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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

Perampanel is safe and effective at doses of 4mg to 8mg daily. It is
recommended for approval on the basis of this medical review.

1.2 Risk Benefit Assessment

Efficacy is established based on three adequate and well controlled Phase 3
studies. The evidence for efficacy for perampanel in all three Phase 3 studies
was based on reduction in seizure frequency, specifically, the percent change in
seizure frequency from baseline of all partial-onset seizures per 28 days, during
the double-blind phase in the ITT double-blind population. Study 304 establishes
that perampanel is superior to placebo at doses of 8mg and 12mg, Study 305
demonstrates superiority at doses of 8mg and 12mg and Study 306 shows
superiority at doses of 4mg and 8mg, but not 2mg.

Safety will be reviewed separately by Dr. Mary Doi. No serious, life threatening,
risks have been reported for perampanel. There have been no serious skin
reactions, aplastic anemia or Hy’s Law cases reported. There appears to be a
signal for anger and aggression, particularly in adolescents. Other potential
safety signals, including fractures, cholelithiasis, weight gain, and mildly elevated
liver enzymes are being further evaluated. Most of these adverse events appear
to be more prevalent in the highest dose evaluated (12mg).

The potential benefit of an additional effective anticonvulsant medication clearly
outweighs the adverse event profile of perampanel.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation
Strategies

None
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1.4 Recommendations for Postmarket Requirements and Commitments

None

2 Introduction and Regulatory Background

2.1 Product Information

Perampanel, a new molecular entity, is an orally active, noncompetitive and
highly selective a-amino-3-hydroxy-5- methyl-4-isoxazolepropionic acid (AMPA)
receptor antagonist. AMPA receptors play a key role in mediating cortical
glutamatergic transmission. AMPA antagonists might potentially reduce
excessive excitatory activity and excitotoxicity, and thus exhibit anticonvulsant
and potentially anti-epileptogenic effects. Perampanel has shown anticonvulsant
activity in seizure models in rodents. In a rat model of partial seizures, oral
perampanel elevated the “after discharge threshold” at a dose of 10 mg/kg, and
reduced seizure severity at 5 mg/kg and 10 mg/kg, while a significant effect on
“after discharge duration” was observed at 10 mg/kg. The results in these animal
models suggest that perampanel might be effective in the treatment of partial-
onset seizures, with or without secondary generalization.

2.1.1 Molecular Formula

Molecular Formula, C23H45N30 ¢ 3/4H,0
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Chemical name: 2-(2-oxo-1-phenyl-5-pyridin-2-yl-1,2-dihydropyridin-
3yl)benzonitrile hydrate (4:3) (IUPA)

International Non-proprietary Name (INN): Perampanel

The proprietary name for perampanel is Fycompa ™ Its proposed indication is
for the treatment of partial-onset seizures in patients with epilepsy aged 12 years
and older.

Perampanel film-coated tablets used in the clinical trials contained 2-, 4-, 6-, 8-,
10-, and 12-mg of perampanel and were round, biconvex, and engraved. In these
clinical trials, treatment with perampanel was initiated with a dose of 2 mg/day.
This was increased based on clinical response and tolerability by 2 mg/day
increments to a dose of 4 mg to 12 mg/day. There was an interval of at least one
week between increasing the dose. The maximum dose of perampanel was 12
mg/day. Because of the side-effect of somnolence, dosing is recommended at
bedtime, with or without food.

2.2 Tables of Currently Available Treatments for Proposed Indications

Table 1 Anticonvulsants in common clinical use for the treatment of partial
epilepsy

Phenobarbital
Primidone
Phenytoin
Carbamazepine
Valproic Acid
Gabapentin
Lamotrigine
Topiramate
Tiagabine
Levetiracetam
Oxcarbazepine
Pregablin
Lacosamide
Ezogabine

10
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2.3 Availability of Proposed Active Ingredient in the United States

The active moiety (perampanel) is an NCE (new chemical entity) and not currently
marketed.

2.4 Important Safety Issues with Consideration to Related Drugs

Perampanel has a relatively low systemic clearance, in part due to its relatively
high plasma protein binding. The average ty,; is 105 hours. Perampanel is
primarily eliminated by oxidative metabolism followed by glucuronidation with
relatively rapid fecal and urinary excretion of perampanel metabolites. There are
no active metabolites.

Clearance of perampanel was significantly increased in the presence of the co-
administered CYP3A4 inducers carbamazepine, oxcarbazepine and phenytoin,
resulting in lower exposure of perampanel. Phenobarbital and primidone,
showed no significant effect on perampanel clearance. In addition, the co-
administered AEDs clobazam, clonazepam, lamotrigine, levetiracetam,
topiramate, valproic acid, and zonisamide also had no clinically relevant effect on
perampanel clearance or the resulting serum concentration. In a population PK
analysis of patients with partial-onset seizures receiving perampanel up to 12
mg/day, perampanel did not significantly affect the clearance of clonazepam,
levetiracetam, phenobarbital, phenytoin, topiramate, or zonisamide. Perampanel
had a significant effect on the clearance of carbamazepine, clobazam,
lamotrigine, and valproic acid, but the magnitude of these effects was less than
10% for each drug at the highest perampanel dose evaluated (12 mg/day).
Perampanel co-administration resulted in a 26% decrease in oxcarbazepine
clearance.

For more detailed discussion refer to section 6.1.7.

2.5 Summary of Presubmission Regulatory Activity Related to Submission

Formal discussions regarding the development program and New Drug
Application submission for perampanel were held with the FDA on December 5,
2007 at the End of Phase 2 meeting. The issues agreed upon at that meeting
included the following:

11
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The design, duration, study population and endpoints for the Phase 3 studies
were acceptable to support the proposed indication for perampanel.

Phase 3 Study 306, together with the Phase 2 studies 206 and 208, were
sufficient to establish the minimal effective dose of perampanel, provided that
Study 306 was sufficiently powered.

Registration of the 8 mg daily dose of perampanel as an effective dose was
acceptable provided that efficacy was demonstrated for this dose in at least two
of the three Phase 3 studies, and the tolerability profile for this dose was
established in relation to lower and higher perampanel doses.

The primary efficacy endpoint would be the percent change in seizure
frequency per 28 days in the Double-blind Phase (Titration Period + Maintenance
Period).

The Intent-to-treat (ITT) Analysis Set would exclude subjects with less than 2
weeks of post-baseline seizure data.

The sponsor subsequently sent the protocols and Statistical Analysis Plan (SAP)
to the FDA with a revised primary analysis for the controlled Phase 3 studies. The
sponsor proposed the same primary endpoint (percent change in seizure
frequency) and ITT analysis set (subjects with at least 2 weeks of post-baseline
seizure data) as discussed at the End of Phase 2 meeting, but the analysis
proposed would use data collected over the defined Maintenance Period (using a
last observation carried forward [LOCF] approach for missing data) instead of the
entire Double-blind Phase. This analysis also excluded data during the Titration
Period for subjects who completed at least 8 weeks of the Maintenance Period.

On September 13, 2010, in response to the submitted SAP for the controlled
Phase 3 studies, DNP reiterated that the ITT population used for primary

efficacy analysis should include all subjects who were randomized, took at least
one dose of study medication, and had at least one baseline and post-baseline
assessment (the Full ITT approach). Based on this, a protocol amendment to
Study 305 was made prior to study completion to redefine the primary efficacy
analysis. The other Phase 3 Studies 304 and 306 had already been completed
before the amendment was made to Study 305. The changes implemented by the
protocol amendment to Study 305 were incorporated into the final analyses for
Studies 306 and 304 as well.

12
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2.6 Other Relevant Background Information

On July 21, 2011, a Refuse to File letter was sent to Eisai indicating their
application was not sufficiently complete to permit a substantive review. In
particular, there were inadequate pharmacology/toxicology data regarding fetal
observations in pivotal embryo-fetal development studies as well as numerous
unsigned and undated pathology reports along with missing pages in the oral
toxicity study in rats.

Additionally, there were many inadequacies with regard to clinical safety. Many
datasets for the studies performed for non-epilepsy indications were not
submitted and the format and organization of the submission did not provide
comprehensive hyperlinks. A number of narratives for some serious adverse
events (AEs) and dropouts due to AEs were missing. There were inadequacies in
the analysis and presentation of the integrated safety data along with problems in
the data presented for the analyses of demographic characteristics. There were
also a number of impediments to filing with regard to chemistry, manufacturing
and controls as well as biopharmaceutics and controlled substance data.

On September 26, 2011, a meeting was held with DNP to discuss the Refuse to
File correspondence. Based on the discussion points at this meeting, Esiai
submitted a resubmission of their NDA on December 22, 2011. After completing a
filing review of this NDA resubmission, DNP communicated with Esiai indicating
that their application was sufficiently complete to permit a substantive review.

In accordance with 21 CFR 314.101(a), the application was considered filed 60

days after the date it was received. The review classification for this application
was Standard and the user fee goal date is October 22, 2012.

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

Overall, eCTD format was followed and fully functional. There were numerous
errors and inconsistencies with regard to the coding of adverse events and safety
reporting. These will be detailed separately by Dr. Mary Doi in her safety review.

13
Reference ID: 3205728



Clinical Review

Martin S. Rusinowitz, MD
NDA 202834
Fycompa/perampanel

3.2 Compliance with Good Clinical Practices

A DSI consultation was submitted on March 27, 2012 requesting clinical
inspections of four sites, two for Study 304 and two for Study 305.

Study 304: In this study the treatment effect was significant in US sites but not in
Central and South America. Site # 5128, in Jacksonville, Florida was selected
because of its large sample size, a high number of protocol violations and a large
treatment effect. Site # 1701, in Santiago, Chile was chosen because of a large
sample size and a high number of adverse events.

Study 305: Site # 4501, in Goteorg, Sweden was selected because of its large
sample size and large treatment effect. Site # 1303, in Leuven, Belgium, was
chosen because of a large sample size, large treatment effect and high number of
discontinuations.

DSI Inspection Results are pending.

3.3 Financial Disclosures

The Director of Finance and Accounting at Esiai, Michael R. Melfi, has certified
that there have been no financial arrangements with the listed clinical
investigators whereby the value of compensation to the investigators listed could
be affected by the outcome of the study as defined in 21 CFR 54.2(a). He has also
certified that each listed clinical investigator has been required to disclose to the
sponsor whether the investigator has a propriety interest in this product or a
significant equity in the sponsor as defined in 21 CFR 54.2(b) and none were
disclosed. There was further certification that no listed investigator was the
recipient of significant payments of other sorts as defined in 21 CFR 54.2(f).

36 Page(s) have been Withheld in Full as b6 (CCI/TS) immedie
following this page
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4 Significant Efficacy/Safety Issues Related to Other Review Disciplines

4.1 Chemistry Manufacturing and Controls

The complete review is not submitted at the time of this writing, but Dr. Lyndmila
Soldatova, from CMC, continues to evaluate the possibility o

contamination. She is also evaluating solubility data from perampanel physician
sample blister packs.

4.2 Clinical Microbiology

None

4.3 Preclinical Pharmacology/Toxicology

The complete review is not submitted at the time of this writing, but Dr.
Christopher Toscano has found prolonged covalent binding of either the parent
compound, or a metabolite, after 2 years in the aorta and 45 weeks in the eye in
animal studies. Although this is of unknown relevance, this may bear some
relationship to the safety finding of increased bone fractures.

51
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Although there were animal findings of ataxia and sedation, most of these
appeared to reverse over time. Genotoxicology and carcinogenicity studies are
apparently negative while there is some evidence of phototoxicity.

There may be some evidence increased seizure activity at higher dosages,
perhaps an induction effect.

4.4 Clinical Pharmacology

The complete review is not submitted at the time of this writing, but Drs. Xinning
Yang and Joo-Yeon Lee are evaluating the many unidentified metabolites found
in clinical pharmacology studies. They are also looking in to changes needed in
the starting and maximum dosages in patients with hepatic impairment. There is
evidence to suggest that 6mg of perampanel may be the maximum safe dose in
such patients.

4.4.1 Mechanism of Action

See section 4.4

4.4.2 Pharmacodynamics

See section 4.4

4.4.3 Pharmacokinetics

See section 4.4

5 Sources of Clinical Data

52
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5.1 Tables of Studies/Clinical Trials

Table 9

The following tables of all studies/clinical trials are provided by the sponsor.
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Type of| Study Location | Objective(s) of Smdy Stody Test Product(z); | Number of | Healthy Duration of Smady
Study |Identifier | of Stndy izm and | Dwosage Resimen; | Subjects Subjects Treatment Stafns; Type
Report Type of Raoute of ar of Repaort
Control Administration Diasmosis
of Patients
BA (EXNNT- 53.111 » Toevaluate the sbeohoe | Open-label # Oral: 4ms N=10 Healthy Single dose Conmplete;
EM4-017 oral bioavailability of tablets, § mg subjects Fimal C5R.
peranmpane] following dose
conconnitant adminisration » IV perampans]
of an infravenons (TW) 10 pg labeled
mirodose of "C- with approx
peranpene] solution snd a WeCi of
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peranpans] MCyma
» Toimvestngate the solution of not
metabolite profle of more than
peranpane] in plasma, 10mL
wrine, and feces and
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where appropriate.
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EM4-003 pharmacokinetics and tablet, oral subjects Final CSR
phammacological effects of
single oral doses of E200T
in the fed as compared 1o
the Ssted state, in healdry
adult male and female
vohmieers.
BE |(EXM7- 53.111 To evaluate the COrpen-Labal EX07: 2 mg H=34 Healthy Single dose Conmplete;
ADD1-008 hicequivalence of 3 new tablets, oral subjects Final C5R
formmlation of E2007 (test
formmlation) conypared 1o 3
reference formmilation, afier
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subjects.
BE |(EXM7- 5312121 | Todemonsirate dose COrpen-Labal EX0T: Imzand | N=24 Health Single dose Conmplete;
EML018 strenath equivalance 4 mgz tablets, oral subjects Final C5R
betwesn two 2 mg EX00T
tablets and a single 4 me
tablet.
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WVal [R791 Method BTM-107T6-R0 Final Beport
Method | EIS- 531421 | Validanon Feport NiA NA NiA NiA NiA Complete;
Val [RT91Al Agddendum 1 for Method Final Beport
BTM-1076-F0
Method | EIS- 53143 | Validaton Feport NiA NA NiA A A Complete;
Val [RT9IR1A2 Addendum 2 for Method Final Feport
BTM-1076-R0
Mathod | EIS-F1458 | 53.1.44 Interference Evahation of NiA A NiA A A Complete;
Val 19 AFDs on EX007 with Fmnal Feport
Method BETM-1076-R.0
Method | BTM-1076-| 53.14.35 Determination of E2007im | WA KA HNA NiA NiA Complete;
RO Human Plasms by Final Beport
LCMS/MS
Method | SHIS-EDL- | 53.14.6 Partial Validation Feport NiA KA NiA NiA NiA Complete;
Val |TR332 for Method SHAM-1076- Final Beport
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Method | SHIS-ED]L- | 53.14.7 | Addendum 1 for Partial NiA NA NiA NiA NiA Complete;
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Trype of| Study Location | Objective(s) of Stody Stody Test Product(s); Number of | Healthy Droration of Stody
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Control Administration Diazmosis
of Patients
Method | SHIS-EDL- | 53.14.8 | Addendum 2 for Partial NiA NA NiA NA NA Complete;
Val |TR352A2 Validaton Feport for Final Feport
Method SHAM-1076-F0
Mathod | SHAM- 53.140 Determinaton of E2007in | M/A NA NiA A A Complete;
107T5-FD Human Plasms (Sodinm Finzl Beport
Heparin) by LO/MS NS
Mathod | GBOM0GIV | 53.1.4.10 | Method Validation for the NiA NA NiA A A Complete;
Val Determination of EX7 in Final Peport
Method | GBOSMEV | 53.1.4.11 | Additional Validation of a NiA KA NiA NA NA Complete;
Val Bipamalytical Method for Final Peport
the Determination of EXMT
in Hienan Plasma
Method | 105-001 53.14.12 | Validation Report for the NiA MNA NiA A A Complete;
Val Determination of EXMT in Final Peport
Humian Plasms by HPLC
with Fluorescence Deterfion
Mathod | 801-001b | 53.1.4.13 | Bicanalytical Feport for the | MA NA NiA A A Complete;
Val Comparison of a Validated Final Peport
E20:07 HPLC-FLD Method
to a Validaied E2007 LC-
MEMS Method
Method | MEOTI4 | 53.1.4.14 | Sample Analysis Report for | WA MNA NiA A A Complete;
ool the Determination of E2007 Fnal Peport
in Hinman Plasma by
HPLC-Fluorescence
(MENT14001, E2007-
E044-005)
Meathod | MEOT51- | 53.1.4.15 | Sample Analysic Repom for | MUA NA NiA A A Complete;
ooz the Determination of E2007 Final Peport
m Homan Plasma by
HPLC-Fluorescence
QENT51002, E2007-
E04-00:6)
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Trype of| Stady Laocation Dbjective(s) of Stody Stody Test Product(s); Number of Healthy Duration of Stody
Stody | Identifier of Stody Diesien and Disame Regimen; | Sabjects Smbjects Trextment Stafns; Type
Report Type of Route of or of Report
Control Admimistration i =i
of Patients
Miathod| BIEOTS3- 531416 | Sample Analysis Fepom for | WA A H/A A A Contplete;
002 the Determination of EX007 Final Feport
n Hinmsm Plasma by
HPLC-Fluorescence
(MEDT43002, E2007-
BED40-202)
Method | MEDT43- 531417 | Sample Analysis Repost for | N/A KA HiA A A ‘Coniplete;
003 the Determination of EX00T Finsal Feport
i Homsm Plasma by
HPLC-Flaorescence
(MEGFTO03, ED0OT-EN9-
203)
Method Feport for the NA WA /A A A ‘Conaplete;
Determination of EXET in Final Feport
Himsn Plasma by HPLC-
Fluorescencs
Miethod| 238001 Walidation Feport for the MNA A H/A A A Coniplete;
Wal Determination of EXMT in Final Feport
Human Plasms by LC-
MISS
Method| OO03-0360 Samiple Analysis Repom for | MN/A WA /A A A ‘Conaplete;
the Determination of EZ00T Final Feport
im Finmsm Plasma by LC-
M5 AES (H003.03:6k,
EMHT-EQ4-025)
Method| 238v1 5314721 | Method Feport for the MNA A H/A A A Contplets;
Detarmination of EXMT in Final Feport
Humesn Plasms by LC-
LSS (Miethod Mo 238
Wersion 1)
Method| 23812 531422 | Method Feport for the MNA WA HiA A A ‘Coomaplete;
Determination of EXMT in Final Feport
Human Plasma by LC-
BSOS (uethod Mo 238
Wersion X}
Type of| Stody Location Dbjective(s) of Stody Stody Test Produoct(s); Number of Healthy Duration of Stody
Stody | Identfier of Stedy Deesizm amd Daosaze Regimen; | Subjects Snbjects Trextment Stafns; Type
Feport Type of Foute of or of Report
Control Administration Diaznosis
of Patients
Mathod | 238v3 53.1.4.23 | Method Feport for the HNiA NA HNiA A A ‘Conaplete;
Determination of EXT in Finzal Peport
EHumasm Plasmes by LC-
MESAS (Method Mo 238
Wersion 3)
Method | 238vS 531424 | Method Feport for the HiA WA HiA A A ‘Coomaplete;
Deetermination of EXT in Final Feport
Humesm Plasmes by LC-
MESAS (Aethod Mo 238
Wersion 5)
Method | 238w 531425 | Method Feport for the HiA KA HiA A A Conmplete;
Determination of EXMT in Final Report
Hiumsn Plasmsa by LC-
MSALS (ethod Mo 238
Version &)
Method | 2387 5314726 | Method Feport for the HiA HiA HiA A A Coniplete;
Determination of EXMT in Final Feport
Humsn Plasms by LC-
MSALS (uethod Mo 238
Version T)
Biethod | ZZ8-001 531477 | Validation Feport for the HiA A HiA BA BA Coniplete;
Wal Determination of Tinboumd Finsal Feport
E2007 in Himmsn Plasms by
LC-MMS/MS (228/001)
Method| Z28-001+v1 | 531428 | Method Report for the HA A HA A A Coniplete;
Determination of Tinboumd Finsal Feport
E2007 in Himmsn Plasms by
LC-MS/HS (228/001)
Biethod | 100-001 53143 | Validation Feport for the HA A HA A A Contplets;
Wal Detearmination of EDMT in Finsl Feport
Fmasn Trine by LC-
MSALS (101/001)
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Location | Objective(s) of Study Study Test Produci(s); | Number of | Healthy Duration of | Study
of Study Design and Dosage Regi Subjects Subjects n Status; Type
Report Type of Route of or of Report
of P
53.1430 | Parmal Validanon Method NA NA NA NA NA Complete;
for the Determunation of Finzl Report
E2007 in Hiznan Unine by
LOC-MS/MS (101001
531431 | Deternunaton of m |NA NA NA NA NA
Fuman Plasms by Final Report
LOMSMS
531432 | Deterounanon of E2007 m NA NA NA NA NA Complete;
Fuman Plasma by Final Report
LONSMS Addendum 1
531433 | Determunstion of E2007 NA NA NA NA NA Conplete;
by Final Report
LONMSMS Addendum 2
53.1434 | Pazual Validanon Report- NA NA NA NA NA Complete:
Determumanon of E2007 m Final Report
Fuman Plasms by
LOMSAS
531435 | Deternunanon of E2007 m NAa NA NA NA NA Complete;
FHuran Plasma by Final Report
LONSMS Addendum 1
4 531436 | D mation of E2007 m NA NA NA NA NA
by Final Report
LOMSMS Addendum 2
531337 | D of E2007 m NA NA NA NA NA
Fuman Plasma by Final Report
LOMSMS Amendmens 1
331338 | Assay Vabasnon for the NA NA NA NA NA
Quanntative Analysis of Fmal Repont
Unchanged Dz (E2007) in
Fuman Plasma (E2007-
Va02-P)
[Type of| Study Location | Objective(s) of Study Study Test Produci(s); | Number of | Healthy | Durabomof | Study
Study |Identfier | of Study Deugnand | Dosage Regimen; | Subjects Subjects | Treatment Status; Type
Report Type of Route of or of Report
C 2 Admimistration Ds 2
of Patients
Method| W- §3.1439 | Assay Vahdanon for the NA NA NA NA NA
Val | 20020006 Analysis of Final Report
Unchanged Dmgz (E2007) in
Fuman Plasma - The
stability of E2007 in Sozen
ImEnan
[Memod|W- | 531430 | “’E&S‘n&;ﬁw NA NA NA NA NA Conyplete,
Val |20010818 Final Report
Method| W- 531331 NA NA NA NA Conplete,
Val |20011197 Final Report
|Medod|QERIOISE 531442 NA NA NA NA Conmplete;
Val |2 Fmal Repont
Method | QBR104264 531443 | Deternunation of NA NA NA NA NA Complete;
-3 echmyiesoradiol Final Repornt
levoporgeser] and
(E200T) m
Plasma Sanmples by
LC-MSMS from Climical
Study E2007-E044-020
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Study

Type of| Study

Identifier

Objectivels) of Stody

Design and
Type of
Control

Test Product(z);
Dvosaze Regimen;
Route of
Administration

Number of
Subjects

Healthy
Subjects
Diazmosis

of Patients

Doration of
Treatment

Stady
Statas; Type
of Report

Method

24010

Amnalysis of Biological
Sanples Derived from
Himmans Admrinistered a
Sl.n,]e Inranrenons Dose of
10 g 200 i C14-
Perampamsl, for C14-
comtent, by Accelerator
Mass Speciromeiry (Eisai
Study E2007-EH01T)

NiA

KA

NiA

NiA

Complete;
Finzl Feport

Mfethod

BO0O21

Cusmsitative detenmination
of E2007 in rat, dog, bomsn
plasne and 1/15 molT.
phosphate boffer (pH 7.4)
containing 50 mmel T
MaCL by HPLC with FL
detecton

A

A

Complete;
Final Peport

i

QBEER103TES
-1

53.1446

Determination of E2007 in
Ineman plasms samples by
LC-MSMS from chmical
smdy EJ007-EQ44-028

A

A

Complete;
Finsl Feport

i

QBE106TYH 5
-1

LF¥)
*=
e

d

Determination of E2007

) i humaan
plu:w_ sarmples by LC-
MEMS from clindcal stwdy
E20T-E04-037

MNA

MNA

Conmplete;
Finsl Beport

CER106309
-1

531448

Determination of E2007
(Perarmpane]) in lnman
plasne samples by LC-
MSMS from clinical sty
E2007-E044-030

A

A

Complete;
Fnal Peport

450706

1440

Ln
LF¥)

Dretermination of E2007 in

Human Plasms by LC-
MEMS Supporting E2007-
AD01-023

MNA

MNA

Complete;
Final Feport

Type of]
Study

Study
Identifier

Location
of Study

Objectivels) of Study

Desizn and
Type of
Control

Test Product(s);
Dwsage Fegimen;
Foute of
Administration

Number of
Subjects

Healthy
Sobjects
ar
Diasmosis
of Patients

Duration of
Treatment

Study
Status; Type
of Repaort

50707

Determination of EX2007 in
Humian Plasma by LC-
ME/MS Supporting E2007-
ADI024

NA

NA

NA

NA

NA

Complete;
Final Feport

GBO3025D

Determination of EX007 in
Ineman plasms fom the
climical smdy enttled Phase
I Ascending Single Diose
Sudy of E2007 in Healty
Tapamese Male Vohmieers
(E2007-T081-010)

