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Introductory Comments:
The pharmacology/toxicology reviewer and supervisor have determined that the
nonclinical information is adequate to support approval of this NDA for the
indication noted above.
Discussion:
The pharmacology/toxicology reviewer recommended that the potential for
perampanel to bind to the human aorta should be assessed in vitro as a post
marketing requirement. This recommendation was based on the finding that
perampanel covalently bound to the aorta in rats. However, significant covalent
binding to the aorta did not appear to occur in monkeys and there was no
nonclinical evidence of toxicity related to this finding in rats. Based on these data
and the uncertain utility of data derived from an in vitro study in human aorta, the
pharmacology supervisor did not recommend any further nonclinical studies.
Carcinogenicity studies of perampanel were conducted in mice and rats. These
studies were reviewed by the Executive Carcinogenicity Assessment Committee.
The studies were found to be adequate and no drug-related neoplasms were
noted.
Pharmacology data demonstrate that perampanel is a noncompetitive AMPA
glutamate receptor antagonist. An established pharmacologic class does not
exist for this mechanism, but use of this term as the established pharmacologic
class in labeling appears appropriate.
Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough
evaluation of the nonclinical information submitted in support of this NDA. I agree
that perampanel may be approved for the above indication from a nonclinical
perspective. No additional nonclinical studies are recommended. Labeling
changes as suggested by the pharmacology/toxicology supervisor appear
acceptable.
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Pharmacology
The pharmacological activity of perampanel was characterized in a series of in vitro and
in vivo studies. Based on these data, the sponsor has concluded that perampanel is a
“highly selective” noncompetitive antagonist of the AMPA receptor. In in vitro assays,
perampanel exhibited minimal inhibition of AMPA binding in rat brain membranes;
however, perampanel binding was inhibited by noncompetitive AMPA receptor
antagonists (IC50’s of 21.1 nM for CP465022 and 23.3 μM for GYKI52466). Perampanel
exhibited minimal, if any, binding affinity in two separate panels of in vitro binding sites.
In vitro binding to the kainate receptor was assessed (using kainate as ligand) in only one
of these panels; both panels assessed in vitro binding to the NMDA receptor, using CGP
39653 (an NMDA receptor antagonist that binds to the agonist site) or CGS019755 (a
competitive NMDA receptor antagonist), glycine (an NMDA receptor allosteric
modulator), and MK-801 (an NMDA channel blocker).
In in vitro functional studies, perampanel inhibited AMPA-induced increases in Ca2+ in
E18 rat cortical neurons (IC50 = 93 and 66 nM in separate assays). These data are
included in a published study, cited by the sponsor, reporting that perampanel exhibited
minimal inhibition of NMDA-induced increases in Ca2+ (18% at 30 μM, the highest
concentration tested) (Hanada T et al. Epilepsia 52(7):1331-1340, 2011). A number of
perampanel metabolites were also tested this assay; all except one also inhibited AMPAinduced increases in Ca2+, although with higher IC50 values compared to perampanel
(E2007). The data are summarized in the following sponsor’s table:

Perampanel was tested in a variety of in vivo animal models used to assess efficacy
against epileptic seizures: audiogenic seizures in the genetically susceptible DBA/2J
mouse (ED50 = 0.47 mg/kg PO), MES in ddY mouse (ED50 = 1.6 mg/kg PO), PTZ in ICR
mouse (ED50 = 0.94 mg/kg PO), corneal kindling in C57BL/6 mouse (at all dose tested,
0.75-3 mg/kg PO), amygdala-kindled Sprague-Dawley rat (at 5 and 10 mg/kg PO but not
at 1.25 or 5 mg/kg PO), and a genetic animal model (GAERS) of absence epilepsy.
Perampanel exhibited efficacy in all animal models tested, with the exception of the
GAERS model (doses: 1, 3, or 10 mg/kg PO). Perampanel also inhibited AMPA-induced
clonic convulsions in ddY mouse, indicating AMPA antagonist effects, at oral doses of
2.5 and 5 mg/kg but not at 1.25 mg/kg.
One concern regarding use of AMPA antagonists for treatment of epilepsy is the potential
for adverse CNS effects at doses or plasma exposures within the therapeutic range (cf.
Rogawski M Epilepsy Currents 11(2):56-63, 2011; Russo E et al. Expert Opin Investig
Drugs [Early Online], 2012). Therefore, the sponsor tested perampanel in the rotorod test
in ICR mouse and Sprague-Dawley rat. In both species, perampanel increased motor
incoordination when tested one hour post dose (ED50’s of 1.8 and 9.14 mg/kg PO in
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mouse and rat, respectively). These data suggest a fairly narrow therapeutic window, with
protective indexes of 1.1-3.8 in mouse and 0.8-1.6 in rat.
In a core battery of safety pharmacology studies, perampanel was demonstrated to have
adverse effects on rotorod performance in male ICR mice (>0.5 mg/kg PO) and male
Sprague-Dawley rat (>2 mg/kg PO), CNS depressant effects in Sprague-Dawley rat (>0.3
mg/kg PO), minimal effects on cardiovascular parameters in conscious Beagle dog and in
the in vitro hERG assay (IC50 = 15.8 μM), and to decrease respiratory frequency in
Sprague-Dawley rat (considered by the sponsor to be secondary to CNS depression) at all
doses tested (0.3-5 mg/kg PO).
The data provided by the sponsor demonstrate that perampanel is a noncompetitive
antagonist of the AMPA receptor. While the data suggest that perampanel is selective for
the AMPA receptor, they are not sufficient to rule out other pharmacological activity.
(Clinical signs observed in toxicity studies suggest the possibility of pharmacological
effects via other receptor systems.) The data also indicate a narrow therapeutic window
for adverse CNS effects. The most common adverse effects reported in humans at
therapeutic doses (8, 12 mg) are CNS-related, and are consistent with those reported in
animals (e.g., gait disturbance and somnolence). Clinical data suggest an association
between perampanel administration and aggressive behavior. There was no report of
aggressive behavior in animals. Animals were individually housed in the pivotal toxicity
studies, so there was no opportunity to observe aggressive interactions, but there was no
report of difficulty in handling or dosing. Data from published literature suggest
involvement of AMPA receptors in aggressive behavior; however, inhibition of AMPA
receptors (e.g., administration of AMPA antagonists) or lack of AMPA receptors (e.g.,
AMPA receptor knockout mice) are reported to reduce, not increase, consummate
aggressive behavior (“throws, fighting, bites, [and] boxing”) in mice (Vekovischeva OY
et al. Genes Brain Behav 3:253-265, 2004; Vekovischeva OY et al. Pharm Biochem
Behav 87:241-249, 2007). [Additional discussion of the behavioral effects of perampanel
is included in the General Toxicology section of this memo.]
PK/ADME
The PK/ADME of perampanel was characterized in CD-1 (ICR) mouse, Sprague-Dawley
rat, Beagle dog, cynomolgus monkey, and human. Absorption was estimated to be nearly
complete, with absolute oral bioavailability of 40, 50, and 75% in rat, dog, and monkey,
respectively. In rat, tissue distribution of radioactivity was widespread following oral
administration of radiolabeled perampanel. Highest levels of radioactivity were detected
in liver and GI tract, adipose tissue, and adrenal gland; radioactivity in aorta was ≈5080% higher than in plasma at the Tmax for both (1 hr post dose). Tissue retention was
prolonged in liver and aorta in albino and pigmented rat, and in eye of pigmented rat. In
pigmented rat, radioactivity was still detected in aorta and eye up to 106 weeks post dose
(the latest time point sampled); the t1/2 of radioactivity in eye and aorta was 45 and 110
weeks, respectively. In monkey, radioactivity at 7 days post dose was below the limit of
quantitation in all tissues except for eye (iris and ciliary body, retina, and chorioides),
liver, and gallbladder; radioactivity in aorta was 1 ng-eq/g (compared to 22 and 108 ng-
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eq/g in liver and gallbladder, respectively). The prolonged t1/2 in rat aorta and liver was
demonstrated to represent covalent binding of drug-related material to endogenous
macromolecules (elastin in aorta). In published studies, covalent binding of drug-related
material to aorta has been demonstrated to induce angiopathy and clear evidence of
myocardial damage in rats, presumably by inhibiting crosslinking of collagen and elastin
in the aortic wall (cf. Boor PJ, Nelson TJ J Mole Cell Cardiol 14:679-682, 1982; Boor PJ
Toxicol 35:167-177, 1985; Junker P et al. Atherosclerosis 45:17-31, 1982; Ohta K et al.
Drug Metab Disp 24(12): 1291-1297, 1996). Rofecoxib (or metabolites) has been shown
to covalently bind to rat and human aorta in vitro and to induce histopathological changes
(e.g., “disruption and swelling of the elastic lamellae”; “marked degeneration of the
elastic fibers in the aorta”) in aortic wall when administered orally to Sprague-Dawley rat
daily for 4 weeks (Oitate M et al. Drug Metab Dispos 34:1417-1422, 2006; Oitate M et
al. JPET 320:1195-1203, 2007a; Oitate M et al. Drug Metab Dispos 35:1846-1852,
2007b). Oitate et al. (2006) have suggested that this binding may be involved in the
adverse cardiovascular effects of rofecoxib (Vioxx) in humans, although there appears to
be no evidence that rofecoxib induces histopathological changes in human aorta in vitro
or in vivo. It does not appear that nonclinical data submitted to support clinical
development and approval of rofecoxib identified any toxicity to aorta or any associated
toxicity, although it is unclear to what extent aorta was examined in those studies. Direct
toxicity to the aorta or any toxicity suggestive of arterial damage (or damage to other
tissues [e.g., skin (except for that associated with behavioral effects), joints, respiratory
tract] containing elastin and/or collagen) was not reported in the nonclinical studies of
perampanel; however, it is possible that the methodologies used were not adequate to
detect more subtle toxicity to aorta or other elastin/collagen-containing tissues. Dr.
Toscano has recommended that the sponsor be required to conduct, postmarketing, an in
vitro assay to assess the potential for perampanel to bind covalently to human aorta.
In vitro and in vivo metabolism data suggest a qualitatively similar metabolic profile in
the animals used for toxicity testing and human. In all species, perampanel appears to be
the major drug-related material in circulation. The sponsor reports the results of a mass
balance study in humans that suggest no major human metabolites, based on recovery of
70% of dose-related radioactivity. At this time, there is no concern regarding nonclinical
assessment of circulating metabolites, as the OCPB review team has concluded that there
are no major circulating metabolites in humans. However, clinical data indicate that
concomitant use of drugs that induce CYP enzymes (including CYP3A4) may alter
plasma levels of parent compound and/or metabolites. Since a number of perampanel
metabolites may have pharmacological activity in vivo (based on in vitro assays), it is
unclear what effects changes in the extent of metabolism would have on safety and
efficacy. It is possible that additional safety (e.g., in vitro receptor binding, in vitro
hERG) data may be warranted if and when additional clinical PK data become available.
General Toxicology:
The pivotal general toxicity studies of perampanel were conducted in ICR/CD-1 mouse
(13-week), Sprague-Dawley rat (4-, 13-, and 26-week), Beagle dog (4-, 13-week), and
cynomolgus monkey (4-, 39-, and 52-week). In all studies, perampanel was administered
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QD by oral gavage. The primary finding in all species was effects on CNS. Abnormal
gait, reduced motor activity, and/or prostration were observed in all species tested; some
evidence of tolerance was observed, particularly at low doses. Based on plasma
perampanel exposure, dog was the most sensitive species for these clinical signs. In the
carcinogenicity bioassays, clinical signs consisted of abnormal gait in mouse (doses >3
mg/kg/day) and abnormal gait, reduced motor activity, and prostration/lateral position in
rat (all doses tested); evidence of tolerance was observed in both studies, except for
abnormal gait, which persisted or increased over the duration of the study in rat.
Clinical signs consistent with excessive grooming and/or self-mutilation were observed in
mouse, rat, and rabbit; the most severe effects were observed in mouse. In mouse, skin
lesions and/or loss of digits or fore/hindlimbs, leading to death, were observed at doses of
30 mg/kg and above in the general toxicity studies. In the carcinogenicity study in mouse,
similar clinical signs (“loss of the fore-/hindlimbs, and loss of digits of fore-/hindlimbs
and a part of skin/muscle), attributed to “self-trauma” by the sponsor, were observed at
doses >3 mg/kg/day in males and females; however, trauma-related injury (considered by
the sponsor to be “associated with excessive grooming and self-trauma”) resulting in
death was increased in males at ≥3 mg/kg and in females at all doses. (The sponsor did
not consider the increase in low-dose females [7 vs 3 in control] to be drug-related.) In
rat, evidence of self-mutilation (or self-trauma) was noted only in the 13-week oral
toxicity study in male rats, the only study in rat to test a dose as high as 300-mg/kg/day;
hemorrhage, crust, and/or swelling of the forelimbs were noted in 2 males receiving the
300-mg/kg/day dose. The sponsor stated that the findings in one HDM were “probably
due to severe/excessive behavioral changes such as frequent licking and/or biting of
digits or limbs”; however, it is not clear that excessive grooming/licking/biting was
actually observed in any animal. “Increase in grooming” was reported in the fertility and
early embryonic development and embryo-fetal development studies in rat, and in an
embryo-fetal dose-range finding study in rabbit; only in the pivotal embryo-fetal
development study in rat was the increased grooming associated with gross changes (i.e.,
swelling of limbs); there was no evidence of self-mutilation. Signs of increased grooming
and/or self-mutilation were not observed in (adult) dog or monkey. (Excessive grooming,
without evidence of self-mutilation, was reported in a 13-week phototoxicity study of
perampanel in hairless mouse.)
The sponsor considers the clinical signs observed in animals (including the excessive
grooming and/or self-mutilation) a reflection of the pharmacological activity of
perampanel. Whereas the abnormal gait, reduced motor activity, and prostration are
clearly consistent with previous reports of the pharmacological effects of AMPA
antagonists (cf. Russo E et al. Exp Opin Investig Drugs [Early Online], 2012), the
association is less clear for the excessive grooming and self-mutilation. It is also unclear
whether the signs of self-mutilation are an extension of the excessive grooming or a
separate behavioral effect. An examination of individual animal data suggests that loss of
digits and/or fore or hindlimbs were observed in the absence of skin lesions and it does
not appear that excessive grooming was observed in any of the mouse studies (except in
hairless mouse). Excessive (or increased) grooming was reported only in rat and rabbit,
and, with possibly one exception, only in studies in which self-mutilation was not
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observed. Considering the severe signs of self-mutilation in mouse, it is difficult to
understand how instances of excessive grooming could have been missing in this species.
Genetic manipulation (knock-out mouse models) and pharmacological induction of
stereotypies and self-mutilation in animals, including mouse, are widely considered
animal models of obsessive-compulsive and/or self-injurious behavior in humans
(Andersen SL et al. Biol Psychiat 68:741-747, 2010; Feusner J et al. CNS Spectr
14(9):503-513, 2009; Yang XW, Lu X-H Cur Opin Neurol 24:114-118, 2011). Published
studies in these animal models suggest involvement of dopaminergic, serotonergic
(Sivam SP Life Sci 58(26):2367-2375, 1996), and, possibly, glutamatergic receptor
systems (Wu K et al. Pharm Biochem Behav 100:726-735, 2012) in the development of
these behaviors. What, if any, implications these findings have to possible effects of
perampanel on human behavior is unknown.
One other finding was an increase in convulsions only at the low dose in the
carcinogenicity study in rat; individual low-dose animals clearly had recurring
convulsions. As noted by Dr. Toscano, the lack of dose-dependency may be due to
anticonvulsant effects of perampanel at higher doses.
Reproductive and Developmental Toxicology:
A standard battery of reproductive and developmental toxicity studies was conducted for
perampanel.
In the fertility and early embryonic development study (oral doses of 0, 1, 10, 30
mg/kg/day), there was no clear adverse effect on fertility. Prolonged and/or irregular
estrus cycles were observed primarily at the highest dose tested (60% of high-dose
females exhibited consecutive diestrus), although prolonged estrus was also evident at the
lower doses but to a much lesser extent. A clear no-effect dose was not identified in this
study.
To assess embryo-fetal development in pregnant Sprague-Dawley rat, dose-ranging (0,
10, 30, 60 mg/kg/day) and pivotal (0, 1, 3, 10 mg/kg/day) studies were conducted. In both
studies, perampanel was administered orally on gestation days (GD) 6-17. In the doseranging study (n = 7/group), increases in post-implantation loss and decreases in fetal
body weight were observed at the mid and high doses. The pivotal study confirmed the
lack of these findings at 10 mg/kg. The only finding observed in the pivotal study was an
increase in a single abnormality, diverticulum of the intestine, at all doses tested (0/137,
1/133, 2/128, 3/137 for C, LD, MD, HD, respectively). A no-effect dose for
developmental toxicity was not identified in this study
Dose-ranging (0, 10, 30, 60 mg/kg/day) and pivotal (0, 1, 3, 10 mg/kg/day) embryo-fetal
development studies were also conducted in pregnant New Zealand White rabbit. In both
studies, perampanel was administered orally on GD 6-18. In the dose-ranging study, all
high-dose does died during the dosing period. At the mid dose, 2 does died, one had total
litter loss, and 100% post-implantation loss was observed in the remaining does. At the
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low dose, post-implantation loss was increased, resulting in fewer live fetuses. In the
pivotal study, total litter loss (spontaneous abortion) occurred in 3 high-dose does (GD
26-27, just before scheduled sacrifice on GD28). In remaining does, post-implantation
loss was increased at the mid and high doses, although the number of live fetuses was
clearly reduced only at the high dose. The lowest dose tested was the no-effect dose in
this study.
Pre- and postnatal development was assessed in dose-ranging and pivotal studies (0, 1, 3,
10 mg/kg/day) in Sprague-Dawley rat. In the dose-ranging study, perampanel was
administered orally from GD 6 to postnatal day (PND) 6; in the pivotal study, the oral
dosing period was from GD 6 to PND 20 (weaning). In the dose-ranging study (n =
8/group), no developmental toxicity was observed. In the pivotal study, the number of
stillbirths was increased and the viability index was decreased at the mid and high doses.
Developmental delay was noted in both males (preputial separation) and females (vaginal
opening) at the high dose, but no adverse effects on learning and memory tasks or on
reproductive performance were observed. The lowest dose tested was the no-effect dose
for developmental toxicity in this study.
[Behavioral effects observed in these studies are discussed under the General Toxicology
section of this memo.]
Juvenile animal toxicology
The potential for perampanel to induce developmental toxicity was assessed in juvenile
Sprague-Dawley rat (12-week, starting PND 7) and juvenile Beagle dog (33-week,
starting PND 42). Perampanel was administered by oral gavage in the dose-ranging and
pivotal studies in both species.
In juvenile rat, drug-related death occurred at >3 mg/kg/day. In the pivotal study (oral
doses of 0, 1, 3, 3/10/30 mg/kg/day; the high dose was increased on PNDs 28 and 56),
clinical signs (reduced activity, incoordination, excessive grooming and/or scratching)
occurred at 3 mg/kg/day prior to weaning but at all doses post weaning. Reduced pup
body weight and growth (crown-to-rump length), delayed sexual maturation (preputial
separation, vaginal opening), reduced hindlimb grip strength, and adverse effects on
learning and memory (impaired performance in the Cincinnati water maze) were
observed in mid- and high-dose animals; hindlimb splay was reduced at all doses. Effects
on body weight and growth and hindlimb grip strength persisted through the recovery
period. Reproductive performance was not affected.
In juvenile dog, morbidity leading to premature sacrifice occurred following an acute oral
dose of 40 mg/kg. Clinical signs (including incoordination, excessive
grooming/licking/scratching, head shaking, spatial disorientation, and/or ataxic gait) were
observed at all doses (1-40 mg/kg). In the pivotal study (oral doses of 0, 1, 5, 5/10
mg/kg/day; the high dose was increased on PND 56), clinical signs were the prominent
drug-related effects; there were no adverse effects on the FOB or neurological
examinations or on bone density. Learning and memory were not assessed.
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Juvenile rat and dog appeared to be more sensitive to the behavioral effects of
perampanel, compared to adults. In juvenile rat, this may be due to the higher plasma
exposure, particularly during the lactation period, at similar doses. However, in juvenile
rat, there seemed to be no evidence of the self-mutilation observed in adults. Plasma
exposures in juvenile dog were fairly similar to those in adult dog, comparing oral doses
up to 10 mg/kg/day; however, excessive grooming/scratching/licking were observed only
in juvenile dog.
Carcinogenic Potential
The carcinogenic potential of perampanel was assessed in lifetime carcinogenicity
bioassays in CD-1 mouse and Sprague-Dawley rat. In mouse, increased mortality resulted
in dose discontinuation in mid- and high-dose males (Week 87 and 85, respectively) and
at all doses in females (Week 101 at low and mid doses; Week 92 at the high dose); all
survivors were sacrificed at Week 104 (males) or Week 103 (females). Survival was not
affected in rat. Both studies were reviewed by Dr. Toscano and discussed with the
Executive CAC (Meeting Minutes, 7/5/2012) and found to be adequate and negative for
drug-related neoplasms.
[Behavioral effects observed in the mouse study are discussed under the General
Toxicology section of this memo.]
Genotoxicity
Perampanel was negative in an adequately conducted standard battery of genetic
toxicology studies (in vitro Ames assay, in vitro mouse lymphoma tk assay, in vivo
micronucleus assay in rat).
Recommendations: I agree with Dr. Toscano’s conclusion that the nonclinical studies of
perampanel submitted to NDA 202-834 are adequate to support approval, with
appropriate labeling. However, in my opinion, an in vitro study to assess potential
binding of perampanel-related material to human aorta is not necessary. While Dr.
Toscano’s recommendation is reasonable, I do not believe that the results of such a study
would be of benefit from a regulatory standpoint or to the prescribing physician (if
included in labeling). The most informative result would be if the in vitro assay
demonstrated prolonged binding to human aorta, and if follow-up in vitro studies
identified perampanel-related damage to the aorta. Even with these results, it is unclear
what, if any, clinical action would be indicated, with no nonclinical evidence of related
toxicity or clinical signal warranting investigation.
Draft labeling recommendations are provided below but may be modified following
further internal discussion and receipt of comments from the sponsor. Safety margins are
based on body surface area comparisons, using a human dose of 8 mg/day. If the
maximum recommended human dose (MRHD) is changed (to 12 mg/day) and/or if
steady-state plasma exposure (AUC) data are available at the MRHD, then safety margins
will need to be revised accordingly. A pharmacologic class has not yet been established
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for perampanel; the available data support the term, “noncompetitive ionotropic AMPA
glutamate receptor antagonist.”
The CNS stimulatory effects of perampanel observed in several species, and presumed to
be responsible for the severe self-mutilation observed in mouse at clinically relevant
doses, are of concern. Although wording has not been provided, consideration should be
given to including a description of the findings in labeling.

4 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this
page
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1

Executive Summary

1.1

Introduction

Christopher D. Toscano, Ph.D., DABT

Perampanel (FYCOMPA) is a noncompetitive AMPA receptor (AMPAR) antagonist
developed by Eisai as a treatment for partial-onset seizures with or without secondarily
generalized seizures in patients with epilepsy aged 12 years or older. AMPAR, along
with the two other ionotropic glutamate receptors, NMDA and kainate receptors, allow
for the transmembrane flow of cations such as K+, Na+, and Ca2+. Activation of this ion
flux by glutamate, the main excitatory neurotransmitter in the brain, facilitates
depolarization of the neuron. Being the main excitatory neurotransmitter in the brain,
glutamate and its receptors are logical targets for the development of antiepileptic
medications, such as perampanel. The nonclinical studies submitted to support the
approval of FYCOMPA are reviewed in this document.

1.2

Brief Discussion of Nonclinical Findings

Perampanel exhibited the ability to noncompetitively antagonize the activation of
AMPA receptors in vitro. In vivo studies performed in several animal models of epilepsy
have demonstrated the ability of perampanel to abrogate seizures. The results of the
pharmacology studies performed with perampanel suggest that this compound may be
useful as an antiepileptic medication in humans.
The main findings of concern in the nonclinical studies are the prolonged residence
of perampanel in the aorta due to covalent binding to elastin, delayed-onset convulsions
observed in rats dosed with low levels of perampanel for greater than 6-months,
cognitive dysfunction observed in the juvenile toxicology study, and teratogenicity (i.e.
diverticulum of the intestine) observed in the rat embryo-fetal development study.

