kg. It is recommended that this
study be repeated as a Phase IV commitment. In the test of post-partum development, 1
mg/kg caused mild maternal and offspring toxicity. No effects were observed on pup
physical or behavioral development. In addition, pup fertility was unaffected. Studies on
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the potential interaction between rasagiline and sinemet are discussed elsewhere (see
page 213).

APPEARS THIS WAY
ON ORIGINAL
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3.5.4 Rasagiline Interactions with L-DOPA/Carbidopa

A particular concern with drugs for Parkinson’s disease is the potential for
interactions with Sinemet (L-DOPA/carbidopa). L-DOPA is a dopamine precursor which
is used for the symptomatic treatment of advanced Parkinson’s disease while carbidopa
increases the bioavailability of L-DOPA by inhibiting its metabolism. Virtually all
patients whose Parkinson’s disease progresses to an advanced state will take Sinemet. It
is therefore important that the potential interaction between rasagiline and Sinemet be
examined. The sponsor has conducted a series of studies to examine the potential
interactions between Sinemet and Rasagiline.

The effects of rasagiline on the pharmacokinetics of leveodopa/carbidopa has
been examined in rats (see page 52). Rats were administered 40/10 mg/kg
levodopa/carbidopa with or without 1 mg/kg rasagiline po. The pharmacokinetics of
levodopa were determined on days 1 and 7. There did not appear to be any significant
pharmacokinetic interactions. Likewise, combination toxicology studies (see below) did
not suggest that there is a significant effect on levodopa plasma levels.

In a dose range finding study, rats were administered 0, 0.3, 1.0 or 3.0 mg/kg
rasagiline with 100 mg/kg sinemet (80 mg/kg L-DOPA/20 mg/kg carbidopa) for four
weeks (see page 61). Additional groups were treated with vehicle, 3 mg/kg rasagline
alone or sinemet alone. Rats did not tolerate the combination of 3 mg/kg rasagiline with
sinemet, so the high rasagiline dose was lowered on Day 12 to 2 mg/kg rasagiline in both
the combination group and the rasagiline alone group. Despite this, 6/10 male rats and
2/10 female rats were killed in extremis or died between study days 24 and 32. One male
rat administered 1 mg/kg rasagiline with sinemet was killed in extremis on day 27. Rats
exhibited signs of illness including ataxia, thinness, prostrate posture and hypoactivity.
Significantly decreased body weight was observed in males administered 3/2 mg/kg
rasagiline with sinemet. An increase in AST values (about 5X control values) and ALT
values (about 2X control values) were observed in female rats treated with 3/2 mg/kg
rasagiline with sinemet, but changes in male rats were less than 1.5X control values.
There were no significant histopathological changes observed in the liver of these rats.
Relative spleen and thymus weights were reduced in rats treated with the combination of
3/2 mg/kg rasagiline with sinemet, but no histological changes were noted. No
significant changes were noted in hematology or urinalysis examinations. Rasagiline and
sinemet alone had no significant adverse effects alone.

In a 13 week study, rats were administered 0, 0.1, 0.25, 0.5 or 1 mg/kg rasagiline
with 100 mg/kg sinemet (80 mg/kg L-DOPA/20 mg/kg carbidopa) (see page 69).
Additional groups were treated with vehicle, 1 mg/kg rasagline alone or sinemet alone.
Increased mortality was observed in 1 mg/kg combination group (5/10 males and 1/10
females compared to no mortality in control groups). Body weights were decreased in
rats receiving 0.5 or 1 mg/kg rasagiline in combination with levodopa. No significant
effects were observed on gross pathology or histopathology. Rasagiline had no significant
effect on levodopa levels, but levodopa decreased rasagiline the Cmax (by about 60% in
both sexes) and AUC (by 32% and 25% in males and females, respectively). It is
concluded that the combination of rasagiline and sinemet induced toxicity which was not
observed in rats dosed with either drug alone. Adverse effects were observed at 1 mg/kg
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rasagiline in combination with sinemet whereas rats tolerated rasagiline doses as high as
5.1 mg/kg for 26 weeks.