A

A

Conmplete;
Final Feport

GBONSID

Lny
g
=

M
=]

Determination of EX2007 in
Ineman plasms fom the
climical smdy enttled Phase
I Ascending Repeated-Diose
Sudy of E2007 in Healty
Tapamese Male Vohmieers
(EX007-T0E1-026)

NA

NA

NA

NA

NA

Complete;
Final Feport

GROSI2D

Ln
[*¥]
*

A
ad

Determination of E2007
CODCEnTaton in nmsn
plasma fom the clinical
511.14:1} entitled "4 Phase II,

Panents with Fefactory
Partial Seimres
Uncongolled with other
AFEDs (E2007-T081-231)

NiA

NiA

Conmplete;
Final Feport
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Trype of| Study Location | Objective(s) of Stody Stody Test Product(s); Number of | Healthy Duration of Stody
Stody |Identifier | of Study Dhesizn and Dvsage Regimen; | Subjects Subjects Treatment Statos; Type
Eeport Type of Eoute of ar of Report
Control Adminiztration Dhiagmosis
of Patients
Feport |EIS-F110Z | 55.1.4.34 | LOMSMS Anabysis for the | WA HA A WA A Complete;
Deterrnination of the Final Beport
Concomitent AFDe of
E207 in Hieman Plasmea: A
Phase IT Ascendims High-
dose, Add-on Smdy of
E20{7 in Patients with
Befractory Pamial Seinmres
TUncontrolled with Ocher
AEDs
Method | FEI0155E | 53.1.4.55 | Cross validation of the N/A MA NA N'A A Complete;
Wal ‘bicanahytical methods for Finsl Feport
the detenrmnation of E2007
m lmmmsn plasms acnoss
warons bioanalytical
Labomatones
Protein | BOO033 53211 Protein binding of EXM7 in | Equilibrmm 20 ng‘ml. N=3 per NA NiA Complete;
Binding rat, dog and nmman plasma dialysis 200 ng'ml. Species Final Beport
2000 n'ml.
Protein | AE-473745F| 53212 Protein binding of 14C- Equilibrimm 20 nzml. N=3 per NA A C
Eindins| E2007 to ipman senma diabysis 200 ng/ml. species Finsl Feport
proiein m vido 2000 ng'ml.
Hepatic | BOT001 53221 Effect of Estoconazole and | WA 1000 ng'ml. A WA A Complete;
Pfetabal CYPEA4 Antibody on the Final Beport
=m Formation of E2007
Metabolites in Himman Liver
Microsomes
Hepatic | BO0030 53222 Einetic and Inhibiton N/A 0o 30 pmmol T A MNA A Complete;
mbibito Smudies nsing Human Tiver Final Feport
n Microsomes with E2007
Hepanc | AE-4T30-45| 53213 Inhibitory Study of EX00T N/A 0o 30 pomol T NA MNA A Complete;
mbibino fior CYP Isoforms Using Final Peport
n Himan Liver Microsomes
Trype of| Stody Location Dibjective(s) of Smdy Stody Test Produci(s); Number of | Healihy Daraton of Stody
Stody |Identifier | of Stody Diesign and Dvosage Regimen; | Subjects Sobjects Treatment Stams; Type
Feport Type of Fuoute of or of Report
Control Admindstration Diagmosis
of Patients
Enzyme| GE-0M5 53224 Enzyme Induction Study of | WA 0o 30 pmol T N/A NA M'A C 3
indmctio| E2007 m Primary Culaed Final Report
n Himman Hepatooyies
letabol | BOS00T 532325 Structoral Ansbysis of NiA &0 pz'ml. N/A A /A Conplete;
ites E2007 Metsbalites Finzl Report
analysis Froduced by Human Liver
Mirosomes
Enzyme| XT0O5054 | 53226 In Vitro Evalusation of N/A 0 to 30 pmanl T N/A WA A ‘Complete;
mbibdtio E2007 as a Direct Inhibitor Final Feport
n of UGT Enzymes in Humsan
Liver Micosomes
Enzyme| Xr0@3030 | 53227 In Vitro Evaluation of NA 0 to 30 pmool T NA NA N'A C A
incbctio| EXT as an dncer of Final Report
n Cytochrome P450 (CYF)
and UDP-
ghcaronosylransferase
(INGT) Expression in
Calhored Hmmam
Hepatocyies
P Ietzbol | BI040 53228 Estimation of Homan CYF WA 10 nz/ml. N/A A A Commplete:
fsm Izoforms Fesponse for 30 nzml. Finzl Feport
EX00T Metsbalism 100 ng/ml.
Mletabol | BOG012 5322 Assessment of E2007 NiA 10 nz/ml. N/A NA NA C 3
=m l\fie'lx.b-ol.i.‘.mh'.' 30 nz/ml. Finzl Feport
t Famman 100 nz/ml.
CYP3AS
Dletabol | BIOS0I2 53.2.2.10 | Cormparizon of E2007 HA 10 peiml N/A A NA C 1
ites Metabolites in Fat, Monkey Final Report
and Human in vimo
Mvietabol | BO3033 53.22.11 | Comparison of Metsbaolite NiA 16.6 pg/ml. NA NA N'A Complete;
ites Pattern of E2007 after Final Report
Incubation with Bat,
Monkey, Monse and Homsn
Cryopressrved Hepatocytes
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Trype of| Study Location | Objective(s) of Stody Stody Test Product(s); | Number of | Healthy Duration of Stdy
Study |Identfier | of Study Design and | Dosage Begimen; | Subjects Subjects Treatment Status; Type
Report Type of Route of ar of Repaort
Control Administration Diagmosis
of Patients
Dletabol| COT139 5323 Isolanon and Identification | M/A Hieman urine HNA NA HNA Conmplete;
ites of EX007 Metsbolites in sanples from Final Feport
Humn Urine E2007-A001-014
6 mez q.d for 20
days
Dletabol | LOTO0Z 53232 Metmabolic Profile of EX0O7 | HA Bat 10 meks HNA NA HNA Conmplete;
ic in Plasmoa, Tmine or Bile Monkey: 1 mgkg Final Beport
Profile afier Oral Administration of Hipnan urine
E20407 to Fat, Monkey and samples from
Himan E2007-A001-014
6 me= q.d for 20
days
(Cellalar| GE-0258-G( 53233 Cellular Transport Smady of | H/A 010 30 pmol L HNA NA HNA Conmplete;
Transpo e2007 Using MDE1 Fmal Feport
It Expressing Call
Transpo| GE-HM-G| 53234 Transport Snady of E2007 HNA 010 30 pmol L HNA NA HNA Conmplete;
¢ Smdy using OATPIB] and Final Feport
QATP1ES Expressing
Cocyies
Transpo| BOG015 53235 | Characterization of EXMT NiA 0t 30 pmolL HNA NA HNA Conmplete;
1t Smdy Transport via Human Finsl Beport
Creamic Anion and Crgamic
Canon Tramsporiers
Transpo| DMPET201 532346 Transport of E2007 across A 0 to 100 pmolT. A MA A Complete;
rt Smdy| 1-002 Himman Breast Cancer Final Beport
Fesistance Protein (BCFF)-
Expressed Call Monolayer
and the Inhibition Potency
of EXW)7 on BCEP
Concent| BOG013 532317 Blood to Plasma HNA 20 nzml HNA NA HNA Conmplete;
ration Concentration Fation of 200 ng/ml. Final Beport
Patio 14C-E2007 in Fat, Dog 2000 ng'ml
Mionkey and Human
Type of| Study Location | Objective(s) of Stody Stody Test Product(s); Number of | Healthy Duration of Stody
Stody |Identifier | of Stody Diesizn and Dwsage Fegimen; | Subjects Sobjects Treatment Stams; Type
Eeport Type of Eoute of aor of Report
Control Admimistration Dhazmosis
of Patients
FE |EXNT- 53311 To evaluate preliminary Randomized, | EJ007: 0.1 me, N=55 Healthy Single dose Complete;
EfH4-001 safery and tolersbility of doubleblind | 1mg and 5 me subjects Finzl CSE
E2007 in healtiry male placebo- tablets, doses up
wohmieers conirolled 1o 8 mg. oral
FE |EXNT- 53312 To evaluste the safaty, Randomized, | E3007: 1 mg and N=32 Healilny 14 Dy Complete;
E044-002 tolerability, PE and PD of double-blind, | 5 mgz mhlets, subjects Final C5R.
multple oral doses of placebo- doses up o §ms,
EXHT as compared to controlled oral
placebo in healiry adult
male subjects.
PE | EXN7- 53313 To evaluate safety, Fandormized, | E2007: 025 mg, N=55 Healthy Sinele dose
TE1-010 toderability and PE of a double-blind | 0.5 m=, 1 mez and Japanese
single dose of EX00T when placebo- 2 mz thlsts, subjects
iven orally at dose levels conirolled doses up o 8 ms,
of 0.25, 05,1, 2,4, 6amd 8 oral
ms o healthy Japanese
male subjects
FE |EXNT- 5332 » To assess the tolersbility | Fandomized | E2007: 1 mg and N=18 Subjects IEDays Complete;
E049-203 and safety of E2007 in double-blind, | 2 mg mhblets, with Final C5R.
patiens with refractory placebo- doses up o 2 m=, epilepsy
partial or generalizad comirolled oral (smaple or
SaiFTImes. complex
# Toassess the PE of partial or
E2007 in epileptic patients PGTC)
receiving at least one
CODCOMitanT snt-apileptic
FE |E2007- 5333 To determiine the effect of | Open-label | E2007: 1 mg N=24 Hepaticall | Sinsledose | Commplete
Ef44-015 mipaired hepatic fimction tablet. 1 mg dose, v impaired Final C5R
on the pharmacokmetics of oral subjects
EJT.
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Type of| Stody Location | Objectivels) of Smody Stody Test Product(s); Number of | Healthy Doratom of Stody
Study |Identifier | of Study Diesign and Dosage Regimen; | Subjects Subjects Treatment Statns; Type
Eeport Type of Foute of aor of Repart
Control Admimistration Dhazmosis
of Patients
PR | E2001- 53332 | Ioevalmte e safetyand | Fandonmzed. | E2007: 1 me ¥=15 Healthy Sinele dose | Complete
B0 tolershility of EX007T after double-blind | tzblets, doses up elderly Final CSEB.
single oral adminisorabon o | placebo- 1o 2 me, oral subjecs
senerally healdyy, elderly, conirolled
male and female vohmisers.
PR |E2007- 53333 | Topaninformetononthe | Openlsbel | E2007: 2mg =16 Healthy Sinele dose | Complete
E0-007 ahsorption. metabolism and tablet, 2 mg dose, elderiy Final CSR
elimination of "“C-E2007 oral subjects
afier A single radiolabelled
dose in healthy alderly
wohmieers.
PE |EXD07- 53334 To evaluste the safety, Randormized, | E2007: 2 mg and N=24 Healthy Part 1: 14 Complete;
TOB1-026 tolerability and PE of placebo- 4 mz wablets, Tapansse days Final C5E.
E2007 when adromistered conmolled doses of 2 me and subjecs Part 2: 28
orally at dosages of 2 and 4 4 mz, oral days
ms once daily to Japsnese
healtity aclt male
wohmiteers
FE | EXT- 5334 To aszess the effect of Randomized, | E2007: 1 mg N=24 Healthy EX2T: single | Conaplets;
E4-005 repeated oral doses of open-Labal tablet, dose of 1 subjects dose Final CSR
ketoconazole on the PE of CIOES0VET mg, oral Eesmpconozale
single oral doses of E200T Eestoconazols: 10 Days
n healthy men 40ms mhlet,
400mE dose, oral
FE | EXNO7- 53342 To conpare the Open-Labal E207: 1 mg HN=20 Healihy EX0T: two Complete;
E4-006 kinetics of a tablet, 2 mg dose, subjects singla doses Final CSR
single dose of E2007 bafiore oral CBE: 31 days
and chring Teatment with CBEZ: 1{me and
carbamazepne. 200mz mblets,
doses up o 300
meg, oral
Type of| Study Location | Objective(s) of Stody Stody Test Product(z); | Number of | Healthy Duration of Smady
Study |Identifier | of Study Design and | Dwocage Begimen; | Subjects Sabjects Treatment Status; Type
Report Type of Route of ar of Repaort
Control Administration Diasmosis
of Patients
PE.  |EXN7- 53343 | To determine the effect of Open-label EX007: 2me N=35 Healthy Period 1: Conmplete;
ADDL-014 E2007 on the tablet, doses up to subjects midazolam Final CER
kinetics of the § me=, oral single dose
CYP3A4'S subsmate Midazolam: Period 2:
midazmolam. Synup, 4mz dose EXOT 20
(ZmL of Jms dayz
symap), oral Period 3:
EX7 and
midazolam
single dose
PE. |EXD7- 53344 | Todetermine the effect of COpen-label E2007: 2mg H=14 Healthy Period 1: OC | Complete;
Ed4-01% E2007 on the tablet, doses up to subjects 21 days Final CER
pharmacokinetics of 4 mgz, oral Period 2: O
components of the OC: and EXQ7T
combined ethimylestradicl Miogynon® 30 2me T days
and levonorgesoel oral ED memopack: Period 3: OC
confraceptve (00C) pill. blister pack 21 and EXQ7T
active 7 placeho, 4me 21 days
oral
PE.  |EXN7- 53345 | To determine the effect of Open-label EX007: 4 mg N=6 Healthy Period 1: Conmplete;
E04-025 stemdy-state EX00T on the tablet, 4me dose, subjects levodopa Final CER
pharmacokinetics of ouETent oral single dose
Parkinzon’s disease therspy Period 2:
levodopa in healthy Smemet®: 110 EX0T alone
wohmieers. tablets (containing 10 days
10.8mpg carbidopa, Period 3:
100 me levidopa), levodopa
oral singled dose
with E2007
steady state
60
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Trype of| Study Location Dbjective(s) of Stody Stody Test Produoct{s); Number of Healthy Daration of Stady
Stody | Identifier of Stody Dresizm and Dvsage Regimen; | Subjects Subjects Treatment Statos; Type
Report Type of Route of or of Report
Control Admimdstration Dhiaznosis
of Patients
PE [EZ007- 533408 Part A- To imvestzate the Open-Labal E2007: 2mg Pam A° Healthy Panm A4: 72 ‘Conaplete;
EQ4-020 effect of steady smm tablews, doses up =218 subjects days Final CER
peranpene] on the 1o 12 me, oral
phammacokinetics (PED) of & Part B: Part B: 461
single-dose orzl hiicogymond 30: =14 days
coniraceptive (0C) {(30pg EE and 150
conisining ethinylestradiol wug L), oral
(EE) and levonarzestrel
(L) (MEcrosymond 300
Part B: To imvestizate the
effect of repeated dosing of
an OC comaining FE and
LM (MEcrogynon® 30) on
the FE of a single dose of
_ peramponel ___
FE  |EXNT- 53347 Part A: To detenmine the Part A Perampanel: 2 me | Part A Healilny Part A: 51 Comaplete;
E44-030 effects wpon psychomobor Oipen-labal tablet, doses up o | W=35 subjects days Final TSR
fimction of a single dose of 12 mg, or=l;
perampane] when Part B: Alcohol: Pari B: Part B: 83
administered slone and in randomized | | (Smimof 402 =14 days
combination with a single placebo- Black Label
dose of alcohol comiTolled Wodka) to B0-
1{0a0hme=, 1 00
Pant B: BATL ziven with
# Todetenmine the equal vohme
peychomotor fimetion amd carbonated,
the cognitive effects of caffeine free and
steady-state peramipame] sugar-free
when administered slons beverage. omal
and in combnation with a
single dose of alcohol.
» To determine the effect
on driving performance of
a single dose of
Type of| Study Location | Objective(s) of Stady Study Test Product(s); | Number of | Healthy Duration of | Stody
Study |Identifier | of Study Design and | Dwocage Begimen; | Subjects Sabjects Treatment Status; Type
Report Type of Route of ar of Repaort
Control Administration Diasmosis
of Patients
peranpans] when
administered alone and at
stemdy-stare, and in
combination with a single
dose of alcohol.
Pooled | CPMS- 5335 s To chamacterize the PE Na NA N=606 HNA HNA Conmplete;
Pop PE | E2007- profile of persnpans] in Final Feport
2011-002 subjects from Phase 1
sidies
» Investzate dependence
of perampane] PE on
dose and ame
» Tdentfy covariates that
explain between subject
varishdity
» Cmanfy magninde of
nnexplained varisbility
Pooled | EMFFR200| 53352 To describe the MN/A MA 206 143 for | MNA MA Conmplete;
Pop PE | 810600 pharmacokinetics of PEC; 141 for Final Beport
and peranpane], the exposme- FEPLY 148
FEFD response ralatonship for FEFD
beween the exponme o QT; 143 for
peranipane] and efficacy in FEFD AE.
adult padents with epilapsy,
and to describe the 208: 33 for
relationship bemwesn PE 42 for
peranpans] axposue and FEFLD:; 42
selected adverse evenfs for FEPD
QT: 43 for
PETD AE
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Type of| Study Location | Objective(s) of Study Stody Test Product(s); | Number of | Healthy Duration of Study
Study (Identfier | of Sindy Desimand | Dosage Regimen; | Subjects Sabjects Treatment Stams; Type
Report Type of Raoute of ar of Report
Control Administration Diasmosis
of Patients
Pooled | CPMS- 53353 | Todescrbe the PE of NA NA N=TMfor |NA HA Complete;
Pop PE | EXNT- peranpanel &z adimctive FE Final Feport
and |2011-003 therapy in subjects with
FEFD refractory partal seimmes N=11089 for
and to describe the PETD
EXPOSUTE-TESPOmLEE
relafionship between the
exposure of perampane],
efficacy, seleced adverse
events, withdrawal
questionnaiTes and to assess
potential interactions with
concomitant AFDs
Pooled | CPMSE- 53354 | Todescrbe the PE of HNA NA W=T4 for HA A Complete;
Pop PE | EXNT- peranpanel &z adimctive FE Final Feport
and | 2011-004 therapy in adolescent
PEFD subjects with refractory N=105 for
partal seimmres and o FEFD
desctbe the exposme-
response relatonshp
hetwesn the epoame of
peranpanel, eficacy,
selected adverse events,
withdrawal questionnaires
and 1o assess potental
mteractions with
concomitant AFDs
Trype of| Study Location | Objective(s) of Smdy Srody Test Product(s); | Number of | Healthy Dration of Smdy
Stndy |Identifier | of Smdy Design and | Dwosage Begimen; | Subjects Sabjects Treatment Status; Type
Report Type of Route of ar of Repaort
Control Administration Diasmosis
of Patients
D |EXN7- 534 To identify an E3007 dosing | Part 1: EX007: 2mg Part 1: Healthy Part 1: single | Conmplete;
E04-008 regimen suitable o achieve | randomdzed | tablets, doses up N=32 Sabjects dose Final C5R
supratherapentic plasmsa active- and to 10 me, aral Part 2: 21
ConCenfratons in healthy placebo- Part : days
young vohimesrs. conirolled Driszepanm: 5 mg N=20
tablets, 5 me dose,
Part I: oral
randomized
double-blind
placebo-
comirolled
D |EXN7- 53412 | Toquantfy the effect of Dwouble- Peranmpamel: 2mg | N=2461 Healthy 16 Diays Conmplete;
ADDI-013 peranpane] on the T blind, actve- | tablets, doses up Sabjects Final C5R
imterval duration in healthy | and placebo- | to 12 me, oral
sulyjects. comirolled Momifloccacin: 4040
g oVer-
encapsulated oral
D |EXNT- 53413 To iovestigate the potentisl | Fandomized | Peranpanel: 2mg | H=34 Healihy E Conmplete:
E04-020 of peranmpansl to induce placebo- and | whiets, doses up subjects 10 days Final C5R
skin phototaxicity o aCtve- o i mg, oral Ciprofloxacin
ulraviolet and visible light | conrolled Ciproflomacin: 10 days
in healthy vohmiesrs. 500 me tsblet
D |EXN7- 53414 | Todeternune the safery and | Fandomized, | Persmipanel 2mg | N=5§ Healthy Single dose Conmplete;
ADDI-023 tolersbility of single aral Dionible- tablets, Bme, IeTeanona Final CER
escalafing doses of bolind 12me, 16ms, 1 dmg
peranipane] for the purposes | placebo- 20me, 24 m=, I8 SErs
of identifying the merdmmm | conirolled mg, 32me, 36me
tolerated dose (MTD) in doses, oral
healtiry adult, recreationsl
polydmes users.
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Type of| Stody Lication Oibjective(s) of Smdy Stody Test Produoct(s); Number of | Healthy Dmration of Stody
Stody |Identifier | of Stwdy Dresizn and Diosage Regimen; | Subjects Subjects Treabtment Staius; Type
Eeport Type of Eaoute of or of Report
Control Admimistration Dhagmosis
of Patlents
FD | EXNT- 53415 To evaluste the abuse Fandomized | Perampanel: 2mg | M=30 Healthy Single dose Comaplete;
ADD1-0Z4 potentisl of single doses of double-blind | tablets, doses of 8 reCTeanona Final C5R
perampane] conpared fo placebo- and | mE, 24 mz and 36 I dmg
alprazolam oral ketamine, aChve- mg, oral usars
and placsbo in healdhy comtolled Alprazolam: 0.5
recreational polydmg users mg and 1.0 mg
oversncapsulansd
tablets, oral
Eetamine: 100 mg
splunon, oral
Phasze 2 | EXEIT- 5342 To determine the maromea] Fandommized | Peranopanel: 05 M=153 Smbjects 14 weeks Conaplete;
Safety | A001-206 tolerated dose (MTD) of double blind, | mg, 1 mg snd 2 with Final CSR
Efficacy| E207T given BID or QD in placebo- mE tablets, doses refractory
subjects with refractony conrolled up to 4 mge, oral parmial-
partzl-onset seimmres omEet
(Inchding secondsrily selmmes
senaralized seimmes)
Phaze 2 | E20IT- 53422 To determuine the safery and | Fandomized, | Persnmpanesl: 2ms | M=48 Sumlyjects 16 weeks Comaplete:
Safety | GO00-208 tolersbility of doses up fo a double-blind, | tablets, doses up with Final C5R
Efficacy] meximam of 12 mg per day | placebo- 1o 12 me, oral refractony
of EXO7 (peranmpanel) in conirolled partial-
patients with refractory omset
partizl seimmes who Were Selmmes
teking inducing and
noninducing anti-epilepdc
dr=s (AEDs).
Phaze 3 | E2007- 533511 To evaluate the effcacy of Fandomized | Perampansl: 2mg | W=390 Sumhjects 10 weeks Complets;
Efficacy| GO0-304 twior doses of perampansl (8 | doubleblind | tzblets, doses of with Final C5R
and 12 u:g,’lgh‘enas placebo- fmgz and 12 mg=, refractory
adjunctive therapy in coairolled oral partial-
subjects with refractory onset
partial seimmes. SEiFImes
Type of| Study Location | Objective(s) of Stody Stody Test Product{z); | Number of | Healthy Duration of Smdy
Study (Identfier | of Sitndy Design and | Dosage Regimen; | Subjects Sabjects Treatment Stams; Type
Repart Type of Route of ar of Repaort
Control Administration Diasmosic
of Patients
Phase 3 EXHT- 53512 To evaluate the efficacy of | Fandomized | Persmpansl: 2mg | M=380 Sabjects 10 weeks Commplete;
Efficacy| GO0-303 two doses of perampans] (8 | double-blind | tablets, doses of & with Final C5R.
and 17 ms) given as placebo- mg and 12 me, refractory
admnctve therapy in comirolled oral partial-
subjects with refractory omset
partial seimmes. SElmTeS
Phase 3 EXHT- 53513 To evaluate the efficacy of | Fandomized | Persmpansl: 2mg | M=T12 Sabjects 10 weeks Commplete;
Efficacy| GO0-306 thres doses of peranipans] double-blind | tablets, doses of with Finsl C5R.
(2, 4, and & me) given ad placebo- 2mg, 4mE and B refractory
admnctve therapy in comirolled mg, oral partial-
sulyjects with refractory omset
partisl seizmes. sEimmes
Phasze 2 [ EXHT- 53512 To evaluate the long-term Open-Label Peramipemel: 1 mg | W=183 Sabjects 48 months Commplete;
Safety | E044-203 safety and tolersbility of and 2 me tablets, with Final
peranpanel in subjects with doses up 1o 4 me, idiopathic Synoptic
Parkinzon’s disesse (PLF) oral D CSE
with “wearing-off " motor
flucmations and on-period
dyskinesias.
Phase 3 | EXHIT- 533522 | Toevaluate the long-term Openi-Label Peramipemel: 2me | W=328 Subjects 56 weeks Commplete;
Safery [GO00-318 safery and tolersbility of tablets, doses up with Final
peranpanel in subjects with to 4 me, oral idiopathic Synoptic
Parkinsons” disesse (PLH FD CSR
whi experienced and-of-
dose “wearing-off” motor
flucmations.
Phase 2 [ EXHT- 533123 | Toevaluate the long-term Open-label Peramipemel: 2mg | H=14 Sulbjects 54 weeks Commplete;
Safery [ AGD1-220 safefry and tolersbility of tablets, doses up with Final
peranpanel in subjects with to § me, oral idiopathic Synoptic
Parkinson’s disesse (PL) FD CSR
whi experienced and-of-
dose “wearing-off” motor
flucmations.
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Type of| Study Location | Objective(s) of Study Stody Test Product(s); | Number of | Healthy Duration of Study
Stndy |Identifier | of Smdy izmand | Dosage Regimen; | Subjects Sabjects Treatment Status; Type
Report Type of Route of ar of Repaort
Control Administration Diasmosis
of Patients
Phaze 2 | EXNT- 53524 To evaluate long-term (1- Open-Label Peramipemel: 2mg | M=21462 Sabjects 1 year Complete;
Safety | GO00-228 vear) safery while tablets, doses up with PDI Final CER
adrministering perampans] 1o to 12 me, aral or FHI
patients with FDR] or PHN.
Phaze 2 | EXNT- 533525 | Toexplore the safefy and Open-Label Perampamel: 2mg | M=32 Suljects 10 weeks Complete;
Safety | JOB1-231 tolershility of EX00T up to tablets, doses up with Fimal CER.
12 mg coadministered with to 12 me, aral refractory
other AETk partial-
onset
selmmes
Phaze 3 | EXNT- 533526 | Toevaluste the long-term Open-Label Peramipamel: 2mg | H=1003 Suljects 108 weeks Complete;
Safety | GO0-303 safefy and tolerability of tablets, doses up with Final
peranipanel &3 an adnmetive o4 me idiopathic Synoptic
therapy in levodopa meated FD CSR
Parkinzon’s disease (FIN)
sulyjecs with motor
flucaton
I35 [mA 5353 Integrated Summmary of N/A HA N/A WA A Final Feport
Safety
ISE [M/A 53532 Integrated Summmary of N/A HA N/A WA A Final Feport
Efficacy
|Assasam) FIA 53533 | Abuse Potentiz]l Evaluaton | WA HN/A N/A WA A Final Feport
eaf of Bieport
Abuse
[Potentia)
Pheazze 2 | EXNT- 53.54 To evaluate the safety and Open-label Peramipemel: 2mg | M=138 Subjects 4346 weeks Omzning;
Safety | ACGDL-207 tolerability of peranmpanel tablets, doses up with Interim
given & adjumctve, long- to 12 me, aral refractory Synoptic
e resmment in subjects partial- CSR
with refraciory partal omset
seimmes with or without SETITeS
secondary generalization
Type of| Study Location | Objective(s) of Stody Stody Test Product(s); | Number of | Healthy Druration of Study
Study |Identfier | of Study izmand | Dwsage j ;| Subjects Subjects Treatment Status; Type
Repart Type of Route of ar of Report
Control Administration Dinzmosis
of Patients
Phaze 3| E2HT- 53542 To evaluste the safety and COipen-labal Persmpamel: 2mg | N=1218 Subjacts TBD Omzoing;
Safety | GO00-307 efficacy of perampane] {up tablets, doses up with Interim
to 12 mg'day) given as to 12 me, oral refractory Synoptc
adjncive reament in partal- CSR
subjects with refractory onset
partial seimres. SEITITES
BA |EXOOT- 53543 | Toconmpare reladve Open-Label Peramipamel: 2mg | N=14 Healthy Single-dosa Complete;
EQ44-028 hicavailsbility betwean a 4 tables, dose of 4 subjects Final Beport
me dose of an oral mg, oral
suspension of peranpene]
and a 4 me tablet of 0.5 me/ml
perampans] suspension, 4 me
dose in 8 mL
suspension oral
Imaging| E2007- 53544 To assess the displacement | Dhouble- Peranpamel: 2mg | N=1 Subjects 28 days Complete;
ADDL-226 of striatial [“'T]-IBZM blind, tablet, doses up to with Final
hinding Ty placebo- 4 mez, oral idiopathic Synoptic
carbidopa levodopa in comirolled FD CSR
Hoehn and Yahe I-TV
Parkinzin’s disease (FLY)
suljects.
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Type of| Stody Location | Objective(s) of Stody Stody Test P‘rnd:lcr{s] Number of | Healthy Duration of Stody
Stody | Identifier | of Study Diesizn and Duosage Subjects Sabjects Treatment Statos; Type
Beport Type of Fuoate of or of Report
Control Admimiztration Dhazmosis
of Patients
Phaze I | EXNIT- 53545 To aszess the tolerabilimy Fandomuized | Persnpanesl: 1ms | M=19 Subjects 28 days Comaplete;
PE and | E049-202 and safety of ED00T when double-blind | mhlet, doses up to with Final CSH
Safery given to Parkinson’s disesse | placebo- 2 mg oral vdiopathic
pabients receiving a stable conirolled ED
dose of levodopa and other
antiparkinsonian
medications.
Phaze I [EZHT 333544 To compare te eficacy of | Fandomized | Persmpanel: 005 M=243 Subjects 12 weeks Conmplete;
3 different doses of E2007 double-blind | mg tmblet, doses with Final CSR
and with placebo (in addidon o | placebo- up 1o 2 me, oral idigpathic
Efficacy] stable antiparkinsonian conmolled ED
meament) on the duration
of “off dme™ during the
waking day in Parkinzon’s
dizease patents with
“wearing-off " motor
flucmations and “on”™ period
dyskinesias
Phaze 2 [ EXHT- 533547 To deternuine the Fsndomized, | Persmpansl: 1 me | HN=75 Subjects 10 weeks Complete;
MTD | AGDI-214 tolershility of doses uproa | double-blind | and 2 mz mhiets, with Final CSR
menirmm of § me per day placebo- doses up to 8 mz, vdiopathic
of peranipansl amons confrolled oral FD
subjects with Parkinson’™s
disesse who expenenced
end-of-dose “wearmg-off”
moior Sucinations.
Phaze 3 [ E20T- 333548 To compare the eficacy of | Fandomdzed | Perampansl: 1me | WN=T64 Subjects 30 weeks Conmplete;
Efficacy| E044-301 I mg perampanel 4 mg double-blind | and 2 mz whlets, with Final CSR
peranpene] and placeboon | placebo- doses up to 4 me, idiopathic
motor fimction I subjects conirolled oral ED
with Parkinson's disease
(PDY) who were on
optimized and stabilizad
therapy and experencing
end-of-dose “wearing off”
Type of| Study Location | Objective(s) of Stody Stody Test Product(s); Number of | Healthy Druration of Stody
Stody |Identifier | of Study Dhesizn and Dvsage Regimen; | Subjects Subjects Treatment Statos; Type
Eeport Type of Eoute of ar of Report
Contrel Administration Diagmnosis
of Patients
motor fucmatons.
Phaze 3 | EXT- 53549 To conpare the efficacy of | Fandomized | Perampanel: 1 me | W=752 Subjects 20 weaks Complete;
Efficacy| AGKN1-302 2 mg and 4 mg of double-blind, | and 2 mg tblsts, with Final
peranpane] and placebo oo | placebo- dioses up to 4 mg, idiopathic Abbreviated
dhration of daity “OFF” coatrolled oral FD CSR
state in subjects with
Parkinson’s disease (FLI
who epenienced end-of-
dose “wearing of " motor
fluctnations.
Phaze 3 | E2ET- $3.54.10 | To compare the efficacy and | Fandomized | Perampanel: 2 ms | H=723 Sabjects 158 weeks Commplete;
Efficacy| GO00-308 safety of 1 dose srength (4 double-blind | tzblets, doses up with Final
mg) of peramnpane] with that | placebo- and | to 4 mg, ol idiopathic Abbreviated
of placebo on mobor active- ED CSE
fimction in subjects with conirolled Entacapone: 300
Parkinzon’s disease (FLIN) mg capsules, oral
who were on optimized and
stabilized therspy and
experienced end-of-dose
wearing off” motor
fluctnation
Phaze 2 | EXET- 535411 | Toevahwmte the eficacy and | Fandomized | Perampansl: 0.3 M=206 Subjects 14 weaks Complete;
Safety | A001-210 safety of EXMOT double-blind | mg and 1.0 mg with Final C5R
and (perampansl) in reducing placebo- tablets, doses up hiztory of
Efficacy| migTaine headaches based conirolled 1o 2 me, oral I ETaine
on the change i the
Trequency of nuzraine
penads per 28 days dumne
the mesment phase
compared 1o the baseline
phaze.
Phaze 2 | EXT- 5335412 | Toevaluste perampane] for | Fandomized | Perampanel: 2 ms | WN=146 Subjects 15 weaks Complete;
Safety |ACGDN1-218 evidence of efficacy with double-blind, | tablets, doses up with PHIN Final C5SHR
and respect to pain reduction in - | placebo- to 8 mg, oral
Efficacy| suljects with PHM conmolled
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Type of| Study Location | Objective(s) of Stody Stody Test Product(s); Number of | Healthy Doration of Stody
Study |Identifier | of Study Desigmand | Dosage Regimen; | Subjects Sobjects Treatment Status; Type
Eeport Type of Raoute of ar of Repart
Control Administration Diasmosis
of Patients
Fhaze 2 [EZMT- 53.54.13 | Toprovide evidence ofthe | Fandomized | Perampanel: 2mg | W=355 Sabjects 15 weeks Complete;
Safery [GO0E0-227 effectvensss of perampane] | doubleblind | tabletz, dosas up with Type Final C5R.
and for Teating the pain placebo- to 8 me, oral IorII
Efficacy| aszociated with PDM comfrolled disbetes
with FDIN
Phasze 2 [E20T- 535414 | To assess the tolerahbility, Fandomized | Peranmpenel: 1mg | H=27 Sabjacts 28 days Conmplete;
Safety (E048-201 safery and PE of E2007 m double-blind | tablets, doses up with Final CSR.
patients with nmltple placebo- to 3 mg, oral mmiltpls
scleoais. comirolled sclerosis
Fhaze 2 [EZHT- 53.54.15 | Toevaluste the safery and Open-Labsl Perampanel: 2ms | M=21 Tapansese 112 wesks Omzning:
Safety [TFDE1-233 tolershility of E2007 tablets, dosas up subjects Interim R
(peranmpanel) given a5 to 12 me, oral with
adjunctve therapy in refractory
subjects with refractory partial-
partial seimmes. omset
SEITITES
AFD=Antepilepac dme; BA=Bicavatlsbility; BE=Bicequivalence; CER=Clinical Smdy Repors EJW 7=peranpanel; IV=Inaavenons; MTD=Maxinnm Tolerated
Dhorse; Tx=ph3:|:c..coh|:eu.r_ FO~=Fhamacodynamic or Parkinson's disease; PON=Painful Dishetic \Impcam PHI=Post-herpetic Meuralgia; 1A = ot
Applicable; Val=Validation