1.3

Recommendations

1.3.1 Approvability
NDA 202-834 contains an adequate nonclinical assessment of the pharmacology
and toxicology of perampanel. The overall nonclinical toxicity profile of this compound is
not markedly different than other FDA-approved antiepileptics and would not preclude
the approval of FYCOMPA for the treatment of partial-onset seizures with or without
secondarily generalized seizures in patients with epilepsy aged 12 years or older.
1.3.2 Additional Non Clinical Recommendations
Due to the unusual finding of covalent binding of perampanel to the aorta resulting in
a residence time of at least 2 years in rat, it is recommended that additional studies be
performed to determine if this finding is of clinical concern. Rofecoxib (Vioxx), a
cyclooxygenase-2 (COX-2) inhibitor withdrawn from the market due to adverse
cardiovascular findings in humans, is also known to covalently bind the aorta of rats and
humans. It is recommended that the Sponsor investigate, as a post marketing
requirement (PMR), the ability of perampanel to bind to the human aorta; details
regarding studies from the peer-reviewed literature that have performed similar in vitro
assessments with rofecoxib are described in Section 11 of this Review.
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Studies Submitted

3.1

Studies Reviewed

Christopher D. Toscano, Ph.D., DABT

Pharmacology
Primary Pharmacology
1) M00025- Effect of E2D07 and ER-179392 on AMPA-induced intracellular free
calcium elevation in rat cortical neurons
2) M09014- E2007: Effects of E2007 metabolites on AMPA-induced intracellular calcium
elevation in rat cortical neurons
3) M00031- E2007: In vivo suppression of AMPA-induced seizure in mice
4) M01029- E2007 Effects on audiogenic seizures in DBA/2J mice
5) M01033- E2007: Effects on maximal electroshock seizures in mice
6) M01031- E2007: Effects on pentylenetetrazole-induced seizures in mice
7) M01034- E2007: Effect on seizure parameters in amygdale-kindled rats
8) JP06ei01004- E2007: Effect of 2007 and valproate on the genetic model of absence
epilepsy in the rat (GAERS)
9) EIS072811-2- Ion channel profilier data report
10) M11016- Effects of E2007 on seizure development in mouse corneal kindling
model.
Secondary Pharmacology
11) T/O 00-6870- E2007: In vitro specificity of binding
12) 929001- In vitro pharmacology- study of compound E2007
13) 929005- In vitro pharmacology- study of E2007 on cytokine and chemokine
production and immunosuppresion
Safety Pharmacology
14) M01036- E2007: Effects on Rotarod test in mice
15) W20010415- Effect of E2007 on rotarod test
16) DJNR1008- Effect of E2007 on hERG tail current recorded from stably transfected
HEK293 cells
17) G00006- Effects of oral administration of E2007 on heart rate, blood pressure and
electrocardiogram in conscious dogs
18) B010484- Effect of orally administered E2007 on general physical condition and
behavior (Irwin’s method) in rats
19) B010485- Effect of orally administered E2007 on body temperature in rats
20) B010486- Effect of orally administered E2007 on respiratory function in rats
Pharmacokinetics
Analytical Methods
1) TKV0004- Validation of the bioanalytical method for the measurement of E2007 in rat
plasma
2) A1437- Validation of analytical method for determination of in mouse plasma using
HPLC
3) A1438- Validation of analytical method of determination of E2007 in rat plasma using
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HPLC
4) A2043- Validation of analytical method for determination of E2007 in rabbit plasma
using HPLC
5) TKV0005- Validation of the bioanalytical method for the measurement of E2007 in
monkey plasma
6) SBL4746- Analytical method validation for the determination of E2007 in monkey
plasma
7) B01028- E2007: Identification of chemical structure and determination of
radiochemical purity and specific activity of 14C labeled E2007
8) CP3071- Purification of 14C-E2007
Absorption
1) B00023- E2007: Pharmacokinetic profile of E2007 after a single oral and intravenous
administration to rats
2) B00027- Pharmacokinetic profile of E2007 after a single oral and intravenous
administration to dogs
3) BSBL4758- E2007: Pharmacokinetic profile of E2007 after a single oral and
intravenous administration to monkeys
Distribution
1) B01032- E2007: Blood level, distribution, metabolism and excretion of radioactivity
after an oral administration of 14C-E2007 to rats
2) AE3690g- E2007: Distribution of radioactivity in tissues after an oral administration of
14C-E2007 to pigmented rats
3) B04002- E2007: Blood, aorta, eye and skin concentrations of radioactivity after an
oral administration of 14C-E2007 to pigmented rats
4) AE3321g- E2007: Absorption, distribution and excretion in Cynomolgus monkeys
after single oral administration of 14C-E2007
5) B02010- E2007: Protein binding of 14C-E2007 in mouse and monkey plasma
6) AE4736g- Pharmacokinetic study of E2007-Placental transfer after a single oral
administration of 14C-E2007 in pregnant rats
Metabolism
1) AE3427- E2007: Metabolism of 14C-E2007 in Cynomolgus monkeys after single oral
administration
2) B00034- E2007: Structural analysis of E2007 metabolites in dog liver microsomes
Excretion
1) AE4735g- Radioactive concentration in milk after single oral administration of 14CE2007 to lactating rats
Toxicology
General Toxicology
Mouse
Single Dose
1) C-B062- E2007: Single oral dose range toxicity study in mice
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Repeat Dose
2) CB063- E2007: A 2 week oral dose range toxicity study in mice
3) B5121- E2007: A 4-week oral dose range toxicity study in mice (additional study)
4) B4954- E2007: A 13-week oral dose range toxicity study in mice
Rat
Single Dose
1) TKB00005- E2007 and
Single oral dose range study in rats
2) S05092- E2007: Single oral dose toxicity study in rats
(b) (4)

Repeat Dose
3) TKB00006- E2007 and
A 4-day dose range oral study in rats
4) S00009- E2007: A 4-week oral toxicity study in rats
5) S01008- E2007: A 13-week oral toxicity study in rats
6) S04007- A 13-week oral toxicity study in male rats (additional study)
7) S02002- E2007: A 26-week oral toxicity study in rats
8) S05107- E2007: A 26-week oral toxicity study in male rats (additional study)
(b) (4)

Rabbit
Single Dose
1) S00619- E2007: MTD study in non-pregnant rabbits
Dog
Single Dose
1) TKB00007- E2007 and

(b) (4)

Dose escalation oral toxicity study in dogs

Repeat Dose
2) TKB00008- E2007: A 7-day oral range toxicity study in dogs
3) S00010- E2007: A4-week oral toxicity study in dogs
4) S01009- E2007: A 13-week oral toxicity study in dogs
Non-Human Primate
Single Dose
1) TKB01011- E2007: Dose escalation oral toxicity study in monkeys
Repeat Dose
2) TKB01016- E2007: A 2-week oral repeat dose toxicity study in monkeys
3) SBL4747- A 4-week oral toxicity study in monkeys
4) SBL038024- E2007: A 39-week oral toxicity study in monkeys
5) SBL4761- E2007: A 52-week oral toxicity study in monkeys
Genotoxicity
1) S00604- E2007 and
preliminary reverse mutation assay in bacteria
2) S00612- E2007: Reverse mutation assay in bacteria
3) S00613- E2007: Mouse lymphoma TK assay
(b) (4)
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4) S01620- E2007: Micronucleus assay in rats following oral administration
(b) (4)
5) 12546: Mutagenicity study of
6) Derek Analysis of Specified Impurities
7) Derek Analysis of Unspecified Impurities
Carcinogenicity
1) B4955- E2007: A 24-month oral carcinogenicity study in mice
2) S04063- E2007: An oral carcinogenicity study in rats
Reproductive and Development Toxicity
1) S01011- E2007: An oral fertility study in rats
2) 200420p- E2007: Dose range toxicity study in pregnant rats
3) 200420- E2007: Oral embryo-fetal development study in rats
4) 250520p- E2007: Dose range toxicity study in pregnant rabbits
5) 250520- E2007: Oral embryo-fetal development study in rabbits
6) 091027- E2007: An oral TK study in pregnant rabbits
7) 300326p- E2007: An oral dose range toxicity study of effects on pre- and postnatal
development, including maternal functions, in rats
8) 300326- E2007: An oral toxicity study of effects on pre- and postnatal development,
including maternal functions, in rats
Juvenile Toxicity
1) 901162- E2007: A dose range-finding oral toxicity study in the juvenile rat
2) 901163- E2007: A 12-week oral gavage toxicity study in the juvenile rat followed by a
4-week recovery period
3) 901978- E2007: An oral dose range-finding toxicity study in juvenile dogs
4) 901979- A 33-week oral gavage toxicity study in the juvenile dog followed by a 4week recovery period
Other Toxicity Studies
Phototoxicity
1) F06003- E2007: Phototoxicity test using BALB/3T3 cells
2) 1060501- Photomutagenicity in a Salmonella typhimurium reverse mutation assay
with E2007
3) 1060502- Chromosome aberration test in vitro: Photomutagenicity in Chinese
hamster V79 cells with E2007
4) LFA00042- Topical photoallergy test of E2007 in albino hairless guinea pigs
5) LFA00036- 13-week oral range finding study of W2007 in hairless mice, with or
without simulated sunlight
6) CK-168: Immunohistochemical biomarkers study using skin tissues from study
SBL038024

3.2

Studies Not Reviewed

The four nonclinical abuse liability studies contained in this application are not reviewed
here. In addition, the following primary pharmacology and toxicology studies involve
disease models and study designs that are not pertinent to the indication of this NDA
13
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(i.e., epilepsy) and were, therefore, not reviewed:
(b) (4)

3.3

Previous Reviews Referenced

1) Toscano CD, Nonclinical Review,
2) Elayan IM, SPA Carcinogenicity Protocol Review, IND 68368 (DARRTS, 2/17/2004)
3) Seifried AS et al., Faxed CAC Report for SPA, IND 68368 (DARRTS, 12/18/2003)
(b) (4)
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Pharmacology

4.1

Primary Pharmacology

Christopher D. Toscano, Ph.D., DABT

In vitro:
The ability of perampanel and one of its metabolites (ER-179392-00 or M1) to alter
AMPA-induced intracellular calcium levels was tested in rat cortical neurons (Study
M00025). Perampanel exhibited an IC50 value of 93 nM in the presence of 2 µM AMPA;
the IC50 value for ER-179392 was 17-fold higher (1.6 µM). When this study was
repeated with additional metabolites of perampanel (Study M09014), it was determined
that most are also potent antagonists of the AMPA receptor, in the presence of 2 µM
AMPA (Sponsor’s table, below). These findings suggest that perampanel and its
metabolites (M1, M3, M4, M5, and M7) are antagonists of the AMPA receptor.

Sponsor’s Table: The metabolites of perampanel (E2007) are as follows: M1 (ER179392-00), M2 (ER-260862-00), M3 (ER-260860-00), M4 (ER-390105-00), M5 (ER464998-00), M7 (ER-497647-00).
Perampanel (0.3 µM to 30 µM) did not modulate GABA-mediated current in vitro
when assessed in cell lines expressing GABAA α1β3γ2, GABAA α3β3γ2, GABAA
α2β3γ2, or GABAA α5β3γ2 (Study EIS072811-2).
In vivo:
The ability of perampanel to abrogate seizures was investigated in several mouse
and rat models of epilepsy (AMPA-induced, audiogenic, electroshock,
pentylenetetrazole-induced, corneal kindling, amygdala kindling, and a genetic model of
absence epilepsy). Oral pre-treatment of mice with up to 5 mg/kg perampanel one hour
before intracerebral infusion of AMPA resulted in a dose-dependent increase in latency
to seizure (Study M00031). Specifically, 2.5 and 5 mg/kg perampanel increased latency
to seizure onset by 2 to 3 fold, relative to control (0 mg/kg= 42 sec; 1.25 mg/kg= 68 sec;
2.5 mg/kg= 87 sec; 5 mg/kg= 142 sec.). Oral treatment with perampanel was also
observed to abrogate pentylenetetrazole (PTZ)-induced seizure (Study M01031) with an
ED50 value of 940 µg/kg; the ED50 for sodium valproate (VA) and carbamazepine (CBZ)
in PTZ-exposed mice was 350 and >100 mg/kg, respectively. The ED50 for perampanel
(oral) and the positive controls carbamazepine and valproate in the maximal
electroshock-induced seizure test were 1.6, 21, and 460 mg/kg, respectively (Study
M01033). Perampanel also exhibited efficacy in a model of audiogenic seizure (DBA/2J
mice; Study M01029). The ED50 for perampanel (oral), carbamazepine, and valproate in
abrogating audiogenic seizures was 470 µg/kg, 6.1 mg/kg, and 160 mg/kg, respectively.
Perampanel (1.5 mg/kg and 3 mg/kg, p.o.) prevented kindling in the mouse model of
corneal kindling (Study M11016). Perampanel (5 and 10 mg/kg, p.o.) decreased the
average motor seizure duration and seizure severity score by 50% in amygdala-kindled
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Safety Pharmacology

4.3.1 Cardiovascular
A) Study DJNR1008: “Effect of E2007 on HERG Tail Current Recorded from Stably
Transfected HEK293 Cells”
In this study, which was initiated on 5/8/2001, the hERG tail current was recorded
from hERG-transfected HEK293 cells in the presence of 0, 1, 3, 10, or 30 µM
perampanel dissolved in 0.1% DMSO. Perampanel (E2007) inhibited hERG in a
concentration-dependent manner (Sponsor’s Table 1) with an IC50 of 15.8 µM. The
positive control (100 nM E-4031) markedly inhibited hERG to a level that was 7% of the
control. Overall, this study demonstrates that perampanel does inhibit hERG activity but
is not as potent as the positive control E-4031.

B) Study G00006: “Effects of Oral Administration of E2007 on Heart Rate, Blood
Pressure and Electrocardiogram in Conscious Dogs”
Beagle dogs (n=3/sex) were administered a single oral dose of 0, 1, and 10 mg/kg
perampanel in 0.5 % methyl cellulose with a 7-day washout period between the 0 and 1
mg/kg doses and a 14-day washout period between the 1 and 10 mg/kg doses. Heart
rate, mean arterial blood pressure, PQ interval, QRS interval, and QT interval were
measured 0.5, 1, 2, 3, 4, 5, and 6 hours after dosing. The study was initiated on
11/13/2000. An increase in heart rate, which lasted for up to 4 hours after dosing, was
observed in male and female dogs dosed with 10 mg/kg (Sponsor’s Figures below).
There were no drug-related changes observed in the other cardiac parameters,
including QT interval.
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Males

Females

4.3.2. Respiratory
A) Study B010486: “Effect of Orally Administered E2007 on Respiratory Function in
Rats”
Using whole body plethysmography, respiratory parameters (respiratory frequency,
tidal volume, and minute volume) were measured in male SD rats (n=6/group)
administered a single oral dose of 0, 0.3, 1, and 5 mg/kg perampanel in 0.5% methyl
cellulose. Respiratory rate was decreased by up to 17% and 19%, relative to predosing,
in MD and HD, respectively, for up to 2 hours after dosing (Sponsor’s Table, below).
Respiratory rate resolved to control levels within 4 hours of dosing. There were no test
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article-related changes observed in any of the other respiratory parameters that were
assessed.

4.3.3 Central Nervous System
A) Study B010485: “Effect of Orally Administered E2007 on Body Temperature in Rats”
In male SD rats (n=6/group) administered a single oral dose of 0, 0.3, 1, and 5 mg/kg
perampanel, body temperature was not altered in a test article-related manner when
assessed at 0.5, 1, 2 and 4 hours after dosing.
B) Study M01036: “E2007: Effects on Rotarod in Mice”
When male ICR mice (n=9/group) were given a single oral dose of 0, 0.5, 1, 2, and 4
mg/kg perampanel one hour before testing on the rotarod, a dose-related increase in
the number of animals that could not remain on the rotarod for 120 seconds was
observed for doses > 0.5 mg/kg (Sponsor’s Table, below).

C) Study W-20010415: “Effect of E2007 on Rotarod Test”
When male SD rats (n=8/group) were given a single oral dose of 0, 2, 4, 8, or 16
mg/kg perampanel one hour before testing on the rotarod, a dose-related increase in
the number of animals that could not remain on the rotarod for 120 seconds was
observed for doses > 2 mg/kg (Sponsor’s Table, below).
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D) Study B010484: “Effect of Orally Administered E2007 on General Physical Condition
and Behavior (Irwin’s Method) in Rats”
Male SD rats (n=6/group) were assessed for general physical condition and behavior
by the Irwin method at 0.5, 1, 2, 4, and 6 hours after a single oral dose of 0, 0.3, 1, and
5 mg/kg perampanel in 0.5% methylcellulose. There were no perampanel-related
effects observed in rats dosed with 0.3 mg/kg. One of the six MDM exhibited a slight
decrease in abdominal tone up to 2 hours after dosing. A decrease in alertness,
spontaneous activity, touch response, limb tone, grip strength, body tone, and
abdominal tone as well as an increase in staggering gait and palpebral closure were
observed at the HD from 0.5 to 4 hours after dosing (Sponsor’s Table, below). Clinical
signs were not observed in any dose group at 6 hours after dosing. The NOEL in this
study was 0.5 mg/kg, with higher doses resulting in depression of CNS function.
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Pharmacokinetics

5.1

PK/ADME

Christopher D. Toscano, Ph.D., DABT

5.1.1 Analytical Methods and Validation
Analytical methods for detecting and quantifying perampanel in rat, mouse, rabbit,
dog, and monkey plasma were validated by the Sponsor in studies that were GLP
compliant. Using HPLC with fluorescence detection, calibration curves for perampanel
spiked into rat plasma exhibited linearity (r >0.999) over a range of 0.3 to 3000 ng/ml,
which represented the lower and upper limits of quantification, respectively (Studies
TKV0004 & A-1438). There were no peaks that interfered with the detection of
perampanel (RT= 10.5 min) in rat plasma. The recovery of perampanel from rat plasma
ranged from 97.1-100.9% of the initial concentration when stored at -20 to -30oC for up
to 59 days. Similar findings for range of linearity in HPLC with fluorescence detection
(0.3 to 3000 ng/ml; r >0.999), limit of quantification (0.3 ng/ml), and stability at -30oC
(94.7-102.5% sixty days after spiking) were observed for perampanel spiked into mouse
plasma (Study A-1437). There were no peaks that interfered with the detection of
perampanel in mouse plasma (RT=10.3 min). When perampanel was spiked into rabbit
plasma, calibration curves were linear over the concentration range of 0.3 to 3000
ng/ml, with a limit of quantification of 0.3 ng/ml (Study A-2043). Perampanel was stable
in rabbit plasma stored at -30oC for up to 28 days (96.1 to 101.7%, relative to initial
concentration). There were no peaks that interfered with the detection of perampanel in
rabbit plasma (RT=11.1 min). The calibration curve for perampanel in dog plasma was
linear between 0.3 ng/ml, the limit of quantification, and 3000 ng/ml (Study TKV0005).
Perampanel was stable (96.4- 108.2% of initial concentration) in dog plasma for up to 4
weeks when stored below -15oC. There were no peaks that interfered with the detection
of perampanel in dog plasma (RT=10.6 min). Perampanel was stable (94.2-96.6%) in
Cynomolgus monkey plasma for up to 4 weeks at -15oC (Study SBL-47-46). The
calibration curve for perampanel in monkey plasma was linear between 0.3 ng/ml, the
limit of quantification, and 3000 ng/ml. There were no peaks that interfered with the
detection of perampanel in monkey plasma (RT=12.6 min).
5.1.2. Absorption
A) Study B00023: “Pharmacokinetic Profile of E2007 After a Single Oral and
Intravenous Administration to Rats”
Fasted male Sprague-Dawley rats (n=4/group) were dosed intravenously with 1
mg/kg or orally with 1, 3, or 10 mg/kg perampanel. Blood was then sampled at 0.8, 0.25,
0.5, 1, 2, 4, 6, 8, and 24 hours post-dose to calculate PK parameters of perampanel
(Sponsor’s Table 2, below). Perampanel demonstrated an oral bioavailability that
ranged from 36.7-47.8% and a half-life that ranged from 1.3 to 2.1 hours in rats.
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B) Study B00027: “Pharmacokinetic Profile of E2007 After a Single Oral and
Intravenous Administration to Dogs”
Male beagle dogs (n=4) were dosed intravenously with 0.1 mg/kg or orally with 0.1,
0.3, or 1 mg/kg perampanel with a 7-day washout period between doses. PK
parameters for perampanel are provided in the Sponsor’s Table, below. Perampanel
exhibited an oral bioavailability of 49-53% and a half life of 5.3-5.8 hours in dogs.

C) Study SBL-47-58: “E2007: Pharmacokinetic Profile of E2007 After a Single Oral and
Intravenous Administration to Monkeys”
Male Cynomolgus monkeys (n=4) were administered an oral dose of 0.03 mg/kg
perampanel followed two weeks later by an intravenous dose of 0.03 mg/kg
perampanel. PK parameters were calculated for each monkey and are provided in the
Sponsor’s tables, below. Bioavailability was determined to be 75% and the half-life for
perampanel was similar between the intravenous and oral dosing (6.9 hrs vs. 7.5 hrs,
respectively).
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5.1.3. Distribution
A) Study B02010: “E2007: Protein Binding of 14C-E2007 in Mouse and Monkey Plasma”
Plasma from male CD-1 mice and male Cynomolgus monkeys was incubated with
20, 200, or 2000 ng/ml radiolabeled perampanel to determine the plasma protein
binding capacity of perampanel. Perampanel exhibited robust binding to both mouse
(>94%) and monkey (>90%) plasma proteins.
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B) Study AE-4736-G: “E2007: Placental Transfer After Single Oral Administration of 14CE2007 in Pregnant Rats”
Female Crl:CD(SD) rats were given a single oral dose of 1 mg/kg radiolabeledperampanel on gestational day (GD) 13 or 19 to determine the magnitude of placental
transfer of perampanel. Dams were euthanized at 0.5, 6, or 24 hours after dosing and
distribution of perampanel was assessed by scintillation counting of selected maternal
and fetal tissues (Sponsor’s Tables, below). The data demonstrate that there is
placental transfer of perampanel to fetal blood (34-48% of maternal levels), fetal brain
(59-88% of maternal levels), fetal heart (41-44% of maternal levels), fetal lung (33-59%
of maternal levels), fetal liver (5-15% of maternal levels), and fetal kidney (13-23% of
maternal levels).
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C) Study B01032: “E2007: Blood Level, Distribution, Metabolism and Excretion of
Radioactivity After an Oral Administration of 14C-E2007 to Rats”
Male Sprague Dawley rats were given a single oral dose of 1 mg/kg 14C-radiolabeled
perampanel in order to assess blood levels, distribution, metabolism, and excretion of
the test article. Blood samples were collected at several intervals up to 168 hours after
dosing and animals were euthanized 1, 6, 24, 168 hours, and 21 days after dosing to
assess for tissue distribution. Urine and feces were examined for radioactivity up to 7
days after dosing and biliary excretion was assessed by cannulation of the bile duct, 48
hours after dosing.
The plasma half-life calculated for radiolabeled perampanel was 8.3 hours in this
study (Sponsor’s Table 2, below). The majority of the radioactivity was eliminated in the
bile (87%) with the remainder being eliminated via the urine (11.7%; Sponsor’s Table 5,
below); 99.5% of the radioactive dose was recovered in urine and feces by Day 7 of the
study (Sponsor’s Table 5, below). A similar ratio of elimination was found in the
cannulated rats with 92% of the radioactivity being recovered in the bile within 48 hours
of dosing (Sponsor’s Table 6, below). Within one hour of dosing, the tissues
demonstrating the highest levels of radiolabeled perampanel were the Harderian gland,
thyroid, adipose tissue, vein, adrenal gland, liver, stomach, and small intestine
(Sponsor’s Table 3, below). Within 24 hours after exposure, radioactivity levels were at
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or below the limit of detection for most tissues except the aorta, kidney, liver, cecum,
and large intestine. Detectable levels of radioactivity were present in the kidney, liver,
and aorta 21 days after dosing, suggesting a substantially longer half life in these
tissues. Attempts to extract the radioactivity from the liver were generally unsuccessful
with up to 62% of the radioactivity remaining with the pellet after centrifugation,
suggesting covalent binding of perampanel to endogenous macromolecules (Sponsor’s
Table 8).
Regarding metabolism of perampanel, the parent compound (“Fraction 1”)
represented 85% of the radioactivity detected in plasma at one hour after dosing, with
“Fraction 6” (ER-260862-00) and “Fraction 7” (glucuronide of 4’-hydroxy-perampanel)
accounting for the balance of extractable metabolites (5.6% and 1.4%, respectively;
Sponsor’s Table 10). At 6 hours after dosing, the majority of the radioactivity (70%) was
associated with “Fraction 7”; the parent compound represented the balance of
extractable radioactivity in the plasma (16%). Perampanel represented 93% of the
radioactivity found in the brain at one hour after dosing. The main component of
radioactivity in bile was the glucuronide of the 4’-hydroxylated form of perampanel;
however, the 4’-OH form of perampanel (ER-179392-00; Sponsor’s Figure 19) was the
predominant component of radioactivity in feces, which suggests deconjugation by
enteric bacteria.
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D) Study AE-3690-G: “E2007: Distribution of Radioactivity in Tissues After an Oral
Administration of 14C-E2007 in Pigmented Rats”
Male pigmented SPF/VAF/BN/Crj rats (Brown Norway) were given a single oral dose
of 1 mg/kg 14C-radiolabeled perampanel in order to assess distribution of the test article.
Blood samples were collected at several intervals up to 168 hours after dosing and
animals were euthanized 1 hr, 24 hrs or 1, 3, 6, or 9 weeks after dosing. Due to a
triphasic decrease in blood and plasma levels, three separate half-life values were
calculated (Sponsor’s Table 3).