In a 13 week study, dogs were administered 0, 0.3, 1 or 2 mg/kg rasagiline with
100 mg/kg sinemet (80 mg/kg L-DOPA/20 mg/kg carbidopa) (see page 87). Additional
groups were treated with vehicle, 2 mg/kg rasagline alone or sinemet alone. The
combination of 2 mg/kg rasagiline with sinemet caused circling behavior in dogs (4/12
dogs), which may be a sign of stereotypic behavior. In addition, one dog in this group
was humanely sacrificed during week 12 of the study. One out of eight dogs in the
combination of 1 mg/kg rasagiline with sinemet had circling behavior. Emesis was
reported in all dogs receiving levodopa/carbidopa. Decreased body weight gain was
observed in dogs treated with sinemet, which was probably related to levodopa-induced
emesis. No effects on hematology, clinical chemistry, gross pathology or histopathology
were observed. No significant interactions were observed on the toxicokinetics of
sinemet and rasagiline. It is concluded that the combination of rasagiline and sinemet
induced toxicity which was not observed in dogs dosed with either drug alone. Adverse
effects were observed at 2 mg/kg rasagiline in combination with sinemet whereas dogs
tolerated rasagiline doses as high as 21 mg/kg for 52 weeks.

The genotoxicity of the combination of rasagiline with sinemet was examined in
an in vivo mouse micronucleus assay. Mice were administered 25, 50 or 100 mg/kg
rasagiline with 100 mg/kg sinemet (80 mg/kg L-DOPA/20 mg/kg carbidopa) (see page
119). No increase in the incidence of micronuclei was observed in the bone marrow of
mice sacrificed 24 or 48 hours after treatment.

In an embryo-fetal development study, rats were administered 0, 0.1, 0.3 or 1
mg/kg rasagiline with 100 mg/kg sinemet (80 mg/kg L-DOPA/20 mg/kg carbidopa) (see
page 164). Additional rats received 1 mg/kg rasagiline or sinemet alone. The
combination of 1 mg/kg rasagiline with sinemet induce slight maternal toxicity as
indicated by decreased body weight gain. The combination of rasagiline and sinemet did
not affect embryo-fetal development.

In an embryo-fetal development study, rabbits were administered 0, 0.1, 0.6, 1.2
or 3 mg/kg rasagiline with 100 mg/kg sinemet (80 mg/kg L-DOPA/20 mg/kg carbidopa)
(see page 176). Additional rabbits received 3 mg/kg rasagiline or sinemt alone. Rabbits
did not tolerate the combination of 3 mg/kg rasagiline with sinemet; 13/22 rabbits died or
were sacrificed moribund. Decreased body weight was observed in rabbits treated with
the combination of sinemet with 0.1, 0.6 or 1.2 mg/kg rasagiline. Increased total
postimplantation loss was observed in rabbits treated with the combination of sinemet
with 0.6 or 1.2 mg/kg rasagiline. The combination of rasagiline and sinemet did not affect
embryo-fetal abnormalities.

It is concluded that the combination of rasagiline and sinemet results in increased
toxicity in rats, dogs and rabbits. The effects do not appear to be due to increased levels
of either rasagiline or levodopa themselves. It is probable that the effects are due to
increased dopamine levels resulting from increased availability of the dopamine
precursor levodopa combined with decreased dopamine catabolism from inhibition of
MAO. No additional target organs were identified in these studies.
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3.5.5 Recommendations

The sponsor has submitted studies that address most of the preclinical needs for
drug approval. There are two deficiencies in the data that the sponsor needs to address
prior to approval.

1. The sponsor has not adequately evaluated the carcinogenic potential of rasagiline in
rats. The sponsor has submitted a two year carcinogenicity study in rats. The high
dose in this study exceeded the maximum tolerated dose and did not show
carcinogenic potential. The low and middle doses were not evaluated
histopathologically. The sponsor needs to conduct and submit histopathological
analysis on the low and mid-dose groups in this study to make this a valid study.

2. The sponsor has not characterized the circulating metabolites of rasagiline in the test
species. The sponsor needs to provide estimates of circulating metabolites in mice,
dogs and rats.

An additional concern identified in this review is that the sponsor has not adequately
examined the potential toxicity in the embryo-fetal development study in rabbits. It is
recommended that the sponsor repeat the study as a Phase IV commitment using doses
between 7 and 45 mg/kg/day.

Based on these considerations, this reviewer considers this application to be Approvable.