5.2 Review Strategy

The submission was in eCTD format which allowed review of the sponsor’s
narrative ISE and ISS and analysis using individual study and ISS datasets.

Safety will be reviewed separately by Dr. Mary Doi.

The primary demonstration of efficacy of perampanel therapy in the treatment of
partial-onset seizures, with or without secondary generalization, was shown in
three multicenter and multinational Phase 3 studies: E2007-G00-304 (“304”),
E2007-G000-305 (“305”) and E2007-G000-306 (“306”). These were supported by
two Phase 2 studies, E2007-A001-206 (“206”) and E2007-G000-208 (“208”) and an
open label extension (OLE) study, E2007-G000-307 (“307”).

5.3 Discussion of Individual Studies/Clinical Trials

PHASE 3 STUDY 304
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Title of Study: A double-blind, placebo-controlled, dose-escalation, parallel-
group study to evaluate the efficacy and safety of perampanel given as
adjunctive therapy in subjects with refractory partial seizures.

Study Cenfters: T7 centers in Argentina, Canada, Mexico and the United States.
Publication: None
Studied Period: April 30, 2008 to November 11, 2010

Objectives: The primary objective was to evaluate the efficacy of two doses of
perampanel (8 and 12 mg) given as adjunctive therapy in subjects with refractory
partial seizures. The secondary objective was to evaluate the safety and
tolerability of perampanel in these subjects.

Methodology: This was a randomized, double-blind, placebo-controlled study
consisting of three phases: Prerandomization, Double-blind, and Follow-up.
During the 6-week Prerandomization Phase, subjects began recording seizures in
a daily diary. Those who experienced the required minimum number of

seizures despite receiving AEDs then entered the Double-blind Phase and were
randomly assigned to one of three treatment groups (placebo or 8, 12 mg
perampanel). The Double-blind Phase included a 6-week Titration Period followed
by a 13-week Maintenance Period, during which the subjects continued to receive
the doses they achieved at the end of the Titration Period. Subjects who either
withdrew from the study prematurely or completed the Double-blind Phase but
did not enter the optional open-label extension study returned for a final visit at
the end of the 4-week Follow-up Phase.

Number of Subjects: Planned: 375 subjects. Randomized: 390 subjects.
Completed: 320 subjects.

Diagnosis and Main Criteria for Inclusion: Male and female subjects 12 years of
age or older were eligible for this study if they had a diagnosis of epilepsy with
partial seizures, were taking stable doses of up to three marketed AEDs, and had
uncontrolled partial seizures.

Test Product, Dose, and Mode of Administration: Perampanel was supplied as
2mg tablets and administered orally at bedtime.

Reference therapy, dose and mode of administration: The reference therapy was
placebo administered orally as matching tablets at bedtime.

Duration of Treatment: The duration of double-blind treatment for each subject

was 19 weeks (6-week Titration Period and 13-week Maintenance Period).
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Criteria for Evaluation:

Efficacy: The primary efficacy endpoint was the percent change in seizure
frequency per 28 days during treatment relative to baseline. The 50% responder
rate was the key secondary efficacy endpoint. The other secondary endpoint was
percent change in the frequency of complex partial plus secondarily generalized
seizures. The primary endpoints, the secondary endpoints, and many of the
exploratory endpoints were based on seizure counts from subject diaries. Other
exploratory endpoints were based on the Global Impression of Change
questionnaires and the Quality of Life in Epilepsy Questionnaire.

Safety: Safety assessments included prior and concomitant medication use,
AEs, withdrawals due to AEs, clinical laboratory results, vital signs, ECGs,
physical and neurologic examinations, and photosensitivity and withdrawal
questionnaires.

Statistical Methods: The full ITT analysis set included all randomized subjects
who received study drug and had any seizure frequency data from the Double-
blind Phase. The ITT analysis set included all randomized subjects who received
study drug and had at least 2 weeks of seizure frequency data from both the
Prerandomization and Double-blind Phases. For the analysis of percent change in
seizure frequency, both the baseline seizure frequencies per 28 days and the
percent change per 28 days during treatment were rank transformed separately.
An ANCOVA was then conducted on the rank-transformed percent change data,
with treatment and pooled countries as factors and the ranked baseline seizure
frequency per 28 days as a covariate. Log-transformation based ANCOVA was
conducted to assess the robustness of the analysis method. A dose-response
trend test on the percent change in seizure frequency was performed via a linear
contrast using the ranked ANCOVA. Responder rates were analyzed using the
Cochran-Mantel-Haenszel test adjusting for pooled countries. A closed,
sequential testing procedure, was employed to control the family-wise type-l error
rate for the analyses of the primary efficacy endpoint for different dose groups.

PHASE 3 STUDY 305

Title of the Study: A double-blind, placebo-controlled, dose-escalation, parallel-
group study to evaluate the efficacy and safety of perampanel given as adjunctive
therapy in subjects with refractory partial seizures.

Study Cenfters: 84 centers in Australia, Austria, Belgium, Finland, France,
Germany, Greece, India, Israel, Italy, Netherlands, Russian Federation, South
Africa, Sweden, United Kingdom, and the United States.

Publication: None
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Study Period: May 20, 2008 to January 14, 2011

Objectives: The primary objective was to evaluate the efficacy of two doses of
perampanel (8 and 12 mg) given as adjunctive therapy in subjects with refractory
partial seizures. The secondary objective was to evaluate the safety and
tolerability of perampanel in these subjects.

Methodology: This was a randomized, double-blind, placebo-controlled study
consisting of three phases: Prerandomization, Double-blind, and Follow-up.
During the 6-week Prerandomization Phase, subjects began recording seizures in
a daily diary. Those who experienced the required minimum number of seizures
despite receiving AEDs then entered the Double-blind Phase and were randomly
assigned to one of three treatment groups (placebo or 8, 12 mg perampanel). The
Double-blind Phase included a 6-week Titration Period followed by a 13-week
Maintenance Period, during which the subjects continued to receive the doses
they achieved at the end of the Titration Period. Subjects who either withdrew
from the study prematurely or completed the Double-blind Phase but did not
enter the optional open-label extension study returned for a final visit at the end
of the 4-week Follow-up Phase.

Number of Subjects. Planned: 375 subjects. Randomized: 389 subjects.
Completed: 321 subjects.

Diagnosis and main criteria for Inclusion: Male and female subjects 12 years of
age or older were eligible for this study if they had a diagnosis of epilepsy with
partial seizures, were taking stable doses of up to three marketed AEDs, and had
uncontrolled partial seizures.

Test Product, Dose, and Mode of Administration: Perampanel was supplied as
2mg tablets and administered orally at bedtime.

Reference therapy, dose and mode of administration: The reference therapy was
placebo administered orally as matching tablets at bedtime.

Duration of Treatment: The duration of double-blind treatment for each subject
was 19 weeks (6-week Titration Period and 13-week Maintenance Period).

Criteria for Evaluation:

Efficacy: The primary efficacy endpoint was the percent change in seizure
frequency per 28 days during treatment relative to baseline. The 50% responder
rate was the key secondary efficacy endpoint. The other secondary endpoint was
percent change in the frequency of complex partial plus secondarily generalized
seizures. The primary endpoints, the secondary endpoints, and many of the
exploratory endpoints were based on seizure counts from subject diaries. Other
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exploratory endpoints were based on the Global Impression of Change
questionnaires and the Quality of Life in Epilepsy Questionnaire.

Safety: Safety assessments included prior and concomitant medication use,
adverse events (AEs), withdrawals due to AEs, clinical laboratory results, vital
signs, ECGs, physical and neurologic examinations, and photosensitivity and
withdrawal questionnaires.

Statistical Methods: The Full ITT Analysis Set included all randomized subjects
who received study drug and had any seizure frequency data from the Double-
blind Phase. The ITT analysis set with at least 14 days of seizure data during
treatment included all randomized subjects who received study drug and had at
least 2 weeks of seizure frequency data from both the Prerandomization and
Double-blind Phases. For the analysis of percent change in seizure frequency,
both the baseline seizure frequencies per 28 days and the percent change per 28
days during treatment were rank transformed separately. An ANCOVA was then
conducted on the rank transformed percent change data, with treatment and
pooled countries as factors and the ranked baseline seizure frequency per 28
days as a covariate. Log-transformation based ANCOVA was conducted to
assess the robustness of the analysis method. A dose-response trend test on the
percent change in seizure frequency was performed via a linear contrast using
the ranked ANCOVA. Responder rates were analyzed using the Cochran-Mantel-
Haenszel test adjusting for pooled countries. A closed, sequential testing
procedure was employed to control the family-wise type-l error rate for the
analyses of the primary efficacy endpoint for different dose groups.

PHASE 3 STUDY 306

Title of the Study: A double-blind, placebo-controlled, dose-escalation, parallel-
group study to evaluate the efficacy and safety of perampanel given as
adjunctive therapy in subjects with refractory partial seizures.

Study Cenfters: 116 centers in Asia, Australia, Europe, and Russia.

Publication: None

Study Period: August 4, 2008 to May 19, 2010

Objectives: The primary objective was to evaluate the efficacy of three doses of
perampanel (2, 4, and 8 mg) given as adjunctive therapy in subjects with

refractory partial seizures. The secondary objective was to evaluate the safety
and tolerability of perampanel in these subjects.
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Methodology: This was a randomized, double-blind, placebo-controlled study
consisting of three phases: Prerandomization, Double-blind, and Follow-up.
During the 6-week Prerandomization Phase, subjects began recording seizures in
a daily diary. Those who experienced the required minimum number of seizures
despite receiving AEDs then entered the Double-blind Phase and were randomly
assigned to one of four treatment groups (placebo or 2, 4, 8 mg perampanel). The
Double-blind Phase began with a 6-week Titration Period, during which the
subjects had their doses increased to the randomized dose level. During the
subsequent 13-week Maintenance Period, the subjects continued to receive the
doses they achieved at the end of the Titration Period. Subjects who either
withdrew from the study prematurely or completed the Double-blind Phase but
did not enter the optional open-label extension study returned for a final visit at
the end of the 4-week Follow-up Phase.

Number of Subjects: Planned: 680 subjects. Randomized: 712 subjects.
Completed: 623 subjects.

Diagnosis and Main Criteria for Inclusion: Male and female subjects 12 years of
age or older (18 years of age or older in some countries) were eligible for this
study if they had a diagnosis of epilepsy with partial seizures, were taking stable
doses of up to three marketed AEDs, and had uncontrolled partial seizures.

Test Product, Dose, and Mode of Administration: Perampanel was supplied as
2mg tablets and administered orally at bedtime.

Reference therapy, dose and mode of administration: The reference therapy was
placebo administered orally as matching tablets at bedtime.

Duration of Treatment: The duration of double-blind treatment for each subject
was 19 weeks (6-week Titration Period and 13-week Maintenance Period).

Criteria for Evaluation:

Efficacy: Efficacy assessments included seizure counts from subject diaries,
Clinical and Patient Global Impression of Change questionnaires, and the Quality
of Life in Epilepsy Questionnaire (QOLIE-31-P). The primary efficacy endpoint
was the percent change in seizure frequency per 28 days in the Maintenance
Period relative to the Prerandomization Phase. The responder rate was a
secondary efficacy endpoint. Other secondary efficacy endpoints included the
percent change in the frequency of complex partial seizures plus secondarily
generalized seizures in the Maintenance Period relative to the Prerandomization
Phase, and a dose-response analysis of the percent change in seizure frequency.

Safety: Safety assessments included prior and concomitant medication use,

AEs, withdrawals due to AEs, clinical laboratory results, vital signs, ECGs,
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physical and neurologic examinations, and photosensitivity and withdrawal
questionnaires.

Statistical Methods: The primary efficacy analyses were based on the ITT
Analysis Set (all randomized subjects who received study drug and had at least 2
weeks of seizure frequency data from the Prerandomization Phase and at least 2
weeks of seizure frequency data from the Double-blind Phase) using LOCF
imputation. Sensitivity analyses were based on all randomized subjects with any
seizure data during study treatment, on all subjects in the ITT Analysis Set who
completed the study, and on the PP Analysis Set, which excluded subjects with
major protocol deviations and low compliance. Percent changes in seizure
frequencies were analyzed using an ANCOVA with treatment and pooled
countries as factors, and seizure frequency in the Prerandomization Phase as a
covariate. Responder rates were analyzed using the Cochran-Mantel-Haenszel
test adjusting for pooled countries. The dose-response trend test on the percent
change in seizure frequency was performed via a linear contrast using the ranked
ANCOVA. A closed, sequential testing procedure was employed to control the
family-wise type-l error rate for the analyses of the primary efficacy endpoints.

PHASE 2 STUDY 206

Title of Study. A Double-Blind, Placebo-Controlled, Dose -Escalation, Parallel-
Group Study of E2007 Given as Adjunctive Therapy in Patients with Refractory
Partial Seizures

Studied Period: March 8, 2005 to February 6, 2007

Objectives: The primary objective of this study was to determine the MTD of
perampanel given BID or QD in subjects with refractory partial-onset seizures
(including secondarily generalized seizures). The secondary objectives were to
evaluate the safety, efficacy, concentration-efficacy relationship, and
pharmacokinetics of perampanel and its effects on the Profile of Mood States
(POMS) test.

Methodology: The trial was a double-blind, placebo-controlled, dose-escalation,
parallel-group study with 3 arms: Drug-treated using BID dosing, drug-treated
using QD dosing and placebo-treated. Within groups, subjects were stratified 1:1
according to their concomitant AEDs into one of 2 categories: (1) induced
(treated with one or a maximum of 2 marketed and approved antiepileptic inducer
medications such as carbamazepine, phenytoin, phenobarbital, or primidone) and
(2) non-induced (treated with one or a maximum of 2 marketed and approved
antiepileptic non-inducer medications such as topiramate, lamotrigine,
gabapentin, tiagabine, zonisamide, valproate, oxcarbazepine, pregabalin, or
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levetiracetam, and none of the drugs in the induced group). To be enrolled, a 4
week retrospective Baseline using the subject’s seizure calendar was evaluated.
The study consisted of the following phases:

1. Baseline Phase (4 weeks): Prospective ascertainment of seizure frequency
based on the subject’s seizure calendar.

2. Titration Phase (up to 8 weeks): Subjects were titrated from a starting dose of 1
mg/day (0.5 mg BID or 1 mg QD). The dose was increased every 2 weeks up to 4
mg/day or the MTD. Subjects suffering intolerable AEs were to have the dose
reduced one step. Once reduced, the same dose was to be continued until the
end of the Maintenance Phase. PK samples were obtained at each visit.