Blood

Plasma

Although the highest levels of radioactivity detected in plasma, blood, eyeball, liver,
and aorta occurred at 1 hour after dosing, detectable levels of radioactivity were
measured in liver up to 6 weeks after dosing and in eye and aorta at the final sampling
time (Sponsor’s Table 4-1, below). The levels of radioactivity detected in the liver at 6
weeks after dosing and the eye and aorta at 9 weeks after dosing were 0.03%, 4.4%
and 5%, respectively, of the levels detected at 1 hour after dosing. When treated with
either elastase or pronase, 100% of the radioactivity present in the aorta at 1 week after
dosing was extractable with methanol (Sponsor’s Table 5), suggesting a covalent
interaction of the perampanel or a related metabolite with the macromolecules of the
aorta. Retention of radioactivity in the eye of the pigmented rat was longer than in the
albino rats in Study B01032 suggesting that perampanel and/or its metabolites may
have an affinity for melanin.
.
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E) Study B04002: “E2007: Blood, aorta, eye and skin concentrations of radioactivity
after an oral administration of 14C-E2007 to pigmented rats”
Male pigmented, Brown Norway rats were given a single oral dose of 1 mg/kg 14Cradiolabeled perampanel in order to assess distribution of the test article to aorta, eye,
and skin. Blood samples were collected at 1 hour after dosing and animals were
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euthanized 6, 9, 12, 24, 38, 55, and 106 weeks after dosing to assess for tissue
distribution of the test article. Blood levels of radioactivity at one hour after dosing (141
ng-eq/ml) were similar to those observed in Study AE-3690-G (141 ng-eq/ml).
Elimination of radioactivity from the aorta and eye was slow, with an estimated half-life
of 110 weeks in aorta and 45 weeks in eye (Sponsor’s Table 2 & 3). Radioactivity was
detected in the skin of rats up to 12 weeks after dosing.

F) Study AE-3321-G: “E2007: Absorption, Distribution, and Excretion in Cynomolgus
Monkeys after a Single Oral Administration of 14C-E2007”
Male Cynomolgus monkeys (n=4) were given a single oral dose of 0.3 mg/kg 14Cradiolabeled perampanel in order to assess absorption, distribution, and excretion of the
test article. Blood, plasma, urine, and feces were collected at several intervals up to 168
hours, which was the time of euthanasia and tissue collection in this study.
Blood and plasma levels of radioactivity peaked at 5 hours after dosing and declined
in a biphasic manner that resulted in a half-life of 11 hrs for the first phase (α) and 2.2
days for the second phase (β) of elimination (Sponsor’s Table 2, below). The excretion
of radioactivity via urine (36.9%) and feces (56.7%) reached a plateau by Day 7 of the
study, with 93.6% of the total dose recovered by this time point (Sponsor’s Table 3,
below).
At seven days after dosing, 90% of the remaining radioactivity was detected in the
following tissues: gallbladder (33%), retina and choroids (23%), iris and ciliary body
(19%), liver (6%), cecum (6%), renal cortex (3%; Sponsor’s Table 4-1, below). The
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amount of radioactivity remaining in the aorta was <1% of the radioactivity present in all
tissues on day 7. Overall, this study and those performed in rats (Studies B04002, AE3690-G, AE-4736-G) demonstrate that although some of the tissues in which
perampanel exhibits long residence times are similar between monkey and rat (eye,
liver, and kidney), there is a marked difference in the perampanel residence time in the
aorta of monkeys and rats.

Blood

Plasma
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5.1.4. Metabolism
A) Study AE-3427: “E2007: Metabolism of
Single Oral Administration”

14

C-E2007 in Cynomolgus Monkeys After

Male Cynomolgus monkeys (n=4) were given a single oral dose of 0.3 mg/kg
radiolabeled perampanel to assess the concentration of metabolites in the plasma, liver,
gallbladder, urine, and feces. Blood samples were collected at several intervals up to
168 hours after dosing. Urine and feces were examined for radioactivity up to 3 days
after dosing. Bile was sampled from monkeys at 168 hours after dosing.
Up to 48 hours after dosing, the parent compound accounted for most of the
radioactivity (75.2 to 88%) detected in the plasma; all other metabolites detected in the
plasma were considered to be minor (Sponsor’s Tables 1A & 1B, below).

When bile was sampled 168 hours after dosing, SB1 (a glucuronide conjugate of the
4’-OH metabolite of perampanel) accounted for 88.9% of the radioactivity detected in
the gallbladder (Sponsor’s Table 3). SB2 was determined to be the sulfate conjugate of
the 4’-OH metabolite. Most of the excretion of perampanel and its related metabolites
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occurred during the time of the first urine sample (Sponsor’s Table 5). Although SB1
accounted for most of the radioactivity in the gallbladder, this metabolite was not
detected in the feces which suggested that it may have been deconjugated by enteric
bacteria (Sponsor’s Table 7, below).
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B) Study B00034: “Structural Analysis of E2007 Metabolites in Dog Liver Microsomes”
Dog liver microsomes were incubated with perampanel in the presence of NADPH
for 4 hours at 37oC. The resulting metabolites were identified using LC-MS. Metabolites
DM1 and DM2 were the predominant metabolites isolated from the microsomal
incubation (Sponsor’s Figure 5, below). However, these metabolites were not present in
the plasma of dogs dosed orally with 1 mg/kg perampanel.
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5.1.5. Excretion
A) Study AE-4735: “E2007: Radioactive Concentration in Milk After Single Oral
Administration of 14C-E2007 to Lactating Rats”
Lactating Crl:CD(SD) rats (4 days post parturition; n=3) were given a single dose of
radiolabeled perampanel and radioactivity was measured in milk and plasma up to 24
hours after dosing. The levels of radioactivity detected in milk were 2.5-3.9-fold higher
than those found in plasma (Sponsor’s Table 1-1, below). Up to 4 hours after dosing,
most of the radioactivity in milk (79-92%) was associated with the parent compound. At
24 hours after dosing, perampanel accounted for 21.4% of the radioactivity found in
milk. Overall, this study demonstrates that perampanel is excreted into milk for at least 4
hours after dosing.
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Single-Dose Toxicity
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Mouse: Study C-B062: “E2007: Single Oral Dose Range Toxicity Study in Mice”
Male and female CD-1 mice (n=5/sex/group) were administered a single dose of 0,
100, 300, 1000, or 1500 mg/kg E2007 in 0.5% methylcellulose by oral gavage. Clinical
signs, body weight, and food consumption were observed daily until necropsy of all
animals, 5 days after dosing. Clinical signs, such as decreased activity and abnormal
gait, were observed in mice at oral doses of ≥ 100 mg/kg.
Rat: Study S05092: “E2007: Single Oral Dose Toxicity Study in Rats”
Male and female Sprague-Dawley rats (n=5/group/sex) were administered, by oral
gavage, a single dose of 0, 500, 1000, or 2000 mg/kg E2007 (Lot # 13022002) in 0.5%
methylcellulose. Clinical signs, body weight, and food consumption were observed daily
until necropsy, 15 days after dosing. The MTD was 1000 mg/kg. When rats were given
a single dose of 10, 100, or 1000 mg/kg perampanel in 0.5% methylcellulose (Study
TKB-00005), clinical signs such as abnormal gait, prostration, and decreased activity
were observed at all dose levels.
Rabbit: Study S00619: “E2007: MTD Study in Non-Pregnant Rabbits”
Two female Kbl:NZW rabbits were dosed once per day, by oral gavage, in a doseescalating study design (1 mg/kg on Day 1, 10 mg/kg on Day 5, 30 mg/kg on Day 8, 100
mg/kg on Day 10, 300 mg/kg on Day 13). Animals were euthanized for necropsy on Day
14 of the study. The MTD was determined to be 100 mg/kg and the NOAEL was 10
mg/kg, with abnormal gait and decreased activity observed at higher doses.
Dog: Study TKB00007: “E2007: Dose Escalation Oral Toxicology Study in Dogs”
Male and female beagle dogs (n=2/sex) were dosed once daily, by oral gavage, in a
dose-escalating study design (Days 1-2= 0.3 mg/kg, Days 3-4= 1 mg/kg, Days 5-6= 3
mg/kg, Days 7-8= 10 mg/kg E2007 in 0.5% methylcellulose). A control group received
an equivalent volume of 0.5% methylcellulose (5 ml/kg). Dogs were euthanized on Day
8 at 30 minutes after dosing due to extreme clinical signs. The MTD was determined to
be 3 mg/kg and the NOAEL was 1 mg/kg, with vomiting, abnormal gait, decreased
activity, and euthanasia in extremis occurring at higher doses.
Monkey: Study TKB01011: “E2007: Dose Escalation Oral Toxicity Study in Monkeys”
Cynomolgus monkeys (n=1/sex) were dosed orally once a week with 0.3, 1, or 2
mg/kg E2007 in a dose escalation study design. A separate pair of monkeys was used
for the 4-mg/kg dose. The NOAEL in the single dose (oral) study performed in
Cynomolgus monkeys was 0.3 mg/kg with ataxia, prostration, and drowsiness observed
at higher doses.
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Hematology & Clinical Chemistry: There were no dose-related effects observed when
blood was sampled on Day 12 of the study.
Gross Pathology: A raised focus was observed in the forestomach of one HDF.
Toxicokinetics: Tmax was markedly shortened at all dose levels on Day 12, relative to
Day 1 of dosing. AUC and Cmax increased in a less-than-linear manner with respect to
dose and were markedly lower on Day 12 when compared with Day 1 (Sponsor’s Table
3, below).
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Study title: E2007: A 4-week oral dose range toxicity study in mice
(additional study)
Study no.:
B-5121
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
5/22/2003
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 11070303, Purity 99.6%
Key Study Findings
• The NOAEL in this study is 3 mg/kg with higher doses exhibiting clinical
signs, decreased BW gain, findings in the gross pathology, hematology,
and clinical pathology assessments.
• Deaths were observed in animals dosed with ≥ 30 mg/kg.
• Excoriations and trauma to the genitalia, possibly secondary to excessive
grooming, were observed in HD animals.
Methods
Doses:
0, 3 (LD), 10 (MD1), 30 (MD2), 60 (HD) mg/kg
Frequency of dosing:
Daily for 4 weeks
Route of administration:
Oral gavage
Dose volume:
10 ml/kg
Vehicle:
0.5% methylcellulose
Species/Strain:
Mice /ICR (Crj:CD-1(ICR))
Number/Sex/Group:
10 in main group; 38 in TK group
Age:
6 weeks
Weight:
M= 26.5-36.1 g; F= 19.7-28.0 g
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study
Dosing Solution Analysis: Dosing solutions were within ± 10% of the nominal
concentration.
Mortality: 1 HDM and 1 HDF from the TK group were found dead on Day 20 and Day 8,
respectively. One HDM (5007) from the main group was euthanized in extremis on Day
20. One MD2M from the TK group was found dead 1 hour after dosing on Day 9. The
Sponsor stated that this animal experienced abnormal gait and decreased activity
before dosing and subcutaneous edema was observed upon necropsy. There was no
evidence of dosing-related trauma in this animal.
Clinical Signs: Abnormal gait was observed in both sexes after administration of each
daily dose of ≥ 10 mg/kg E2007. MD2M, HDF, and HDM exhibited excoriation
secondary to excessive, but unobserved, grooming, beginning on Day 16 of dosing.
One HDM (5010) also exhibited prolapse of the penis. There were no test article-related
clinical signs observed in LD animals.
Body Weights: A dose-dependent reduction in body weight gain, relative to control, was
observed in MD2M, HDM, MD1F, MD2F, and HDF (Sponsor’s Table 1, below). There
were no effects on BW or BW gain at the LD.
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Feed Consumption: A slight decrease in food consumption was observed on Days 3
and 7 in MD2 (Male= 12 %, Female= 21 %) and HD (Male= 19 %, F= 30 %) animals,
relative to controls.
Hematology and Clinical Chemistry: Blood samples were collected on the final day of
the study. There were no test article-related findings in female animals. HDM exhibited
a decrease in RBC, hemoglobin, hematocrit, and an increase in WBC (Sponsor’s Table
4). Increases in AST and ALT and decreases in glucose and albumin were also
observed in HDM (Sponsor’s Table 5). These findings in HDM were driven by one male
(5010), which exhibited a 4-fold decrease in RBC, a 3.3-fold decrease in hemoglobin, a
3-fold decrease in hematocrit, a 12-fold increase in WBC, a 5-fold increase in AST, a 9fold increase in ALT, a 5-fold decrease in glucose and a 40% decrease in albumin,
relative to other HDM. This animal exhibited excoriation and prolapse of the penis
beginning on Day 15.
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Gross Pathology: HDM # 5007 (euthanized in extremis) exhibited prolapse of penis,
“loss of skin in the scrotum and caudal epididymis”, discoloration of the testes, and
enlarged spleen. HDM #5010, which survived until the end of the study, also exhibited
prolapse of the penis and loss of digits. 4 HDF exhibited excoriation. The Sponsor
attributes the excoriation and the findings of genital trauma to excessive grooming;
however, excessive grooming was not reported in these animals. The thymus was
considered to be small in 3/10 HDM and 1/10 HDF. There were no findings in LD or
MD1 animals.
Organ Weights: Absolute and relative liver and kidney weights were increased in HDM
and HDF (Sponsor’s Table 2, below).

Toxicokinetics: AUC0-24hr and Cmax increased in a less-than-linear manner in relation to
dose. Tmax occurred between 0.5 to 4 hours on Day 1 and 0.5 to 1 hour on Day 25.
There were no sex-related effects on TK.
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Study title: E2007: A 13-week oral dose range toxicity study in mice
Study no.:
B-4954
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
8/21/2002
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot# 11070303, Purity 99.6%
Key Study Findings
• Deaths were observed in each dose group. The Sponsor attributed these
deaths to infections that were secondary to excoriation of the skin and
urogenital area. Although unobserved, the Sponsor supposed that the
excoriations were due to excessive grooming.
• One HDM exhibited clonic convulsions prior to death.
• Clinical signs such as abnormal gait were observed in all dose groups.
Prostration and dyspnea were observed in animals dosed with 1000 mg/kg.
• A NOAEL was not determined in this study.
Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Deviation from study protocol:

0, 100 (LD), 300 (MD), 1000 (HD) mg/kg
Once daily
Oral gavage
10 ml/kg
0.5% Methylcellulose
Mice /ICR (Crj:CD-1(ICR))
Main group= 10; TK group = 57
6 weeks
M=26.7-34.8 g; F=19.9-28.1 g
Deviations were minor and did not affect the
validity of the study
Dosing Solution Analysis: Dosing solutions were within ± 10% of the nominal
concentration.
Mortality: When the data from the TK and main groups are combined, it is clear that
deaths occurred in a dose-dependent manner, LD= 4 (3 M, 1F), MD= 5 (2 M, 3 F), HD=
8 (7 M, 1 F). The death of all animals, except one HDM that died after clonic
convulsions, was attributed to excessive (unobserved) grooming that resulted in
infection from excoriation of the urogenital region and skin. The Sponsor provides
evidence of infection in these animals in the histopathology report (see below). One
male in each dose group exhibited prolapse of the penis (Sponsor’s Table 1-1, below).
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Clinical Signs: Abnormal gait and decreased activity were observed in all dose groups.
(Sponsor’s Table 1-2, below). Prostration was also observed in all female groups and in
MDM and HDM. Dyspnea observed in the HD group occurred mostly during the first
week of dosing. The eyeballs of two HDM were found to be opaque beginning at week
5. Besides abnormal gait, the incidence of the other clinical signs observed in this study
decreased over time suggesting the development of tolerance to E2007-induced clinical
signs.
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Body Weights: Body weight gain and absolute BW, relative to controls, were decreased
in a dose-dependent manner (Sponsor’s Table 2, below).

Feed Consumption: A transient decrease in food consumption was observed in all dose
groups during the first week of the study (LD= 20-30%; MD= 29-46%; HD= 29-36%,
relative to control).
Hematology: MDM and HDM exhibited a decrease in RBC, hemoglobin, and hematocrit
(Sponsor’s Table 3, below). The Sponsor suggests that the slight decrease in these
measurements were due to the excoriations observed in animals in these dose groups.
Some of the animals that exhibited decreases in RBC, hematocrit, and hemoglobin also
exhibited excoriations (4003, 3003); however, some of the animals with the largest
decreases in these measures (3004 and 3005) did not exhibit excoriations. Therefore,
the plausibility of the Sponsor’s explanation for a decrease in these measures is
questionable.

Clinical Chemistry: Glucose was decreased in all male dose groups, MDF, and HDF
(Sponsor’s Table 4, below). A decrease in the ratio of albumin to globulin was observed
in MDM and HDM.
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Gross Pathology: Wounding and/or prolapse of the penis and bladder distension with
urine retention were observed in all male dose groups (1 LDM, 1 MDM, 2 HDM). Eye
opacity was observed in 2 HDM (1 bilateral, 1 unilateral).
Organ Weights: A dose-dependent increase in relative liver weights was observed in all
dose groups. An increase in kidney weight that was not dose-dependent was observed
in all male dose groups (Sponsor’s Table 5, below). A dose-dependent decrease in
absolute (247, 232, 214, 205 mg; C, LD, MD, HD, respectively) and relative (755, 730,
724, 717 mg; C, LD, MD, HD, respectively) testes weight was observed in all male dose
groups.

Histopathology: Adequate Battery: No, nasal passages/ turbinates were not examined;
Peer Review: No; Signed and Dated Pathology Report: Yes
Test article-related findings were observed in the adrenal, eye, ovary, skin, marrow
of the sternum, and thymus of animals surviving until the end of the dosing phase
(Sponsor’s Table 8-3, below). Some of the same organs were affected in early
decedents (adrenal, penis, marrow of the sternum, thymus). Excoriations of the skin or
penis were characterized by loss of epidermis with bacterial infection which resulted in
inflammation that extended to the urethra, prostate, and seminal vesicle. Similar
excoriations of the urogenital area were observed in previous studies and were
attributed by the Sponsor to unobserved excessive grooming. The urogenital lesions
occurred in all male dose groups. There was no histopathological correlate for the
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urinary bladder distension and urine retention; however the animals that exhibited the
urine retention also exhibited lesions of the penis (# 2006, 3004, 4005, 4010),
suggesting the cause of retention was associated with the urogenital lesions.

Toxicokinetics: AUC0-24hr and Cmax increased in a less-than-linear manner in relation to
dose. Tmax occurred between 4 to 8 hours on Day 1 and 1 to 2 hours on Day 89.

56
Reference ID: 3178238

NDA # 202834

Christopher D. Toscano, Ph.D., DABT

57
Reference ID: 3178238

NDA # 202834

Christopher D. Toscano, Ph.D., DABT

6.2.2 Rat
Study title: E2007: A 4-Day Dose Range Oral Toxicity Study in Rats
Study no.:
TKB00006
Study report location:
EDR
Conducting laboratory and location:
Eisai Co, Ltd; Ibaraki, Japan
Date of study initiation:
9/4/2000
GLP compliance:
No
QA statement:
No
Drug, lot #, and % purity:
E2007, Lot #08066-007211, Purity not
provided
Key Study Findings
• The NOAEL in this study was < 10 mg/kg E2007.
• Abnormal gait and decreased activity were observed in all dose groups.
Females, but not males, exhibited tremors at ≥ 100 mg/kg.
• A dose-dependent decrease in lymphocytes was observed in all male dose
groups and in females dosed with ≥ 100 mg/kg.
• On the final dosing day, plasma levels of E2007 were 3 to 5-fold higher in
females than in males.
Methods
Doses:
0, 10, 100, 300 mg/kg
Frequency of dosing:
Once daily for 4 days
Route of administration:
Oral gavage
Dose volume:
10 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (IGS) rat
Number/Sex/Group:
Main= 3; TK= 3
Age:
6 weeks
Mortality and Clinical Signs: There were no test article-related deaths in this study.
Abnormal gait and decreased activity were observed in all dose groups. Prostration was
observed at ≥100 mg/kg. Clinical signs were more severe in females. Specifically,
tremors were observed at ≥100 mg/kg in females but were not observed in males dosed
at the highest dose of 300 mg/kg.
Body Weights and Food Consumption: BW loss, relative to predosing values, was
observed in MDF (-9%), HDF (-4%), and HDM (-2%). Decreased BW gain, relative to
control, was observed in LDM (-48%) and LDF (-31%). Food consumption was
decreased in HD animals (33-35%) and in MDF (81%). There was no effect on food
consumption in MDM and LD animals.
Hematology and Clinical Chemistry: A dose-dependent decrease in WBC (-23%, -28%,
-36%; LD, MD, HD, respectively) and lymphocyte count was observed in all male dose
groups (-22%, -27%, -45%; LD, MD, HD, respectively), in MDF (-43%), and HDF (49%). There were no test article-related effects on clinical chemistry parameters when
assessed at the end of the dosing phase.
Gross Pathology and Histopathology: There were no abnormal findings in the gross
pathology or histopathology assessments. There was no signed and dated pathology
report provided in this study.
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Toxicokinetics: Plasma concentrations of E2007 were markedly higher in females (5-, 3fold, 2.7-fold; LD, MD, HD, respectively), relative to males, on Day 4 of the study.