Apbears This Way
On Original
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3.6 APPENDIX/ATTACHMENTS

3.6.1 Executive Carcinogenicity Assessment Committee Meeting Minutes-Mouse

Protocol
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3.6.2 Executive Carcinogenicity Assessment Committee Meeting Minutes-Rat
Protocol
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3.6.3 Executive Carcinogenicity Assessment Committee Meeting Minutes-Final
Mouse and Rat Studies :

Executive CAC
June B, 2004

Committes:  Abby Jacobs, Ph.D., HFD-540, Acting Chair
Joseph Contrera, Ph.DD., HFD-900, Alternate Mcmber
Al DeFelice, Ph.D., HFD-110, Aliernate Member
Lois Freeed, Ph.D., HFD-120, Team Leader
Pawl Roney, Ph.D., HFD-120, Presenting Reviewer

Author of Minutes: Paul Roney, Ph.IX

NDA 21-641
Drug Nsme: Rasagiline (Agilect)
Bponsor: Teva Pharmacenticsls

Mouse Carcinogenicity Study

CD-1 mice were administered rasagiline orally (by gavage) at doses of 0, 1, 15 or 45
mgkg for two yvears, The mice tolerated these doses without notahle toxicity. Movtality
ot the high dose was comparable to control valugs and final mean body weights were
within 10% of control values. A significant positive trend in the incidence of lung
neoplasms {adenomasicarcinomas combined) was ohserved in mabe mice (p=0.0007).
The increase in combined adenomas/earcinamas was significant in the high dose males
{p=00045). There was also a near significant trend in the incidence of lung carcinemas
alane in male mice (p=0.0063, FDA significance criteria is p<0.005 for wend tests) and a
nesr significant inceease in the meidence of combined adenomas/carcinomas in mid-dose
males {(p=0.04, FDA significance eriteria is p<0.01 for pair-wise comparisons). The
sponsor suggesied that the incidence of lung neoplasms was within historical control
range, but an examination of studies conducied within three years of this study showed
that the incidence in control males was comparable to the control values in the present
study. This would suggest that the increase in lung neoplasms observed in this study is
above the historical conteol range a3 well, In female mice, a positive trend in the
incidence of lung neoplasms (adenomas‘carcinomas combined) was ebserved. The trend
Was ot statistically significant (p=0.0071), however, female mice had lower systemic
exposure to rusagiline than males {the AUC in high dose females was 5,613 ng-ho/mi
compared to 15,673 ng-hr/ml in high dose mates) which would lower the probability of
detecting tumaors in females, It did not appear that an MTD was achieved in females,

Rat Carcinogenicicy Study

Rasagiline was administered orally (by gavage) at doses of 0, 0, 0.3, 1 or 3 mg'kg in male
Sprague-Dawley rats and at doses of 0.0, 0.5, 2, 5 or 17 mg'kg in femnale Sprague-
Dawley rais for two vears. The high dose in both sexes exceeded the MTD as indicatad
by greater than 20% decrements in mean body weight compared to controls. No
significant increase in tumor incidence was observed at the high dose. Histopathology
was not conducted on a full battery of Hasues in teeminally sactificed mats in the fow and
el dose groups,
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Executive CAC Recommendations and Conclusions:

Mouse carcinogenicity study: the Committes agnzed that the mouse study was adequate,
and concluded that the mouse study was positive for tumors in males (increasad
incidence of combined lung adenoma/carcinomir). There was an increase in the incidence
of lung sdenoma/'carcinoma in females. Afthough the increase was not statistically
significant, the Committee conclled that the finding in females should aot be dismissed
considering the inceease in the same umor types in male mice,

Rat carciragenicity study: the Committoe agreed that the rat study was adeguate.
However, the Cominattee coubd nol éach i final conclision reparding ihe vat siady,
bicause the hiph dose was associated with an excessive effisct on body weight {Le, = 10%
decrease in mean body weight compared to controls) in both males and females and
complete histopathology was not done on the low and mid-dose groups. The Committee
recommended that the sponsor comduet histopathelogy en the low and mid-dose groups
and submit the results for evaluation.

Abigail Jacobs, PhD,
Acting Chair, Executive CAC

[
{Division File, HFD 120
{LFreed, HFD-120
PRoney, HFD-120
fTWheelous, HFD-120
JASeifried, HFD-024
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