3. Maintenance Phase (4 weeks): The perampanel dose was given at the MTD that
each subject maintained during the Titration Phase, and PK samples were
obtained at each visit. At the last Maintenance Visit, all completing subjects
(including the placebo group) were started on 1 mg/day of the study drug.

4. Transition Phase (2 weeks): Subjects were maintained on 1 mg/day of study
drug. After 2 weeks, a final visit was conducted and subjects were withdrawn
from study drug treatment. Subjects were to return for the Safety Visit 4 weeks
later.

Number of Patients: 144 subjects were planned; 153 subjects were analyzed for
safety; 152 subjects were analyzed for efficacy.

Diagnosis and Main Criteria for Inclusion: Male and nonpregnant females who
had a diagnosis of refractory partial seizures, were treated with 1 or a maximum
of 2 other AEDs, and met all other inclusion criteria and none of the exclusion
criteria.

Test Product, Dose and Mode of Administration: Perampanel was formulated as
0.5 mg, 1 mg and 2 mg tablets for oral administration.

Duration of Treatment. 14 weeks (8-week Titration, 4-week Maintenance and 2-
week Transition Phases)

Criteria for Evaluation: Efficacy was assessed by seizure counts (subject’s diary),
Clinical Global Impression of Change (CGl), Patient’s Global Impression of
Change (PGI) and the Seizure Severity Questionnaire.

Primary Endpoint. Determination of the MTD for each subject was a primary study
endpoint. For the trial the MTD was defined as the maximum tolerated dose by the
majority of the subjects up to a maximum of 4 mg per day.

73
Reference ID: 3205728



Clinical Review

Martin S. Rusinowitz, MD
NDA 202834
Fycompa/perampanel

Efficacy: The proportion of responders during the Maintenance Phase in the ITT
Population constituted the primary endpoint analysis

Safety: Safety was evaluated using frequency and severity of AEs; physical,
neurological and ophthalmological (at selected sites) examinations; 12-lead ECG;
and laboratory assessments including hematology, clinical chemistry and
urinalysis during the trial period.

Statistical Methods: Data analysis, tabulations of descriptive statistics and
inferential statistics were performed using SAS. The following subject
populations were defined for data analyses:

Safety Population: Subjects included in the safety analysis were those who were
randomized and took at least one dose of double-blind study drug.
Intent-To-Treat Population: Subjects included in the ITT analysis were those who
both were included in the Safety Population and had at least 2 weeks of Baseline,
and had at least one week of Titration and/or Maintenance seizure frequency data.
Per Protocol/Fully Evaluable Population: Subjects included in the Per
Protocol/Fully Evaluable analysis were those who were included in the ITT
Population, did not have any major protocol deviations/violations and were at
least 80% compliant with the study drug at Week 13 as well as during the entire
Maintenance Phase.

Efficacy: The primary efficacy variable was the proportion of responders in the
ITT-LOCF Population in the Maintenance Phase. A subject was a responder if they
experienced a 50% or greater reduction in seizure frequency from the Baseline
Phase. Seizure frequency was based on the number of seizures per 28 days,
calculated as the number of seizures over the entire time interval divided by the
number of days in the interval and multiplied by 28.

Statistical significance at « < 0.05 (2-sided) in the ITT-LOCF Population was
required to establish the efficacy of perampanel vs. placebo. Supportive analyses
of the ITT-LOCF and FE Populations were conducted for secondary efficacy
measures. Other secondary efficacy endpoints included assessments of the
proportion of responders at other intervals and for subsets of the ITT Population,
the percent change in seizure frequency from baseline, seizure freedom, seizure
severity, and subjective assessments of the subjects’ improvement during the
study (CGIC and PGIC) and of their mood (POMS). Categorical variables
(proportion of responders, percent reduction in seizure frequency, percent of
subjects who achieve seizure-free status, no significant change in seizure
frequency, significant increase in seizures, CGIC, PGIC, and the percentage of
subjects needing back titration) were analyzed by using a CMH test stratified by
center. Continuous variables (percent change in seizure frequency and the
percent change in partial seizure frequency, the number of seizure-free days per
28 days, changes in the Seizure Severity Questionnaire) were analyzed by using
ranked ANOVA with terms for treatment and center in the model.
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PHASE 2 STUDY 208

Title of Study. A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group
Study to Explore the Safety and Tolerability of Doses of perampanel up to a
Maximum of 12 mg in Patients with Refractory Partial Seizures.

Studied Period: March 13, 2007 to January 15, 2008

Objectives:
Primary:
The primary objective of this study was to determine the safety and tolerability of
doses up to a maximum of 12 mg per day of perampanel in patients with
refractory partial seizures who were taking inducing and noninducing AEDs.
Secondary:
Investigate the efficacy of perampanel for the treatment of partial seizures
Explore the relationship between perampanel plasma concentrations and
safety and efficacy measurements.
Exploratory:
Determine the proportion of responders at the MTD in the Maintenance Phase.

Methodology: This was a randomized, double-blind, placebo-controlled, parallel-
group study. Subjects were initially stratified (inducers vs. non-inducers of the
cytochrome P450 3A4 isoenzyme) according to their concomitant AEDs, with the
aim to recruit approximately 24 subjects to each stratum. Following stratification,
subjects were then randomized to 1 of 2 double-blind treatment groups in a 3:1
ratio (perampanel to placebo) such that, within each stratum, approximately 18
subjects were to receive perampanel and approximately 6 subjects were to
receive placebo. All subjects were to receive treatment for a total of 16 weeks
(Days 1 to 112). Induced subjects were to be treated with 2 to 3 (maximum)
marketed and approved anti-epileptic inducer medications such as:
carbamazepine, phenytoin, phenobarbital, or primidone. Non-induced subjects
were to be treated with 2 to 3 marketed and approved anti-epileptic noninducer
medications such as: topiramate, lamotrigine, gabapentin, tiagabine, zonisamide,
valproate, oxcarbazepine, pregabalin, or levetiracetam, and none of the drugs in
the inducer group. Subjects on multiple AEDs were to be considered as induced
if at least 1 concomitant medication was an inducer. The study was to consist of
the following phases:

Baseline Phase (4 weeks, Days —28 to —1): prospective ascertainment of
seizure frequency based on the subject’s diary. To be enrolled into the study, a 4-
week retrospective baseline using the subject’s diary was to be evaluated.

Titration Phase (12 weeks, Days 1 to 84): During the dose-titration period,
study drug dosing in the perampanel group was to be started at 2 mg once daily
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and titrated up to 12 mg. Titrations were to be made at 2-week intervals on the
basis of individual tolerability and in 2-mg incremental steps. Subjects were to be
instructed to take the study drug in the evening with food, except on Visit Days 1,
15, 29, 43, 57, 71, and 85. On only those days, subjects were to receive their study
drug with food during their clinic visit. At each titration step, the investigator was
to review all data available for each subject. The dose was only to be increased if,
in the opinion of the investigator and with the agreement of the subject, the
current dose had been adequately tolerated. Subjects who did not tolerate the
study drug during the first 2 weeks of treatment were to be withdrawn and not
replaced. Subjects who did not tolerate the study drug from the third to the
twelfth week of treatment could have remained on the same dose or had their
dose reduced to their previously tolerated dose (subjects receiving placebo were
to have a sham down-titration). Only 1 dose reduction was to be allowed, and any
subject requiring more than 1 dose reduction was to be withdrawn and was not to
be replaced. Any subject judged to require dose reduction between visits was to
return to the study center for an unscheduled visit. During this phase, a blood
sample for plasma concentrations of concomitant AEDs was to be obtained at
Visit 2 (Day 1).

Maintenance Phase (4 weeks, Days 85 to 112): During the Maintenance Phase,
the subject was to continue using the final dose reached during the Titration
Phase. No further dose reductions were to be allowed, although the investigator
retained the option to withdraw the subject at any time. At the end of the
Maintenance Phase (Day 113), blood samples for plasma concentrations of
perampanel and other concomitant AEDs were to be obtained for PK analysis.
During this phase, blood samples for plasma concentrations of perampanel and
concomitant AEDs were to be obtained at Visits 8, 9, or at a Premature
Discontinuation Visit (if applicable).

Follow-up Phase (4 weeks, Day 113 to 141): All subjects were to return for end-
of-study assessments. Subjects were to return to the study center for monitoring
during dose-titration steps (Days 15, 29, 43, 57, 71), at the end of the Titration
Phase (Day 85), and at the end of the Maintenance Phase (Day 113). During the
dose-titration steps, subjects were to be observed in the study center and
discharged at the discretion of the investigator. An observation period of 2 hours
after dosing was required. All subjects were to be contacted by telephone on the
day following dose administration and again at the midpoint of the 4-week
Maintenance Phase to determine if any adverse events had occurred following
dosing at the new dose level.

Number of Subjects:
48 subjects were planned
55 subjects were screened and 48 subjects were enrolled and randomized
38 subjects were randomized to the perampanel group and 10 subjects were
randomized to the placebo group
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48 subjects were analyzed for safety (i.e., all randomized subjects)
47 subjects were analyzed for efficacy (1 subject, subject #1030 in the placebo
group, was excluded from the ITT population due to an invalid baseline seizure

diary)

Diagnosis and Main Criteria for Inclusion: Eligible subjects were male or female
aged 18 to 70 years, inclusive, with the diagnosis of epilepsy with partial seizures
with or without secondarily generalized seizures according with the International
League Against Epilepsy’s Classification of Epileptic Seizures (1981). Subjects
had to have uncontrolled partial seizures despite having been treated with at least
3 different AEDs (given concurrently or sequentially) for at least 2 years, and they
had to have an average of at least 3 partial seizures per month, with no 21-day
seizure free period during the 2 months preceding randomization. Simple partial
seizures without motor signs were not to be counted towards this inclusion
criterion. Subjects were currently being treated with 2 to 3 (maximum) marketed
and approved AEDs and were known to take their medications as directed. Use of
a vagal nerve stimulator was not to be considered an AED by this criterion.
Subjects were to have been on a stable dose of the same AEDs for 1 month prior
to Visit 1.

Test Product, Dose and Mode of Administration: perampanel, 2 mg tablets, oral
Duration of Treatment. 16 weeks

Criteria for Evaluation:

Efficacy: Seizure counts (recorded in a diary); Clinical Global Impression of
Change; and Patient Global Impression of Change.

Dose Tolerability and PK: Tolerability of dose (MTD) and AED plasma
concentrations.

Safety: Physical and neurological examination; AEs; orthostatic vital signs; ECG;
and laboratory assessments.

Statistical Methods:

Analysis populations were the Safety Population, the ITT Population, and the FE
Population. The primary efficacy analysis was performed on the ITT Population.
Efficacy:

The primary efficacy endpoint was the proportion of responders in the active
treatment group during the Maintenance Phase. A subject was said to have been
a responder for a time period if she/he experienced a 50% or greater reduction in
seizure frequency per 28 days from the Baseline Phase. Seizure frequency was
based on the total number of seizures during that period (as recorded in the
subject’s diary), rescaled to a 28-day-frequency.
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Secondary efficacy endpoints were:

1. Proportion of responders during the Maintenance Phase, Maintenance
observed cases (OC), the Titration Phase, each dose phase (2-mg dose phase, 4-
mg dose phase, ..., 12-mg dose phase), the Overall Treatment Phase (= 12-week
Titration Phase plus 4-week Maintenance Phase), 6-week Maintenance (= last 2
weeks of the Titration Phase plus the Maintenance Phase), and the Follow-up
Phase.

2. Percentage change in seizure frequency per 28 days from the Baseline Phase
to each of the same phases listed in item (1) above.

3. Proportion of subjects experiencing 0 to 25%, > 25% to 50%, > 50% to 75%, >
75% to 100% reduction/increase and > 100% increase in seizure frequency per 28
days from the Baseline Phase to each of the same phases listed in item (1) above.

4. Number of days without seizures per 28 days (during each of the same phases
listed in item (1) above.

5. Change from baseline in the Clinician’s Global Impression of Change over the
previous 4 weeks at the end of the Maintenance Phase.

6. Change from baseline in the Patient’s Global Impression of Change over the
previous 4 weeks at the end of the Maintenance Phase.

Exploratory efficacy endpoints were:

1. Proportion of responders at the Study MTD.

2. Change from baseline in seizure frequency per 28 days at the Study MTD.
3. Determination of the Response Ratio (RRatio).

Safety:

The primary safety endpoint was the MTD for perampanel. Other safety
parameters were AEs, physical and neurological examination findings, laboratory
assessments, discontinuations due to study medication, orthostatic vital signs,
and ECG findings.

PHASE 3 STUDY 307

Title of the Study. An Open-label Extension Phase of the Double-blind, Placebo-
controlled, Dose-escalation, Parallel-group Studies to Evaluate the Efficacy and
Safety of Perampanel Given as Adjunctive Therapy in Subjects with Refractory
Partial Seizures
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Study Period- October 17, 2008 to December 1, 2010

Objectives: The primary objective was to evaluate the safety and tolerability of
perampanel (up to 12 mg/day) given as adjunctive treatment in subjects with
refractory partial seizures. The secondary objective was to evaluate the
maintenance of effect of perampanel for the control of refractory partial seizures.

Methodology: This was an OLE study for subjects who completed one of the
following DB, placebo-controlled Phase 3 studies: 304,305, or 306. This OLE
study consisted of two phases: an Open-label Treatment Phase (comprised of a
16-week blinded ConversionPeriod and a 256-week Maintenance Period) and a
Follow-up Phase (4 weeks). During the Conversion Period, subjects and
investigators remained blinded to the treatment received in the previous DB
study. To achieve this, all subjects continued to take six tablets of study
medication (2-mg perampanel or matching placebo) or fewer as they were
instructed during the core DB study. An InteractiveVoice Response System
(IVRS) was used to provide dosing instructions to the site for each subject
enrolled in the OLE study. Subjects who had been assigned to placebo in the
core DB study were started on blinded treatment with perampanel 2 mg/day and
were titrated to the MTD of perampanel, (up to 12 mg/day). Subjects assigned to a
perampanel arm in the core DB study continued to receive perampanel on a
blinded basis. The daily dose of perampanel was titrated upwards to 12 mg/day or
the MTD for subjects who had achieved a daily perampanel dose less than 12 mg
in the core DB study. No titration was necessary for subjects who had achieved a
daily dose of perampanel 12 mg in the core DB study. If additional dose
adjustment was necessary during the Conversion Period, the site contacted the
IVRS for dosing instructions, which may have lengthened the duration of the
Conversion Period by 2 or 3 weeks. At the end of the Conversion Period, sites
registered each subject MTD dose with the IVRS, who then informed the site of
the subject current dose. The open-label Maintenance Period began at completion
of the blinded Conversion Period. Subjects remained on the dose achieved at the
end of the Conversion Period unless dose titration for tolerability and/or efficacy
reasons was necessary. During the open-label Maintenance Period, subjects were
treated with the perampanel dose that provided the best combination of
individual efficacy and tolerability. Subjects who either withdrew from the study
prematurely or completed the Maintenance Phase returned for a final visit at the
end of the 4-week open-label Follow-up Phase. Visit 8 of the core DB between 8
and 56 days of entry into the OLE study were restarted on perampanel at a dose
of 2 mg/day (i.e., same as for subjects who had been assigned to placebo in the
core DB study). Subjects entered the OLE study on the concomitant AED regimen
they were on during the core DB study. The dose(s) of the concomitant AED(s)
could have been adjusted.
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Number of Subjects:

Planned: Up to 1430 subjects. Enrolled as of interim data cutoff date: 1218
subjects, including 124 adolescent subjects, defined as those aged 12 to 17 years
at the time of providing informed consent/assent in the core DBstudy.

Diagnosis and Main Criteria for Inclusion: Male and female subjects were eligible
for this OLE study if they completed the DB Phase (Visit 8) of Study 304, 305, or
306 and showed compliance with the inclusion and exclusion criteria for that
study (other than criteria related to seizure frequency); provided informed
consent for participation in the OLE study; were currently receiving treatment
with a stable dose of one to a maximum of three marketed AEDs (on a stable dose
of two or three marketed AEDs in Lithuania); and were considered reliable and
able to record seizure data and report AE information (or have a caretaker able to
perform these duties).

Test Product, Dose and Mode of Administration: Matching placebo 2-mg tablets,
oral

Duration of Treatment. The planned total duration of treatment during the OLE
study is up to 5 years or until the product becomes available commercially
(except in the United Kingdom and India where the total duration is 272 weeks
[16-week Conversion Period + 256-week Maintenance Period]).

Criteria for Evaluation:

Efficacy:

Efficacy assessments included seizure counts from subject diaries. The key
efficacy endpoints included the percent change in seizure frequency (all seizures
types) per 28 days during treatment relative to baseline as well as the proportion
of subjects who experienced a 50% or greater reduction in seizure frequency
during treatment per 28 days relative to baseline (responder).

Safety:

Safety assessments included examination of the incidence rates of AEs, SAEs,
and withdrawals due to AEs; changes in vital signs and body weight; changes in
laboratory test parameters; changes in withdrawal questionnaire responses,
changes in quantitative ECG parameters and rates of abnormal overall ECG
interpretations; and rates of concomitant medication use.

Statistical Methods: Efficacy analyses were based on the Full ITT Analysis Set,
while safety analyses were based on the Safety Analysis Set. The Safety Analysis
Set was defined as subjects who provided informed consent for the OLE study,
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received at least one dose of perampanel in the OLE study, and had at least one
post dose safety assessment in the OLE study (N = 1186 for overall population; N
= 121 for adolescent population). Thirty-two subjects were enrolled and treated in
the OLE study but were not included in the Safety Analysis Set as they did not
have any post baseline safety data after the first OLE dose as of the interim cutoff
date. The Full ITT Analysis Set was defined as subjects who provided informed
consent for the OLE, received at least one dose of perampanel in the OLE study,
and had valid seizure data during the perampanel treatment duration (DB and/or
OLE studies) (N = 1207 for overall population; N = 122 for adolescents). As
inclusion in the Full ITT Analysis Set for subjects treated in the OLE study was
dependent on availability of seizure data during perampanel treatment in the DB
and/or OLE studies, the number of subjects in this analysis set was higher than
that in the Safety Analysis Set (which required availability of data in the OLE
study) as of the interim cutoff date.

All data analyses were descriptive in nature, with summary statistics presented
for continuous endpoints and frequency counts presented for categorical
endpoints. Two general approaches were used to analyze efficacy data. The first
examined seizure data by maximum perampanel dose received and used the Pre-
perampanel Baseline for evaluating change. The second approach examined
seizure data as a function of randomized treatment group in the core DB study
and used the Pre-randomization Phase of the core DB study as the baseline for
evaluating change

The Pre-perampanel Baseline was defined as follows unless otherwise specified:

(1) for subjects who had been assigned to placebo treatment in the core DB
study, the Pre-perampanel Baseline was computed from all data during the core
DB study, and

(2) for subjects who had been assigned to perampanel in the core DB study, the
Pre-perampanel Baseline was computed from the Pre randomization Phase of the
core DB study. For all efficacy analyses, the perampanel treatment duration
consisted of (1) the DB (Titration + Maintenance Periods) plus the OLE
(Conversion + Maintenance Periods) for subjects assigned to perampanel in the
core DB study and who had a < 14-day gap in perampanel exposure between the
DB and OLE studies; (2) the OLE Treatment Phase for subjects assigned to
perampanel in the core DB study and who had a > 14-day gap in perampanel
exposure between the DB and OLE studies; or (3) the OLE Treatment Phase for
subjects assigned to placebo in the core DB study. For analyses using the Pre-
randomization Phase of the core DB study for determining baseline seizure
frequency, efficacy data were summarized by randomized treatment group in the
core DB study for the DB Titration Period, DB Maintenance Period, OLE
Conversion Period, and by 13-week intervals during the OLE Maintenance Period.
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Additional summaries of the efficacy endpoints were provided for subgroups
defined by age (<18, 18-64, and 265 years), sex, race (White, Asian or Pacific
Islander, and Other), and number of AEDs (one, two, three) at DB Baseline.
Summaries of the key efficacy endpoints were also examined for the subgroup of
adolescent subjects. Subgroup analyses were performed using both efficacy
analysis approaches (i.e., using Pre-perampanel Baseline and Pre-randomization
Phase Baseline). Safety data were summarized by maximum daily dose (defined
as <4 mg/day, 4 mg/day, >4 to 8 g/day, and >8 or 12 mg/day) and included data
from the entire perampanel treatment duration. The perampanel treatment
duration for AE analyses was defined as all exposure to perampanel in the core
DB study and current OLE study. The perampanel treatment duration for all other
safety endpoints was similar to that specified for the efficacy analyses, except
that for subjects assigned to perampanel treatment in the core DB study who had
a > 14-day gap in exposure between the core and current OLE study, the
treatment duration was defined as the either the DB or OLE treatment phase,
whichever was longer. Safety endpoints were also summarized for the subgroup
of adolescent subjects.

6 Review of Efficacy

Efficacy Summary

6.1 Indication

The indication proposed for perampanel in this application is for the treatment of
partial-onset seizures with or without secondarily generalized seizures in patients
with epilepsy aged 12 years and older.

6.1.1 Methods

The three adequate and well-controlled Phase 3 studies of perampanel as
adjunctive therapy for the treatment of partial-onset seizures, with or without
secondarily generalized seizures, were similar in design. Studies 306, 305, and
304 were randomized, double-blind, placebo-controlled, parallel-group,
multicenter investigations of the efficacy, safety, and tolerability of fixed doses of
perampanel given as adjunctive therapy (one to three concomitant AEDs) in
subjects aged 12 years and older (18 years for sites in some countries). The
controlled Phase 3 studies differed in the fixed doses of perampanel evaluated.

In Study 306, perampanel doses of 2 mg, 4 mg, and 8 mg once daily were
compared to placebo.
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The study design for Study 306 is depicted in the figure below, supplied by the
sponsor.

Figure 1  Study Design for Study 306
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Studies 305 and 304 compared daily perampanel doses of 8 mg and 12 mg once

daily to placebo. The doses evaluated in these studies were those expected to
show efficacy based upon results of earlier Phase 2 studies.

The study design for Studies 305 and 304 are the same and are depicted in the
figure below, supplied by the sponsor.

Figure 2 Study Design for Studies 305 and 304
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Pre- Follow-u
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Each of the Phase 3 studies consisted of three phases: Prerandomization Phase,
including a Screening visit and a 6-week prospective Baseline Period; Double-
blind Phase, consisting of a 6-week Titration Period and a 13-week Maintenance
Period; and a Follow-up Phase of 4-weeks duration for subjects who withdrew
prematurely or did not elect to enter the OLE study.

During the 6-week Prerandomization Phase, subjects who had provided written
informed consent and who met study eligibility criteria at Visit 1 were required to
record information about the number and type of seizures experienced in a daily
diary. To be eligible to continue in the study, subjects must have experienced five
or more partial-onset seizures (including at least two partial-onset seizures per
each 3-week period) during this 6-week study phase and must not have had a 25-
day period without seizures. Concomitant AED therapy must have remained
unchanged during this study phase.

The Double-blind Phase was 19 weeks in duration and included Titration and
Maintenance Periods. Subjects who met seizure frequency and type criteria
during the Prerandomization Phase were randomly assigned with equal
probability to receive study medication (placebo or 2, 4, or 8 mg perampanel in
Study 306; placebo or 8 or 12 mg perampanel in Studies 305 and 304),
administered once daily at bedtime with food. During the 6-week Titration Period
a subject’s dosage was increased in 2-mg increments on a weekly basis until the
target dose was achieved. During the 13-week Maintenance Period subjects
continued treatment with the randomly-assigned study medication in a blinded
fashion. Subjects continued to take their baseline AED medication regimen
throughout the Double-blind Phase and no changes to the concomitant AEDs
were permitted. Down-titration of study medication was permitted during the
Double-blind Phase for subjects experiencing intolerable adverse events; more
than one down-titration was discouraged and the dose was to be increased again
as soon as tolerability improved. Subjects who could not tolerate study drug (2
mg perampanel or placebo) by the end of the Titration Period were withdrawn
from the study. Subjects who completed the Double-blind Phase could enter the
OLE Study 307 and receive treatment with open-label perampanel.

Subjects who did not elect to enroll in the OLE study or who withdrew
prematurely during the Double-blind Phase entered the 4-week Follow-up Phase.
Study medication was discontinued at the start of this phase (i.e., there was no
downward titration of study drug). Although subjects did not receive study
medication during the Follow-up Phase, subjects and study sites remained
blinded to the identity of the study medication received during the Double-blind
Phase.
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6.1.2 Demographics

For all three studies, the overall proportion of males and females was
approximately equivalent. Between 8.5% and 11.4% of each study population
were less than 18 years of age. Only a small minority (1.4% to 3.1%) of subjects in
each study were 65 years of age or older. The controlled Phase 3 studies differed
in the geographic location of the study sites which resulted in differences seen in
the racial distribution of subjects between these studies. In each study, however,
the majority of subjects were White (265%).

The geographic distribution of sites randomizing subjects in Studies 306, 305,
and 304 is shown in the sponsor’s table below.