Study title: E2007: A 4-Week Oral Toxicity Study in Rats
Study no.:
S00009
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd.; Gifu, Japan
Date of study initiation:
10/25/2000
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 3 mg/kg for males and 1 mg/kg for females.
Higher doses resulted in abnormal clinical signs.
• Urine volume was increased and osmolality was decreased in males ( ≥ 30
mg/kg) and in females ( ≥ 10 mg/kg).
• Females exhibited plasma concentrations of E2007 that were 2.2 to 3.6-fold
higher than in males at the same dose level.
Methods
Doses:
M= 0, 3, 30, 100 mg/kg; F= 0, 1, 10, 30 mg/kg
Frequency of dosing:
Once daily for 4 weeks
Route of administration:
Oral gavage
Dose volume:
10 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (Crj:CD(SD)IGS) rats
Number/Sex/Group:
Main group= 10; TK= 4
Age:
8 weeks
Weight:
M= 226-265 g; F= 152-171 g
Deviation from study protocol: There were no deviations that compromised the
validity of the study.
Mortality: HDM # 03M04 was euthanized in extremis on Day 9 due to BW loss,
decreased food consumption, and marked clinical signs (abnormal gait, decreased
activity, and prostration).
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Clinical Signs: There were no test article-related clinical signs in LDM (3 mg/kg) or LDF
(1 mg/kg). Males dosed with ≥ 30 mg/kg exhibited abnormal gait, decreased activity,
and prostration. Abnormal gait (≥ 10 mg/kg) and decreased activity (30 mg/kg) were
observed in females. The one HDM that was euthanized in extremis on Day 9 exhibited
emaciation beginning on Day 8.
Body Weights and Food Consumption: Relative to control, there was no clear dosedependent effect on absolute BW or food consumption during the dosing phase.
Ophthalmoscopy: There were no test article-related findings when performed on Day 23
of dosing.
Hematology and Clinical Chemistry: A slight, but dose-dependent, decrease in WBC (4%, -7%, -15%; LD, MD, HD, respectively) and lymphocyte count was observed in all
male dose groups (-6%, -11%, -19%; LD, MD, HD, respectively). There were no test
article-related effects observed on clinical chemistry parameters when assessed on Day
29-30 of the study.
Urinalysis: Urine volume was increased (MDM= 1.8-fold, HDM= 1.9-fold; MDF= 1.6-fold,
HDF= 2.5-fold) and urine osmolality was decreased (MDM= -35 %, HDM= -43 %; MDF=
-18 %, HDF= -64 %) in a dose-dependent manner, relative to control, when assessed
on Day 29-30 of the study.
Gross Pathology and Organ Weights: There were no test article-related findings.
Histopathology: Adequate Battery: No, nasal passages/ turbinates were not examined;
Peer Review: No; Signed and Dated Pathology Report: Yes. There were no test articlerelated findings.
Toxicokinetics: Plasma levels of E2007 in females were 2.2 to 3.6-fold higher than in
males at the only dose level (30 mg/kg) administered to both.
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Study title: E2007: A 13-Week Oral Toxicity Study in Rats
Study no.:
S01008
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd.; Gifu, Japan
Date of study initiation:
5/29/2001
GLP compliance:
No GLP certification provided
QA statement:
QA certification is provided
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 1 mg/kg in both sexes. Clinical signs were
observed at higher doses.
• Urine volume was increased and osmolality was decreased in males at 30
mg/kg and in females at ≥ 10 mg/kg
Methods
Doses:
0, 1 (LD), 10 (MD), 30 (HD) mg/kg
Frequency of dosing:
Once daily
Route of administration:
Oral gavage
Dose volume:
10 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (Crj:CD(SD)IGS) rats
Number/Sex/Group:
Main= 10; TK=4
Age:
8 weeks
Weight:
M= 222-271 g; F= 161-188 g
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Dosing Solution Analysis: Dosing solutions were ± 5% of the nominal concentration.
Mortality & Clinical Signs: There were no deaths during the dosing phase of the study.
There were no test article-related clinical signs in LD animals (Sponsor’s Table, below).
Generally, the incidence of clinical signs (i.e. abnormal gait, decreased activity, and
prostration) decreased over the course of the dosing period, suggesting the
development of tolerance. Mydriasis was observed in MDF, HDF, and HDM during the
first week of dosing.
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Body Weights & Feed Consumption: Absolute BW was decreased by 7-9% in HDM and
HDF, relative to controls, beginning at Day 14 and lasting until the end of the dosing
period. Absolute BW was decreased by 7-9% in MDF, relative to control, beginning on
Day 28 and lasting until the end of dosing. There was no test article-related effect on
food consumption.
Ophthalmoscopy: When assessed on Day 87 of the study, there was no test articlerelated effect observed.
Hematology & Clinical Chemistry: When assessed on Day 92-93 of the study, there
were no test article-related effects.
Urinalysis: Urine volume was increased (HDM= 1.8-fold; MDF= 1.6-fold, HDF= 2.5-fold)
and urine osmolality was decreased (HDM= -55 %; MDF= -23 %, HDF= -22 %) in a
dose-dependent manner, relative to control, when assessed on Day 90-91 of the study.
Gross Pathology: There were no test article-related abnormalities observed.
Organ Weights: Absolute spleen (-19 to -21 %) and heart (-9% to -12%) weights were
decreased in MDF and HDF.
Histopathology: Adequate Battery: No, nasal passages/turbinates were not assessed;
Peer Review: No; Signed and Dated Pathology Report: Yes.
Slight degeneration of the hepatic artery was observed in 1/10 CM and 2/10 HDM.
Moderate chronic pericarditis was observed in 1/10 HDF.
Toxicokinetics: Plasma levels of E2007 in females were 1.3 to 1.5-fold higher than in
males (Sponsor’s Table, below)
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Study title: A 13-Week Oral Toxicity Study in Male Rats (Additional Study)
Study no.:
S04007
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd; Gifu, Japan
Date of study initiation:
12/2/2004
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, 13022022, Purity 100%
Key Study Findings
• The MTD in male rats was determined to be 100 mg/kg due to deaths,
weight loss, and extreme clinical signs at 300 mg/kg.
• Abnormal gait and decreased activity were observed in all E2007 dose
groups (≥ 6 mg/kg).
Methods
Doses:
0, 6, 100, 300 mg/kg
Frequency of dosing:
Once daily for 13 weeks, except HDM which
were euthanized on Day 44 due to extreme
clinical signs.
Route of administration:
Oral gavage
Dose volume:
10 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (Crj:CD(SD)IGS), males only
Number/Sex/Group:
Main= 10; TK= 4
Age:
8 weeks
Weight:
250.8-278.6 g
Deviation from study protocol: Deviations were minor and did not impact the
validity of the study.
Dosing Solution Analysis: Dosing formulations were within +/- 5% of the nominal value.
Mortality: A total of 7 HDM (5/10 main group; 2/4 TK group) were either euthanized in
extremis or found dead between Day 14 and 41 of the study. Clinical signs such as
bradypnea, arched back, tremor, and lateral recumbence were observed before death.
BW was decreased by 20 to 40% relative to control males.
Clinical Signs: The main clinical signs were abnormal gait in LDM, abnormal gait and
decreased activity in MDM. HDM exhibited prostration, clonic convulsion, tremors,
lateral recumbence, bradypnea, arched back, excessive grooming, and excessive
grooming-related injuries such as swollen and bleeding forelimbs. Due to the extreme
clinical signs in HDM, dosing was discontinued at Day 42.
Body Weights and Food Consumption: Absolute BW at the end of the study were
decreased in all dose groups (LDM= 6%, MDM= 12%, HDM= 24%). Food consumption
was markedly decreased in HDM only.
Hematology & Clinical Chemistry: Blood was sampled from LDM and MDM on Day 91
and from HDM on Day 44. There was no test article-related effect on hematology
parameters. AST (2.9-fold) and ALT (11-fold) were increased in HDM.
Gross Pathology: There were no findings in the LD and MD animals that survived until
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the end of the dosing period. In HDM survivors, small liver (1/5), small and discolored
spleen (2/5), and small thymus (1/5) were observed. In animals that died or were
euthanized in extremis during the dosing period, enlarged adrenals (1/5), small
epididymides (1/5), distended small intestine with blood contents (4/5), discolored liver
(1/5), small prostate (4/5), small testes (1/5), and small thymus (5/5) were observed.
Organ Weights: Liver weight was decreased in HDM by 40%, relative to control. This
finding was driven mostly by a marked decrease in one animal euthanized in extremis
(# 03M03).
Histopathology: Adequate Battery: No, nasal passages/turbinates not examined; Peer
Review: No; Signed and Dated Pathology Report: Yes
HDM that died or were euthanized in extremis during the dosing period exhibited test
article-related findings in liver, kidneys, spleen, adrenals, stomach, duodenum, small
intestine, reproductive organs, and bone marrow (Sponsor’s Table 8-1, below). In
animals that survived until the end of the dosing period, there were no findings in LDM
and MDM. One HDM exhibited findings in the liver, marrow, and thymus that were
similar to those observed in early decedent HDM (Sponsor’s Table 8-7, below).
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Toxicokinetics: Plasma levels of E2007 were similar between LD and MD animals on
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Day 1 and Day 28 of the study. Plasma levels increased in a less-than-linear manner in
relation to dose in all dose groups.
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Study title: E2007: A 26-Week Oral Toxicity Study in Rats
Study no.:
S02002
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd; Gifu, Japan
Date of study initiation:
1/22/2002
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 11070303, Purity 99.6%
Key Study Findings
• The MTD in this study was 10 mg/kg for females and ≥ 30 mg/kg for males.
Two female rats dosed with 30 mg/kg died or were euthanized in extremis.
• The NOAEL in this study was 1 mg/kg for both males and females. Higher
doses results in clinical signs such as abnormal gait and decreased
activity.
• TK analysis was conducted, but plasma AUCs were not determined.
Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Deviation from study protocol:

0, 1 (LD), 10 (MD), 30 (HD) mg/kg
Once daily for 26 weeks
Oral gavage
10 ml/kg
0.5% methylcellulose
Sprague-Dawley (Crj:CD(SD)IGS) rats
Man group = 10; TK group =4
8 weeks
M= 249-272 g ; F= 170-187 g
Deviations were minor and did not affect the
validity of the study.
Dosing Solution Analysis: Dosing solutions were within ± 5% of the nominal
concentration.
Mortality: One HDF was found dead on Day 7. This animal exhibited abnormal gait,
decreased activity, prostration, and self-injury (bleeding, swelling, and/or severed digits)
due to excessive grooming. The cause of death was determined to be anemia
associated with the extensive self injury. One HDF was euthanized in extremis on Day
94 due to “upper incisors completely fractured as a result of the CNS clinical signs”.
This female exhibited hypothermia, piloerection, arched back, and BW loss.
Clinical Signs: In animals that survived until the end of the dosing period, the incidence
of clinical signs (abnormal gait, decreased activity, prostration) decreased over time
suggesting the development of tolerance.
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Body Weights & Feed Consumption: There was no test article-related effect on BW in
males. Beginning on Day 50 and lasting until the end of the dosing phase, a decrease in
absolute BW of up to 11%, relative to control, was observed in MDF and HDF. There
was no effect on food consumption in males or females.
Ophthalmoscopy: There were no test article-related effects observed when assessed on
Day 178 of the study.
Hematology, Clinical Chemistry & Urinalysis: Blood was sampled on Day 182 for
hematology and clinical chemistry assessments. There were no test article-related
effects on hematology or clinical chemistry parameters. There was no dose relatedeffects observed when urinalysis was conducted on Day 178.
Gross Pathology: Alopecia was present in all dose groups (Male= 0/10, 1/10, 1/10, 1/10;
Female= 0/10, 1/10, 2/10, 2/10; C, LD, MD, HD, respectively).
Organ Weights: Adrenal weight was increased in MDF (+31%) and HDF (+12%),
relative to control.
Histopathology: Adequate Battery: No, tongue, nasal cavity/turbinates, rectum, cervix,
Zymbal gland not assessed; Peer Review: No; Signed & Dated Pathology Report: Yes
Slight accumulation of foamy alveolar cells (MDM= 1/10, HDM= 2/10 and alveolitis
(HDM=1/10) was observed (Sponsor’s table, below).
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Toxicokinetics: Plasma AUC was not calculated in this study. A marked sex-related
difference in E2007 concentration was observed at 10 and 30 mg/kg with females
exhibiting much higher plasma levels than males.
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Study title: E2007: A 26-Week Oral Toxicity Study in Male Rats
Study no.:
S05107
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd; Gifu, Japan
Date of study initiation:
8/25/2005
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 13022002 and 14110902,
Purity 100% and 99.6%, respectively.
Key Study Findings
• The HD used in this study was considered the MTD based on results of the
13 week study.
• Abnormal gait was the main clinical sign observed in both dose groups.
However, the incidence of this finding decreased over time in rats dosed
with 60 mg/kg but not in rats dosed with 100 mg/kg.
• “Eye close reflex” was absent in one rat dosed with 100 mg/kg.
• Urine volume was increased in rats dosed with 100 mg/kg.
• The incidence of slight focal pancreatic acinar cell atrophy was increased
in rats dosed with 100 mg/kg.
Methods
Doses:
0, 60, 100 mg/kg
Frequency of dosing:
Once daily for 26 weeks
Route of administration:
Oral gavage
Dose volume:
10 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (Crl:CD(SD)) rat, male only
Number/Sex/Group:
Main group= 15; TK group= 5
Age:
8 weeks
Weight:
242.6-272.7 g
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: One LDM (#01M13) was euthanized in extremis on Day 10
after loss of BW, bradypnea, and hypothermia was observed. Corneal opacity,
swelling/hemorrhage of forelimbs, prostration, and “accidental” gingival hemorrhage
were also observed in this animal. Abnormal gait was the most common clinical sign in
LDM and HDM. The incidence of this finding decreased over time and was not observed
in LDM beyond Day 57 of the study but was observed in HDM until the end of the
dosing period.
Body Weight & Food Consumption: Absolute BW was decreased in LDM and HDM at
the end of the dosing phase by 6% and 13%, relative to control. There was no test
article effect on food consumption.
Ophthalmoscopy: Opthalmoscopy was performed on Day 178 of the study. One HDM
had loss of “eye close reflex.”
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Hematology & Clinical Chemistry: Blood for hematology and clinical chemistry
assessment was collected on Day 182. There was no test article-related effect in either
assessment.
Urinalysis: Urine volume was increased in HDM (C= 10.7 ml, HDM= 17.6 ml); osmolality
was unaffected.
Gross Pathology & Organ Weights: There were no dose-dependent findings in the gross
pathology assessment. Spleen weights were decreased by 17% in HDM, relative to
control.
Histopathology: Adequate Battery: No, nasal cavity/turbinates and Zymbal gland not
assessed; Peer Review: No; Signed and Dated Pathology Report: Yes
The incidence of slight focal pancreatic acinar cell atrophy was increased in HDM in
relation to controls (Sponsor’s table 2-2, below). The one moribund animal that was
euthanized in extremis (01M13) exhibited gastric mucosal atrophy, lymphoid depletion,
liver cell atrophy, atrophy of subcutaneous adipose tissue, muscle fiber atrophy, bone
marrow hypocellularity, and testicular degeneration.

Toxicokinetics: Plasma AUC was not calculated in this study (Sponsor’s Table, below).
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6.2.3. Dog
Study title: E2007: A 7-day Oral Dose Range Toxicity Study in Dogs
Study no.:
TKB00008
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd; Ibaraki, Japan
Date of study initiation:
9/21/2000
GLP compliance:
No
QA statement:
No
Drug, lot #, and % purity:
E2007,
Lot
08066-007211,
Purity
unknown
Key Study Findings
• Vomiting (≥ 1 mg/kg), abnormal gait (≥ 3 mg/kg), decreased activity (> 3
mg/kg), and prostration (> 3 mg/kg) were observed.
Methods
Doses:
0, 1, 3, 10 mg/kg
Frequency of dosing:
Once daily for 7 days
Route of administration:
Oral gavage
Dose volume:
5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Beagle dog
Number/Sex/Group:
1/ sex/group
Age:
19 months
Mortality & Clinical Signs: There were no deaths during the study. HD animals exhibited
vomiting, abnormal gait, decreased activity, and prostration. According to the Sponsor,
clinical signs in HD animals consisted of abnormal gait followed by vomiting, which lead
to prostration and then eyes remained closed for up to one hour after administration.
Normal activity resumed within 80 minutes after administration. Transient abnormal gait
was observed approximately 30 minutes after dosing in MD animals and vomiting was
observed in LD animals.
Body Weights, Food Consumption, Hematology, Clinical Chemistry, Gross Pathology &
Histopathology: There was no effect of E2007 observed in this study.
Toxicokinetics: There was no sex-related difference in the PK parameters for E2007.
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Study title: E2007: A 4-Week Oral Toxicity Study in Dogs
Study no.:
S00010
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd.; Gifu, Japan
Date of study initiation:
10/26/2000
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 0.3 mg/kg.
• Although clinical signs were observed in all dose groups, abnormal gait
was transient in animals dosed with 0.3 mg/kg E2007.
• Occult blood was detected in all 3 male dogs dosed with 10 mg/kg. There
was no histopathology correlate.
Methods
Doses:
0, 0.3 (LD), 1 (MD), 10 (HD) mg/kg
Frequency of dosing:
Once daily for 4 weeks
Route of administration:
Oral gavage
Dose volume:
5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Beagle dog
Number/Sex/Group:
3
Age:
7 months
Weight:
M= 7.1-9.2 kg; F= 6.5-9.1 kg
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: There were no test article-related deaths during this study.
Abnormal gait occurred in 2 LD animals on Day 1 and then 1 LD on Day 2, after which
there were no findings of clinical signs in this dose group. In MD animals, abnormal gait,
decreased activity, and prostration were observed from Day 1 to Day 12, after which
there was no clinical signs observed in MD animals. All HD animals exhibited similar
clinical signs as the MD animals, but the duration of the signs was greater (several
hours after dosing) and these signs were observed during the entire dosing period.
Body Weights & Food Consumption: Absolute BW was decreased in HDM by 8%,
relative to controls, at the end of the dosing period. There was no effect observed in
females. There was no impact of E2007 on food consumption in female dogs during the
dosing period. However, food consumption was decreased (~10%) in HDM beginning
on Day 1 of the study.
Ophthalmoscopy: There were no test article-related findings in the ophthalmologic
assessment on Day 26 of the study.
Hematology & Clinical Chemistry: Blood was sampled on Day 27 for hematology and
clinical chemistry assessments. There were no test article-related effects.
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Urinalysis: Urine was collected on Day 22 for assessment. Occult blood was detected in
the urine of all 3 HDM but not in control males.
Gross Pathology & Organ Weights: There were no test article-related findings.
Histopathology: Adequate Battery: No, nasal cavity/turbinates were not assessed; Peer
Review: No; Signed and Dated Pathology Report: Yes. There were no test articlerelated findings.
Toxicokinetics: Plasma levels of E2007 increased in a less-than-linear manner relative
to dose. There was no sex-related difference in plasma concentrations except in HDF
on Day 28 of dosing at which the plasma levels were 2.6-fold higher than in HDM.
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Study title: E2007: A 13-Week Oral Toxicity Study in Dogs
Study no.:
S01009
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd; Gifu, Japan
Date of study initiation:
5/31/2001
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• Besides the clinical signs observed in animals dosed with ≥ 1 mg/kg, there
were no test article-related adverse effects observed in this study.
• The NOAEL in this study was 0.1 mg/kg.
Methods
Doses:
0, 0.1 (LD), 1 (MD), 10 (HD) mg/kg
Frequency of dosing:
Once daily for 13 weeks
Route of administration:
Oral by capsule
Dose volume:
0.5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Beagle dog
Number/Sex/Group:
3
Age:
8 month
Weight:
M=9.4-10.1 kg; F= 7.4-9.3 kg
Deviation from study protocol: There were marked deviations in this study
a) Female # 01F02 and male #1017 had
escaped from their cages on the morning of Day
52 and were cohabitating at the time they were
discovered. The female was determined not to
be pregnant.
b) An unidentified foreign substance was found
in the diet (Lot JAN29012A). The Sponsor states
that “this might little affect on integrity of study
results”. The nature of the foreign substance
was not specified.
c) At necropsy, the following tissues for animals
# 00F01 and 02F01 were preserved in the same
vessel: Lacrimal gland, submaxillary lymph
node, submaxillary glands, sublingual glands,
parotid glands, adrenals, pituitary, thyroid,
parathyroid, and ovaries. The Sponsor states
that “the above organs and tissues, excepted the
lacrimal glands, from these two animals were
difficult to identify the animal”. The Sponsor
analyzed these tissues separately from the study
tissues and there were no histopathology
findings of concern. Therefore, this deviation is
not expected to impact the validity of the study.
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Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: There were no deaths in this study. Clinical signs were limited
to sporadic vomiting and “muddy stool” in LD animals. MD animals exhibited abnormal
gait beginning on Day 1 of the study. This clinical sign was observed sporadically in MD
animals up until the end of the dosing period. Abnormal gait was observed in HD
animals throughout the entire dosing period. The finding of abnormal gait lasted for up
to 8 hours after dosing in MD and HD animals.
Body Weights & Food Consumption: Absolute BW was decreased in males (5%, 6%,
and 9%; LD, MD, and HD, respectively) in a dose-dependent manner at the end of the
dosing period. There was no dose-related effect on food consumption during the dosing
period.
Ophthalmoscopy: Performed on Day 84, there were no test article-related effects
detected in the ophthalmoscopic exam.
ECG: When assessed on Days 27 and 85 of the dosing period, there was no effect of
the test article on heart rate, PR interval, QRS interval, or QT interval.
Hematology & Clinical Chemistry: Blood was sampled on Days 22 and 90 to assess
hematology and clinical chemistry parameters. There were no test article-related
effects.
Urinalysis: Urine was collected on Days 13, 23, 59, and 86 for analysis. There were no
test article-related findings.
Gross Pathology & Organ Weights: There were no test article-related findings.
Histopathology: Adequate Battery: No, cervix and nasal cavity/ turbinates were not
examined; Peer Review: No; Signed and Dated Pathology Report: Yes. There were no
test article-related findings.
Toxicokinetics: There was no consistent sex-related difference in plasma concentration
of E2007. Plasma levels of E2007 increased in a less-than-linear manner, relative to
dose.
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6.2.4 Monkey
Study title: E2007: A 2-week Oral Repeated Dose Toxicity Study in Monkeys
Study no.:
TKB01016
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd.; Ibaraki, Japan
Date of study initiation:
11/19/2001
GLP compliance:
No
QA statement:
No
Drug, lot #, and % purity:
E2007, Lot 11070303, Purity unknown
Key Study Findings
• Given the prostration, drowsiness, and mydriasis that occurred at 2 mg/kg,
the HD was reduced to 1 mg/kg, at which ataxia was the main clinical sign.
• Food consumption was reduced by 40-100% of control in animals dosed
with 2 mg/kg, possibly due to the protracted clinical signs observed at this
dose.
• Although BW was not affected in this short term study, chronic dosing at 2
mg/kg would be predicted to have a marked effect on BW given the effect
on food consumption in this study. Therefore, the MTD in this study is 1
mg/kg.
Methods
Doses:
0, 0.5, 2 (reduced to 1 on Day 2 (F) & Day 4 (M)) mg/kg
Frequency of dosing:
Once daily for 2 weeks
Route of administration:
Oral gavage
Dose volume:
5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Cynomolgus monkey
Number/Sex/Group:
1/sex/group
Age:
31-53 months
Mortality & Clinical Signs: No test article-related deaths occurred during the study. Due
to clinical signs in monkeys dosed with 2 mg/kg, the dose was reduced to 1 mg/kg on

77
Reference ID: 3178238

NDA # 202834

Christopher D. Toscano, Ph.D., DABT

Day 2 for the female and Day 4 for the male. Clinical signs at 2 mg/kg consisted of
prostration, “sitting position”, drowsiness, mydriasis (female only), decreased activity,
and ataxia. These symptoms lasted for up to 8 hours after dosing. When reduced to 1
mg/kg, ataxia lasting for up to 4 hours was the sole clinical sign. Ataxia, which lasted
between 1 to 4 hours after dosing, was the main clinical sign observed in monkeys
dosed with 0.5 mg/kg, with sporadic decreased activity and drowsiness observed in the
female.
Body Weights & Food Consumption: BW was not affected by the test article. Food
consumption was decreased by 40-100% of control in monkeys dosed with 2 mg/kg
E2007 (Sponsor’s Table 3, below).

Hematology & Clinical Chemistry: There were no obvious effects of E2007 on
hematology and clinical chemistry parameters when assessed on Day 14 of the study.
Gross Pathology & Histopathology: There were no test article-related findings in the
gross pathology assessment. Slight hepatocyte vacuolation and adrenal hemorrhage
were observed in the HDF.
Toxicokinetics: There was no apparent difference in plasma levels between females and
males exposed to the same dose level. Plasma levels increased roughly in a linear
manner, relative to dose.
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Study title: E2007: A 4-Week Oral Toxicity Study in Monkeys
Study no.:
SBL47-47
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
1/11/2002
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 11070303, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 0.3 mg/kg in males and 0.1 mg/kg in females.
At higher doses, thymic atrophy was observed.
• HD animals exhibited histopathology findings in the kidney that correlated
with gross pathology findings.
• All HD animals exhibited chronic inflammation of the stomach; 4/6 were
positive for H. pylori.
• A decrease in lymphocyte and basophil counts was observed in males and
females dosed with 1 mg/kg.
• Clinical signs (ataxia, decreased activity, and “sitting position”) were
observed in monkeys dosed with ≥ 0.3 mg/kg.
Methods
Doses:
0, 0.1 (LD), 0.3 (MD), 1 (HD) mg/kg
Frequency of dosing:
Once daily for 4 weeks
Route of administration:
Oral gavage
Dose volume:
5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Cynomolgus monkey
Number/Sex/Group:
3
Age:
3-6 years
Weight:
M= 3.64-5.29 kg; F= 2.63-3.26 kg
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Dosing Solution Analysis: Dosing formulations were ± 5% of the nominal concentration.
Mortality & Clinical Signs: There were no deaths during the dosing phase. Ataxia,
decreased activity, and “sitting position” were the main clinical signs observed in HDM
and HDF. Prostration was observed once during the dosing period in 1 HDF. Ataxia was
observed in 1 MDF on the first day of dosing. Otherwise, there were no test articlerelated clinical signs in MD and LD animals.
Body Weights & Food Consumption: At the end of the dosing period, absolute BW was
decreased by 17% in HDM, relative to controls. There was no effect on BW in females.
Ophthalmoscopy: When assessed on Day 23, there were no test article-related findings
in the gross ophthalmologic examination, slit-lamp examination, or funduscopic
examination.
ECG: When assessed on Day 28, there were no test article-related findings on heart
rate, PR interval, QRS interval, QT interval, or QTc interval (method of correction not
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specified).
Hematology & Clinical Chemistry: Blood was collected on Day 28 of the study for
assessment of hematology and clinical chemistry parameters. Basophil (M= -23%, F= 80%) and lymphocyte (M= -41%, F= -54%) counts were decreased in HD animals
relative to predosing values and control values on Day 28 (Sponsor’s table, below). One
HDM exhibited a 3.4-fold increase in ALT, relative to baseline values.
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Urinalysis: Urine was assessed on Day 26 of the dosing period. There were no test
article-related effects.
Gross Pathology: 1 HDM and 1 HDF exhibited unilateral capsular adhesions in the
kidney. There were histopathological correlates for these findings (see below).
Organ Weights: There were no test article-related findings.
Histopathology: Adequate Battery: No, nasal cavities/turbinates were not examined;
Peer Review: No; Signed and Dated Pathology Report: Yes
All HD males (very slight to slight) and females (very slight) exhibited chronic
inflammation in the fundus and pylorus of the stomach. Four of these animals were
positive for Helicobacter pylori, which was assessed by immunohistochemistry. The
animals that exhibited capsular adhesions of the kidney also exhibited slight renal
cortical fibrosis (male) or thickening of the renal capsule (female).
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Toxicokinetics: Plasma levels of E2007 increased linearly with dose and did not differ by
sex.
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Study title: E2007: A 39-Week Oral Toxicity Study in Monkeys
Study no.:
SBL038-024
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
10/25/2006
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, 14110902 and 16032801, Purity
99.6% and 99.7%, respectively.
Key Study Findings
• By using a dose escalation scheme, the Sponsor was able to achieve dose
levels of 8 mg/kg for up to 9 months. One death did occur (male) within 77
days of increasing the dose to 8 mg/kg.
• Clinical signs in animals dosed with 8 mg/kg included “coma”,
somnolence, sedation, and lateral recumbence.
• Except for ataxic gait, there were no other adverse effects observed in
monkeys dosed with 1 mg/kg, for at least 9 months.
• One male dosed with 8 mg/kg exhibited increased protein in the urine (~4fold over baseline), beginning at week 41. The same animal exhibited slight
nephropathy at the end of the dosing period.
• Chronic inflammation of the stomach in animals dosed with 8 mg/kg was
associated with H. pylori infection.
Methods
Doses:
See chart below
Frequency of dosing:
Once daily for 39 weeks
Route of administration:
Oral gavage
Dose volume:
5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Cynomolgus monkey
Number/Sex/Group:
Main= 4; TK =2
Age:
3 to 7 years
Weight:
M= 4.8-6.1 kg; F= 2.2-3.6 kg
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study
Study Design: Dose escalation was employed in Groups 3 and 4 as described below.
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Mortality & Clinical Signs: One male (#18) dosed with 8 mg/kg was found dead on Day
176, which represents 76 days of dosing at 8 mg/kg. This male exhibited clinical signs
such as ataxia, decreased activity, “sitting position” when dosed with 1 and 2 mg/kg.
When exposed to higher doses, this animal exhibited sedation, somnolence, “coma”,
lateral recumbence, and decreased BW. Ataxic gait and sporadic decreased activity
were the main clinical signs observed in monkeys dosed with 1 mg/kg (Group 2).
Clinical signs in animals dosed with 1 mg/kg consisted of ataxic gait and sporadic
decreased activity. Slight decrease in activity was observed along with ataxia and
sporadic lateral recumbence and “sitting position” when the dose was raised to 2 mg/kg.
At 4 mg/kg, moderate to severe decrease in activity, ataxia, “sitting position”, sporadic
somnolence, sedation, “prone position”, and lateral recumbence were observed. At 8
mg/kg, ataxia, severe decreased activity, sedation, lateral recumbence, “sitting
position”, somnolence, and “coma” were observed (Sponsor’s Table, below).

Body Weights & Feed Consumption: Absolute BW was decreased by 8% in males
dosed with 1 mg/kg/day and by 13% in males exposed to 8 mg/kg/day E2007, at the
end of dosing (Sponsor’s Figure, below). There was no consistent decrease in absolute
BW in treated monkeys.
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Ophthalmoscopy: Ophthalmology (Week 40 and 53) and electroretinography (Day 377)
were performed. There were no test article-related findings.
ECG: When assessed on Days 285 and 376, there were no test article-related effects
on heart rate, PR interval, QRS interval, and QT interval (method of correction not
specified).
Hematology & Clinical Chemistry: Hematology and clinical chemistry parameters were
assessed during Weeks 13, 41, and 54. There were no test article-related findings.
Urinalysis: Urinalysis was performed during Weeks 13, 41, and 54. 1/4 HDM (#17)
exhibited elevated levels of protein in the urine during Weeks 41 and 54. 1/4 HDF (#23)
exhibited elevated levels of protein in the urine during Weeks 13, 41 and 54. Although
nephropathy was detected in the male, there were no histopathological correlates in the
kidneys of the female (see below).
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MALES

FEMALES

Gross Pathology & Organ Weights: There were no dose-related findings.
Histopathology: Adequate Battery: No, nasal cavities/ turbinates not examined; Peer
Review: Yes; Signed and Dated Pathology Report: Yes
Slight thymic atrophy (0/4 CM, 1/4 HDM), chronic inflammation of the stomach
mucosa (0/4 CM, 2/4 HDM, 1/4 LDF, 1/4 HDF) and slight nephropathy (0/4CM, 1/4
HDM) were observed. The renal findings were in the same male that exhibited an
increase in protein in the urine (#17). The chronic inflammation in the stomach was
associated with H. pylori infection. The expression of Ki67, TUNEL staining, thymine
dimers, p53, and MSH2 were assessed in the skin due to the potential of E2007 to be
photo-reactive (Study report # CK-168). There was no dose-related effect on the
expression of these biomarkers. However, it is important to mention that animals were
not directly exposed to UV light in this study.
Toxicokinetics: Plasma levels of E2007 increased in a less-than-linear manner, relative
to dose.
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Study title: E2007: A 52-week Oral Toxicity Study in Monkeys
Study no.:
SBL-47-61
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
6/26/2002
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 11070303, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 0.1 mg/kg. Ataxic gait was observed at higher
doses.
Methods
Doses:
0.1 (LD), 0.3 (MD), 0.6 (HD) mg/kg
Frequency of dosing:
Once daily for 52 weeks
Route of administration:
Oral gavage
Dose volume:
5 ml/kg
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Cynomolgus monkey
Number/Sex/Group:
4
Age:
3 to 5 years
Weight:
M= 3.21-4.99 kg; F= 2.26-2.97 kg
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Dosing Solution Analysis: Formulations were within ± 5% of their respective nominal
concentrations.
Mortality & Clinical Signs: There were no test article-related deaths in this study. There
were no test article-related clinical signs in LD animals. Ataxic gait was frequently
observed in one MDM and sporadically in other MD animals. All HDM and HDF
exhibited ataxic gait for up to 3-5 hours after dosing.
Body Weights & Food Consumption: There were no test article-related effects on
absolute BW, relative to control, or food consumption.
Ophthalmoscopy: There were no test article-related findings in the gross
ophthalmologic, slit-lamp, or funduscopic examinations when performed during Week
51 of the study.
ECG: When assessed during Week 52 of the study, there were no test article-related
findings in heart rate, PR Interval, QRS interval, QT interval, or QTc interval (method of
correction not provided).
Hematology & Clinical Chemistry: Blood was collected for hematology and clinical
chemistry assessment during Weeks 13 and 52 of the study. There were no test articlerelated effects observed.
Urinalysis: There were no test article-related findings when urinalysis was performed
during Weeks 13 or 52.
Gross Pathology & Organ Weights: There were no test article-related findings.
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Histopathology: Adequate Battery: No, nasal cavities/turbinates not examined; Peer
Review: No; Signed and Dated Pathology Report: Yes.
Chronic inflammation of the stomach associated with H. pylori infection was
observed in all dose groups (M= 1, 1, 1, 2; F= 2, 4, 2, 1; C, LD, MD, HD, respectively).
There were no test article-related findings.
Toxicokinetics: The Tmax for E2007 was between 1 and 4 hours after dosing (Sponsor’s
table, below).
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7.1.2.
Study title: E2007: Reverse Mutation Assay in Bacteria
Study no.:
S00612
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd; Gifu, Japan
Date of study initiation:
10/13/2000
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10091905, Purity 99.5%
Key Study Findings
• E2007 was not genotoxic in the bacterial reverse mutation assay.
Methods
Strains:
Concentrations in definitive study:
Basis of concentration selection:
Negative control:
Positive control:

S. typhimurium TA100, TA1535, TA98,
TA1537 & E. coli WP2 uvrA(PKM101)
0, 313, 625, 1250, 2500, 5000 µg/plate
A range-finding test using 156 to 5000
µg/plate of E2007 was performed. See
below for details.
DMSO, final concentration in assay not
stated.
A) Absence of Rat Hepatic S9:
TA100, TA98, WP2: 2-(2-furyl)-3-(5-nitro-2furyl)acrylamide (AF2)
TA1535: Sodium azide (SA)
TA1537: 9-aminoacridine HCL (9AA)
B) Presence of Rat Hepatic S9:

Formulation/Vehicle:
Incubation & sampling time:

All strains: 2-aminoanthracene (2AA)
DMSO, final concentration in assay not
stated.
Bacterial cultures were preincubated for 20
minutes at 37oC before plating. Three plates
per concentration level were prepared.
Plates were incubated for 48 hours at 37oC
before reading.

Study Validity & Results
In the dose range-finding study, precipitate was observed at all concentrations (≥156
µg/plate) in the absence of metabolic activation and at concentrations >625 µg/plate in
the presence of metabolic activation (Sponsor’s Table 1, below). Precipitation of the test
article was also observed in all dose levels in the absence of S9 and at most of the
doses in the presence of S9 in the main study. Although it does not seem that the
Sponsor attempted to solve the precipitation of the test article, the Sponsor does not
state that the precipitation interfered with scoring and did not result in a toxicity that
limited the evaluation of the assay. Therefore, according to “ICH S2A (R1) Genotoxicity
Testing and Data Interpretation for Pharmaceuticals Intended for Human Use, June
2012”, the issue of precipitated test article does not invalidate this assay. There was no
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concentration-related decrease in the number of revertants observed in strains TA100,
TA1535, or TA98. However, the number of revertants in the strains TA1537 and WP2
was generally decreased, relative to the negative control, at all concentrations of E2007
in the range-finding study; however, this decrease did not occur in a concentrationrelated manner. This finding was not recapitulated in the main study. Overall, the
concentration range used in the main study appeared to be appropriate. There was no
concentration-related increase in the number of revertants in any of the strains tested in
the range-finding or main studies, thus demonstrating that E2007 is not genotoxic in the
bacterial reverse mutation assay. In this study, the Sponsor used an appropriate
concentration range, a full panel of Salmonella and E.coli strains, adequate positive
controls, and acceptable incubation and sampling methods. Therefore, this study is
valid.
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In Vitro Assays in Mammalian Cells

Study title: E2007: Mouse Lymphoma TK Assay
Study no.:
S00613
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd.; Gifu, Japan
Date of study initiation:
10/20/2000
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10091905, Purity 99.5%
Key Study Findings
• E2007 was not genotoxic in the mouse lymphoma tk assay.
Methods
Cell line:
Concentrations in definitive study:
Basis of concentration selection:
Negative control & Vehicle:
Positive control:

Incubation & sampling time:

Mouse lymphoma L5178Y TK+/- cells
See below
Precipitate was observed at ≥ 100 µg/ml
and was, therefore, chosen as the highest
dose in the cytotoxicity and main studies.
1% DMSO in 3 hour incubation study; 0.5%
DMSO in 24 hour incubation study
In absence of rat hepatic S9: methyl
methanesulfonate (MMS)
In
presence
of
rat
hepatic
S9:
Cyclophosphamide monohydrate (CP)
In the 3- and 24-hour incubation study, cells
were incubated in suspension with the test
article at 37oC and then plated. Plating
efficiency was determined after a 2-day
incubation period. The number of large and
small colonies was determined in this study.

Study Design

Study Validity and Results
Precipitation was observed in both the 3- and 24-hour treatment studies at
concentrations ≥ 100 µg/ml. A 49% reduction in cell survival was observed at 100 µg/ml
after 3 hours of incubation with the test article in the presence of S9 and at 25 µg/ml
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after 24 hours of incubation with the test article in the absence of S9 (Sponsor’s Table
1, below). Cell survival was reduced by 17% after a 3-hour incubation with test article in
the absence of S9 fraction (Sponsor’s Table 1, below). Since the plating method was
applied in this study, the appropriate global evaluation factor (GEF) to be applied is 90
[4]. The mutation frequency for all concentration levels and incubation conditions did not
exceed the GEF-adjusted control values (Sponsor’s Table 2). Therefore, E2007 was not
genotoxic in this assay. The positive controls (CP and MMS) markedly increased the
mutation frequency under all incubation conditions (Sponsor’s Table 2).
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In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Study title:
E2007: Micronucleus Assay in Rats Following Oral
Administration
Study no:
S01620
Study report location:
EDR
Conducting laboratory and location:
Eisai Co., Ltd.; Gifu, Japan
Date of study initiation:
11/15/2001
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• E2007 was not genotoxic in the in vivo micronucleus assay performed in
rats dosed with up to 2000 mg/kg.
Methods
Doses in definitive study:
See below
Frequency & Route of dosing: Single dose by oral gavage; animals were
euthanized either 24 or 48 hours after dosing.
Dose volume:
20 ml/kg for vehicle & E2007; 10 mg/kg for CP
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley Rat (Crj:CD(SD)IGS)
Number/Sex/Group:
5 males/group
Basis of dose selection:
In Study TKB00005, abnormal clinical signs, but
no deaths, were observed at 1000 mg/kg.
Therefore, the limit dose of 2000 mg/kg was
selected as the high dose.
Negative control:
0.5% methylcellulose
Positive control:
Cyclophosphamide (10 mg/kg)
Study Design
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Study Validity & Results
There were no deaths in any of the E2007 dose groups, but abnormal gait,
decreased activity, and mydriasis were observed in all E2007 dose groups at one hour
after dosing. At 24 hours after dosing, decreased activity and abnormal gait were
observed in rats dosed with ≥ 1000 mg/kg; similar clinical signs were limited to 1/5 and
2/5 animals in the 1000 and 2000 mg/kg dose groups, 48 hours after dosing. Body
weights, relative to the predosing values, were decreased by 3.5%, 7.2%, and 8.8% at
24 hours after dosing in rats dosed with 300, 1000, or 2000 mg/kg, respectively, and
2.5% and 9.0% at 48 hours after dosing in rats dosed with 1000 and 2000 mg/kg,
respectively. There was no dose-related increase in the number of micronucleated
PCEs at 24 or 48 hours after dosing with E2007. The positive control did increase the
number of micronucleated PCEs. Overall, E2007 was not genotoxic in this study.
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Carcinogenicity

8.1 Mouse
Study title: E2007: A 24-Month Oral Carcinogenicity Study in mice
Study no.:
B-4955
Study report location:
EDR
(b) (4)
Conducting laboratory:
Date of study initiation:
3/5/2004
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, 13022002, Purity 100%
ExecCAC concurrence:
No. The ExecCAC communicated the following to
the Sponsor in the response to the SPA submitted
on 11/6/2003:
“The Committee did not concur with the doses
proposed for both male and female mice. This
decision was based on the observation that
deaths occurred in males and females at doses
used in the 13-week study. The 4-week study was
considered inadequate to support dose-selection
because of the short duration of the study. The
Committee recommended that the sponsor
conduct
a
13-week
study
(to
include
histopathology and toxicokinetic evaluation) using
lower doses in order to identify an MTD for the 2year study.”
Key Study Findings
• There was no evidence in this study to suggest that E2007 is carcinogenic.
• Due to excessive mortality, dosing was stopped at Week 87 and 85 in males
receiving 10 and 30 mg/kg, respectively, and on Week 92 in females dosed
with 30 mg/kg. Dosing for remaining females was stopped between Weeks
101 and 103.
• The increased mortality rate observed at ≥ 3 mg/kg was associated with
self-injury secondary to excessive grooming.
• The major cause of death in males was trauma-related urogenital tract
lesion. Bladder distension and uroschesis were observed in many of the
males exhibiting urogenital tract lesions.
• The HD was excessive, as evidenced by extensive mortality in HDM and
HDF. However, approximately 50% of the animals in each of the lower dose
groups survived to 18 months of dosing.
Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:

0, 1 (LD), 3 (MD1), 10 (MD2), 30 (HD) mg/kg/day
Once daily; dosing duration varied, see table below
10 ml/kg
Oral gavage
0.5% methylcellulose
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Death secondary to skin excoriation resulting from
excessive grooming occurred in mice dosed with 60
mg/kg for 4 weeks (Study B5121). The next lowest
dose was 30 mg/kg in this study. Deaths were
observed in mice dosed with > 100 mg/kg (the lowest
dose) in the 13-week study (Study B4954). Based on
these studies, the MTD was considered to be 30
mg/kg and was chosen as the HD for this study.
(b) (4)
ICR Mice (Crlj:CD-1(ICR)) ;

Number/Sex/Group:
Age:
Animal housing:
Paradigm for dietary restriction:
Dual control employed:
Interim sacrifice:
Satellite groups:
Deviation from study protocol:

60/sex/group
6 weeks at dosing initiation
Individual housing
Food and water ad libitum
No
No
10/sex/group for TK assessment.
Deviations were minor and did not affect the validity
of the study.
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Study Design: Due to mortality in the higher dose groups, the duration of dosing varied
by dose group, but all dose groups were euthanized during either Week 103 or 104 (see
sponsor’s table, below).

Mortality: Due to excessive mortality, dosing was discontinued in MD2 and HD males
after Week 87 and 85, respectively. Dosing was discontinued for the same reason in
MD1, MD2, and HD females after Week 101, 101, and 92, respectively. Survival rate at
the end of the study was <20% in MD2M, HDM, and HDF (Sponsor’s text tables 1 and
2, below).
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The main causes of death and euthanasia in extremis are provided in Sponsor’s Text
Table 3, below. The high rate of trauma-related urogenital tract lesion in males is
consistent with what was observed in studies of shorter duration and was associated
with urinary obstruction in this study and in previous studies. In females, the cause of
death was mostly due to trauma-related skin lesions, similar to what was observed in
previous studies of shorter duration.

Clinical Signs: Abnormal gait was observed in all MD2 and HD animals, but incidence
and duration decreased over time suggesting the development of tolerance to E2007
(Sponsor’s text table 4). A dose-dependent increase in wounding (MD2 and HD) was
consistent with what was observed in studies of shorter duration in mice.
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Body Weights & Food Consumption: Absolute BW was decreased, relative to controls,
from Weeks 13 to 72 in HDM (max -8%) and from Weeks 13 to 103 in MD2F (max 17%) and HDF (max -19%; Sponsor’s figures below). Food consumption was increased
in MD2M (max +23%) and HDM (max +32%) from Weeks 22 to 98 of dosing. There was
no consistent test article-related effect on food consumption in females.
Males

Females
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Hematology: Blood samples were collected on the day of euthanasia for hematology
assessment. There were no dose-related findings.
Gross Pathology: Induration and loss of limbs in MD2M, HDM, MD1F, MD2F, and HDF
were secondary to the excessive grooming (see Sponsor’s Text table 6). Although there
was a high background level of bladder distention and uroschesis (15 CM), this
observation increased in a dose-dependent manner in males only; uroschesis was
limited in female mice. The incidence of penis wounding was increased in males dosed
with ≥ 3 mg/kg.

Histopathology: Peer Review: Yes; Signed and Dated Pathology Report: Yes
Neoplastic: The incidence of tumors in this study was not test article-related (Sponsor’s
Table 8-1, below). The ExecCAC agreed that perampanel was not carcinogenic in mice
(See Appendix). Although, according to the statistical reviewer, there was a trend for
osteoma (p=0.0346; see statistical review) in MD1F (1/60, 1.66%) and MD2F (2/60,
3.3%), the maximum incidence for this finding in the control animal database referenced
by the Sponsor in this study report (Giknis MLA and Clifford CB, 2005) is 3.1%.
Therefore, the incidence of osteoma in this study was similar to spontaneous rates and
is not of toxicological concern. Additionally, when combined with osteosarcoma, the
incidence is no longer dose-related. The members of the ExecCAC concurred that the
finding of osteoma in female mice was not drug-related.
Non Neoplastic: With the exception of splenic atrophy in males, all non neoplastic
findings that increased in a dose-dependent manner were also observed in control
animals (Sponsor’s text Table 8, below). Keratitis (slight to mild) of the eye increased in
a dose-dependent manner in all female dose groups; this finding did occur in males but
not in a dose-dependent manner. Self-inflicted wounds secondary to the excessive
grooming that occurred in these animals manifested as an increase in the incidence,
relative to control, of ulceration of the skin in all female dose groups and ulceration of
the penis in all male dose groups. Increased incidence of inflammation of the prostate
and seminal vesicles was observed in MD2M and HDM. Increased incidence of dilation
of the renal pelvis was observed at ≥ 3 mg/kg; uroschesis and/or bladder distension
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were also detected in many of the animals exhibiting dilation of the renal pelvis.
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Toxicokinetics: Plasma levels at 30 minutes after dosing increased in a less-than doseproportional manner (Sponsor’s table, below).
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8.2 Rat
Study title: E2007: An Oral Carcinogenicity Study in Rats
Study no.:
S04063
Study report location:
EDR
Conducting laboratory:
Eisai Co., Ltd.; Gifu, Japan
Date of study initiation:
8/6/2004
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lots 13022002 & 14110902, Purity
100% & 99.6%, respectively.
ExecCAC concurrence:
No. The ExecCAC communicated the
following to the Sponsor in the response to the
SPA submitted on 11/6/2003:
“The Committee concurred with the doses
selected by the sponsor for female rats based on
the body weight effect (~10% decrease in body
weight compared to control) observed at the end
of the 26-week study. The Committee did not
concur on the doses selected for male rats due
to the lack of dose-limiting toxicities in the 4week, 13-week, and 26-week studies in males.
(The Committee did not consider the moribund
sacrifice in one male at 100 mg/kg in the 4-week
study to be drug-related). The Committee
recommended that the sponsor conduct a 13week study (to include histopathology and
toxicokinetic evaluation) in male rats using
higher doses in order to identify an MTD for the
2-year study.”
Key Study Findings
• There was no evidence in this study to suggest that E2007 is carcinogenic.
• Abnormal gait, decreased activity, and prostration/ lateral recumbence
were the most common clinical signs observed during the dosing period.
Convulsions occurred at a markedly higher incidence in low dose animals
than in other dose groups.
• The incidence of ovarian cysts was increased in females dosed with ≥ 10
mg/kg.
• The incidences of pleuritis and epicarditis were increased in all male dose
groups but not in a dose-dependent manner.
• Since dosing was performed at the MTD in males (100 mg/kg) and at a level
which decreased BW by more than 10% in females in the 13-week study (30
mg/kg) and a sufficient number of animals survived in all dose groups at 2
years, this study is considered to be adequate.
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Methods
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Basis of dose selection:

M= 0, 10, 30, 100 mg/kg; F= 0, 3, 10, 30 mg/kg
Once daily for 104 weeks
10 ml/kg
Oral gavage
0.5% methylcellulose
In Study #S04007 (13-week repeat dose, males
only), the MTD in male rats was determined to be
100 mg/kg due to deaths at 300 mg/kg. The HD in
females (30 mg/kg) was determined based on
decreased BW at the end of the study (-11%,
relative to control) in the 26-week study (#S02002).
The ExecCAC concurred with the dose selection for
females but not males.
Species/Strain:
Sprague-Dawley rat (Crj:CD(SD)ISG)
Number/Sex/Group:
Main group= 60; TK group=5
Age:
6 weeks at dosing initiation
Animal housing:
Single housing in steel cage; 12/12 light cycle
Paradigm for dietary restriction: Water and food ad libitum
Dual control employed:
No
Interim sacrifice:
No
Deviation from study protocol:
Deviations were minor and did not affect the validity
of the study.
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality: Survival rate in males dosed with E2007 was lower than in control males; a
similar finding was not observed in females (Sponsor’s text table 1, below). Mortality
was not excessive in any dose group and the survival rate was > 50% at the end of the
study (104 weeks). There was no test article-related trend for non-neoplastic or
neoplastic lesions as the cause of mortality (Sponsor’s text table 2, below). Accidental
death was increased in a test article-related manner in all male dose groups and in MDF
and HDF. Pituitary tumors were the most frequent neoplasia-related cause of death.
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Clinical Signs: Abnormal gait, decreased activity, and prostration/ lateral recumbence
were the most common clinical signs observed during the dosing period (Sponsor’s text
table 3, below). The incidence of decreased activity was highest during the first week of
dosing in all dose groups. The incidence of prostration/ lateral recumbence was highest
during the first week of dosing in HDM, MDF, and HDF. The number of animals
exhibiting convulsions at any time during the study was highest in LD animals (Males=
4, 13, 10, 7; Females= 4, 16, 4, 1; C, LD, MD, HD, respectively). The total number of
days on which convulsions were observed exhibited an inverted U-shaped dose
response in both sexes (Males= 11/729, 71/729, 71/729, 28/729; Females= 13/730,
112/730, 28/730, 1/730; C, LD, MD, HD, respectively). The lower incidence of
convulsions at the HD, relative to lower dose groups, may reflect the anti-convulsant
activity of E2007. It is unclear why the incidence of convulsion was markedly increased
in LDM, MDM, and LDF. The first observation of convulsions was not evident until well
into the dosing period in these groups (LDM= Day 99, MDM= Day 169, Day 215).

Body Weights & Food Consumption: Absolute BW, relative to control, was decreased in
MDM, HDM, and all female dose groups during the dosing period (Sponsor’s text table
4, below). There was no consistent test article-related effect on food consumption.
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Hematology & Blood Chemistry: Blood was collected on Day 244 of the study for the
assessment of hematology and blood chemistry parameters. There were no test articlerelated findings.
Gross Pathology: A dose-dependent increase in lung distension was observed in MDM,
HDM, and all female dose groups (Sponsor’s table, below); there was no consistent
histopathological correlate for this finding. Ovarian cysts occurred in a dose-dependent
manner at all doses. Other observations were increased tail crust in MDM and HDM,
thoracic cavity adhesions in all male groups, and thickening of the foot pad in all female
dose groups.

Histopathology: Peer Review: Yes; Signed and Dated Pathology Report: Yes
Neoplastic: There were no test article-related neoplastic findings (Sponsor’s tables 21; 2-7). The ExecCAC agreed that perampanel was not carcinogenic in mice (See
Appendix).
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Non Neoplastic: Epicarditis was observed in all male dose groups but not in control
animals; the incidence of this finding was not strictly dose-dependent (Sponsor’s tables,
below). Inflammation of the prostate was increased in a dose-dependent manner in
MDM and HDM. The incidence of focal epidermal hyperplasia was observed in MDM
and HDM. Although this finding was associated with the “tail crust” observed in some
males, it was not observed in all males exhibiting “tail crust” in the gross pathology
assessment. The number of females with ovarian cysts was increased in MDF and
HDF.