Table 10 The geographic distribution of sites randomizing subjects in Studies
306, 305, and 304

Geographic Begion Study EXMT-GOM-306 | Stody E2MOT-GO00-305 | Stody E2007-GO00-204

All Sites, W 712 EHY 300

Worth America, n (%) { 91 (334 I8 (58.5)
United Statas, n (%a) i 91 (234 203 (52.1)

Europe, n (%3) 416 (384 241 {52.0) Li]

Asia Pacific, m (%) 241 {33.8) 38 (9.8) ]

CanmralSouth America, o (%) 0 1] 162 (41.5)

Best of Werld, n (%) 55(1.T) 10 (4.9} ]

Source: 304, Table 14.1.2.4; 305, Table 14.1.2.4; 304, Table 14.1.2.4,

N (n) = number of subjects.

Percentazes ae based on the fofal mumber of modomized subjects

North Amsnica mchides Canada and U5

Europe mchades Ausimia, Belgiom, Bulzana, Czech Bepublic, Estonia, Fmland. France, Germany, Greece, Bungary, [srael, Italy, Lithuania,
Latvia, Netherlands, Poland. Porruzal Fomarda, Fussian Federadon, Serbia, Spain, Ukraine, and United Kinzdom.

Asia Pacific includes China, Hong Fong, India. Keorea, Malaysia, Philippines, Taiwan, and Thailand.

CentralSouth Amernica includes Argenting, Chils, and Mexico,

Best of Werld incfodes Aunstralia and South Afnca
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The important demographic characteristics for each of the 3 Phase 3 studies are
summarized in the sponsor’s table below.

Table 11 The important demographic characteristics for each of the 3 Phase 3

studies
Placebo FPerampanel
Img 4 mg Smg 12 mg Total Owverall Total
Study EX00T-C000-306
N 185 180 521 706
Sex, male. n (%) 95 (31.4) 85(47.2) 250 (48.00 345 (489
Mean (SD) aze” (years) 334 (12.55) 33.8(13.62) 34.0(12.87) 33.8(1278)
Ape category®, m (%)
18 vears 14 (7.6 21 (11.7) 13(7.6) 12 (1.1} 46 (8.8) 50 (B.5)

18 — 64 years 169 (91.4) 156 (86.7) 58 (91.9) 153 (90.5) 467 (89.6) G636 (90.1)

65+ years 2(L.1) 3.7 1(=1) 424 8(1.3) 10(1.4
Race, n (%)

White 110 (64.3) 19 (66.1) 103 (61.0) 116 (68.6) 340 (65.3) 430 (65.0)

Black or Affican/ American o o 0 1} [t} o

Aszian 34184 37(21.5) 28(16.6) 100 (19.2) 134 (19,00

Chinese/Japaness 31(16.8) 29 (169) 25 (14.8) 79 (15.2) 110 (15.6)

Other" L{=1) 1(=1) 0 2(=1) 3(=1)

Study EX0M0T-GO00-305

N 136 129 121 250 386
Sex, Male, n (%) 71(52.2 65 (50.4) 30(41.3) 113 (46.0) 136 (45.2)

Mean (SD)) age” (years)

34.4 (13.62)

Age category”, m (%)

36.7 (14.35)

35.5 (14.12)

36.1(14.22)

35.5 (14.02)

18 years 17 (12.5) 170133 10(8.3) 7 (10.8) H#14)
18 — 64 years 113 (36.8) 108 (34.5) 108 (00.1) 218 (7.1 336 (7.0
5+ years 1=1) 323 2(L7) 320 6(1.6)
Race, n (%)
White 115 (84.6) 107 (82.9) 100 (82.6) 207 (82.8) 327 (834
Black or African/American 1i=1) 2(1.8) 1=1) 312 4000
Asian 12 (8.8) 14(10.8) 16{13.2) 30 (12.0) 42 (10.9)
Chinese/Japanese o ] 0 0 0
Other” 8 (5.8) 6(4.7) 433 10 (4.0) 18 (4.6)
Study E200T-CH-304
N 121 133 134 267 388
Sex, Male, n (%) 54 (44.6) 65 (40.9) 60 (31.5) 134 (5032) 138 (48.5)
Mean (5D age’ (years) 356 (1467 358(1421) 36.7(14.64) 36.2(14.41) 36.0(1448)
Age category”, n (%)
18 years 14 (11.46) 15(11.3) 10(7.5) 39(10.1)
18 - 64 years 102 (84.3) 116 (87.2) 119 (B2.0) 337(869)
fi5+ years 54D (1.5 LTEN) 12(3.1)
Race, o (%)
White 103 (85.1) 115 (86.5) 116 (B6.6) 231 (B6.5) 334 (B6.1)
Black or African/ American 13 (10.7) 645 860 1453 mm
Asian 0 1(=1) 1{=1) =) 1(=1)
Chinese Tapanese 0 1(=1) 1{=1) =) 1(=1)
Other” 541 10 (7.5) 860 18(6.T) 23(39)

Reference ID: 3205728
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The subject’s epilepsy history is summarized in the sponsor’s table below for the
Safety Analysis Set in each of the three controlled Phase 3 studies. Subjects in
each controlled Phase 3 study had a long history of epilepsy with the mean time
since diagnosis for the overall Safety Analysis Set being approximately 19 years
for Study 306, 22 years for Study 305, and 24 years for Study 304. In each study,
complex partial seizures were the most common seizure type. To qualify for
enrollment in the Phase 3 studies, subjects had to have a documented
occurrence of at least five partial-onset seizures during the 6-week
Prerandomization Phase, with no seizure-free period exceeding 21 days. The
median frequency of all partial seizures per 28 days during the Prerandomization
Phase was generally consistent across treatment groups within each study: 9.33
to 10.93 in Study 306, 11.79 to 13.69 in Study 305, and 12.00 to 14.34 in Study 304.

Table 12  Subject’s epilepsy history

FPerampanel
Flacebo 2mg img % mg 1l mg Total Overall Total
Study E200T-CHM-306
N 185 180 172 168 521 706
Time since diagnosis (months)
n 185 180 171 168 319 T04
Mean (5D} 209.9 (128.10) 232.4(14520) | 236.9(14532) 2304 (142.62) 236.1 (144.26) 2282 (140.58)
Minimum, maximum 23, 608 &, 600 4, 652 T, 76O 6, 760 6, 760
Seimre type, n (%)
Simple partial without motor signs 32 (28.1) 53 (2949 48 (279 57 (337 138 (30.3) 210 (297
Simple partizl with motor sizns 55 (207 33 (294 4 (314 51 (30.2) 138 (30.3) 213 (303
Complex partial 155 (Bi.8) 153 (85.0) 147 (85.5) 138 (81T 438 (B41) 393 (B4
Complex partial with 2! generalized 136 (73.3) 115 (63.8) 118 (68.2) 117 (69.2) 351 (674) 487 (69.0)
Study E2T-GOM-305
N 136 128 121 250 3ad
Timea since diagnosis (months)
! 136 120 121 250 384
Mean (5D} 264.2(15530) 270.3 (163.36) 2550 (158.64) 263.3 (160.93) 263.6 (158.77)
Minimum, maxinmm a, 819 24, 743 23, 707 23,743 0. 819
Seimre type, n (%)
Simple partial without motor sizns 48  (35.3) 40 (38.0) 36 (20.8) 85  (34.0) 133 (34.3)
Simple partial with motor signs 30 (2L1) 3@ (30.2) g8 (314 77 (30.8) 107 (277
Complex partial 114 (83.8) 114 (B84 100 (82.6) 214 (B5.6) 328 (B5.)
Complex partial with ™ generalized 05 (600 00 (60.8) 77 (63.6) 167  (66.8) 262 (6790
Study EX00T-GOM-304
N 121 133 134 267 388
Time zince diagnosis (momths)
n 121 133 133 266 387
Mean (5D) 1806 (1343T) 282.8(162.24) ITOE(1TI4E 281.1(167.11) 283.8 (163.08)
Minimum  maximum 23, 719 11, 796 19, 797 11, 797 11, 797
Seimre type, o (%)
Simple partial without motor signs 48 (30T 50 (37.6) 45 (33.4) 93 (35.68) 143 (369
Simple partial with motor sizns 41 (339, 47 (35.3) 4 (209 87 (31.8) 128 (3300
Complex partial 107 (38.4) 116 (87.2) 122 (910 238 (89.1) 345 (889)
2™ peneralized 87 (719 o1 (684 101 (75.4) 192 (T1.%) 279 (7L9)

ble 14.1.4.1; 304, Tahle 14.14.1

subjects; standard deviation; 2* = secondanly.

perampanel dose was not evaluated in a particular study.

Percentages are based on the total mmber of randomized and treated subjects in relevant treatment Froup
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The subject’s in each of these Phase 3 studies were permitted to receive
treatment with up to three concomitant AEDs. The distribution of the number of
concomitant AEDs taken at baseline is summarized by treatment group in the
sponsor’s table below. Also summarized in this table are the most common
concomitant AEDs (i.e., those received by 10% or more of the total Safety
Analysis set for each study). Results for the controlled Phase 3 studies were
consistent in showing that only a minority of subjects (10.9% to 15.5%) were
receiving a single co-administered AED at baseline. The proportion of subjects
receiving three concomitant AEDs was somewhat higher for Studies 306 (37.1%)
and 305 (38.6%) than for Study 304 (28.9%). Carbamazepine, lamotrigine,
levetiracetam, and valproic acid were the most common co-administered AEDs in
each Phase 3 study. Results of drug-drug interaction studies, coupled with
findings from population-PK modeling using data from the Phase 3 studies,
suggest that perampanel is associated with few potential drug interactions,
particularly with other AEDs. The AEDs shown to be statistically significant
inducers of perampanel were carbamazepine, oxcarbazepine, and phenytoin.

For more detailed discussion refer to section 6.1.7.
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Table 13 Subject’s background AED therapy in each of the Phase 3 studies

Placebs Perampanel
I m= 4mg Sms 12 mg Total Orerall Total
Study EXNWT-GI0-306
M 135 180 172 169 521 706
Total AEDs at baseline * nf%a)
Ouly 1 AED 3 (151) i (18m 12 (11 27 (16m 76 (149 4 (147
Exactly 2 AFDs o0 (454 3 H4H 8 (513 8 485 50 (4800 ES O C e
Exactly 3 AFDs 67 (363) 7 (EREY] 65 (378 50 (355 195 (3749 262 (370)
Cormmon AEDs at hassline " n (%a)
Carbamazepine M (344 58 (3231 56 (314 53 167 (3L0) 231 (32T
Lamoirigine 57 (308 56 (31.1) 68 (395 6 190 (36.5) 47 (350)
Levetiracetam H“ (238 48 (267 45 (262 45 138 (26.5) 182 (258
Crocarbazepine 4 (195 3 (194 25 (143 34 o4 (1Bl 130 (184
Topiramate 51 (276 3B (211 0 233 40 113 (215 160 (239)
Valproic acid 77418 an (H4a 75 438 a3 218 (4.5 25 (418)
Study EXHT-GIH0-305
M 136 179 121 250 386
Total AEDs st baseline," nf%#)
Ouly 1 AED 17 (125 16 (124 a 74 25 (100 41 (109
Exactly 2 AFD: 4 @410 68 (527 63 (52.1) 131  (524) 195 (505)
Exactly 3 AFDs 35 (404 45 (345 40 (40.5) 94 (374 149 (38.4)
Common AEDs at baseline * n%o)
Carbamazepine 43 (314 3 47 (388 (360 133 (34.5)
Clobazam 12 (133 14 17 (143 31 (124 4% (127
Lamotrigine 7 (273 0 27 (223) 7 (26.8) 104 (26.9)
Levetracetam 52 (383 40 45 (389 95 (380 147 (381)
Crocarbazepine 13 (4% 25 24 (199 49 (19.8) 72 (187
Topiramare M (174 25 2 (183 47 (188 71 (184
Valproic acid 2 (239 25 28 (215 51 (2049 83 (215
Zonisamide 19 (1400 12 11 ®@.0 23 {8.2) 42 (108)
Study ENNT-GI0-304
N 121 133 134 257 388
Total AEDs at baseline® n (%)
COaly 1 AED 26 (195 19 (143 45 (169 o0 (155
Exactly 2 AFD= (524 82 @y 152 (56.9) 216 (35T
Exactly 3 AEDs 37 (278 33 (498 0 (26.2) 112 (289)
Common AEDs at baseline " n (%)
Carhamarepine 36 (298 42 9 (3648 a1 (4D 127 (327
Clonzzepem n (183 13 3 6.0 21 79 43 (111)
Lamotrigine il (358 40 36 (269 7 (28.5) 107 (27.6)
Levedracetam X 240 37 41 (30.4) 78 (203 107 (27.4)
Crcarbazeping X (240 19 0 (149 30 (144 a8 (179
Phemmnin 17 (140 18 15 (119 34 (127 5 (13.1)
Topiramate 15 (124 16 23 (173 30 (144 M (139
Valproic acid il (258 32 37 (278 69 (258 100 (25.8)
ZFomisamide 11 2.1 17 12 @0 20 (109 40 (103)
Source: 306, Table 14.1.6.2.1; 306, Takle 14.1.6.2.2; 305, Table 14.1.6.2.1; 305, Takle 14.1.6.2.2; 304, Takls 14.1.6.2.1; 304, Takle 14.1.6.2.2.

AED = anti-spileptic drag: N (n) = numbar of 5

Shaded arca indicate: perampansl doss was zot svahaied = a partioular study.

Percentages axe baved oo the tetal namber of randomized and teated subjects = relevazt treatment group
a: The subjects are classifed by the nambar of ant-eptleptic drags wied at bassling

ke AEDs used at basaline in at least 10% of subjects = the Cverall Total group.

90

Reference ID: 3205728



Clinical Review

Martin S. Rusinowitz, MD
NDA 202834
Fycompa/perampanel

6.1.3 Subject Disposition

The number of randomized and treated subjects who completed the study and the
reasons for premature discontinuation from double-blind treatment are
summarized for Studies 306, 305, and 304 in the sponsor’s table below.

For each Phase 3 study, results were consistent in showing that the subject
retention rate was relatively high and in a similar range for the placebo and 2 mg,
4 mg, and 8 mg perampanel treatment groups. In each of the three studies, the
most common reasons for discontinuation for all treatment groups were adverse
events and subject choice. In Studies 305 and 304, the percentage of subjects
who completed study treatment was lower for the perampanel 12 mg group than
for either the placebo or perampanel 8 mg group, with the difference due to a
higher rate of discontinuation due to adverse events in the 12 mg group. In each
study, <1% of all subjects in each study were discontinued due to a lack of
therapeutic effect. The overall percentage of subjects in the combined
perampanel treatment group who completed the double-blind study was
comparable among those whose background AED therapy included
carbamazepine (87.2%), oxcarbazepine (86.3%), lamotrigine (86.7%), levetiracetam
(84.8%), topiramate (86.4%), or valproic acid (87.7%).
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Table 14 Subject Disposition

Placeba Perampanel
lms 4 mg Smg 12 mg Total Orverall Total
Study E2007-GO00-306
Fandomized and wreated 1 185" 180° 172 160 521 706
Completed stdy”, o (34) 166 (20.T) 154 (85.6) 158 (01.9) 145 (85.8) 457(21.T) 623(28.0)
Discontimued pramansaly, o (%) 10 (10.3) 26144 14 (81} 24143 4 (12.3) 23 (1.8
Primary reason for disconfimstion
Adverse svent 6(32) 10 (5.6) 520 11 (6.5 26 (5.0) 3243
Subject choice 2(43) 950 BT 4T 25 (4.5) 33047
Lost to follow-1p 403 1{=1) [i 1i=1) 2{<1) £(=1)
Insdequase therapeutic afect [] 301D [} 1i=1) 4=1) 4(=1)
Adminismative/ Other 1{=1) 30D 1(=1} ) (L3} 2(1.1)
Study E2007-GO00-305
Pandomized and freated, 1 136 120 121 250 385
Completad stady”, o (%) 120{28.2) 108 (83.T) 93 (76.9) 201 (80.9) 321(8.3)
Discontimued premansaly, o (%) 16 (11.8) 21{16.3) 28230 49 (19.6) 65 (16.8)
Primary rezson for discontimestion
Adverse svent 4020 1185 13{10.0) 34 (13.8) 38 (0.5
Subject choice [IEES] T(5.4) 133 11 (44 17 (44
Inasdequate therapeutic affect 1{=1) 0 =1y 1=1) 2{=1)
Progressive diseasa” 1(=1) 0 ] 0 1(=1)
Adminismative/ Other 4028 3.3 [ 313 7(18
Study E2007-GO00-304
Pandomized and teated 0 121 133 134 267 388
Complated Smdy”, n. (%) 106 (7.6 114 (357 100 (74.6) 214 (80.1) 0825
Discontinued premaneely, o (%) 15(12.4) 19 (14.3) H254) 33 (19.9) 68(17.5)
Primary reason for discontimeation
Adverse svent T(58) 9 {6.8) #4078 33(124) 40(10.3)
Subject choice ETed)] 7(3.3) 4(3.0) 11(41) 1436
Lost o follow-1p 0 2(L5) 0 2(=1) 2(=1)
Inadequate therspeutic affect 2(17) 0 2(L3) 2(=1) 4(10
Administrative/Cthar e (=1 13.0) 5(1.9) 200

Sorce: 304, Tabls 14.1.2.1; 303, Table 14.1.2.1; 304, Tabls 14121

N (n) = oumbar of sabjects.

Shaded area mdicats peraezpancl dose was not evalkmited in 2 particnlar sudy.

Parceztagus are based oo the total oumbaer of randemized and treated subjects in mievant treatmeat growp.

a: Ons subject was mappropriately mndemized (sse Section 10.1 of comespending C5R).

b: As mported on the End of Study {Subject Dispesition) case repert form, sudy complation.

c: Subject 24125001 was mistakenly indicated as having progression of disease mstead of progression of seirnres.
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6.1.4 Analysis of Primary Endpoints

The primary efficacy assessment was based on the following:

« Primary efficacy endpoint: Percent change in seizure frequency per 28
days during the double-blind phase from baseline.

« Primary analysis: An ANCOVA was performed on the rank-transformed %
change data (both the baseline and % change seizure frequencies per 28
days). The model includes treatment and pooled countries as factors, and
the ranked baseline as a covariate.

« Multiplicity adjustment for multiple comparisons: A closed, sequential
testing procedure was employed to control the family-wise type-l error rate
for the analyses of the primary endpoint for different dose groups: first test
a lower dose, if the lower dose demonstrates superiority, then the next
higher dose will be tested.

The primary efficacy endpoint was based on seizure counts derived from the
subject diaries. Subjects, or a designated caregiver, completed a daily paper
diary on which they recorded seizure counts and type throughout the entire
study. All simple partial seizures (with or without motor signs), complex partial
seizures, and complex partial seizures with secondary generalization were
recorded. To try and ensure correct seizure classification, the investigator
reviewed the subject diary with the subject at both Visits 1 and 2. The seizure
diary was reviewed for completeness at each visit, and subjects were counseled
if diary compliance was unsatisfactory.

The prespecified primary efficacy endpoint was the percent change in seizure
frequency per 28 days during treatment relative to baseline. The sponsor’s table
below summarizes the percent change in seizure frequency per 28 days during
the Double-blind Phase relative to the Prerandomization Phase for the Full ITT
Analysis Set for each controlled Phase 3 study.

The median percent reductions in seizure frequency per 28 days during the
Double-blind Phase relative to Prerandomization for the Full ITT Analysis Set
were larger in all perampanel treatment groups than in the respective placebo
groups, except for the 2 mg group in Study 306. In all 3 studies the treatment
differences relative to placebo in the primary efficacy variable for the Full ITT
Analysis Set were statistically significant for the 4 mg, 8 mg, and 12 mg
perampanel treatment groups based on the rank ANCOVA. These results were
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supported by the log transformation-based ANCOVA, which also showed
statistical separation from placebo for all perampanel dose groups except
for the 2-mg group in Study 306, as detailed in the sponsor’s table below.

Table 15 Efficacy Results for all three Phase 3 Studies

Study/Parameter Perampanel
Statistics Placebo lmg 4mg §mz 1} mg
Study EXNT-GO00-306
N 184 180 12 168
Prerandomization seizure frequency
Median 033 10.12 10.02 1083
Percent change during Double-blind Phase
from Prerandomization
Median -10.69 -13.63 -13.33 -30.80
Median difference to placebo’ -4.38 -13.71 -20.13
[95% CD) (-14.081,5.21T) (-23.306, -4.500) (-28.636, -10.425)
P value vs, placebo’ 04187 0.0026 0.0001
Study E2T-GO00-305
N 13§ 128 121
Prerandomization seizure frequency
Median 11.79 13.02 13.60
Percent change during Double-hlind Phase
from Prerandomization
Medisn -09.72 -30.52 -17.37
Median difference to placebo’ -18.10 -13.69
(95% CT) (-20.160, -E.447) (-25.198,-2.157)
P valus vs, placebo 0.0008 0.0105
Study EXMOT-GOM-304
N 121 133 133
Prerandomization seizure frequency
Median 13.44 14.34 12.00
Percent Change during Double-blind Phase
from Prerandomization
Median change -20.085 -14.34 -34.48
Median difference 1o placebo® -13.53 -14.20
95% CT) (-26.172, -1.949) (-25.030, -2.719)
P value ws. placebo” 0.0261 00158
Source: 306, Table 14.2.1.1.4.1; 303, Table 142.1.1.1.1; 304, Table 14.2.1.1.6.1.

ANCOWVA = analysis of covariance: CT = confidence interval; ITT = intent-to-treat; W = oumber of subjects; w3 = versus

a- The median difference to placebe and the 95% confidence interval are based on the Hodzes-Lehmann methad.

b For analysis windows, the P value is based on rank AWCOVA for percent change from Prerandomization of ssimmre frequency per 28 days with weatment and pooled country as facters, and
Prerandomization seizure frequency per 28 days as covariatz. The Prerandomization and post randemizaton eficacy measurements are rank mansformed separataly.

Primary Efficacy Result Study 306

Efficacy was derived from the change in seizure frequency over the Double-blind
Phase relative to the Prerandomization Phase in the Full ITT Analysis Set. For this
analysis, both the baseline seizure frequency per 28 days and the percent change
per 28 days during treatment were rank transformed separately. An ANCOVA was
then conducted on these rank-transformed percent change data, with treatment
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and pooled countries as factors, and the ranked baseline seizure frequency per
28 days as a covariate.

To help determine the robustness of the analysis method, a sensitivity analysis
was conducted using a protocol-specified log transformation-based ANCOVA.
Sequential procedures, pre-specified in the individual study SAPs, were used to
control the family-wise Type | error rate at the 0.05 two-sided alpha level due to
multiple treatment comparisons of the primary efficacy variable. In this
procedure, the perampanel dose groups were compared with placebo, within
each study, according to the following hierarchy. The 8-mg dose was compared
with placebo at the 0.05 two-sided alpha level. If the treatment difference was
statistically significant, this dose was declared efficacious, and the next dose
group (12 mg in 305 and 304; 4 mg in 306) was compared with placebo at the 0.05
two-sided alpha level. If this treatment difference was statistically significant,
both doses were declared efficacious, and the lowest dose group (2 mg for 306)
was compared with placebo at the 0.05 two-sided alpha level. If no statistically
significant treatment difference was detected between perampanel and placebo at
any dose level (in the specified dose order), the procedure was to stop and to
conclude that the specific perampanel dose group and any other dose groups
were not statistically significant.

The following table, developed with statistician Dr. Cherry Liu, shows the
decrease in seizure frequency per 28 days during the Double-blind Phase relative
to Baseline for the three doses of perampanel evaluated in Study 306.
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Table 16 Decrease in seizure frequency per 28 days during the Double-blind
Phase relative to Baseline for the three doses of perampanel evaluated
in Study 306

Percent Change in Seizure Frequency per 28 Days During the Double-blind Phase
Relative to Baseline ( ITT), Study 306

Statistic Placebo Perampane]

2 mg 4 mg 8 mg
1 18] |77 168 166
Median 1011 1413 2399 3134
Median Difference to 2307 -69.92 9243
Placebo (93% CI) (-63.59,17.03) | (-110.84,-29) | (-133.32,-31.38)
P-value 0.26 0.0008 <0.0001

There were no US sites in this study, which was conducted at 116 sites in
Australia, Bulgaria, China, Czech Republic, Estonia, Germany, Hong Kong,
Hungary, India, Italy, Latvia, Lithuania, Malaysia, Philippines, Poland, Portugal,
Romania, Serbia, South Korea, Spain, Taiwan, Thailand and Ukrane.

In Europe, 4 and 8mg doses were effective and in Asia 8mg was effective while
there was no effect in Russia.

The table below, jointly prepared with statistician Dr. Cherry Liu, details these
findings.
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Table 17 Geographic Differences in Seizure Frequency in Study 306

Percent Change in Seizure Frequency per 28 Days During the Double-blind Phase Relative to
Baseline (ITT) by Region, Study 306
Region | Statistic Placebo Perampanel
2 mg 4 mg § mg
Europe n 103 101 96 100
Median -12.66 -13.72 -25.24 -34.89
Median Difference -25.36 -87.37 -96.71
to Placebo (93% CI) (-79.68,28.96) | (-142.53,-32.2) | (-151.18,-42.26)
P-value 0.36 0.002 0.0005
Asia |n 62 60 60 30
Median -8.12 -19.78 -23.45 -36.76
Median Difference -46.76 -47.41 -116.73
to Placebo (95% CI) (-116.87,23.35) | (-117.35,22.52) | (-190.24,-43.23)
P-value 0.19 0.18 0.002
Russia | n 17 16 12 16
Median -3.28 14.61 -5.83 0.46
Median Difference -23.27 -471.73 7.85
to Placebo (93% CI) (-63.59,17.05) | (-184.56,89.1) | (-120.73,136.44)
P-value 0.26 0.49 0.9

*Statistically significant at 0=0.03

The ITT analysis showed that only the two higher doses (4 and 8mg) seemed to
be effective in showing a statistically significant reduction in percent change in
seizure frequency per 28 days during the double-blind phase from baseline. The
subgroup analysis supports that the two higher doses were effective in the
Europe and Asia region.
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Primary Efficacy Result Sfudy 305

Efficacy is derived from the change in seizure frequency over the Double-blind
Phase relative to the Prerandomization Phase in the Full ITT Analysis Set. For
this analysis, both the baseline seizure frequency per 28 days and the percent
change per 28 days during treatment were rank transformed separately. An
ANCOVA was then conducted on these rank-transformed percent change data,
with treatment and pooled countries as factors, and the ranked baseline seizure
frequency per 28 days as a covariate. To help evaluate the robustness of the
analysis method, a sensitivity analysis was conducted using a protocol-specified
log transformation-based ANCOVA. Sequential procedures, pre-specified in the
individual study SAPs, were used to control the family-wise Type | error rate at
the 0.05 two-sided alpha level due to multiple treatment comparisons of the
primary efficacy variable. In this procedure, the perampanel dose groups were
compared with placebo, within each study, according to the following hierarchy.
The 8-mg dose was compared with placebo at the 0.05 two-sided alpha level. If
the treatment difference was statistically significant, this dose was declared
efficacious, and the next dose group (12 mg in 305 and 304; 4 mg in 306) was
compared with placebo at the 0.05 two-sided alpha level. If this treatment
difference was statistically significant, both doses were declared efficacious, and
the lowest dose group was compared with placebo at the 0.05 two-sided alpha
level. If no statistically significant treatment difference was detected between
perampanel and placebo at any dose level (in the specified dose order), the
procedure was to stop and to conclude that the specific perampanel dose group
and any other dose groups were not statistically significant.

The following table, developed with statistician Dr. Cherry Liu, shows the
decrease in seizure frequency per 28 days during the Double-blind Phase relative
to Baseline for the three doses of perampanel evaluated in Study 305.
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Table 18 Primary Efficacy Results for Study 305

Percent Change in Seizure Frequency per 28 Days During the Double-
blind Phase Relative to Baseline ( ITT), Study 303
Stafistic Placebo Perampanel
s mg 12 mp
! 136 129 12]
Median 97 30,52 1737
Medan Difference to 4350 33
Placebo (93% CI) (-71.86,-19.14) |  (-61.74,-8.26)
P-value 0.0008 0.0103

As detailed in the table below, jointly produced with statistician Dr. Cherry Liu,
efficacy was demonstrated in Europe only, while there was no statistically
significant effect in the US, India and Russia. 84 sites were involved in Austria,
Australia, Belgium, Germany, Finland, France, Greece, India, Israel, Italy,
Netherlands, Russia, Sweden, South Africa, UK and US.
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Table 19 Geographic Differences in Seizure Frequency in Study 305

Percent Change in Seizure Frequency per 28 Days During the Double-blind Phase
Relative to Baseline (ITT) by Region, Study 305
Region Statistic Placebo Perampanel
8 mg 12 mg
Europe n 84 75 70
Median -2.11 -20.04 -14.88
Median Difference -50.77 -44.08
to Placebo (95% CI) (-84.95, -16.6) (-78.87,-9.27)
P-value 0.004* 0.013*
USA n 33 31 27
Median -23.31 -41.64 -21.64
Median Difference -35.62 -0.62
to Placebo (95% CI) (-86.35,15.11) (-53.77, 52.53)
P-value 0.17 0.98
India n 10 14 14
Median -33.79 -45.42 -30.66
Median Difference 3.83 -1.09
to Placebo (95% CI) (-110.07,117.73) (-106.76, 104.59)
P-value 0.95 0.98
Russia n 9 10 9
Median -5.63 -23.67 -31.02
Median Difference -70.98 -75.84
to Placebo (95% CI) (-173.68, 31.72) (-175.16, 23.49)
P-value 0.17 0.13

*Statistically significant at a=0.05

The ITT analysis showed that both doses, 8 and 12mg, seemed to be effective in
showing a statistically significant reduction in percent change in seizure
frequency per 28 days during the double-blind phase from baseline. In this
analysis, 8mg appears to be more efficacious than 12mg. The subgroup analysis
showed that the efficacy was only demonstrated in Europe, but not other regions,
including the USA.

Primary Efficacy Result Study 304
Efficacy is derived from the change in seizure frequency over the Double-blind

Phase relative to the Prerandomization Phase in the Full ITT Analysis Set. For this
analysis, both the baseline seizure frequency per 28 days and the percent change

100
Reference ID: 3205728



Clinical Review

Martin S. Rusinowitz, MD
NDA 202834
Fycompa/perampanel

per 28 days during treatment were rank transformed separately. An ANCOVA was
then conducted on these rank-transformed percent change data, with treatment
and pooled countries as factors, and the ranked baseline seizure frequency per
28 days as a covariate to determine the robustness of the analysis method, a
sensitivity analysis was conducted using a protocol-specified log transformation-
based ANCOVA. Sequential procedures, pre-specified in the individual study
SAPs, were used to control the family-wise Type | error rate at the 0.05 two-sided
alpha level due to multiple treatment comparisons of the primary efficacy
variable. In this procedure, the perampanel dose groups were compared with
placebo, within each study, according to the following hierarchy. The 8-mg dose
was compared with placebo at the 0.05 two-sided alpha level. If the treatment
difference was statistically significant, this dose was declared efficacious, and
the next dose group (12 mg in 305 and 304; 4 mg in 306) was compared with
placebo at the 0.05 two-sided alpha level. If this treatment difference was
statistically significant, both doses were declared efficacious, and the lowest
dose group was compared with placebo at the 0.05 two-sided alpha level. If no
statistically significant treatment difference was detected between perampanel
and placebo at any dose level (in the specified dose order), the procedure was to
stop and to conclude that the specific perampanel dose group and any other
dose groups were not statistically significant.

The following table, developed with statistician Dr. Cherry Liu, shows the
decrease in seizure frequency per 28 days during the Double-blind Phase relative
to Baseline for the three doses of perampanel evaluated in Study 304.
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Table 20 Primary Efficacy Results for Study 304

Percent Change in Seizure Frequency per 28 Days During the Double-blind
Phase Relative to Baseline (ITT), Study 304
Statistic Placebo Perampanel
8 mg 12 mg
n 121 133 133
Median -20.95 -26.34 -34.49
Median Difference to -13.53 -14.20
Placebo (95% CI) (-26.17,-1.94) (-25.03, -2.73)
P-value 0.0261 0.0184

This study was conducted at 77 sites, in five countries, including Argentina,
Canada, Chile, Mexico and the US. As detailed in the sponsor’s table below, the
greatest efficacy was demonstrated in North America, while there was no
evidence of effectiveness in Central and South America where there was a high

placebo rate.
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Table 21

Geographic Differences in Seizure Frequency in Study 304

Percent Change in Seizure Frequency per 28 Days During the Double-blind
Phase Relative to Baseline (ITT) by Regions, Study 304
Region Statistic Placebo Perampanel
8 mg 12 mg
North America: | n 73 74 80
CAN, USA Median -11.34 -27.63 -36.91
Median Difference to -01.18 -62.96
Placebo (95% CI) (-96.95,-2541 | (-98.01,-27.91)
P-value 0.0009* 0.0005*
Central & n 48 59 53
South America: | Median -26.92 -24.88 20.73
ARG, CHI, Median Difference to 14.69 14.72
MEX Placebo (95% CI) (-27.94,57.33) | (-28.91, 58.35)
P-value 0.50 0.51
USA n 66 64 72
Median -9.52 -25.38 -35.22
Median Difference to -30.94 -37.06
Placebo (95% CI) (-50.46,-11.42 | (-56.04,-18.09)
P-value 0.002 0.0002

*Statistically significant at 0=0.05

The ITT analysis showed that both doses, 4 and 8mg, seemed to be effective in
showing a statistically significant reduction in percent change in seizure
frequency per 28 days during the double-blind phase from baseline. A subgroup
analysis demonstrates efficacy in North America, but not in Central and South

America.
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6.1.5 Analysis of Secondary Endpoints

The 50% responder rate was the key secondary efficacy endpoint. The other
secondary endpoint was the percent change in the frequency of complex partial
plus secondarily generalized seizures.

A responder was defined as a subject who experienced a 50% or greater
reduction in seizure frequency per 28 days during the Maintenance Period (with
LOCF imputation) relative to the Prerandomization Phase. The responder rate
calculations were done using data from the Maintenance Period to avoid the
potential confounding influences of dose titration. Results of the analysis of the
responder rate for the Full ITT Analysis Set are summarized for each controlled
Phase 3 study in the sponsor’s table below.

Table 22 50% Responder Rate for all three Phase 3 Studies

Stody Perampanel
Flacebo
Parameter/Statistics 1 mg 4 mg 3 mg 11 mg
Study EX00T-GO00-204
M 124 180 172 159
Feesponder, o (%a) 33(17%) 37 (20.6) 49 (28.5) 50349
P walus vs. placebo” 04863 0.0132 00003
Study EX00T-GO00-205
N 134 129 121
Fesponder, o (%) 20 (14.7) 43 (33.3) 41 (33.9)
P value vs.placebo” 0.0018 00006
Study EX00T-GO00-204
N 121 133 133
Fesponder, o (%a) 32264 50 (37.8) 48 (36.1)
P value vs. placsho® 0.0760 00014

Source: 304, Table 14223 5 305, Table 14.2.2.3.5.1; Smdy 304, Table 1422351,

Shaded ares indicates perampane] dose was nof evalusted in & parioolar stady.

CMH = Cochran-Mantel- Heenszel; ITT = inteni-io-meat; LOCE = last observation carmed forwand; I (n) = momber of subjects;
Vi = VErEs.

3 The P value is based on non-missing values and is from the CRIH test adjusted for pooled commmy.

In all three Phase 3 studies the responder rate was numerically greater for all
perampanel dose groups than for the respective placebo group. The treatment
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differences relative to placebo in the responder rate during the Maintenance
Period for the Full ITT Analysis Set were statistically significant for the
perampanel 4-mg and 8-mg groups in Study 306 and for the perampanel 8-mg and
12-mg groups in Study 305

While the responder rates for the perampanel 8-mg and 12-mg groups in Study
304 were similar to those for the 8 mg and 12 mg groups in Study 305, the
responder rate in the placebo group was higher for Study 304 (26.4% in Study 304
versus 14.7% in Study 305). As a result, the treatment differences relative to
placebo for the 8-mg and 12-mg groups in Study 304 did not achieve statistical
significance (P = 0.0760 and P = 0.0914, respectively). The high placebo response
in Study 304 appears to have been driven by data from sites in Central and South
America (162 of 390 sites, 41.5%). When only data from North American sites
were evaluated for this study, the responder rates during the Maintenance Period
(LOCF) for the 8-mg and 12-mg perampanel groups were statistically significantly
higher than those for the placebo group (P values of 0.0209 and 0.0169,
respectively).

The median percent change in the frequency of complex partial plus secondarily
generalized seizures during the Double-blind Phase relative to the
Prerandomization Phase for the Full ITT Analysis Set is summarized for each
controlled Phase 3 study in the sponsor’s table below. The results for this seizure
type were consistent with those for all seizures in demonstrating that the median
percent reductions in the frequency per 28 days of these seizures during the
Double-blind Phase (Full ITT Analysis Set) were statistically significantly larger in
the perampanel 4 mg and 8 mg groups in Study 306, and in the 8 mg and 12 mg
groups in Studies 305 and 304, than in the respective placebo group based on the
rank ANCOVA.
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Table 23 Median percent change in the frequency of complex partial plus
secondarily generalized seizures during the Double-blind Phase in all
three Phase 3 Studies

Study/Parameter Ferampanel
Statistics Flaceba lmg 4 mz S mg 11 mg
Study E207-CO00-306
N 169 167 157 154
Prerandomization seiznre frequency
Medizn 6.15 683 751 7.70
Percent change during Double-blind Phase
from Prerandomization
Median 7.63 -20.50 -31.18 -13.60
Median difference to placebo” -3.26 -14.40 -18.32
(93% CT) (-13.585, 7.305) (-25.082, -3.498) (-20.7882, -8.615)
P valua vs. placebo’ 0.6504 0.0070 0.0005
Study E2NT-GOM-305
N 126 112 113
Prerandomization seiznre frequency
Medizn 2.20 7.51 10.18
Percent change during Double-blind Phase
from Prerandomization
Median -B05 3272 -11.89
Median difference to placebo® -13.07 -17.45
(95% CT) (-34.708, -10.349) (-202269, -5.703)
Pvalua vs, placebo’ 0.0007 0.0045
Study E20NT-GO0-304
N 110 120 120
Prerandomization seizre frequency
Median 845 8.20 9.63
Percent Change during Double-blind Phase
from Prerandomization
Median changze -17.88 -33.03 -33.06
Median difference to placeba’ -20.37 -17.90
(95% CT) (-33.164, -7.741) (~30.313, 4.663)
P value vs. placebo’ 0.0020 0.0081

Source: 306, Table 14.2.10.1; 303, Tahle 14.2.2.1.1; 304, Tahle 1421411

ANCOVA = analysis of covariance; CT= confidence inferval, ITT = mtent-to-mreat; W = number of subjects; vs = versus.

u: The median difference to placebo and the ¥5% confidence interval are based on the Hodzes-Lehmann method.

b For analysis windows, the P value iz based on rank ANCOVA for percent changs from Prerandomization of seizure frequency per 28 days with freatment and pooled country as factors, and
Premndomization seizure frequancy per 28 days as covariate. The Prerandomization and post andomization efficacy measurements are rank mansformed separately.

6.1.6 Other Endpoints

The primary (section 6.1.4) and secondary endpoints (section 6.1.5), and many of
the exploratory endpoints, were based on seizure counts from subject diaries.
Other exploratory endpoints were based on the Global Impression of Change
questionnaires and the Quality of Life in Epilepsy Questionnaire.

106
Reference ID: 3205728



Clinical Review

Martin S. Rusinowitz, MD
NDA 202834
Fycompa/perampanel

Exploratory Endpoints

Change in the Number of Seizure-free Days

At baseline, the mean number of seizure-free days per 28 days was approximately
17 days in each treatment group for the ITT Analysis Set. In the Double-blind
Phase, there were mean increases in the number of seizure-free days of 0.8 days
in the placebo group, 1.5 days in the perampanel 2 mg group, 1.8 days in the
perampanel 4 mg group, and 2.1 days in the perampanel 8 mg group. The P
values for the comparison with placebo were 0.0965 for 2 mg, 0.0153 for 4 mg,
and 0.0006 for 8 mg.

Percentage of Subjects Who Achieved Seizure-free Status

Among the subjects in the ITT Analysis Set with at least 28 days of treatment in
the Maintenance Period, 7.0% of those in the placebo group, 9.1% of those in the
2 mg group, 9.3% of those in the 4 mg group, and 11.3% of those in the 8 mg
group achieved seizure-free status during the last 28 days of treatment. The P
values for the comparison with placebo were 0.5487, 0.5478, and 0.2416,
respectively. Among those who completed the Maintenance Period, the
percentages of subjects who achieved seizure-free status were 1.2% in the
placebo group, 1.9% in the 2 mg group, 4.4% in the 4 mg group, and 4.8% in the 8
mg group. The P values for the comparison with placebo were 0.6745, 0.0972, and
0.0875, respectively.

Responder Rates for Complex Partial Seizures plus Secondarily Generalized
Seizures

The responder rates during the Maintenance Period (LOCF) were 24.0% in the
placebo group, 27.4% in the 2 mg group, 35.9% in the 4 mg group, and 39.1% in
the 8 mg group. The P values for the comparison with placebo were 0.4583 for 2
mg, 0.0183 for 4 mg, and 0.0048 for 8 mg.

Responder Rates for Secondarily Generalized Seizures

The responder rates during the Maintenance Period (LOCF) were 45.6% in the
placebo group, 44.8% in the 2 mg group, 50.0% in the 4 mg group, and 61.7% in
the 8 mg group. The P values for the comparison with placebo were 0.5373 for 2
mg, 0.7062 for 4 mg, and 0.2708 for 8 mg.
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The following exploratory endpoints were similar in all three Phase 3 studies.
Details are shown for Study 306 which appears representative of the others.

Clinical Global Impression of Change

The results for the Clinical Global Impression of Change in Study 306 are
illustrated in the sponsor’s figure below. At the end of treatment, 15.9% of the
subjects in the placebo group, 21.3% of those in the 2 mg group, 28.1% of those
in the 4 mg group, and 30.4% of those in the 8 mg group were considered much
or very much improved by the investigators; the remaining subjects were rated
minimally improved to very much worse. The P values for the differences relative
to placebo were 0.2093 for 2 mg, 0.0063 for 4 mg, and 0.0013 for 8 mg.

Figure 3 Clinical Global Impression of Change in Study 306

Histegram of Clinical Global Impression of Cha.n-Ee_.a_t '..t‘u'.e_e-k_-{BIEnd of Treatment - Intent-to-Treat Analysis Set

1001

80

&0

Proportion of Subjects (%)

Placebo (N=175) 2 mg (N=167) 4 mg (N=166) 8 mg (N=158)

1=Very much improved, 2=Much improved, 3=Minimally improved, 4=No Change,
5=Minimally worse, 6=Much worse, 7=Very much worse
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Patient Global Impression of Change

The results for the Patient Global Impression in Study 306 are illustrated in the
sponsor’s figure below. At the end of treatment, 23.1% of the subjects in the
placebo group, 24.3% of those in the 2 mg group, 32.1% of those in the 4 mg
group, and 32.3% of those in the 8 mg group considered themselves much or
very much improved; the remaining subjects considered themselves minimally
improved to very much worse. The P values for the differences relative to placebo
were 0.8039 for 2 mg, 0.0618 for 4 mg, and 0.0529 for 8 mg.

Figure 4 Patient Global Impression of Change in Study 306

g T
Histogram of Patient Global Impression of Change at Week 1%/End of Treaiment - Intent-to-Treat Analysis Set

100

B0

60

Proportion of Subjects (%)

Placebo (N=172) 2 mg (N=167) 4 mg (N=164) 8 mg (N=159)

Note: 1=Very much improved, 2=Much improved, 3=Minimally improved, 4=No Change,
5=Minimally worse, 6=Much worse, 7=Very much worse.
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QOL/E-31-P

The QOLIE-31-P results for the ITT Analysis Set including: change from baseline
to end of treatment, percent change from baseline to end of treatment and
percentages of subjects with 2 12-point improvement (i.e., clinically meaningful
improvement) in the seven QOLIE-31-P subscales, plus the overall score at the
end of treatment are shown in the sponsor’s figure below. The changes in quality
of life were similar in the placebo, 2 mg, 4 mg, and 8 mg treatment groups.

Figure 5 QOLIE-31-P Results for the ITT Analysis Set in Study 306

Bar Plot of QOLIE-31P Mean Patient Ranked Priorities — Inent-do-Treat Analysis Set
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6.1.7 Subpopulations

Data from Studies 306, 305, and 304 were pooled for additional analyses of
efficacy in various subpopulations. This pooling was especially helpful for
perampanel doses of 8 mg and 12 mg, as the 8 mg dose was evaluated in all three
studies and the 12 mg dose was evaluated in two of the three studies.

The consistency of the perampanel treatment effects relative to placebo was
analyzed for subgroups of subjects with different demographic backgrounds
(age, sex, race, concomitant AEDs) and for subjects enrolled at US sites. The
subgroup analyses for demographic background and geographic region were
performed using the primary (median change in seizure frequency per 28 days
during the Double-blind Phase) and secondary (responder rate and median
change in frequency of complex partial plus secondarily generalized seizures per
28 days during the Double-blind Phase) efficacy variables. In addition, subgroup
analyses explored the perampanel treatment effects based upon the specific
concomitant AEDs being used.

Overall, the effects of perampanel, based on results of the primary and secondary
efficacy variables, were consistent across all subgroups analyzed. Treatment with
perampanel, at doses of 4 to 12 mg, was effective regardless of the subjects’
demographic background or co-administered AEDs and for subjects enrolled at
US sites.

Efficacy by Age Group

Subjects were categorized into three age subgroups: <17 years, 2 17 to < 65
years, and 2 65 years. Of the 1478 subjects in the integrated Full ITT Analysis Set,
110 (7.4%) subjects were younger than 17 years, 1340 (90.7%) were aged from 17
years to < 65 years, and 28 (1.9%) were aged 65 years or older. The distribution of
age subgroups was similar for the placebo and perampanel groups.

A summary of the results for the three efficacy variables (median percent change
in seizure frequency per 28 days in the Double-blind Phase, responder rate for the
Maintenance Period, median percent change in frequency of complex partial plus
secondarily generalized seizures per 28 days in the Double-blind Phase) by
treatment group is summarized for the age subgroups of < 17 years and 2 17 to <
65 years (integrated Full ITT Analysis Set) in the sponsor’s table below. Because
of the small number of subjects aged 2 65 years, differences among the
treatment groups for this age subgroup would not allow a meaningful evaluation.

Results for the < 17 years of age subgroup analyses indicated that perampanel at
doses of 4 mg to 12 mg was effective relative to placebo in reducing the
frequency of all partial-onset seizures as well as complex partial plus secondarily
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generalized seizures, during the Double-blind Phase relative to Prerandomization.

Additionally, treatment with perampanel doses of 4 mg to 12 mg resulted in
higher responder rates during the Maintenance Period (when doses were more
stable). The magnitude of the treatment effect (median difference relative to
placebo) for the median percent change in seizure frequency per 28 days for
perampanel doses of 4, 8, and 12 mg was similar among the < 17 and 17 to < 65

year-old subgroups.

Table 24 Summary of Efficacy Variables by Age Group

Suobgroup FPerampanel
Parameter/Statistics FPlacebo 1 mg 4 mg 5 m= 12 mg
Age: < 17 vears
Al pamial seizare frequency per 28 days
Total N i3 14 2 18
Medizn percent chanze o Double-hlind Phase -11.59 17.32 -13.01 -33.55 -40.01
Median difference to placebo 32.60 -10.19 -1398 -13.66
(05% CTy” (6.084, 58.81T) (41.304, 17407 (-41.827_ 4400) (-48.172, 2.906)
Fesponder rate
Totsl N 33 14 @ 31 18
Responders, n (%a) 10 (26.3) o 2223 12 (38.7) 9 (500
Complex parnal plos secondanly generalized seimires per
28 days
Totsl N 32 13 i 10 13
Median percent change to Double-blind Phase -4.17 17.46 4012 -32.72 -44.50
Median dfference fo placebo 5 -33.50 -19.15 -3271
(@5% CI* (-2.723, 50.931) (-58.712, -6.267) (48,081, 12.277) (-60.935, 5243)
Age: = 17 to < 65 years
Al pamial ssimares per 28 days
Totsl N 303 163 162 391
Medisn percent chanze wo Double-hlind Phase -12.77 -15.34 -1341 -28.07
Median difference to placebo 4048 -12.07 -13.43
(85% CT)" (-13.331 3.161) (-21.324, -5.033) (-24.928, -12.062)
Fesponder rate
Total N 3035 163 162 301 120
Besponders, o (%a) 73 {18.5) 34 ({20.9) 47 (29.00 138 (35.3) 17 (33.60
Complex partial phos secondanly generalized seimires per
28 days
Tomln 366 151 356 114
Median percent change to Double-blind Phase -13.87 -12.03 3 -35.65 -18.39
Median difference o placebo -5.18 5 -2116 -15.33
(85% CT)' (-17.242. 0.935) (-15.525, -65.447) {-18.283, -14.070) {-23.548, -6.879)

Source: Table 14.2.1.2.1; Table 14.2.2 2; Table 14.2.3.2.1

1 = confidence interval, ITT = intent-to-treat; 1 (n) = munber of subjects.

@ The median difference to placebo and the 95% confidence interval are based on the Hodzes-Lehmann meathod.

Efficacy Based on Sex

The integrated Full ITT Analysis Set was comprised of 759 (51.4%) females and
719 (48.6%) males. The demographic and medical history characteristics for
males and females were similar. The mean age was 34.1 and 35.5 years for males
and females, respectively. The mean time since diagnosis was approximately 20
years for males and females (244.9 and 260.1 months, respectively), and about
85% of subjects in both subgroups (83.2% and 87.7%, respectively) had complex
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partial with or without secondarily generalized seizures. Efficacy results for
perampanel were consistent in males and females, with both subgroups showing
improved seizure control with perampanel 4 mg, 8 mg, and 12 mg relative to
placebo. The magnitude of the treatment effect relative to placebo for the median
percent change in seizure frequency per 28 days (all partial seizures and complex
partial plus secondarily generalized seizures) was higher for females than for

males, as detailed in the sponsor’s table.