Toxicokinetics: Plasma levels at 30 minutes after dosing increased in a less-than doseproportional manner. Plasma levels in females were slightly higher than in males at
comparable dose levels. Similar plasma levels were achieved at the HD in males and
females.

119
Reference ID: 3178238

NDA # 202834

Christopher D. Toscano, Ph.D., DABT

9

Reproductive and Developmental Toxicology

9.1

Fertility and Early Embryonic Development

Study title: E2007: An Oral Fertility Study in Rats
Study no.:
S01011
Study report location:
EDR
Conducting laboratory and location:
Eisai Co. Ltd.; Gifu, Japan
Date of study initiation:
8/20/2001
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• Fertility was not affected in rats exposed to doses of up to 30 mg/kg E2007.
• Prolonged and irregular estrous cycles were observed at 30 mg/kg.
• Clinical signs were prolonged and of increased severity in males and
females dosed with 30 mg/kg E2007.
Methods
Doses:
0, 1, 10, 30 mg/kg
Frequency of dosing:
Once daily; males and females were dosed for
the 14 days prior to mating and during the
mating period (GD 0-6 for females).
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (Crj:CD(SD)IGS) rat; 9 weeks
old
Number/Sex/Group:
20/sex/group
Deviation from study protocol: There were no deviations that compromised the
validity of the study.
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: There were no test article-related deaths during the study.
Abnormal gait, decreased activity, prostration, and increased grooming were observed
in HDM, MDF, and HDF. One HDM and three HDF exhibited prostration and decreased
activity that lasted until the next dosing. Piloerection and bradypnea was observed in
HDF, while emaciation was observed in one HDM.
Body Weight & Food Consumption: Absolute BW was decreased in HDF and HDM (11% to -12%, relative to control) beginning on Day 3 of dosing and lasting until the end
of the mating period. BW gain was reduced, relative to control, in MDM (-40%), HDM (70%), MDF (-57%), and HDF (-55%) during the pre-mating period. BW was not affected
at 1 mg/kg. Food consumption was decreased, relative to control, by 22% in HDM, 1319% in MDF, 20-35% in HDF.
Necropsy: One HDM exhibited small testes (bilateral). There were no test article-related
findings in females or in LDM or MDM.
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Fertility Parameters: A majority of HDF (12/20) exhibited consecutive diestrus that was
5 days or longer; 0/20 control females, LDF and MDF exhibited this finding (Sponsor’s
tables, below). There was no test article-related effect on the copulation index, fertility
index, the number of days of copulation, the number of corpora lutea, the number of
implantations, the number of live embryos, the number of resorptions, or the number of
post implantation losses.
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9.2. Embryonic Fetal Development
9.2.1 Rat
Study title: E2007: Dose Range Toxicity Study in Pregnant Rats
Study no.:
200420p
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
6/19/2001
GLP compliance:
No
QA statement:
No
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• Dam BW was decreased in all dose groups.
• The number of implantation losses, the post implantation loss rate, and
fetal BW were all decreased at ≥ 30 mg/kg.
Methods
Doses:
0, 10, 30, 60 mg/kg
Frequency of dosing:
Once daily for 12 days (GD 6-17)
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague-Dawley (Crj:CD(SD) IGS) rat, pregnant
Number/Sex/Group:
7/group
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: There was only one early death in this study (HDF #04456
died on GD 19). There were no extraordinary clinical signs observed in this dam
preceding death. Abnormal gait, decreased activity, and increased grooming were
observed in all dose groups. Prostration was also observed in MDF and HDF.
Body Weight & Feed Consumption: Absolute BW was decreased, relative to control, by
7.5% in LDF, 22.2% in MDF, and 22.8% in HDF on GD 16. Food consumption was
decreased, relative to control, by 19.2% in LDF and 38.5% in MDF and HDF on GD 16.
Necropsy: There were no test article-related findings in the dams.
Cesarean Section and Offspring Findings: There were no fetuses with external
abnormalities in any of the dose groups. An assessment for visceral and skeletal
abnormalities was not performed in this study. The number of implantation losses (1.1,
1.1, 2.3, 3.7; C, LD, MD, HD, respectively) and post-implantation loss rate (13.5%,
7.1%, 16.5%, 24.3%; C, LD, MD, HD, respectively) were increased in a dose-dependent
manner in MDF and HDF. Fetal BW was decreased, relative to control, at the MD (2124%) and HD (21-23%).
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Study title: E2007: Oral Embryo-Fetal Development Study in Rats
Study no.:
200420
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
4/24/2001
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• The NOAEL in this study is <1 mg/kg. Diverticulum of the intestine was
observed in fetuses of all E2007 dose groups (≥ 1 mg/kg) and the incidence
increased in a dose-dependent manner.
• Post-implantation losses and early resorptions were elevated in animals
dosed with ≥ 3 mg/kg E2007.
• Dams dosed with ≥ 3 mg/kg exhibited decreased activity, prostration, and
increased grooming.
• BW gain and food consumption were decreased in dams dosed with ≥ 3
mg/kg.
Methods
Doses:
0, 1, 3, 10 mg/kg
Frequency of dosing:
Once daily for 12 days (GD 6-17); dams were
euthanized on GD 20.
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Sprague Dawley (Crj:CD(SD)IGS) rat, pregnant
Number/Sex/Group:
20
Deviation from study protocol: There were no deviations that compromised the
validity of the study.
Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: There were no test article-related deaths in this study.
Abnormal gait (≥ 1 mg/kg), decreased activity (≥ 3 mg/kg), prostration (≥ 3 mg/kg), and
increased grooming (10 mg/kg) were observed during the dosing period. The incidence
of the clinical signs increased with dose. Swelling of limbs secondary to excessive
grooming was observed in 2 HDF; there were no skin excoriations reported in this
study.
Body Weight & Food Consumption: BW gain was decreased, relative to control, in MDF
(-39%) and HDF (-49%) during the dosing period (GD 6-17) but not during the predose
(GD 0-6) or the post dose periods (GD 17-20). A similar effect was observed on food
consumption, which was decreased by 22 to 26%, relative to control, from GD 8 to 18.
Necropsy: There were no test article-related findings in the gross pathology
assessment.
Cesarean Section Data: The number of post-implantation losses (0.6, 0.9, 1.1, 1.1; C,
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LD, MD, HD, respectively) and early resorptions (12, 16, 20, 20; C, LD, MD, HD,
respectively) were increased in MDF and HDF (Sponsor’s table, below).

Offspring: Diverticulum of the intestine was increased in a dose-dependent manner in all
groups exposed to E2007 (Sponsor’s Table, below); there were no other perampanelrelated abnormalities. Only one fetus per litter exhibited this finding and the number of
litters affected increased in a dose dependent manner (0, 1, 2, 3; C, LD, MD, HD,
respectively; Reviewer’s table, below). The incidence of this finding in a relevant
historical control was not provided in this study report.
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Fetus #

Abnormalities

None
None
None
F02259
F0015
Diverticulum of intestine, no other findings
F03354
M013
Diverticulum of intestine, no other findings
3
F03365
F016
Diverticulum of intestine, no other findings
F04457
M002
Diverticulum of intestine, no other findings
10
F04463
M014
Diverticulum of intestine, no other findings
F04465
F005
Diverticulum of intestine, no other findings
Reviewer’s Table: Diverticulum of the intestine in pups of dams dosed with perampanel
during organogenesis.
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9.2.2. Rabbit
Study title: E2007: Dose Range Toxicity Study in Pregnant Rabbits
Study no.:
250520p
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
2/27/2001
GLP compliance:
No
QA statement:
No
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• The MTD in this study was 10 mg/kg. Deaths occurred at higher doses.
• Fetuses were unavailable for assessment from does dosed with ≥ 30
mg/kg.
• Does dosed with 10 mg/kg exhibited decreased number of corpora lutea,
implantation sites, implantation rate, and live fetuses.
Methods
Doses:
0, 10, 30, 60 mg/kg
Frequency of dosing:
Once daily for 13 days (GD 6-18), animals were
euthanized on GD 28
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
New Zealand white rabbits Kbl:NZW
Number/Sex/Group:
7
Dosing Solution Analysis: Dosing solutions were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: All HDF died during the dosing phase (One on GD 9, two on
GD 10, two on GD 11, two on GD 12). Two MDF died during the dosing period (one on
GD 15 and one on GD 25). Spontaneous abortion was observed in one MDF on GD 26.
Abnormal gait (≥ 10 mg/kg), prostration (≥ 30 mg/kg), decreased activity (≥ 30 mg/kg),
and increased grooming (60 mg/kg) were observed during the dosing period.
Body Weight & Food Consumption: Absolute BW was decreased, relative to control, in
LDF (-11% on GD 18), MDF (-31% on GD 18), and HDF (- 11% on GD 12). Food
consumption was decreased, relative to control, at the end of the dosing period in LDF
(-68%), MDF (-98%), and HDF (-98%) on GD 12.
Necropsy: The lung was dark red in color in 1/2 MDF and 7/7 HDF that died before the
end of the dosing period.
Cesarean Section Data and External Observation of Offspring: There were no test
article-related abnormalities observed in fetuses from LDF. There were no fetuses
available for assessment from the MD and HD group. The number of corpora lutea,
number of implantation sites, implantation rate, and the number of live fetuses were
decreased in a dose-dependent manner (Sponsor’s Table, below). The postimplantation loss rate was 100% in MDF.
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Study title: E2007: Oral Embryo-Fetal Development Study in Rabbits
Study no.:
250520
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
4/24/2001
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 10092507, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 3 mg/kg. The number of implantation sites,
implantation rate, and the number of live fetuses were decreased at 10
mg/kg.
• There were no test article-related developmental abnormalities observed in
this study.
• Spontaneous abortion occurred in 3/20 does dosed with 10 mg/kg.
• BW gain was decreased by 50% in does dosed with 3 mg/kg. BW loss was
observed in does dosed with 10 mg/kg.
Methods
Doses:
0, 1, 3, 10 mg/kg
Frequency of dosing:
Once daily for 13 days (GD 6-18)
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
New Zealand white rabbit Kbl:NZW
Number/Sex/Group:
20
Deviation from study protocol: There were no deviations that compromised the
validity of the study.
Dosing Solution Analysis: Dosing solutions were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: There were no deaths in any of the dose groups. Abnormal
gait, decreased activity, and prostration were observed in HDF. One HDF aborted
spontaneously on GD 26, while two others did so on GD 27.
Body Weight & Food Consumption: Absolute BW was decreased, relative to control, in
HDF (-10 %) at the end of the dosing period. BW gain was decreased, relative to
control, in MDF by 50% during the dosing phase while BW loss was observed in HDF
during the same period. Food consumption was decreased, relative to controls, during
the dosing period by 24% in MDF and 60% in HDF.
Necropsy: There were no test article-related findings.
Offspring: There were no test article-related or dose-dependent abnormalities observed
in this study.
Cesarean Section Data: The number of implantation sites, implantation rate, and the
number of live fetuses were decreased in HDF (Sponsor’s table, below).
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Study title: E2007: An Oral TK Study in Pregnant Rabbits
Study no.:
091027
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
8/20/2007
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 14110902, Purity 99.6%
Key Study Findings
• Plasma concentrations of E2007 were measured in pregnant does dosed
with 1, 3, 10 mg/kg E2007.
Methods
Doses:
1, 3, 10 mg/kg
Frequency of dosing:
Once daily for 13 days (GD 6-18)
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
New Zealand white rabbit (Kbl:NZW)
Number/Sex/Group:
5 pregnant females/group
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Mortality & Clinical Signs: There were no deaths in this study. One HDF (not pregnant)
exhibited abnormal gait, prostration, and decreased activity beginning on Day 11.
Body Weight and Necropsy: There was no effect of the test article on BW. There were
no test article-related findings during the necropsy.
Toxicokinetics: One LD animal exhibited exceptionally high levels of E2007 on GD 18.
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9.3 Prenatal and Postnatal Development
Study title: E2007: An Oral Dose Range Toxicity Study of Effects on Preand Postnatal Development Including Maternal Functions in Rats
Study no.:
300326p
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
8/21/2006
GLP compliance:
No
QA statement:
No
Drug, lot #, and % purity:
E2007, Lot 14110902, Purity 99.6%
Key Study Findings
• There were no test article-related effects on pre- and postnatal
development observed in the pups born to dams dosed up to 10 mg/kg.
• Maternal BW gain was decreased in dams dosed with ≥ 3 mg/kg.
Methods
Doses:
0, 1, 3, 10 mg/kg
Frequency of dosing:
Once daily from GD 6 to PND 6
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5 % methylcellulose
Species/Strain:
Crl: CD (SD) rat
Number/Sex/Group:
8
Study design:
Dams were allowed to deliver F1 pups which
were euthanized on PND 7.
F0 Dams:
Mortality & Clinical Signs: There were no deaths in this study. Abnormal gait (≥ 1
mg/kg), decreased activity (≥ 3 mg/kg), and prostration (≥ 3 mg/kg) were observed in
the F0 dams during the dosing period.
Body Weight & Food Consumption: Absolute BW and BW gain were decreased, relative
to controls, in HDF by 6-12% and 31.3%, respectively, during the dosing period. Food
consumption was decreased, relative to control, in MDF and HDF by 12-26% during the
dosing period.
Delivery, Lactation & Necropsy: Delivery and lactation were normal in all dose groups.
There was no test article-related effect on gestation index, the number of live offspring
at birth, sex ratio, the number of stillbirths, the birth index, viability index, or number of
external abnormalities.
F1 Generation: There was no test article-related mortality, clinical signs, effects on
absolute BW, or observations in the gross necropsy of pups.
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Study title: E2007: An Oral Toxicity Study of Effects on Pre- and Postnatal
Development, Including Maternal Functions, in Rats
Study no.:
300326
Study report location:
EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation:
12/15/2006
GLP compliance:
Yes
QA statement:
Yes
Drug, lot #, and % purity:
E2007, Lot 14110902, Purity 99.6%
Key Study Findings
• The NOAEL in this study was 1 mg/kg. Incidence of stillborn pups was
increased at higher doses.
• Auditory function and auditory reflex were not assessed in this study.
• Clinical signs and BW effects observed in dams dosed with ≥ 3 mg/kg were
consistent with those observed in previous studies.
• The incidence of stillbirths was increased and the birth index and viability
index were decreased in dams dosed with ≥ 3 mg/kg.
• Vaginal opening and preputial separation were delayed in pups born to
dams dosed with 10 mg/kg.
• There were no test article related effects on motor activity, learning and
memory, or reproductive function in F1 pups in this study.
Methods
Doses:
0, 1, 3, 10 mg/kg
Frequency of dosing:
Once daily from GD 6 to PND 20
Dose volume:
10 ml/kg
Route of administration:
Oral gavage
Formulation/Vehicle:
0.5% methylcellulose
Species/Strain:
Crl: CD (SD) rat
Number/Sex/Group:
20
Study design:
Dams were dosed from GD 6 to PND 20 and
were euthanized when pups were weaned.
Litters were adjusted to 4/sex on PND 4. Pups
were followed for developmental milestones.
Open field activity was tested on PND 28.
Multiple T-maze was performed 6-7 weeks after
birth. One pup from each litter was euthanized
on PND 56 and necropsied. Reproductive
function was assessed 10 weeks after birth and
F2 embryos were examined on GD 13.
Deviation from study protocol: Deviations were minor and did not affect the
validity of the study.
Dosing Solutions: Dosing solutions were within ± 5% of the nominal concentration.
F0 Dams:
Mortality & Clinical Signs: There were no deaths in this study. Abnormal gait (≥ 1
mg/kg), decreased activity (≥ 3 mg/kg), and prostration (≥ 3 mg/kg) were observed in
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the F0 dams during the dosing period. An entire litter from a MDF (F03363; 9 stillbirths,
5 live births that were hypothermic on PND 1 and died on PND 2) and a HDF (F04462;
2 live births that died on PND 1) died during the study.
Body Weight & Food Consumption: Absolute BW was decreased, relative to control, in
MDF (-4%) and HDF (-14%) during pregnancy and lactation. BW gain was also
decreased during the same time period in these groups (MDF= -13%; HDF= -26%,
relative to control). The decreases in BW and BW gain were associated with decreased
food consumption during pregnancy and lactation (MDF= -11%, HDF= -53%, relative to
control).
Delivery, Lactation & Necropsy: One HDF (F04452) had “prolonged parturition”
(duration unknown); the entire litter was stillborn. Faulty nest building was observed in 1
MDF and 1 HDF. There were no test article-related necropsy findings in the dams
euthanized at weaning.
F1 Generation:
Mortality & Clinical Signs: The number of stillbirths was increased in a dose-dependent
manner in litters born to MDF and HDF (Sponsor’s Table, below). The number of live
offspring at birth, birth index, and viability index were decreased in the HD group.

Body Weight: Absolute BW was decreased in pups born to HDF (birth to weaning: -14
to - 20%; weaning to end of study: M= -11 to -12%; F= -7 to -10%).
Developmental Milestones: Vaginal opening was delayed in HDF pups (Day 36: C=
75% vs. HD= 47%; Day 37: C= 94% vs. HD= 69%). However, all females in each dose
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group exhibited vaginal opening by Day 39. Preputial separation was also delayed in
HDM pups (Day 43: C= 92% vs. HD= 67%; Day 44: C= 100% vs. HD= 83%). All pups in
the HD exhibited preputial separation by Day 52.
Neurological Assessment: There were no test article-related effects on righting reflex at
Day 7, negative geotaxis at Day 14, air righting reflex at Day 17, or on corneal and
pinna reflex at Day 17. There were no test article-related effects on motor activity when
assessed in the open field test 4 weeks after birth. Performance in the multiple T-maze
was not affected in a dose-dependent manner when assessed 6 to 7 weeks after birth.
Auditory function was not assessed in this study.
Necropsy: There were no test article-related findings in the gross necropsy performed
on PND 56.
Reproduction: There was no test article-related effect on copulation index, the number
of days until copulation after pairing, the number of pregnant females, BW and BW gain
during pregnancy, number of corpora lutea, number of implantation site, implantation
rate, number of pre- or post-implantation losses, or the number of live embryos.
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Analysis of Dosing Formulations: All dosing solutions were within 10% of the nominal
concentration.
Mortality: Mortality was observed in groups dosed with > 3 mg/kg E2007 (100% at 100
mg/kg, 100% at 30 mg/kg, 75% at 10 mg/kg, 87% at 6 mg/kg, 37% at 4.5 mg/kg, 12.5%
when animals were started at 4.5 mg/kg and then reduced to 3 mg/kg). Given these
results, the MTD for this study, as identified in the subchronic phase, is 3 mg/kg.
Clinical Signs: Test article-related clinical signs (lying on side, decreased respiration,
excessive scratching, head shaking, and incoordination) were observed in all dose
groups of the subchronic study (Sponsor’s Table). Due to the severe clinical signs
observed at 4.5 mg/kg, the dose was lowered to 3 mg/kg on Day 10.
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Body Weights and Food Consumption: There were no dose-related effects on BW in
Subacute Phase I. BW gain between Day 7 and Day 11 in rats dosed with 3 mg/kg was
57% of vehicle control in Subacute Phase II. In the subchronic phase of the study, BW
gain was initially depressed in the 3 mg/kg dose group by 16%, relative to control, but
beginning on Day 10 and continuing until the end of the study, there were no differences
in any dose group in BW gain, relative to control. Food consumption was slightly lower,
compared to control, in all dose groups in the subchronic study between Day 21 and
Day 24.
Gross Pathology: There were no test article-related findings in the subacute or
subchronic studies.
Histopathology: Adequate Battery: No, only adrenal, brain, eye, heart, kidney, liver,
lung, lymph node, spleen, thymus, and uterus were assessed in the subchronic study.
There were no dose-related findings.
Toxicokinetics: TK assessment (Sponsor’s table, below) was performed only during the
subchronic study. Plasma levels of E2007 were higher in pups before weaning (<
PND21) than in weaned pups (> PND 21). There were no sex-related differences in
plasma concentrations of E2007.
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Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Deviation from study protocol:

See Sponsor’s Table, below
Once daily
Oral gavage
10 ml/kg
0.5% methylcellulose
Sprague-Dawley (Crl:CD[SD]) rat
See Table below
Dosing was initiated at PND 7
12-20 g at dosing initiation
Deviations were minor and did not affect the
validity of the study.
Study Design: The dose range employed in this study was based upon the results of the
dose range-finding study performed in juvenile rats (Study 901162). In the dose rangefinding study, the MTD was determined to be 3 mg/kg, with higher doses resulting in
marked mortality. In order to investigate a dose higher than 3 mg/kg, the Sponsor
included a dose group in which the dose was titrated from 3 to 10 to 30 mg/kg over the
course of 48 days (Group 4).

Dosing Formulation Analysis: Dosing solutions were within 6% of the nominal
concentration.
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Body Weights and Food Consumption: Absolute BW in rats dosed with 3 mg/kg was
decreased by 15-18% at weaning, relative to control. This decrease (16-22%, relative to
control) in absolute BW persisted in HD rats to the end of the dosing period (Sponsor’s
Figures 1-4, below) and throughout the recovery period (~24-34%, relative to control).
These findings are consistent with the decrease in food consumption observed in MD
and HD animals during the course of the study.
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Growth and Developmental Landmarks: Crown-to-rump length was decreased in
animals dosed with 3 mg/kg, on PND 17 (-4%) and PND 21 (-8%). Post-weaning, the
lower crown-to rump length persisted in the MD (approximately -6%) and HD
(approximately -8%) animals throughout the dosing period and to the end of the
recovery period in HD animals (-6%).
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Preputial Separation: Preputial separation was delayed by 2.3-3.5 days in HDM.
Vaginal Opening: Vaginal opening in HDF was delayed by 4.2-6.4 days.
Ophthalmoscopy: Opthalmoscopy assessment was performed on PND 84-86 for
Subgroup A and B and an additional assessment was performed on PND 115-123 in
Subgroup B. There were no test article-related findings.
Behavioral Assessment: Behavioral assessment was performed during Weeks 5, 11,
and 16. Measures of motor activity, behavior, coordination, body temperature, and
sensory-motor function were included in the Sponsor’s observational assessment.
a) Observational Assessment: Dosing with perampanel did not cause abnormal
alterations in body position, clinical signs, ease of removal from home cage,
vocalization, palpebral closure, arousal, grooming, defecation, urination, olfactory
response, lacrimation, pupil size, salivation, body tone, respiratory rate, corneal reflex,
pinna reflex, toe pinch, tail pinch, visual placing, auricular startle, body temperature, or
air righting.
A dose-dependent decrease in hindlimb grip strength was observed in MDM, MDF,
HDM, and HDF animals at Week 5 and in MDF and HDF at Week 11 (Sponsor’s Table,
below). There was no observed effect on hindlimb grip strength at the end of the
recovery period. Hindlimb splay was affected throughout the dosing period and into the
recovery period. When assessed during Week 5 and Week 11, hindlimb splay was
decreased in all male and female dose groups. This decrease persisted during the
recovery period (week 16). The Sponsor attributed these findings to the fact that treated
animals were smaller than controls. However, LD animals, in which limb splay was also
affected, did not exhibit a consistent difference in size or BW, relative to control animals,
during the study.
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b) Motor Activity: There was no test article-related effect on motor activity when
assessed at Weeks 5, 11, or 16.
c) Auditory Startle: There was no test article-related effect on motor activity when
assessed at Weeks 5, 11, or 16.
d) Cincinnati Water Maze: Water maze testing was performed during Week 10 of the
study while animals were still being dosed. A consistent increase in the number of
errors was observed in MDF and HDF when performing Path B, a more difficult task
than Path A in the Cincinnati water maze (See Sponsor’s Table 19, below). Although
there was a slight increase in the number of errors in female rats when Path B of the
water maze was performed at the end of the recovery period, the magnitude of effect
was not as great as was observed during week 10 (See Table 19, below).
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F1 Reproductive Performance: Reproductive performance was assessed beginning with
cohabitation on PND 86. There were no test article-related effects on the number of
days in estrus, the number of estrous cycles or the average cycle length, the number of
days to mating, the mating index, fertility index, conception rate, number of corpora
lutea, implantation sites, or live embryos.
Hematology and Clinical Chemistry: There were no test article-related findings.
Gross Pathology: There was no effect of the test article on brain length or width.
Urinalysis: An increase in sodium and chloride levels in the urine of MDM, HDM, MDF,
and HDF was observed at the end of the dosing period but not at the end of the
recovery period (Sponsor’s table, below). Chloride was also elevated in the urine of
LDF. As discussed below, there were no test article-related findings in the
histopathology assessment of the kidneys at the end of the dosing period.
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Organ Weights: In rats euthanized at the end of the dosing phase, a decrease in
adrenal (C= 67 mg, HD= 57 mg) and thyroid (C= 27.7 mg, MD= 23.3 mg, HD= 23.3 mg)
weight was observed in males. There was no difference in the weight of these organs in
males at the end of the recovery period. Heart weight was decreased in HDF (C=1.13 g,
0.96 g) at the end of the dosing period and in MDF and HDF at the end of the recovery
period (C=1.2 g, MDF= 1.08 g, HDF= 1.08 g). Kidney weights were also decreased in
females, relative to control at the end of the dosing phase (C=1.96 g, MDF= 1.77 g,
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HDF= 1.69 g) and at the end of the recovery period (C=2.03g, MDF= 1.788, HDF=
1.766 g).
Bone Density Assessment: Femur and tibia length were 3% shorter in HD, relative to
controls. This finding persisted into the recovery phase of the study. Bone density was
not assessed.
Histopathology: Adequate Battery: No, nasal turbinates/cavity and rectum not
examined; Peer Review: Yes; Signed and Dated Pathologist’s Report: Yes
Overall, there were limited test article-related findings in the histopathology
assessment (Sponsor’s table, below). At the end of the dosing period (Subgroup A),
there was a finding, in one HDM (#4007), of bilateral atrophy of the seminiferous tubules
of the testes and bilateral aspermia in the epididymis. Slight vacuolation of the adrenal
cortex was observed in 1 CM, 2 MDM, and 2 HDM. In female rats, the only findings of
interest were squamous cell hyperplasia of the stomach in 1 HDF and hyperplasia of the
urinary bladder and kidney transitional cells in another HDF.
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Neuropathology: The brain was assessed from animals at the end of the dosing and
recovery phases. The brain was sectioned at 6 levels (olfactory bulb, forebrain (through
septum), center of the cerebrum (through the hypothalamus), midbrain,
cerebellum/pons, and mid-cerebellum (medulla oblongata). In addition, the retina, optic
nerve, spinal cord (cervical, thoracic, and lumbar), sciatic nerve, trigeminal ganglion,
and lumbar DRG were sampled and examined. There were no test article-related
findings.
Toxicokinetics: Females exhibited higher plasma levels than males at most sampling
time points (Cmax up to 1.8-fold and AUC0-24hr up to 2-fold; Sponsor’s Table, below). LD
rats exhibited plasma levels that were 2 to 3.5-fold higher than in adult animals given
the same dose. Due to the design of the titration phase and the TK sampling scheme,
direct comparison of plasma levels in juvenile animals dosed with 10 mg/kg could not be
compared to the levels observed in adult animals. HD rats in the juvenile study exhibited
plasma levels that were similar to those observed in adult animals given the same dose.
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TK Data from 13-Week Study Conducted in Adult Rats (#S01008)
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considered to be 7.5 mg/kg.
Clinical Signs: In the acute phase of the study, pups dosed with 10 mg/kg exhibited
uncoordination, prostration, abnormal gait, and loss of consciousness for up to 6 hours
after dosing. In addition to these signs, pups dosed with 20 mg/kg exhibited
vocalization, trembling, and excessive chewing. As described previously, pups dosed
with 40 mg/kg exhibited excessive clinical signs that resulted in euthanasia in extremis
of one male and one female.
In the subchronic phase of the study, test article-related clinical signs were observed
in pups dosed with ≥1 mg/kg E2007 (Sponsor’s Tables, below). Severe clinical signs in
the 10 mg/kg resulted in euthanasia in extremis of one male and one female pup. Due
to the severe signs at 10 mg/kg, a dose group was added to the study in which the dose
was titrated from 5 mg/kg to 10 mg/kg. However, the dose titration did not result in
marked changes in the type and intensity of clinical signs observed during the study.