Table 25 Treatment Effect by Sex

Sobgroup Perampanel
Parameter Statistics FPlacebo lmg 4 mg S mz 12 mg
Sex: Males
All pamial seimare frequency per 28 days
Totl M 220 85 g8 207 119
Median percent chanse in Double-blind Fhase -15.00 -16.33 -17.01 -22.82 -24.34
Median differsnce to placebo 207 =587 -1148 11.76
(95% CT° (-13.832, 9.333) {-16.605, 5.065) (-20.045, -2.338) -22.451, -0.871)
F.esponder rate
Totaln 220 85 88 207 119
Responders. n (%a) 38(17.3) 20 (23.5) 73 (26.1) &4 (30.9) 40 (33.6)
Complex partial plus secondarily generalized seizures par
28 days
Toml W 203 78 T 185 107
Median percent change i Double-blind Fhase -16.42 -13.47 -30.53 -31.67 -1283
Median difference to placebo 048 -081 -13.78 -8.80
(95% CI* {-12.171, 12.628) {-22.484, 3.643) (-23.311, -3.630) (-20.603, 3.250)
Sex: Females
All partial seimmres per 28 day:
Total M 221 95 24 224 135
Median percent change in Double-blind Fhase -11.61 -12.20 -16.19 -34.15 -30.18
Median difference to placebo -354 -18.04 -2300 -19.41
(85% CT° (-14.633. 7.219) (-30.128, -7.843) {-32.732. -15.614) (-20.371, -0.484)
Fesponder rate
Total M 221 95 24 224 135
Responders. n (%a) 47{21.3) 17 (17.9) 26 (31.00 88 (39.3) 49 (36.3)
Complex partial plus secondarily genemlized seizures per
28 days
Torln 02 89 78 208 126
Median percent chanze in Diouble-blind Phase -12.35 -25.07 -32.31 -39.54 345
Median difference to placebo -11.38 -1472 27172 -22.67
(5% CI)" (-23.001. 0.514) (-35.932 -B.057) (-37.204,-17.948) (-33.407_-11.798)

Source: Table 14.3.1.4.1; Table 142.24; Table 1423 4.1
CI=confidence interval, TTT = intent-to-treat; 1 {n) = mumber of subjects.

a: The median difference to placebo and the 95% confidence inferval are based on the Hodzes-Lehmann mathod.
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Efficacy Based on Race

About three-quarters of the 1478 subjects in the integrated Full ITT Analysis Set
were White. The distribution of the remaining subjects was 19.6% Asian or Pacific
Islander, 2.1%, Black or African American, and 3.0% of other racial origins. The
distribution of racial subgroups was similar for the placebo and perampanel
groups. In all racial subgroups, a complex partial plus secondarily generalized
seizure was the most common seizure type at baseline. The percentage of female
subjects was higher for the Black/African American subgroup (64.5%) than for the
other three racial subgroups, and the mean time since epilepsy diagnosis was
shorter for the Asian or Pacific Islander subgroup than for the other three racial
subgroups.

Because of the very small number of subjects in the Black/African American or
other racial subgroups, the principal subgroup analyses of efficacy based on race
compare Whites and Asian or Pacific Islanders. A summary of the results for the
three efficacy variables by treatment group is summarized for the racial
subgroups of White and Asian or Pacific Islander (pooled Full ITT Analysis Set) is
detailed in the sponsor’s table below.

Table 26 Summary of efficacy variable by race

Subgroup Ferampanel
Farameter Statistics Flacebo lmg 4 mg 5 mz 12 mg
Race: White
All pamial seimore frequency per 28 days
Totml M 337 119 105 338 215
Medisn percent change in Doubleblind Phase -12.77 -10.71 -23.91 -25.87
Median difference o placebo 003 -15.76 -15.53
(&5% CT° (-9.565 9.583) (-25.337, -5.920) (-22.304 -3634) =22 665 -7.009)
F.esponder rate
Total M 337 119 105 338 215
Regponders, n (%) 63 (18.7) 24 (20.2) H (524 110 {32.5) 62 (32.1)
Complex partal plus secondanly generalized seimires per
28 days
Totsl n 310 112 100 309 100
Median percent change in Double-blind Phase -13.08 -1253 -35.61 -32.72 -84l
Medizn difference to placebo -338 -1938 -18.80 -1575
(#5% CTy (-13.862, 7.260) (-22.659, -B.179) (-26.565, -11.038) (-24.563, -6.350)
Race: Asian or Pacific Llander
All partial saizores per 2§ days
Total M 76 50 66 59 13
Medizn percent chanze in Double-blind Phase -11.57 -12.78 =224 -39.20 -33.82
Medizn difference to placebo -G.86 485 -26.19 -1549
(85% CT° (-22.053, 7.788) {(-20.769, 2972 (41.473, -10.819 {(-39.780, 14.635)
Fesponder rate
Total M 76 G0 66 69 13
Responders, n (%4) 16 (21.1) 13 (21.7) 15 (22.7 33(47.8) 2 (50.00
Complex partial plus secondarily generalized saimires per
28 days
Totml M <] 54 56 a2 15
Medisn percent change in Double-blind Phase -18.18 -16.59 2887 -47.20 -11.54
Median difference o placebo -B.78 -0.38 -2633 -1.34
(95% CI* (25437, 7.350) (-28.700, 7.868) (42840, -0.225) (-36.970, 28.901)
Source: Table 14.2.1.3.1; Tahle 14.2.2.3; Table 142331

€1 = confidence interval ITT = inteni-to-treat; 1 {n) = mumber of subjects.

a: The median differance to placebo and the 95% confidence interval are based on the Hodges-Iehmann method.

Reference ID: 3205728
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Improvements in seizure control were seen for perampanel compared to placebo
in both racial subgroups. The efficacy for the White subgroup was consistent
with that described for the overall study population. (This would be expected
since this race comprised about three-quarters of all subjects in the integrated
Full ITT Analysis Set.) For the Asian or Pacific Islander subgroup, reductions in
seizure frequency per 28 days during the Double-blind Phase, as well as the
proportion of subjects achieving at least a 50% reduction in seizure frequency
during the Maintenance Period, were consistently larger for the perampanel 8-mg
and 12-mg groups than for the placebo group.

Among the Asian and Pacific Islander subgroup, the magnitude of the treatment
effect relative to placebo for median changes in seizure frequency was less in the
perampanel 2-mg and 4-mg groups, and the responder rates for perampanel 2 mg
and 4 mg were similar to those for placebo.

There were fewer than 10 Black/African American subjects within each treatment
group (none in the 2 mg or 4 mg groups). It is not possible to meaningfully
evaluate differences among the treatment groups for these racial subgroups. (For
this reason, data for these two subgroups are not included in the table.) There
was no indication that the pattern of efficacy for perampanel (4 mg to 12 mg)
compared with placebo differed in the Black/African American or other racial
subgroups relative to the larger racial subgroups or to the overall population.

Effect of Concomitant AEDs

The results of the population PK analysis indicated a two- to three-fold increase
in the clearance of perampanel in both male and female subjects receiving co-
administered carbamazepine (three-fold increase), oxcarbazepine (two-fold
increase), or phenytoin (two-fold increase). The therapeutic effects of
perampanel were examined for subgroups treated concomitantly with at least one
of the three inducer AEDs (perampanel inducer subgroups) compared to the
subgroup whose background AED therapy did not include one of these AEDs
(perampanel noninducer subgroup).

Using data from Studies 305 and 304 to further assess the effects at 8 mg and 12
mg, the median treatment difference versus placebo in the percent change in
seizure frequency per 28 days in the Maintenance Period among subjects in the
perampanel noninducer AED subgroup was similar to that for subjects receiving
concomitant therapy with carbamazepine or oxcarbazepine at the 8 mg
perampanel dose, higher in subjects receiving the 12 mg dose. Higher responder
rates during the Maintenance Period for perampanel 8 mg and 12 mg compared
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with placebo were seen regardless of perampanel AED inducer use. The response
rate during the Maintenance Period was higher for subjects on adjunctive
perampanel 8 mg or 12 mg therapy in the perampanel noninducer AED subgroup
compared to subjects in either of the two perampanel AED inducer subgroups.
These results suggest that the induction effects of carbamazepine and
oxcarbazepine on perampanel clearance have a small effect on perampanel
response at these higher doses. The explanation for this observation remains
unclear.

Results were similar for Study 306. The median percent reductions in seizure
frequency per 28 days in the Maintenance Period were larger, and the responder
rates were higher, for perampanel doses of 4 and 8 mg compared with placebo or
perampanel 2 mg for subjects receiving concomitant therapy with perampanel
AED inducers than those not on a co-administered perampanel AED inducer.
Once again, the explanation for this clinical vs. PK discrepancy remains unclear.

The sponsor’ s table below shows the median percent change in seizure
frequency and responder rate during the maintenance period by last dose and
baseline co-administered AEDs, completer analysis set for Studies 305 and 304,
excluding central and South American sites.
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Table 27 Effect of Concomitant AEDs on Efficacy in Studies 305 and 304

Concomitamt CBZ OXC, PHY Concomitant CBZ or OXC No Concomitant CBZ, OXC, or PHY
Parameter/ Perampanel Last Dose Perampanel Last Dhose Perampanel Last Dose
Statisties Placebo A mg 12 mg Placebo A mg 12 mg Placebo A mg 12 mg
All partial seizure froguency
per 28 days
Total N 102 “ 70 91 77 67 el 2]
Median ffequency - 14.74 1021 1278 12.98 1050 1356 1072 1354 1718
Prerandomization
Median percentchangein | g gg 2582 2.6 5.7 237 2782 19.96 50.63 5417
Maintenance Period
Median difference to 17.77 -19.21 25492 692 -14.37 3312
placeho (- {- (- (- (- (-
(95% CI)* 31.807,-3.872) | 34.269, 4.409) 400446, - 111700 | 42.394, -11.338) ITRIE, -10.163) | 47.253,-17.673)
Responder rate
Total N 102 “ fi) o1 77 67 il [ 33
Responders, n (%) 21 (20 X (309 M (329 17 (18 27 (351) M (355 12 {13 32 (300) 19 (5343)

Source: 5.3.53, Table 14.26.6; 53 5.3, Table 14.2.6.7.
AED = antiepileptic drug; CBZ = carbamazeping, Cl = confidence imterval, N {n) = number of subjects; OXC = oxcarbazepine; PHY = phenyinin,
Maote: Subjects who were completers and with actual last dose equal to perampane] & or 12 mg were included in the analysis.

a: The median difference to placebo and the 95% confidence interval are based on the Hodges-Lehmann method.

The sponsor’s table below shows the median percent change in seizure
frequency and responder rate during maintenance period by last (actual) dose
and baseline co-administered AED, Completer Analysis set for Study 306.

Table 28 Effect of Concomitant AEDs on Efficacy in Study 306
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All Partial Seizure Frequency per 28 days Responder Rate
Median Median % change ) ’
Statistics Taotal ¥ Prerandomization in !nlai:lteuauof mdlaudlﬁt:fnﬂ Eﬂ Tatal ¥ Responder, n (%)
frequency Perind plcebe (35% CT)

Concomitant CBZ, OXC, PHY
Placeho e 1137 -14.39 - 17T {I&15)
Perampanel 2 mg pall 10.71 -16.40 -0.46 (-14.255, 12.712) ] 1§ (20,0
Perampanel 4 mg 4 1133 -31.66 -11.86 (-24.469, 1.607T) f4 17 (2632)
Perampanel & mg T6 8AR -12.92 -10.82 {-26083, 4.654) 6 % (4D

Concomitant CBZ or OXC
Placcho BB 10.59 -13.93 - EE 15 (170
Perampanel 2 mg B0 10.71 -14.44 ] 15 (188
Perampanel 4 mg 72 11.19 -32.66 72 19 (264)
Perampanel § mg 71 .ER -24.34 7 4 (338

No concomitant CBZ, OXC, PHY
Placcho 72 £23 -16.04 - 72 14 (194)
Perampane] 2 mg 0 R -11.81 5 0 18 257)
Perampanel 4 mg 69 9.56 -21.90 : & 4 (M4E
Perampane] & mg 53 1161 -40.27 2760044872, -11.365) 53 21 (396

Source: 5.3.53, Table 14.26.9; 5353, Table 14.2.6.10; 53.5.3, Table 14.26.11; 5.3.5.3, Table 14.2.6.12.

AED = antiepileptic drug;, CBZ = carbamarepine; CT = confidence interval, N {n) = number of subjects; OXC = oxcarbazepine; PHY = phenyiom.
Mate: Subjects who were completers and with actal last dose equal to perampanel § or 12 mg were included in the analysis,
a: The median difference to placebo and the 93% confidence interval are based on the Hodges-Lchmann method,

Efficacy at US Sites

Of the 1478 subjects in the integrated Full ITT Analysis Set, 293 (19.8%) were
enrolled at sites in the US. These subjects came from Study 304 and Study 305;
no US sites were involved in Study 306. For this reason, there are no data for
perampanel doses of 2 mg and 4 mg in the US subgroup.

The US subjects in the integrated Full ITT Analysis Set had a mean age of 36.8
years and were predominately White (80.2%); 48.8% of subjects were male and
51.2% were female. The mean time since diagnosis was approximately 24 years
and 89.1% of subjects had complex partial with or without secondarily
generalized seizures. Approximately one-third of US subjects were receiving
background therapy with three AEDs (32.1%), and 53.9% were receiving
concomitant therapy with two AEDs. This pattern of demographic and epilepsy-
specific characteristics was consistent with that of all subjects in the Full ITT
Analysis Set for the Phase 3 studies.

Improved seizure control was demonstrated for adjunctive therapy with
perampanel 8 mg and 12 mg among US subjects having partial-onset seizures, as
detailed in the sponsor’s table below.
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Table 29 Seizure Control in US sites

Perampanel
Parameter/Statistics Placebo Smg 12 mg
All partial seimare frequency per 28 days
Total M 29 05 o0
Medizn percent change in Double-blind Phasze -15.90 -32.72 -33.86
Medizn difference to placebo -22.24 -20.81
(05% CT)" (-35.303,-9.413) (-33.766, -8.767)
Fesponder rate
Total M o9 ] o
Fesponders, o (%) 17(17.2) 38 (40.0) 42424
Complex partial plus secondanly generalized seimres
per 28 days
Total 1 o0 oz o0
Medizn percent change in Double-blind Phase -16.14 -39.92 -34.90
Medizn difference to placebo -26.03 -21.00
(95% CI (-30.138, -12.783) (-34.383, -5.179)
Source: Table 14.2.1.5.1; Table 14.2.2.5; Table 14.2.3.5.1

CI = confidence interval, ITT = intent-to-treat; M (o) = mumber of subjects.
a: The median difference to placebo and the 95% confidence imterval are based on the Hodges-Lehmann methad.

The magnitude of the treatment differences relative to placebo for the median
percent changes in all partial-onset seizures as well as for complex partial plus
secondarily generalized seizures for the US subgroup was numerically greater
than the corresponding values for the 8 mg and 12 mg perampanel groups for the
entire integrated Full ITT Analysis Set. The same was true for the magnitude of
the responder rate for the US subgroup compared with the entire integrated Full
ITT Analysis Set. To further assess this, data from all regions across the three
Phase 3 studies, data from the common treatment groups of placebo and 8 mg in
Studies 304, 305 and 306 were pooled. A rank ANCOVA was used to analyze the
percent change from baseline per 28 days during the treatment period for the Full
ITT analysis set. The ANCOVA included the rank-transformed percent change
from baseline as the dependent variable, rank-transformed baseline seizure
frequency as a covariate, and treatment, region, and treatment-by-region as
factors.

These results are displayed in the sponsor’s table below as the percent change in
seizure frequency per 28 days during the double-blind phase relative to
prerandomization for subjects who received placebo or 8mg perampanel (Studies
306, 305 and 304) by region (Full Intent-to-Treat Analysis Set).

Table 30 Percent Change in Seizure Frequency by Region
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EReglon/'Statistics Flacebo 5 mg Perampanel
Morth Amernca
N 106 105
MMean 1.65 (T7T.B98) -31.86 (44 5213
MMedian -16.16 -34.20
Min, Max -100.0, 404 3 -100.0, 1031
MMedian Dhfference to Placebao -23.74
{55% Confidence Interval)® (-35.364_-10.87%)
Central and South Amenca
N 485 59
MMean -26.92 (35.932) -17.42 (52.707)
Median -26.18 -24 8%
Min, Max 888 1115 -95.6, 150.7
MMedian Dhfference to Placebao 5.02
{95% Confidence Interval)® {-11.263, 24 568)
Ewrope
iy 152 181
Mean 7.07 (T1.840) -14 90 (61.730)
Median -7.13 -23.25
Min Max -95.5 4206 -100.0, 390.6
MMedian Dhfference to Placebao -159.26
{95% Confidence Interval)® (-28.86% -10.097)
Asia Pacific
iy T4 65
Mean -6.05 (51.131) -20 24 (45 B5E)
Median -11.57 -38 89
Min, Max 1000, 1929 939 1273
Median Dhfference to Placebao -22 83
{95% Confidence Interval)® {-37.687, -6.533)

Among US sites, the treatment differences relative to placebo in the median
percent change in seizure frequency per 28 days during the Double-blind Phase
were -28.06% for the 8 mg group and —31.25% for the 12 mg group; the P values
associated with these treatment differences were 0.0020 and 0.0002, respectively
(rank ANCOVA). Among US sites, the responder rates during the Maintenance
Period (with LOCF imputation) were 37.5% and 43.1% for the 8 mg and 12 mg
groups, compared with 16.7% for the placebo group; the P values for the
differences to placebo were 0.0077 for 8 mg and 0.0008 for 12 mg . Among US
sites, the treatment differences relative to placebo in the median percent change
in the frequency of complex partial plus secondarily generalized seizures per 28
days during the Double-blind Phase were -31.5% for the 8 mg group and -31.17%
for the 12 mg group; the P values associated with these treatment differences
were 0.0002 and 0.0002, respectively (rank ANCOVA). Results of subgroup
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analyses based on region for sites in North America were consistent with those
for the US subgroup (202 of 227 subjects in North America were from US).

In the subgroup from Central and South America, there was no difference
between either perampanel group and the placebo group in the median percent
change in seizure frequency per 28 days during the Double-blind Phase (P =
0.5121 for the 8 mg group; P = 0.5151 for the 12 mg group) or in the responder
rate during the Maintenance Period (P = 0.9335 for the 8 mg group; P = 0.7925 for
the 12 mg group).

The lack of efficacy observed for perampanel in the Central and South American
subgroup in Study 304 appears to be related to the high response to placebo in
this regional subgroup. In the placebo group for the Central and South American
subgroup, the median percent change in seizure frequency during Double-blind
Phase was -26.18%, and the responder rate was 33.3%. Corresponding figures for
the placebo group in the North American subgroup were -11.34% and 21.9%,
respectively. The median change in seizure frequency per 28 days during the
Double-blind Phase for the placebo group in the US subgroup (or North American
subgroup) was consistent with results seen for placebo in Studies 306 and 305.
The dose-response analysis focused on the Maintenance Period (Full ITT
Analysis Set, LOCF) when the doses of perampanel became more stable. The
median percent change in the frequency of all partial seizures was greater in the
12 mg group (-34.49%) than in the 8 mg group (—26.34%).

The sponsor attempted to explain the high placebo rate in Central and South
America by performing multiple analyses. These explorations include evaluating
the influence of demographic and baseline characteristics (age and baseline body
weight) and concomitant AEDs on the efficacy results for the Central and South
American region. For these analyses, data from the integrated Phase 3 Full ITT
Analysis Set were used; in this integrated analysis set, only subjects from Study
304 contributed to the Central and South American regional subgroup.

The mean age for subjects in Central and South America (34.7 years) was
younger than that for subjects in North America (36.6 years), and there were
fewer adolescent subjects (<18 years) enrolled in sites in Central and South
America (6.9% vs. 15.1% for North America). It is unlikely, however, that this age
difference contributed to the high placebo response in Central and South
America for Study 304, as subjects enrolled at sites in Asia-Pacific study sites
were also younger (mean age of 31.1 years) and had fewer adolescents (4.0%)
compared to subjects enrolled at North American sites. There was no indication
of a greater placebo response among Asia-Pacific subjects.
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The mean body weight and body mass index (BMI) was lower for Central and
South American subjects (67.36 kg and 25.21 kg/m2, respectively) compared to
North American subjects (75.64 kg and 26.90 kg/m2, respectively). Again, the
mean body weight and BMI values for Central and South American subjects was
comparable to those for Asian-Pacific subjects (60.13 kg and 22.54 kg/m2), and it
therefore seems unlikely that a difference in these parameters contributed to the
high placebo response in Central and South America for Study 304. The
individual AEDs at baseline were similar across regions both for the relative
incidence of individual AEDs as well as for the incidence of use of
carbamazepine, oxcarbazepine, and phenytoin (perampanel inducers) The use of
concomitant non-AED medication also showed no notable differences among
regions. In this reviewer’s opinion, no reasonable explanation has been
proposed which might explain this high placebo rate in Central and South
America.

6.1.8 Analysis of Clinical Information Relevant to Dosing
Recommendations

The time to the onset of activity for perampanel, up to the minimum effective dose
of 4 mg, was explored in analyses of the percent change in seizure frequency
relative to the Prerandomization Phase during the first 2 weeks of the Titration
Period for the Full ITT Analysis Set based on integrated data from Studies 306,
305, and 304. As designated in the Protocol, all subjects randomized to
perampanel received a daily dose of 2 mg during Week 1 of the Titration Period,
and subjects randomized to the perampanel 4 mg, 8 mg, or 12 mg groups
received a daily dose of 4 mg during Week 2 of the Titration Period.

The minimally effective dose for perampanel as adjunctive therapy in partial-
onset seizures in Study 306 appears to be 4 mg. Thus, the onset of clinically
meaningful seizure improvement with perampanel seems to appear as early as
the second week of treatment if the subject is titrated at a rate increase of 2
mg/week. This observation is consistent with PK simulations based on plasma
concentration data obtained from healthy subjects which showed that, for the 4
mg perampanel dose (with titration), about 85% of average steady-state
perampanel concentration is achieved at the start of the second week of
treatment, and 97% of the average perampanel concentration is achieved at the
start of the third week of 4 mg/day treatment.

A once daily dose regimen was established by Phase 2 Study 206 where subjects
who were randomly assigned to adjunctive perampanel treatment were titrated
over the dose range of 1 mg to 4 mg, and perampanel was administered either
once or twice daily. Results were similar for the QD and BID perampanel groups.
Based on this finding, the once-daily dosing regimen was used in all subsequent
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clinical studies of perampanel in partial-onset seizures. In the Phase 3 studies,
perampanel was administered with food at bedtime. Administration with food is
supported by results of Phase 1 studies which showed that dosing with food
slowed drug absorption without changing the extent of absorption. Dosing before
bedtime was selected to minimize sedation and/or somnolence. Once-daily
dosing of perampanel is further supported based on its half-life, which averages
more than 72 hours in healthy subjects not receiving a perampanel AED inducer,
and still more than 24 hours in healthy subjects receiving carbamazepine.

Because of perampanel’s long half life, a 2-week interval (the time likely needed
to reach steady state) between doses was evaluated in Phase 2 Studies 206 and
208. Although steady states may not have been completely reached in less than
two weeks, weekly titration was chosen because of the good tolerability shown
for perampanel at doses up to 12 mg/day in these studies. In the Phase 3 studies,
perampanel treatment was initiated at a dose of 2 mg/day and doses were
adjusted upward in 2 mg increments on a weekly basis to the randomly assigned
dose.

Due to its half-life of 70 to 110 hours, none of the clinical studies with perampanel
included a down-titration schedule. There was no increased seizure activity
following discontinuation of perampanel doses of 2 mg to 12 mg in the Phase 3
studies and no adverse event reports.

The selection of the dosage range evaluated in the Phase 3 studies was based on
data gathered from Phase 2 studies. In Study 208, subjects randomly assigned to
adjunctive perampanel treatment were titrated to their MTD over the dose range
of 2 mg to 12 mg. Results from this study, together with those from Study 206,
showed benefit and tolerability across the dose range tested. Results of the
PK/PD analysis of these Phase 2 studies were used to select the doses to
evaluate in the Phase 3 studies (no effect = 2 mg, minimum effective dose = 4 mg,
mid-range effective dose = 8 mg, and high effective dose = 12 mg).

Results of the population PK analysis for the Phase 3 studies showed that
exposure to perampanel increased approximately proportionally with doses
between 2 and 12 mg. The geometric mean concentrations of perampanel were
71, 138, 272, and 349 ng/mL for the perampanel dose groups of 2 mg, 4 mg, 8 mg
and 12 mg, respectively.

The relationship between plasma concentration of perampanel and anti-seizure
effects was explored in the population PK/PD analysis using data from the Phase
3 studies. There was an inverse relationship between steady-state perampanel
plasma concentration and seizure frequency. The slope for the relationship
between seizure frequency and plasma concentrations associated with doses of 8
to 12 mg was not significantly different from the slope for the relationship
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between seizure frequency and concentrations associated with doses of 4 to 8
mg. The sponsor’s figure below shows the total seizure frequency as a function

of perampanel concentration.