156
Reference ID: 3178238

NDA # 202834

Christopher D. Toscano, Ph.D., DABT

157
Reference ID: 3178238

NDA # 202834

Christopher D. Toscano, Ph.D., DABT

Body Weights and Food Consumption: In the subchronic phase of this study, absolute
BW was 10% higher in females and 27% higher in males dosed with 1 mg/kg, relative to
other dose groups. There was no vehicle control in this study, making it difficult to
determine if a test article-related effect existed in pups dosed with 1 mg/kg. There were
no clear effects of E2007 on food consumption.
Hematology and Clinical Chemistry: Due to the absence of a vehicle control group, it is
difficult to determine if there was a test article-related effect on hematology or clinical
chemistry parameters. However, none of the hematology or clinical chemistry
parameters were altered in a dose-dependent manner in the subchronic phase.
Gross Pathology: Intestinal thickening was observed in the animals that were
euthanized in extremis. There were no other test article-related findings in the
subchronic phase.
Organ Weights: The absence of a vehicle control in the subchronic phase prevented
attribution of any findings to the test article. However, the brain weights observed in
male pups dosed with 7.5 mg/kg and 10 mg/kg were 16% and 8% lower than the brain
weight of animals in the 1 mg/kg group. This difference in brain weight was not
observed in female pups.
Histopathology: Adequate Battery: No, nasal cavities and turbinates were not examined.
There were no test article-related findings evident.
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Toxicokinetics: Toxicokinetic parameters were determined at the initiation of the dosing
phase and at the termination of the study (Sponsor’s table, below).
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Dosing Formulation Analysis: All formulations were within 10% of the nominal
concentration.
Mortality: Although there were some early deaths during the study, a few were
considered to be unrelated to the test article. For example, one vehicle control (#101)
died under anesthesia during the ERG assessment on Day 271. One HDM was
euthanized due to “deteriorating condition” on Day 221. Necropsy of this animal (#405)
determined the presence of a GI obstruction (piece of a towel). Neither of these early
deaths were considered test article-related. However, one MDM was euthanized in
extremis on Day 274. Two days after dosing cessation, this animal (#304) exhibited
sustained convulsions (see below for further information regarding clinical signs in
animal #304).
Clinical Signs: Animal # 304 (MDM) exhibited head tilt, lack of coordination, and circling
during the dosing period, and limited forelimb and hindlimb usage on Day 135.
Clinical signs that lasted for up to 4 hours after dosing were observed in all E2007
dose groups. Incidence and severity of the clinical signs, detailed in the Sponsor’s Table
below, were dose-related. Abnormal gait, altered activity, excessive scratching, tremors,
uncoordination were observed in all dose groups of both genders. All male dose groups,
MDF, and HDF exhibited circling and head shaking. Weakness was observed in MDM,
HDM, and HDF.
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Body Weights and Food Consumption: There were no test article-related effects.
Growth: Height and length were not affected by E2007 during the dosing period or at
the end of the recovery period.
Ophthalmoscopy: Animals were subjected to funduscopic and slit lamp examination by
a board certified veterinary ophthalmologist during Weeks 10/11, 20/21, 32/33, and
during the recovery period. In addition to the ophthalmoscopic examination, an
electroretinogram was performed on each animal during Weeks 32/33 of the study.
There were no test article-related findings on either assessment.
Developmental Landmarks: Developmental landmarks such as eye opening and teeth
eruption were not recorded in this study due to the fact that dosing began on PND 42.
Behavioral Assessment:
Functional Observational Battery and Neurological Examination: An observational
battery was performed on all animals prior to daily dosing during study Week 10, 20, 32
and during the recovery period. The FOB included assessments of motor activity,
behavioral changes, coordination, and sensory-motor function. There were no test
article-related findings on these parameters. Learning and memory was not assessed.
Hematology, Clinical Chemistry and Urinalysis: Hematology, clinical chemistry, and
urinalysis parameters were assessed during Week 13 and Week 32/33, and at the end
of the recovery period. There were no test article-related effects on any of these
assessments.
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Bone Density Assessment: Dual energy X-ray absorptiometry (DXA) was used to
assess bone mineral density (lumbar spine, femur, and whole body), bone mineral
content, and bone area during the pretreatment period, Week 13, and Week 32/33.
There were no test article-related effects observed on any of these parameters.
Brain Measurements: There were no test article-related effects on cerebrum length and
width and cerebellum width at the end of the dosing period and at the end of the
recovery period.
Reproductive Assessment: Reproductive hormones were not measured in this study.
Gross Pathology: Dilated cerebral ventricles were observed in 1 HDM and 1 HDF at the
end of the dosing phase.
Organ Weights: There were no test article-related effects on organ weights (adrenal,
brain, heart, kidney, liver, ovary, spleen, testis, thymus, thyroid/parathyroid).
Histopathology: Adequate Battery: No, nasal cavity/turbinates and tongue not
examined; Peer Review: Yes; Signed and Dated Report: Yes
All tissues were examined with H&E staining. In addition, brain sections (forebrain,
midbrain, cerebellum, medulla oblongata, caudate putamen, cerebral cortex, piriform
cortex, thalamus/hypothalamus, hippocampus, leptomeninges) were also processed for
TUNEL staining.
Slight cerebral ventricle dilation (observed in 1 HDM and 1 HDF) and prostatitis in all
MDM (3/4) and HDM (4/4) were observed. Neither finding is mentioned by the study
Pathologist to be test article-related. There were no test article-related microscopic
findings in brain. The HDM that exhibited sustained convulsions at the beginning of the
recovery period (#304) exhibited moderate renal tubule necrosis, moderate liver
congestion, moderate lung congestion with alveolar and perivascular edema, marked
autolysis of the gall bladder, brain hemorrhage, and decreased pancreatic zymogen
granules.
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Toxicokinetics: TK parameters were determined for all dose groups at weeks 1, 4, 20,
and 33 of the study (Sponsor’s tables, below). Post weaning plasma levels in HD
animals (AUC0-24hr) were similar to those observed in adult dogs administered
comparable doses of E2007 in a 13-week study (Study S01009). Pre-weaning plasma
levels in LD animals were 1.7 to 2.4-fold higher than in adult animals dosed with 1
mg/kg E2007.
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13-Week Study Conducted in Adult Dogs (Study #S01009)
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10.2. Phototoxicity
10.2.1 In vitro Studies
1) Study F06003- “E2007: Phototoxicity test using BALB/3T3 cells”
Neutral red uptake was assessed in BALB/3T3 cells pretreated with E2007 for 60
minutes and then irradiated with UVA (2.5 mW/cm2) for 50 minutes. E2007 was
determined to be phototoxic with an LD50 of 390 ng/ml in the presence of UVA
irradiation (230 ng/ml), which is similar to the positive control, chlorpromazine.
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10.2.2. Genotoxicity
Study title: Photomutagenicity in a Salmonella typhimurium reverse
mutation assay with E2007
Study no.: 1060501
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation: 11/22/2006
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: E2007, Lot 14110902, Purity 99.6%
Key Study Findings
• E2007 is negative in the photomutagenicity assay.
Methods
Strains: TA100, TA1537, TA98, TA102. These strains
were chosen due to the ability to tolerate UV
irradiation.
Concentrations in definitive study: Pre-experiment (without UV): 3, 10, 33, 100,
333, 1000, 2500, 5000 µg/plate
Experiment I: 10, 33, 100, 333, 1000, 2500,
5000 µg/plate
Experiment II: 33, 100, 333, 1000, 2500, 5000
µg/plate
Negative control and formulation: DMSO
Positive control: Without Irradiation: Sodium azide (TA100), 4nitro-o-phenylene-diamine (TA1537, TA98),
methyl methane sulfonate (TA102)
With Irradiation: 8-methoxypsoralen (TA102)
Incubation & sampling time: Bacterial suspensions were incubated with the
test article and then irradiated until the
intended UV dose was delivered (see
sponsor’s table below). Suspensions were
then plated and incubated at 37oC for 48
hours in the dark before quantification.
Methods and Study Validity: The following doses of UV irradiation were used in this
study. An adequate concentration range was tested and the positive controls resulted in
the expected increase in revertants. Therefore, the study is valid.

Results: E2007 did not increase the number of revertants in the presence or absence of
UV irradiation. Positive controls did result in an increase in the number of revertants.
Overall, E2007 was negative in the photomutagenicity assay.
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Study title: Chromosome aberration test in vitro: Photomutagenicity in
Chinese hamster V79 cells with E2007
Study no.: 1060502
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation: 11/29/2006
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: E2007, Lot 14110902, Purity 99.6%
Key Study Findings
• E2007 is a photo-clastogen in the presence of UV irradiation.
Methods
Cell line: V79 Chinese hamster cells
Concentrations in definitive study: See below
Negative and Formulation control: DMSO
Positive control: With irradiation: 8-methoxypsoralene;
Without irradiation: Ethylmethane sulfonate
Incubation & sampling time: See sponsor’s table below
Methods and Study Validity: Incubation and irradiation conditions are provided below.
The positive controls resulted in the expected increase in clastogenicity and the
concentration range used in the main study was considered to be adequate (high
concentrations of 17.6 and 19.8 µg/ml resulted in precipitation).

Results: Cells incubated with E2007 exhibited an increase in the number of aberrant
cells in the presence of UV irradiation (Sponsor’s Table, below). The increase occurred
at concentrations at which the mitotic index was not affected and no precipitation of test
article was observed. Therefore, E2007 is considered to be a photo-clastogen.
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Without Irradiation
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With Irradiation
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10.2.3. Repeat Dose Toxicity
Study title: 13-week oral range finding study of W2007 in hairless mice,
with or without simulated sunlight
Study no.: LFA00036
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation: 11/2/2006
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: E2007, Lot 14110902, Purity 100.1%
Key Study Findings
• The MTD in this study is 30 mg/kg. Deaths occurred at higher doses.
• There was no phototoxicity evident in this study.
Methods
Doses: 0, 3, 10, 30, 60 mg/kg
Frequency of dosing: Once daily for 13 weeks
Route of administration: Oral gavage
Dose volume: 10 ml/kg
Formulation/Vehicle: 0.5% methylcellulose
Species/Strain: Crl:SKH1-hr hairless mouse
Number/Sex/Group: 6
Age: 5 weeks
Weight: M= 25.3-32.1 g; F= 22.4-26.9 g
Unique study design: Animals were exposed to UV irradiation for up to 5
days/week, see tables below.
Deviation from study protocol: Deviations were minor and did not affect the validity
of the study.
Study Design: Animals were dosed once daily as detailed below and were exposed to
UV irradiation up to 5 times per week for a total weekly dose of 600 RBU (400 RBU
approximates 1 minimal erythema dose (MED) in previously untanned human skin).
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Dosing Solution Analysis: Dosing formulations were within ± 5% of the nominal
concentration.
Mortality & Clinical Signs: 1 HDF (4597) and 1 HDM (4667) were euthanized in extremis
on Day 1 of the study. The clinical signs in these animals consisted of hyperactivity to
touch, ataxia, circling, low carriage, lost righting reflex, and splayed limbs. In animals
that survived until the end of the dosing period, the most common clinical signs were
excessive grooming (≥ 3 mg/kg), ataxia (≥ 3 mg/kg), and hyperactivity (F ≥ 3 mg/kg; M ≥
10 mg/kg).
Body Weights & Feed Consumption: Absolute BW was decreased by 9-10 %, relative to
control, between Day 8 and Day 22 of the study in mice dosed with ≥ 30 mg/kg. These
differences were not present at the end of the dosing period in mice not exposed to UV
but did persist until the end of the dosing period in HDM exposed to UV.
Skin Reaction Observations: There were no test article-related increases in wrinkles or
erythema in mice exposed to UV. There was no test article-related increase in skin
thickness.
Toxicokinetics: Plasma concentrations were measured one hour after dosing and the
only TK parameter calculated in this study was plasma concentration one hour after
dosing C1hr (Sponsor’s test table 2, below).
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10.2.4. Immunotoxicity
Study title: Topical photoallergy test of E2007 in albino hairless guinea pigs
Study no.: LFA00042
Study report location: EDR
(b) (4)
Conducting laboratory and location:
Date of study initiation: 1/16/2007
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: E2007, Lot 14110902, Purity 100.1%
Key Study Findings
• There was no evidence of primary irritancy, phototoxicity, contact
hypersensitivity, or photoallergy when guinea pigs were co-exposed
topically to E2007 and UV irradiation.
Methods
Doses: See sponsor’s study design tables below.
Frequency of dosing: Test articles were applied for 2 hours under occlusion
and then wiped clean. Four doses were tested
simultaneously on each animal (1 dose level per test
site).
Route of administration: Topical
Dose volume: 0.3 ml
(b) (4)
Formulation/Vehicle: Aloe Vera cream
Species/Strain: Crl:IAF(HA)-hr hairless guinea pig, male
Number/Sex/Group: 5/group
Age: 8 weeks
Weight: 437-546 g
Unique study design: Photoallergy study: Four injections of Freund’s
complete adjuvant occurred during the induction
phase.
Phototoxicity and Photoallergy studies: 2.25 minimal
erythema doses (MED) of UV (900 RBU) were
delivered on days 1, 3, 5, 8, 10, and 12 during
Photoallergy induction and once on day 22 for
photoallergy challenge.
Deviation from study protocol: There were no deviations that compromised the
validity of the study.
Study Design: E2007 was assessed for primary irritancy, contact hypersensitivity and
photoallergy as described below.
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Primary Irritancy Studies: When dosed with 0, 1, 10, or 100 mg/ml E2007, there was no
dose-related evidence of irritancy.
Phototoxicity Studies: When dosed with 0, 10, or 100 mg/ml E2007, there was no doserelated erythema, skin flaking, or edema observed after exposure to UV. Exposure to
the positive control (8-MOP) and UV irradiation resulted in such severe erythema and
edema that the animals were euthanized on or before Day 3 of the study.
Contact Hypersensitivity/ Photoallergy Studies: There were no skin reactions indicative
of contact hypersensitivity or photoallergy in any of the guinea pigs administered E2007.
Guinea pigs exposed to TCSA, the positive control, exhibited erythema, edema, and
flaking before the challenge and in response to the challenge on Day 22.
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Integrated Summary and Safety Evaluation

Perampanel (E2007; ER-155055-90) is a noncompetitive AMPA receptor (AMPAR)
antagonist that has been developed by Eisai to treat partial-onset seizures with or
without secondarily-generalized seizures in patients with epilepsy aged 12 years or
older. In vitro studies demonstrated that perampanel and several of its metabolites (M1,
M3, M4, M5 and M7), of which only the parent compound circulates in human plasma at
levels greater than 10% of the total drug-related exposure, were potent inhibitors of
AMPAR-mediated ion flux in rat cortical neurons. Binding studies described in the NDA
and in the peer-reviewed literature demonstrate that perampanel is a noncompetitive
antagonist of the AMPAR [3], a receptor for the excitatory neurotransmitter, glutamate.
Possibly due to its activity towards AMPAR, perampanel exhibited the ability to abrogate
seizures in several animal models of epilepsy (i.e. AMPA-induced, audiogenic,
electroshock, PTZ-induced, corneal kindling, amygdala kindling); perampanel showed
no antiepileptic activity in the genetic model of absence epilepsy in the rat (GAERS).
The results of these primary pharmacology studies suggest that perampanel may be
useful as an antiepileptic medication in humans.
Moderate oral bioavailability was exhibited in rats (~47%) and dogs (~49%) with
higher bioavailability exhibited in monkeys (~74%). These species were used in a
majority of the nonclinical studies submitted to support NDA 202-834. Perampanel
plasma protein binding was 90 to 94% in monkeys and mice, respectively. Perampanel
distributed widely and rapidly throughout the body, especially to the mammary tissue,
adrenal gland, liver, kidney, ovary, fetuses, and milk; it is mainly eliminated in feces in
rats. Extended residence time was observed in the liver (6 weeks in rat; at least 7 days
in monkey), kidney (21 days in rat, at least 7 days in monkey), eye (106 weeks,
pigmented rat only; at least 7 days in monkey), skin (12 weeks, pigmented rat only; at
least 7 days in monkey), and aorta (106 weeks, rat but not monkey). The extended
residence time in the liver of rats was mainly due to covalent binding, as a majority of
the compound was not extractible with methanol or trichloroacetic acid. In kidney, most
of the perampanel could be extracted with methanol suggesting that the extended
residence time in the kidney was not due to a covalent interaction. Given that the
residence time of perampanel was higher in the eyes of pigmented rats when compared
to albino rats and the fact that most of the binding was associated with pigmented areas
of the eyes (e.g. iris, retina) it is probable, although there is no explicit evidence of this
in the NDA, that perampanel interacted with melanin in the eye, a phenomenon known
to occur with xenobiotics such as polyaromatic hydrocarbons [5]. There was no
evidence of ocular toxicity or retinal damage in any of the nonclinical studies submitted
to support this NDA. Therefore, while perampanel does have an extended residence
time in the eye, it does not seem to be of toxicological consequence.
The extended residence time of perampanel in the aorta (at least 106 weeks) after a
single oral dose of perampanel (1 mg/kg or 6 mg/m2) is unusual and is mainly due to a
covalent interaction between perampanel and a component of the aorta, possibly
elastin, since perampanel could be liberated from the aorta by treatment with the
proteolytic enzymes elastase or pronase. When assessed by light microscopy, there
were no findings of cardiovascular toxicity or histopathological abnormalities observed
in the vasculature in any of the general toxicology studies conducted with perampanel. It
is important to mention that distribution studies generally do not sample other regions of
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the arterial vasculature, such as the aortic arch, coronary artery, femoral artery, or
cerebral arteries. Therefore, the extent of the covalent binding of perampanel through
the entire arterial vasculature as well as at other sites where elastin is common, is
currently unknown. The Sponsor has demonstrated that residence time of perampanel
in the venous vasculature is short (< 24 hours in rat), suggesting that the extended
binding may be limited to only the arteries. Accumulation of xenobiotics and
therapeutics in the aorta has been previously documented, with some of these
compounds being cardiovascular toxicants [6-11]. For example, rofecoxib (Vioxx), a
COX-2 inhibitor withdrawn from the market due to adverse cardiovascular findings, is
also known to bind covalently with both rat and human aorta [6-8]. Ten days after oral
dosing of rats with rofecoxib, Oitate et al [6] demonstrated that the only anatomical
regions in which radiolabeled rofecoxib could be detected were the aorta and the
interspinal ligaments. The retention of rofecoxib in the aorta was determined to be due
to a covalent interaction based on the ability to liberate the radiolabeled compound from
the aorta with elastase, similar to what was observed for perampanel. Although there
was no evidence of perampanel-related damage in the vasculature of rats when
assessed by light microscopy, it is possible that the ultra structure of the arterial
vasculature may be affected by the covalent binding of perampanel. Specifically, in rats
dosed with rofecoxib, transmission electron microscopy demonstrated disruption and
swelling of the elastic lamellae of the aorta, decreased numbers of smooth muscle cells,
and abnormal deposition of collagen fibers. Given that covalent binding of rofecoxib in
the aorta was associated with these ultrastructural changes, as detected by electron
microscopy, it is possible that other compounds that bind to the aorta covalently, such
as perampanel, may induce similar findings [7]. Since there was no ultrastructural
assessment of the aorta in perampanel-exposed rats, it is unknown if similar findings
are present. Given that rofecoxib was associated with a marked occurrence of
cardiovascular adverse events detected during the marketing of this compound, the
covalent binding of perampanel to the aorta is of some concern. It is important to be
clear, however, that covalent binding of rofecoxib to the aorta has never been
definitively shown to be the mechanism of the cardiovascular findings associated with
this drug. However, given the coincidence of covalent binding in the aorta and adverse
cardiovascular events that occurred with rofecoxib, the finding of a similar molecular
action with perampanel (i.e. covalent binding of the aorta) does increase the concern
with this compound. However, in the absence of frank cardiovascular toxicity in the
nonclinical studies conducted with perampanel, the finding of covalent binding of
perampanel to the aorta is not a reason to advise against the approval of FYCOMPA. It
is possible that post market monitoring for similar findings to those observed in patients
exhibiting rofecoxib-induced cardiovascular toxicity may demonstrate the presence or
absence of a similar finding in patients exposed to perampanel; this, of course, would
be a decision reserved for the clinical team to make. However, additional nonclinical
studies into the binding of perampanel to the aorta may be helpful in understanding the
magnitude of the risk posed by this compound. For example, ultrastructural analysis of
the aorta of rats exposed to perampanel, similar to the methods used in Oitate et al [7],
could provide additional information regarding the histopathological consequences of
the covalent binding of perampanel to the aorta. Additionally, studies performed with
human aorta, similar to Oitate et al [8], would provide information on the ability of
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perampanel to bind covalently to human arteries. Therefore, it is recommended that the
Sponsor perform a study, as a post marketing requirement, similar to the one described
in Oitate et al [8] in which the ability of perampanel to bind covalently to the human
aorta is assessed. Ultrastructural assessment of the aorta from rats exposed to
perampanel, as described in [7], would be useful but would not be necessary if covalent
binding to the human aorta could not be demonstrated.
Single and repeat-dose toxicology studies to support the approval of FYCOMPA
were performed in mouse, rat, dog, and monkey; the pivotal chronic studies were
performed in rat and monkey. Since there are no metabolites of perampanel that
circulate in humans at levels which are >10% of the total drug-related exposure, there
was no need to test the safety of specific metabolites of perampanel in animals. The
design of the chronic pivotal nonclinical studies was sufficient, with high doses that
represented the MTD in rats (F= 10 mg/kg; M= 100 mg/kg) and monkeys (8 mg/kg). A
complete battery of reproductive and developmental toxicity studies was performed in
rats and rabbits, as described in ICH S5(R2) [12]. Adequate carcinogenicity studies,
which demonstrated that perampanel is not carcinogenic, were performed in rat and
mouse. A complete battery of adequate genetic toxicology studies, consistent with
“Option 1” described in ICH S2(R1) [13], demonstrated that perampanel was not a
genotoxicant. In addition, adequately designed and executed juvenile toxicology studies
were performed in rat and dog. Overall, the nonclinical studies provided to support the
approval of FYCOMPA are consistent with current regulatory guidance, as stated in ICH
M3(R2) [14].
The main test article-related finding in the nonclinical studies was the occurrence of
clinical signs. In general, the clinical signs, suggested both a sedative-like effect (e.g.
abnormal gait/ ataxia, decreased activity, prostration) and the induction of stereotypy.
Stereotypy manifested as excessive grooming in adult mice and rats, self mutilation in
adult mice, excessive grooming in juvenile rats, and excessive scratching in juvenile
dogs. In addition, delayed-onset of convulsions was observed in rats after long-term
dosing with perampanel (> 6 months). Body excoriations and self mutilation of the
genitals (e.g. prolapse of the penis) were observed in every study conducted with mice.
The genital mutilation, especially in males, was of such severity that it resulted in urine
retention in some animals. The excoriations observed in these studies resulted in the
development of infections that caused death or euthanasia in extremis in some cases.
The excoriations and self mutilation were related to excessive grooming. The human
relevance of the finding of excessive grooming in mice dosed with perampanel is
unknown. However, sterotypies, such as excessive grooming, in rodents have been
used as models of obsessive behavior [15]. The delayed-onset of convulsions in rats
was only observed in the 2-year study and only in the low dose group. There was no
evidence of convulsions at the higher doses, possibly reflecting an anticonvulsive effect;
the incidence of convulsions in the low dose group is marked and convincing. The
mechanism of this delayed onset and the relevance to humans are unknown. However,
this finding suggests that long term, sub-therapeutic doses of perampanel may increase
the risk of convulsions. Specifically, the plasma level of perampanel associated with rats
dosed with the lowest dose in the 2-year study, 10 mg/kg, was AUC0-24hr = 3780
ng*hr/ml. Similar plasma levels were observed in humans dosed with 2 to 4 mg of
perampanel (Study E2007-E044-002).
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There was no evidence that perampanel was genotoxic or carcinogenic under
standard testing conditions. However, a phototoxicity battery did demonstrate that
perampanel was a clastogen, but not a mutagen, in the presence of UV irradiation. This
finding should be reported in the labeling for FYCOMPA as described in “Guidance for
Industry: Photosafety Testing” [16]. In addition, Impurity #VI, which spontaneously
degrades to Impurity VII, was demonstrated to be a mutagen in the Ames assay. This
finding is consistent with that of a peer-reviewed study which assessed, in the Ames
(b) (4)
assay, the mutagenicity of
containing compounds [17]. Interestingly,
computational toxicology assays, performed by both the Sponsor and by the CDER
computational toxicology group, were unable to predict the mutagenic potential of
Impurity #VI or its degradation product, Impurity #VII. The inability to predict the
(b) (4)
mutagenicity of this impurity was attributed to the presence of a
in the
structure; there was an insufficient database for this type of compound (see Appendix).
Since Impurity #VI is a genotoxic impurity, as determined in the Ames assay, it is
controlled in the final drug product at a concentration that would result in a dose of 1.5
µg/ day, an acceptable specification for chronic dosing in humans [18]. In the two-year
bioassays conducted in rat and mouse, there was no evidence to suggest that
perampanel is carcinogenic. The two studies were considered to be negative; the
Executive CAC concurred with this conclusion (see Appendix for Executive CAC
minutes). Doses up to 12 times (mouse), 81 times (male rat), and 24 times (female rat)
the maximum recommended human dose (MRHD), on a mg/m2 basis, were tested in
the carcinogenicity studies.
The reproductive and developmental toxicity battery was performed in rat (fertility,
embryo-fetal development [EFD], and pre/postnatal development) and rabbit (embryofetal development).
The finding of teratogenicity in the rat study, specifically
(b) (4)
diverticulum of the intestine in all dose groups,
should be included in the revised labeling. Since
the finding of diverticulum of the intestine was observed in all dose groups in the rat
EFD study, there was no NOAEL determined for the developmental toxicity of
perampanel. The lowest dose in the rat EFD study was 1 mg/kg or 6 mg/m2. On a dose
per body surface basis, the lowest dose at which diverticulum of the intestine occurred
in rats was 4.9 times the lowest (2 mg; 1.2 mg/m2) and 0.8 times the highest (12 mg; 7.4
mg/m2) clinical doses of FYCOMPA. Since these effects were observed at a range of
doses that included the clinical dose, when normalized to dose per body surface area,
there is no safety margin for this finding. The finding of diverticulum of the intestine in
fetuses and the potential risk to humans should be communicated in the label for
FYCOMPA. The finding of teratogenicity is not uncommon with antiepileptic
medications. Therefore, although the finding of diverticulum of the intestine is of enough
concern to warrant reporting in the label for FYCOMPA, this finding would not preclude
the approval of FYCOMPA. Additional effects on reproduction and development were
observed in the fertility and the pre-/ post-natal (PPN) development studies performed in
rat. An increase in early resorptions and stillborn pups was noted in litters of dams
exposed to >1 mg/kg perampanel. At doses of 30 mg/kg perampanel, prolonged and
irregular estrous cycles were observed in female rats, but this alteration in estrous cycle
did not impact the reproductive potential of the dams dosed at this level. The nature of
the perturbation of the estrous cycle is unknown because the Sponsor did not assess
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hormone levels in these studies. However, there is an emerging understanding of the
role of AMPA receptors in controlling the activity of neurons that release gonadotropinreleasing hormone [19].
The Sponsor assessed the toxicity of perampanel in juvenile animals (rat and dog) in
order to support the safe use of FYCOMPA in pediatric populations. With the exception
of the initiation of dosing in dogs (see below), the design of the juvenile studies was
consistent with accepted principles of juvenile toxicology testing [20]. Specifically, daily
dosing was initiated in rat pups on postnatal day (PND) 7 and continued for 12 weeks
until PND 90, followed by a 4-week recovery period. Daily dosing in dogs began on
PND 42 and continued for 33 weeks, through postnatal Week 39. The duration of
dosing in rats was slightly longer than usual but is not expected to affect the validity of
the study. Although dosing in the dog study was initiated much later (PND 42) than what
is suggested (PND 5; [20]), the period of juvenile development was adequately covered
in the rat study. Therefore, the rat study is sufficient to support the safety of perampanel
in pediatric populations. It is important to state that even though dosing was initiated in
the dog study later than what is recommended; the overall design of the study included
the expected elements of a well-designed juvenile toxicology study.
The main test article-related finding in the juvenile toxicology studies was the
adverse clinical signs observed at all doses tested in both juvenile rats and dogs. In
juvenile rats, decreased activity, prostration, uncoordination, and excessive grooming
were the clinical signs observed at each dose level (NOEL < 1 mg/kg); these clinical
signs were similar to those observed in adult rats, albeit at lower doses. Specifically, in
adult rats dosed with perampanel for 13 weeks (Study S01008), the test article-related
clinical signs observed at 10 or 30 mg/kg were abnormal gait, decreased activity and
prostration; excessive grooming was observed in male rats dosed with 300 mg/kg for
13-weeks (Study S04007) and in the 26-week study (Study S02002) at 30 mg/kg. There
were no clinical signs observed in adult rats dosed with 1 mg/kg for 13-weeks (Study
S01008) or 26-weeks (Study S02002). Although the clinical signs were associated with
higher levels of perampanel in juvenile rats at PND 7, relative to adults, (juvenile rats @
PND 7: AUC0-24hr at 1 mg/kg= 2179 (M) and 2009 (F) ng*h/ml; adult rats AUC0-24hr at 1
mg/kg= 631 (M) and 998 (F) ng*h/ml), the levels of perampanel in rats from the 1 mg/kg
dose group in the juvenile rat study were similar at PND 35, PND 63, and PND 90 to
those observed in adult rats dosed with 1 mg/kg. The clinical signs (decreased activity,
uncoordination, prostration, excessive grooming, excessive licking, excessive
scratching) observed in rats during the pre-weaning period persisted in all dose groups
of the juvenile toxicology study during the post weaning period, a phase of the study at
which perampanel levels in the rats dosed with 1 mg/kg are similar to those observed in
adults dosed with 1 mg/kg perampanel. The persistence into the post weaning period of
these clinical signs in juvenile rats at exposure levels that do not result in similar clinical
signs in animals dosed only during adulthood (Study S01008, S04007 and S02002)
suggests that juvenile rats are more susceptible to the development of the sedative-like
clinical signs and stereotypies associated with perampanel exposure. A similar finding
of juvenile susceptibility to stereotypy existed in dogs. Juvenile dogs exhibited abnormal
gait, altered activity, excessive scratching, tremors, and uncoordination at doses ≥ 1
mg/kg; plasma levels of perampanel in juvenile dogs ranged from an AUC0-24hr = 334 to
681 ng*hr/ml. Abnormal gait was the only clinical sign observed in adult dogs dosed up
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to 10 mg/kg for 13 weeks (Study S01009), a dose which resulted in perampanel plasma
levels of AUC0-24hr = 905-913 ng*hr/ml.
Female juvenile rats dosed with ≥ 3 mg/kg perampanel exhibited an increase in the
number of errors in Path B of the Cincinnati water maze. This finding was robust when
the water maze was performed during the dosing phase of the study and was still
present, albeit to a minor extent, when assessed at the end of the recovery phase.
Since perampanel is an AMPA receptor antagonist, it is not surprising that an adverse
effect on learning and memory was documented in the juvenile rat study. Disruption of
AMPA receptor function by genetic deletion of the AMPA receptor subunit GluR1 is
known to result in disruption of spatial memory [21, 22]. It is interesting that this finding
was only observed in female rats dosed with perampanel. Although plasma levels of
perampanel were generally higher in females, it is unlikely that the sex-related
difference in TK contributed to this finding. For example, when assessed on Day 63,
plasma AUC0-24hr in HD males was twice as high as in MD females, a group exhibiting
an increased error rate in the water maze. The findings in the Cincinnati water maze
should be included in the label of FYCOMPA, as they appear to be test article-related.
Overall, the toxicities observed in the nonclinical general toxicology, reproductive
and developmental toxicology, and the carcinogenicity studies of perampanel are not of
such severity or type that these findings would prevent the approval of FYCOMPA.
When performed on a dose per body surface area (mg/m2) basis, it is clear that the
NOAELs for many of the toxicology studies (i.e., general toxicology, fertility, EFD,
Pre/Postnatal study (PPN), and juvenile) are within the range of the proposed clinical
doses (Reviewer’s Summary Table, below). However, the main finding in the repeatdose general toxicology studies (i.e. clinical signs) is a manifestation of the
pharmacological activity of perampanel and is reversible upon dosing cessation. There
is no evidence that perampanel poses a cancer risk, as there was no finding of
carcinogenicity at doses of up to 81 times and 12 times the MRHD in rat and mice,
respectively. The findings in the EFD and juvenile toxicology studies were of the most
concern. Specifically, perampanel was a teratogen in rats and there was no NOAEL
observed for this finding. The dose levels at which diverticulum of the intestine was
observed were similar to the proposed clinical doses, on a mg/m2 basis. The teratogenic
risk of perampanel should be disclosed in the label for FYCOMPA. The finding of
cognitive dysfunction in the Cincinnati water maze performed as a part of the juvenile
rat toxicology study is consistent with perampanel’s ability to antagonize the activity of
the AMPAR, a receptor known to be important for learning and memory [22]. Although
the NOAEL for the rat juvenile toxicology study is provided below as < 1 mg/kg, there
was a NOEL for the finding of cognitive dysfunction in female rats (1 mg/kg). However,
this NOEL is well within the range of clinical doses and should be included in the
labeling of FYCOMPA. Although not fully reversed at the end of a recovery period, the
severity of the cognitive dysfunction observed in female rats was markedly reduced
relative to the severity of the finding during the active dosing period. In general, the
adverse effects observed in the nonclinical studies are monitorable and mainly
reversible, with the exception of the teratogenic and cognitive dysfunction findings.
Therefore, it is concluded that the results of the nonclinical safety studies are not of
sufficient concern to advise against the approval of FYCOMPA.

189
Reference ID: 3178238

NDA # 202834

12

Christopher D. Toscano, Ph.D., DABT

References and Appendix

References:
1. Sills MA, Fagg G, Pozza M, Angst C, Brundish DE, Hurt SD, Wilusz EJ, Williams
M. [3H]CGP 39653: a new N-methyl-D-aspartate antagonist radioligand with low
nanomolar affinity in rat brain. Eur J Pharmacol. 1991;192(1):19-24.
2. Lehmann J, Chapman AG, Meldrum BS, Hutchison A, Tsai C, Wood PL. CGS
19755 is a potent and competitive antagonist at NMDA-type receptors. Eur J
Pharmacol. 1988; 154(1):89-93.
3. Hanada T, Hashizume Y, Tokuhara N, Takenaka O, Kohmura N, Ogasawara A,
Hatakeyama S, Ohgoh M, Ueno M, Nishizawa Y. Perampanel: a novel, orally
active, noncompetitive AMPA-receptor antagonist that reduces seizure activity in
rodent models of epilepsy. Epilepsia. 2011; 52(7):1331-40.
4. Moore MM, Honma M, Clements J, et al. Mouse lymphoma thymidine kinase
gene mutation assay: follow-up meeting of the International Workshop on
Genotoxicity Testing--Aberdeen, Scotland, 2003--Assay acceptance criteria,
positive controls, and data evaluation. Environ Mol Mutagen. 2006; 47(1):1-5.
5. Dayhaw-Barker P. Retinal pigment epithelium melanin and ocular toxicity. Int J
Toxicol. 2002; 21(6):451-4.
6. Oitate M, Hirota T, Koyama K, Inoue S, Kawai K, Ikeda T. Covalent binding of
radioactivity from [14C]rofecoxib, but not [14C]celecoxib or [14C]CS-706, to the
arterial elastin of rats. Drug Metab Dispos. 2006; 34(8):1417-22.
7. Oitate M, Hirota T, Takahashi M, Murai T, Miura S, Senoo A, Hosokawa T,
Oonishi T, Ikeda T. Mechanism for covalent binding of rofecoxib to elastin of rat
aorta. J Pharmacol Exp Ther. 2007; 320(3):1195-203.
8. Oitate M, Hirota T, Murai T, Miura S, Ikeda T. Covalent binding of rofecoxib,but
not other cyclooxygenase-2 inhibitors, to allysine aldehyde in elastin of human
aorta. Drug Metab Dispos. 2007; 35(10):1846-52.
9. Boor PJ. Allylamine cardiovascular toxicity: V. Tissue distribution and
toxicokinetics after oral administration. Toxicology. 1985;35(3):167-77.
10. Graham DJ, Hama KM, Smith SA, Kurz L, Chaplin MD, Hall DJ. Disposition of
nafimidone in rats. Drug Metab Dispos. 1987;15(4):565-70.
11. Ohta K, Yamaguchi JI, Akimoto M, Fukushima K, Suwa T, Awazu S. Retention
mechanism of imidazoles in connective tissue. I. Binding to elastin. Drug Metab
Dispos. 1996 Dec;24(12):1291-7.
12. Detection of Toxicity to Reproduction for Medicinal Products & Toxicity to Male
Fertility; ICH-S5(R2), Nov 2000.
13. Guidance on Genotoxicity Testing and Data Interpretation for Pharmaceuticals
Intended for Human Use; ICH-S2(R1), June 2012.

191
Reference ID: 3178238

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------CHRISTOPHER D TOSCANO
08/22/2012
LOIS M FREED
08/22/2012

Reference ID: 3178238
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NDA Number: 202834

Applicant: Eisai, Inc.

Stamp Date: 12/22/11

Drug Name: FYCOMPA
NDA Type: 505(b)(1)
(perampanel or E2007) tablets
On initial overview of the NDA/BLA application for filing:

Content Parameter
1 Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a
manner to allow substantive review to
begin?
2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
legible so that substantive review can
begin?

Yes No

The nonclinical sections of the submission
(2.4, 2.6 and 4) are present.
X

X

X

4 Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
X
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?
5 If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
N/A N/A
appropriate route been conducted with
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).
6 Does the route of administration used in the
animal studies appear to be the same as the
intended human exposure route? If not, has X
the applicant submitted a rationale to justify
the alternative route?
7 Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?

Reference ID: 3069300

Comment

Bookmarks and hyperlinks in the
electronic study reports seem to be
functional.
The Pathology report in the mouse
carcinogenicity study report (B-4955)
contains handwritten English and Japanese
comments in the margin of the report. The
Sponsor should submit an amended report
which incorporates this information into
the body of the report.
The Sponsor states that signed and dated
Pathology Reports are not available for the
following non-GLP study reports:
#TKB00006 (4-day rat study),
#TKB00008 (7-day dog study),
#TKB01016 (2-week monkey study).

Not applicable. See comment #6.

Animals were dosed via the oral route in all
pivotal nonclinical studies. The proposed
clinical formulation is tablet for oral dosing.

GLP and QA statements are provided for all
pivotal studies.
X

PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
Content Parameter

Yes No

8 Has the applicant submitted all special
studies/data requested by the Division
during pre-submission discussions?

X

9 Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m2 or comparative
serum/plasma levels) and in accordance
with 201.57?

X

10 Have any impurity – etc. issues been
addressed? (New toxicity studies may not
be needed.)

X

11 Has the applicant addressed any abuse
potential issues in the submission?

X

12 If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been
N/A N/A
submitted?

Comment
The ExeCAC did not concur with the
(b) (4)
doses of
mg/kg in the
proposed mouse carcinogenicity study
(IND 68368; 12/18/2003) and
recommended an additional 13-week
mouse study be performed to determine
appropriate doses for the carcinogenicity
study. A study report for the recommended
13-week study was not included in the
NDA. The Sponsor has included in the
NDA a study report for a mouse
carcinogenicity study, conducted using the
doses with which the ExecCAC did not
concur.
The Indications and Usage section of the
Highlights section of the label does not
mention the pharmacologic class as advised
in “Guidance for Industry and Review Staff
Labeling for Human Prescription Drug and
Biological Products — Determining
Established Pharmacologic Class for Use
in the Highlights of Prescribing
Information; October 2009”.
The impurity levels in GMP batch #11(b) (4)
GMP batch #25 are
and are,
therefore, below the qualification threshold
of 0.15%.

To be addressed by CSS.

Not applicable

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? ___YES_____
Draft Comments to the Sponsor for the 74-day letter:
• The Indications and Usage section of the Highlights section of the label does not mention
the pharmacologic class as advised in “Guidance for Industry and Review Staff Labeling
for Human Prescription Drug and Biological Products — Determining Established
Pharmacologic Class for Use in the Highlights of Prescribing Information; October
2009”. You should amend the draft labeling accordingly.
• The Pathology report for study B-4955 (mouse carcinogenicity study) contains
handwritten amendments in the margins of the report. We recommend that you submit an
amended copy of this report in which you have incorporated these amendments into the
body of study report.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
NDA Number: 202834

Applicant: Eisai, Inc.

Stamp Date: 5/25/11

Drug Name: FYCOMPA
NDA Type: 505(b)(1)
(perampanel or E2007) tablets
On initial overview of the NDA/BLA application for filing:

Content Parameter
1 Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a
manner to allow substantive review to
begin?
2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
legible so that substantive review can
begin?

Yes No

The nonclinical sections of the submission
(2.4, 2.6 and 4) are present.
X

X

X

4 Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?
X

Reference ID: 2973628

Comment

Bookmarks and hyperlinks in the
electronic study reports seem to be
functional.
A) Study B04002 has several lines that
contain, what appears to be, missing
words that were replaced with two
bullet points (e.g. page 9). This should
be corrected in all relevant sections of
this report.
B) Pages 21 through 209 of Study
#S05107 (26-week rat study) are
missing from the study report. These
pages should be submitted for review.
C) The completeness of the steady state
AUC table on page 13 of the
Toxicology Tabulated Summary
(2.6.7.) should be confirmed.
A) Signed and dated Pathology Reports
are not provided for the following
study numbers: #TKB00007 (single
dose dog study), #B-4954 (13-week
mouse study), #TKB00006 (4-day rat
study), #S04007 (13-week male rat
study), #TKB00008 (7-day dog study),
#TKB01016 (2-week monkey study),
#SBL-47-47 (4-week monkey study),
#B-4955 (mouse carcinogenicity
study). The Sponsor should submit
these signed and dated reports, if they
are available. Without a signed and
dated Pathology Report, these data are
considered to be incomplete as per the
FDA Final Rule published in the
Federal Register on September 4,
1987.
B) Individual line listings of fetal
observations are not provided in the
pivotal embryo-fetal development

PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
Content Parameter

Yes No

Comment
studies (#200420, #250520, #250526).
These study reports cannot be
reviewed until the Sponsor provides
this information.
Not applicable. See comment #6.

5 If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
N/A N/A
appropriate route been conducted with
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).
Animals were dosed via the oral route in all
6 Does the route of administration used in the
animal studies appear to be the same as the
pivotal nonclinical studies. The proposed
intended human exposure route? If not, has X
clinical formulation is tablet for oral dosing.
the applicant submitted a rationale to justify
the alternative route?
7 Has the applicant submitted a statement(s)
that all of the pivotal pharm/tox studies
have been performed in accordance with the
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?

8 Has the applicant submitted all special
studies/data requested by the Division
during pre-submission discussions?

9 Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m2 or comparative
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Although all pivotal, nonclinical studies in this
submission include both a valid and signed
Quality Assurance Statement and Good
X
Laboratory Practice Statement, many studies
are missing a signed Pathology Report which is
considered a violation of GLP (see question
#4).
A) The Sponsor was informed during the
EOP2 meeting held on 12/5/2007 that
a rodent and nonrodent juvenile
toxicology study would be required. A
pivotal nonrodent juvenile toxicology
study was not submitted in the NDA.
B) The CAC did not concur with the
(b) (4)
doses of
mg/kg in the
proposed mouse carcinogenicity study
(IND 68368; 12/18/2003) and
X
recommended an additional 13-week
mouse study be performed to
determine appropriate doses for the
carcinogenicity study. A study report
for the recommended 13-week study
was not included in the NDA. The
Sponsor has included in the NDA a
study report for a mouse
carcinogenicity study in which the
doses that the CAC did not concur
with were utilized.
The Highlights and Section 1. (Indications and
Usage) of the label do not include a discussion
X
of the pharmacologic class as recommended in
“Guidance for Industry and Review Staff

PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
Content Parameter

Yes No

serum/plasma levels) and in accordance
with 201.57?

10 Have any impurity – etc. issues been
addressed? (New toxicity studies may not
be needed.)
11 Has the applicant addressed any abuse
potential issues in the submission?

X

X

Comment
Labeling for Human Prescription Drug and
Biological Products — Determining
Established Pharmacologic Class for Use in
the Highlights of Prescribing Information.”
The impurity levels in GMP batch #11- GMP
(b) (4)
batch #25 are
and are, therefore,
below the qualification threshold of 0.15%.

To be addressed by CSS.

12 If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been
N/A N/A Not applicable
submitted?
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? ___NO_____
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons
and provide comments to be sent to the Applicant.
Individual line listings of fetal observations are not provided in the pivotal embryo-fetal
development studies (2000420, 250520, 250526). Also, the line listings for the pivotal 6-month
rat study are not provided (pages 21 to 209 of study # S05107). These pivotal studies can not be
independently reviewed without this information. Comments to the Sponsor are provided below.
Please identify and list any potential review issues to be forwarded to the Applicant for the 74day letter.
Comments to the Sponsor in the 74-day letter:
• Study B04002 has several lines that contain, what appears to be, missing words that were
replaced with two bullet points (e.g. page 9). This should be corrected in all relevant
sections of this report.
• Pages 21 through 209 of Study #S05107 are missing from the study report. These pages
should be submitted for review.
• The completeness of the steady state AUC table on page 13 of the Toxicology Tabulated
Summary (2.6.7.) should be confirmed.
• Signed and dated Pathology Reports are not provided for the following study numbers:
#TKB00007, #B-4954, #TKB00006, #S04007, #TKB00008, #TKB01016, #SBL-47-47,
#B-4955. Signed and dated reports should be submitted, if they are available. Without a
signed and dated Pathology Report, these data are considered to be incomplete as per the
FDA Final Rule published in the Federal Register on September 4, 1987.
• You have not provided the individual line listings for fetal observations in the pivotal
embryo-fetal development studies (#200420, #250520, #250526). These line listings
should be submitted to allow for review of the embryo-fetal studies.
• We acknowledge that you have conducted a juvenile toxicology study in rodents.
However, during the End-of-Phase 2 meeting conducted on 12/5/2007, you were
informed that a juvenile toxicology study in a nonrodent species would be required. You
should provide an update on the progress of the nonrodent juvenile toxicology study.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
•
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We acknowledge that the Carcinogenicity Assessment Committee did not concur with the
dose levels you have used in the mouse carcinogenicity study included in your
application. The adequacy of this study will be determined during the review cycle; it is
possible that additional studies may be required if this study is determined to be
inadequate.

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------CHRISTOPHER D TOSCANO
07/14/2011
LOIS M FREED
07/15/2011
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