Figure 6 Total seizure frequency as a function of perampanel concentration
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Analyses of the percent change in seizure frequency per 28 days relative to the
Prerandomizaton Phase and responder rate using the integrated Full ITT Analysis
Set for the Phase 3 studies were performed based on each randomized dose
group. These analyses were limited to the Maintenance Period (with LOCF
imputation) where doses of perampanel were more stable. The lowest perampanel
dose of 2 mg did not provide any benefit in terms of improved seizure control
compared with placebo. Once daily perampanel doses of 8 mg and 12 mg
produced greater reductions in seizure frequency and improved responder rates
compared with the once daily dose of 4 mg. However, in these analyses there was
an apparent plateau at 8 mg, with no greater improvement in seizure control seen
with the 12 mg dose. The median differences versus placebo in change in seizure
frequency during the Maintenance Period for the 8 and 12 mg groups were
-16.43% and -15.79%, respectively, while the responder rates were 35.3% and
35.0%, respectively. These results were consistent with results for Study 305 and
to a lesser extent for Study 304, when analyzed individually.

Additional analyses were performed on the percent change in seizure frequency
and responder rate during the Maintenance Period in each randomized dose
group using the integrated Full ITT Analysis Set, but excluding subjects from
sites in Central and South America where there was an unusual outcome,
perhaps due to the high placebo response rate. Results of these analyses were
consistent in showing better efficacy for the 8 and 12 mg dose groups than for
the 4 mg dose group, but no clear separation between these two highest
randomized perampanel dose groups.

In order to further compare the potential benefit of 12mg over 8mg of perampanel
daily, the sponsor attempted to see if there was an incremental benefit associated
with the 12-mg dose of perampanel relative to the 8-mg dose in individual
patients. This was an attempt to examine efficacy responses in subjects who
received treatment with both doses, rather than comparing separate groups of
subjects. Subjects who completed a double-blind Phase 3 study were enrolled
into the long-term OLE study (Study 307) and underwent blinded titration to a
maximum dose of 12 mg/day. Thus, data from controlled Phase 3 studies,
coupled with those from the blinded Conversion Period (16 weeks), permitted an
investigation of effectiveness in the same subject in both doses of 8 and 12 mg.

The results were consistent in showing better efficacy in the same subjects when
the dose of perampanel was increased from 8 mg to 12 mg. Of particular note,
seizure frequency decreased further from -32.42% at the double-blind
Maintenance Period to —43.27% at the blinded Conversion Period, and the 50%
responder rate rose from 37.8% on a dose of 8 mg in the double-blind
Maintenance Period to 43.5% in the same subjects on a dose of 12 mg in the
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blinded Conversion Period. It therefore appears that some patients might benefit
from perampanel 12 mg, if the associated adverse side-effects could be tolerated.

The change in seizure frequency per 28 days and responder rate for subjects who
were randomized to and completed the double-blind Maintenance Period (Studies
304, 305, and 306) on 8 mg and received 12 mg as their last dose in the blinded
conversion period (Study 307) (Full ITT Analysis Set) are shown in the sponsor’s
table below.

Table 31 Change in Seizure Frequency and Responder Rate in those on 8 mg
Blindly Converted to 12 mg

Parameter DB Actual Dose — Conversion Period
Actual Dose
Statistic/ Timepoint S mg— 12 mg
Seizure frequency per 18 days
N 200
Median Prerandomization 10.50

Median percent change from Prerandomization

DB Maintenance Period -32.42

Blinded Conversion Period (Study 307, Weeks 1-16) —43.27

Responder rate

Response, o (%)

DB Maintenance Period 79 (37.8)

Blinded Conversion Period (Study 307. Weeks 1-16) o1 (43.5)

Source: Table 14.2.74.1; Table 14.2.7.5.1

DB = double-blind; ITT = intenf-to-treat; N = number of subjects; n = subset of N; OLE = open-label extension.

Note: Only subjects who had valid seizure data in the blinded Conversion Period in Study 307 are presented. Data
exclude Central and South America sites.

The results were very similar in showing incremental benefit when the
perampanel dose was increased from 8 mg in the double-blind Maintenance
Period compared to 12 mg in Weeks 1-13 of the OLE Maintenance Period. The
sponsor’s table below shows the change in seizure frequency and responder rate
for subjects who were randomized to and completed the double-blind
maintenance period (Studies 304, 305 and 306) on 8 mg and received 12 mg as
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their last dose in the open-label maintenance period Study 307 (Full ITT Analysis
Set).

Table 32 Change in Seizure Frequency and Responder Rate from those on 8 mg
in Maintenance Period to 12 mg in the OLE Maintenance Period

Parameter DB Actual Dose —
Statistic/ Timepoint OLE Acmual Dose

p
$mg—12mg

Seizure frequency per 28 days

N 143

Median Prerandomization 077

Median percent change from Prerandomization

DB Maintenance Period -31.67

OLE Maintenance Week 1-13 -40 31
Responder rate, n (%)

N 143

DB Maintenance Period 33 (38.3)

OLE Maintenance Week 1-13 69 (48.3)

Source: Table 142.7.1.1; Table 142721
DB = double-blind; ITT = intent-to-treat; N = number of subjects; n = subset of N; OLE = open-label extension study.
Note: Only subjects who had valid seizure data in OLE Maintenance Weeks 1-13 are presented.

Seizure-free status for subjects who were randomized to and completed the
double-blind Maintenance Period at a dose of 8 mg perampanel and completed
Weeks 1-13 of the open-label Maintenance Period (Study 307) on 12 mg were
analyzed. Seizure-free status among subjects who completed both Maintenance
Periods increased from 5.4% (during the double-blind Maintenance Period) to
15.5% (during the open-label Maintenance Period Weeks 1-13). Similarly, in
subjects who completed both Maintenance Periods and who were titrated from 8
mg to 12 mg, there was an increase in the proportion that were seizure-free
during the last 28 days from 13.2% (double-blind Maintenance Period) to 20.9%
(open-label Maintenance Period Weeks 1-13). There was also an increase in the
proportion of subjects who were seizure-free among subjects who had a last
dose of 12 mg perampanel in both the double-blind and open-label Maintenance
Periods.

The number of seizure free days for subjects who were randomized to and
completed the double-blind maintenance period (Studies 304, 305, and 306) on 8
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mg and completed week 1-13 of the open-label maintenance period (Study 307)
on 12 mg (Full ITT analysis Set) are shown in the sponsor’s table below.

Table 33 Seizure Free Days for those on 8 mg in Maintenance Period to 12 mg in
the OLE Maintenance Period

DB Actual Dose —
OLE Actual Dose

Statistic/ Timepoint 8 mg— 12 mg

Subjects who completed both Maintenance Periods

N 120

Seizure-free, n (%)
During the entire DB Maintenance Period 7(54)
During the entire OLE Maimntenance Weeks 1-13 20(15.3)
During the last 28 Days of DB Maintenance Period 17(13.2)
During the last 28 Days of OLE Mainfenance Weeks 1-13 27(209)

Source: Table 142731
DB = double-blind; ITT = intent-to-treat: N = number of subjects; n = subset of N; OLE = open-label extension study.

Therefore, even though there was an apparent plateau at 8 mg, with no greater
improvement in seizure control seen with the 12 mg dose in the Phase 3 efficacy
studies, there does appear to be an incremental benefit associated with the 12-mg
dose of perampanel relative to the 8-mg dose in individual patients who received
treatment with both doses. Once again, the 12 mg dose was associated with a
greater number of AEs, many of which could not be tolerated.

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects

Results relevant to the safety of long-term treatment with perampanel come from
the three ongoing OLE studies (Studies 307, 207, and 233). A total of 703 subjects
in those studies have received perampanel for at least 1 year and 95 have
received perampanel for at least 2 years (combined exposure to double-blind and
open-label perampanel). Some subjects have been treated for as long as 3 years
(n=57) or 4 years (n=26). Among these subjects, no new safety signals were seen
during long-term treatment with perampanel and, according to the sponsor, there
was no clinically notable worsening in the frequencies of safety findings.
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The data from the OLE studies show sustained improvement in seizure control
for subjects who remained on the same efficacious dose of perampanel for up to
approximately 9 months. There was no decrement in efficacy over this period.
The sponsor’s figure below shows the median percent change from pre-
perampanel baseline in seizure frequency per 28 days, by 13-week intervals, after
one week on 12 mg perampanel, full ITT Analysis Set for Study 307 with at least
27 or 40 weeks of 12-mg perampanel treatment duration.

Figure 7 Maintenance of Seizure Control with a Fixed Dose of Perampanel
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6.1.10 Summation of Efficacy Analyses of Primary and Secondary
Endpoints

The following is a summary tabulation of the key efficacy results (primary and
secondary) for each of the three adequate and well controlled Phase 3 clinical
trials analyzed in order to render an opinion on the efficacy of perampanel as
adjunctive treatment partial-onset seizures with or without secondarily
generalized seizures in patients with epilepsy aged 12 years and older. Once-daily
administration of perampanel doses of 4 mg, 8 mg, and 12 mg appears to have
significantly improved seizure control in these subjects when compared to
placebo, as shown by larger reductions in the frequency of partial-onset seizures
and complex partial plus secondarily generalized seizures and greater responder
rates.

Study 306

Results for the primary and secondary efficacy variables in Study 306 were
examined for subgroups for different countries. Although the number of subjects
was small for several countries, results were consistent across countries in
showing greater improvements in seizure control for perampanel compared with
placebo. No US sites were included in this study. The following sponsor’s table
shows an overview of key primary and secondary results for the full ITT analysis
set for Study 306.
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Table 34 An overview of key primary and secondary results for the full ITT

analysis set for Study 306

Placebo Per;amp amel Perampanel Perampanel
P':ll‘:l:l:lil.et.el' (N=184) I meg d 4_mg. d E_mg d
Statistic (N=180) (N=172) (N=16%)
Percent change in partial setzure frequency per 28 days
dunng Double-blind Phase from Prerandomuzation
N 180 172 169
Median change -10.69 -13.63 -23.33 -30.80
Median difference from placebo 438 21371 013
(#5% CI® {-14.091, 5.22T) (-23.306, -4.500) (-29.656, -10.425)
P vahe (vs. _:n'_zcebcnjt 0.4197 0.0026 =20.0001
Besponder Rate dunng Mamtenance-LOCTE Penod
N 180 172 169
Number (%) responders® 330179 37 (20.6) 49 (28.5) 59(34.9)
Pyalue If_r:.:.:-'.ace'nujd' 0.4863 0.0132 0.0003
Percent change in complex parfial plus secondanly
generalized serzures per 28 days dunng Double-blind
Phase from Prerandomization
N 167 157 154
Median change -17.63 -20.50 -31.18 -38.69
Median difference from placebo 3286 -14.40 -19.32
(#35% CI® {-13.685, 7.393) (-25.082, -3.496) (-29.788, -B.625)
P vale (vs j.:-'.ace'nu)t 0.6508 0.0070 0.0005

Source: 306, Table 14.2.1.1.6.1; 306, Table 14.2.2.3.5; 304, Table 14 2.10.1.

AMCOVA = analysis of covaniance; CI = confidence imterval; CMH = Cochran-Mantel-Haenszel; d = day;

LOCF = last observation carried forarard; N = number of subjects; vs = versus

a: The median difference to placebo and the 5% confidence interval are based on the Hodges-Lehmann method.

ITT = infent-to-Teat;

b: For analysis windows, the valoe is based on rank ANCOVA for percent change from Prerandomization of seizre frequency per 28 days

with restment snd pooled country as factors, and Prerandomization seizore frequency per 28 days as a covanate. The Prerandomization and
post-randomization efficacy measurements are rank mansformed separataly.
c: A responder is a subject who experienced a 50% or greater reduction in seizure frequency per 28 days from the Prerandomization Phase.
d: The P value is based on non-missing values and is from the CMH test adjusted for pooled couniry.

Study 305

Results for the primary and secondary efficacy variables in Study 305 were
examined, and are shown for the Full ITT Analysis Set in the sponsor’s table
below. Although the number of subjects was small for several countries, the
results were consistent across countries in showing greater improvements in
seizure control for perampanel compared with placebo. Approximately 25%of
subjects in this study were enrolled at sites in the US. In the pooled US
subgroup, the median percent change in seizure frequency per 28 days during
the Double-blind Phase was -23.31%, -41.64%, and -21.64% for the placebo,
perampanel 8 mg, and perampanel 12 mg groups, respectively. The responder
rates (Maintenance Period) for each treatment group were 16.1%, 45.2%, and
44.0%, respectively.
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The dose-response analysis was based on the Maintenance Period (Full ITT
Analysis Set) when the doses of perampanel became stable. The median percent
change in the frequency of all partial seizures was greater in the 8 mg group
(-32.37%) than in the 12 mg group (-24.91%).

The following sponsor’s table is an overview of the key efficacy results for the full

ITT analysis set in study 305.

Table 35 An overview of key primary and secondary results for the full ITT
analysis set for Study 305.

Placeho Ferampanel Per:lmpanel
Parameter (N=136) 8 mg'd 12 mg/d
Statiztic 3 (N=12%) (=121}
Parcent change 1n partial serzure frequency per 28 days dunng
Double-blind Phase from Prerandomization
M 129 121
Median change 972 -30.52 -17.57
Median difference from placebo 1910 -13.69
{95% CI)* (-29.169 -5.447) (-25.198, -2.257T)
Pvalue (vs plzce'nu]k 0.0008 0.0105
Fesponder rate duning Maintenance
H 129 121
Number (%2) responders® 20 (147 43 (333 41 (339
P vahe (vs. placebo)® 00018 0.0006
Percent change in complex partial plus secondanly generalized
seizures per 28 days during Double-blind Phase from
Prerandommzation
H 119 113
Median change -8.05 -32.72 -21.89
Median difference from placebo -23.07 -17.45
{93% CI)* (-34.798, -10.545) (-29.269, -5.703)
P vahie (vs _:-'_zr_'e'nujt 0.0007 0.0045

Source: 3035, Table 14.2.1.1.1.1; 305, Table 14.22.3.5.1; 305, Table 14.22.1.1.

AMCOVA = analysis of covanance; CI = confidence interval; CMWH = Cochran-Mantel-Hasnszel; d = day; ITT = infent-to-reat;

LOCF = last observation carried forward; ¥ = number of subjects; vs = warsns
a: The median difference to placebo and the 95% confidence inferval are based on the Hodges-Lehmann method.

b For analysis windows, the valoe is based on rank ANCOWVA for percent change Som Prerandomization of seimre fequency per 28 days
with treztment and pooled country as factors, and Prerandomization seizure frequency per 28 days as a covariate. The Prerandomization and

past-randomization efficacy measurements are rank Tansformed separataly.

c: A responder is a subject who experienced a 50% or greater reduction in ssizore frequency per 28 days from the Prerandomization Phaze.
d: The Fvalue is based on non-missing values and is fom the CAH test adjnsted for pooled country.
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Study 304

Results for the primary and secondary efficacy variables are detailed in the
sponsor’s table below. In the ITT Analysis Set, the treatment differences relative
to placebo in the median percent change in seizure frequency per 28 days during
the Double-blind Phase for the 8 mg (-13.17) and 12 mg (-14.47) groups were
statistically significant (P = 0.0290 and P = 0.0120, respectively; rank ANCOVA).
The treatment comparisons to placebo for the median percent change in seizure
frequency per 28 days during the Maintenance Period (using LOCF imputation)
were -11.67 for the 8 mg group (P = 0.0812) and -12.64 for the 12 mg group (P =
0.0304) (rank ANCOVA). In the ITT Analysis Set, the responder rate during the
Maintenance Period (using LOCF imputation) was 26.1% in the placebo group,
37.1% in the 8 mg group (P value vs. placebo of 0.0871), and 36.2% in the 12 mg
group (P value vs. placebo of 0.0776).

In Study 304, approximately half (52%) of the subjects were from sites in the US,
with the remaining subjects from sites in Canada (6%) or Central and South
America (42% [Chile, Argentina, Mexico]). A significant treatment-by-region
difference was detected (P = 0.0035) from the analysis of the median percent
change in seizure frequency per 28 days during the Maintenance Period (with
LOCF imputation) using the rank ANCOVA for the ITT Analysis Set. This regional
difference reflected a strong treatment effect in the North America region (mainly
US), in contrast to a high placebo response and no treatment difference in the
Central and South America region. Results of the primary and secondary efficacy,
using the Full ITT Analysis Set for Study 304, are detailed in the sponsor’s table
below.

See section 6.1.7 for details.
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Table 36 An overview of key primary and secondary results for the full ITT

analysis set for Study 304

Parameter ﬂ:fle,l;‘; Pfrﬂnl]nngll'ZBEI Pelr;:llpg,a:ﬂ
Statistic - (N=133) (N=133)
Percent change in partial setzure frequency per 28 davs
during Double-blind Phase from Prerandomization
N 133 133
Median changze -20.95 -16.34 -34.45
Median difference from placebo -13.53 -14.20
(95% CI® {-26.172, -1.944) (-25.030, -2.729)
P vahe (vs :-'.ace'::-u)t 0.02&61 0.0158
Fesponder Rate during Mamtenance-LOCT Peniod
N 133 133
Number (%) responders” 32 (264 0 (378 48 (36.1)
P value (vs.placebo)® 0.07&0 0.0914
Percent change in complex parfial plus secondarly
zeneralized sermures per 28 davs dunng Double-blind Phase
from Prerandomization
N 120 120
Median change -17.88 -33.03 -33.06
Median difference from placebe -20.37 -17.80
(95% CIy (-33.164, -7.741) (-30.313, 4.665)
P vahe (vs placebo)” 0.0020 0.0031

Source: 304, Table 14.2.1.1.6.1; 304, Table 1422.3.51; 304, Tabla 14.2.14.1.1

AMNCOVA = analysis of covanance; CI = confidence inferval; CMH = Cochran-Mantel-Haenszel; d = day; ITT = intent-to-ireat;

LOCF = last observation carried forwrard; N = number of subjects; vs = versus

a: The median difference to placebo and the 5% confidence interval are based on the Hodzes-Lehmann method.

b For snalysis windows, the valoe is based on rank ANCOVA for percent change from Prerandomization of seizore frequency per 28 days
with trestment and pooled country as factors, and Prerandomization seizure frequency per 28 days as a covariate. The Prerandomizaton and
post-randomization efficacy measurements are rank ransformed separately.
c: A responder is a subject who experienced a 50% or greater reduction in seizore frequency per 28 days from the Prerandomization Phase.
d: The P value is based on non-missing valoes and is from the CMH test adjusted for pooled country.

7 Review of Safety

The review of safety will be completed by Dr. Mary Doi. The only safety issue to
be addressed in this review will be treatment emergent adverse events (TEAEs)
related to seizures and status epilepticus.

Phase 3 Studies

In the phase 3 double-blind pool of patients, the most common event, in all
treatment groups, was convulsions. This had a pattern of occurrence similar to
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that of all TEAESs related to status epilepticus (preferred term) and convulsions
(preferred term). There were no apparent dose-related trends for any of these,
while status epilepticus occurred in one subject in the placebo group and two in
the total perampanel group. There were no deaths due to status epilepticus.

Convulsion was an SAE in three (0.7%) subjects in the placebo group and six
(0.6%) subjects in the total perampanel group (one, three, and two subjects in the
4, 8, and 12 mg/d groups, respectively). This resulted in discontinuation in five
(1.1%) placebo treated subjects and 10 (1.0%) perampanel-treated subjects (two,
one, four, and three subjects in the 2, 4, 8, and 12 mg/d groups, respectively), and
led to dose interruption or reduction in two placebo-treated subjects (0.5%) and
two (0.2%) perampanel treated subjects (one each in the 2 and 12 mg/d groups).
There were no deaths due to convulsions.

The sponsors table shows the treatment-emergent adverse events (selected

preferred terms for status epilepticus/convulsions) by decreasing frequency and
randomized treatment in the phase 3 double blind pool (Safety Analysis set).

Table 37 Convulsions/Status Epilepticus in Phase 3 Studies
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Per:.mp:.nela
Placeba” 1 mg/day 4 mg/day § mz/day 12 mg/day Total
b (=440 N=180) (N=1T1) (N=431) (N=155) (W=1038)

MedDEA Preferred Term n (%) o (%) n (%) o (%) n (4) o (%)
Subjects with any TEAE 25051 422 529 2 (5.0) 13 (5.1) H“41
Commlsion 16 (3.6) 30017 3I(1.7 15 (3.5) 9 (3.5 302
Simple Partial Seimmres 0 a 1 (0.) 30T 0 4 {04
Grand Mal Commlsion 2{0.5) 0 1 (0.2) 1 {04 1 {02)
Stams Epilepticus 1 {0.2) 0 0 2 (0.8) 23
Postictal Headache 0 0 1 {03 1 {04 2 {02)
Epilepsy 2(0.5) a 1 (0.8) 0 0 1 {01
Anra 0 0 0 1 (0.3 0 1 {01
Febrile Comvulsion 0 1 (0.4) 0 0 0 1 (01}
Partial Seirures With Secondary 0 0 0 1 (03 0 1 {0.1)
Generzlization
Complex Partial Setmres 2 (0.5 0 L] /] 0 0
Postictal Pychosis 1{0.2) I:I 0 0 0 0
Tongue Biting 1 {0.2) a 0 0 0 0

A TEAE iz defined as an adverse svent that either begins on or after the first dose date and up to 30 days after the last dose date of smdy dmg;
or begins before the first dose date and mcresses in severity during the twestment period.
Subject with two or more adverse events with the same preferred term is counted only once for that preferred termm
MedDFEA = Medical Dictionary for Fegulatory Activities, TEAE = treatment-emergent adverss svent
& Subjects weated during the double-blind smdy
b: MedDPA prefarmed terms are sorted i descending order of frequency n the tofal perampane] cohomn.

Phase 2 Studies

The incidence of the most common event, convulsions, was slightly higher in the
placebo group than in the total perampanel group, while status epilepticus
occurred in only one (1.5%) subject in the placebo group and one (0.7%) subject
in the total perampanel group. There were no deaths and these TEAEs were
SAEs in three (4.4%) subjects in the placebo group (one with status epilepticus
and two with convulsion) and two (1.3%) subjects in the total perampanel group
(one each with status epilepticus and post ictal state). These TEAEs led to
discontinuation in two (2.9%) placebo-treated subjects (one each with status
epilepticus and convulsion) and one (0.7%) perampanel-treated subject (with
status epilepticus). No subject in any treatment group had dose interruption or
reduction due to these TEAEs. There were no deaths due to convulsions.

The sponsors table shows the treatment-emergent adverse events (selected
preferred terms for status epilepticus/convulsions) by decreasing frequency and
randomized treatment in the phase 2 double blind pool (Safety Analysis set).
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Table 38 Convulsions/Status Epilepticus in Phase 2 Studies

Perampanel®
=§-11
Placeho® =4 mg'day 4mg/day | =4-8 mz/day mg/'day Total
_ (N=068) (N=11) (N=101) (=} (N=38) (=121}

MedDEA Preferred Term® n (%) o (%) n (%) m (%) n (%) n (%)
Subjects with any TEAE & (8.8) 2(16.T) 5 (5.0) NA 2 (3.3} 9 (6.00
Comvulsion Idd 0 1 (1.0) NA 2 (3.3) 320
Complex Parhial Serzures 0 1 (83 1 (1.0 NA 0 2 (13)
Grand Mal Comvulsion 1 (1.5 1 (8.3 il NA 0 1 (0.7
Partial Seizures 1 (1.5 1 (8.3) 0 NA 0 1 (0.7
Status Epilepticus 1 {1.5) 0 1 {1.00 NA 0 1 (0.7
Poztictal State J| a 1 {1.00 NA J| 1 (0.7}
Simple Partiz] Seizures 0 a 1 {1.00 NA 0 1 (0.7

A TEAFE 1= defined as an adverse event that either begins on or after the first dose date and up to 30 days after the last dose

date of study drug; or begms before the first doze date and increaszes in seventy dunng the treatment penod.

Subject with twro or more adverse events with the same preferred term 15 counted only once for that preferved term.
MedDFEA = Medical Dictionary for Eegulatory Activities, WA = pot applicable, TEAE = treatment-emergent adverse event

a: Subjects treated dunng the double-blind study.

b: MedDEA preferred terms are sorted in descending order of frequency in the total perampanel column,

Convulsions/Status Epilepticus in All Treated Pool

In this group, status epilepticus occurred in 15 (0.9%) subjects in the total
perampanel group, compared with two (0.4%) subjects who received placebo in
the pooled double-blind studies. The exposure-adjusted rates were 0.0008 and

0.001 subjects per subject-month, respectively. In the analysis by actual dose at

onset, this event occurred in three (0.2%) subjects at doses of < 4 mg/d, two

(0.1%) subjects at doses of > 4-8 mg/d, and 10 (0.8%) subjects at doses of > 8-12
mg/d. The most common event was convulsion (5.7% of all perampanel-treated
subjects), compared with 3.9% in the placebo group from the pooled double-blind
studies. The exposure-adjusted rate for this event was 0.01 subjects per subject-
month in the placebo group and 0.005 subjects per subject-month in the total

perampanel group.

Convulsion was an SAE in five (1.0%) subjects in the placebo group and 31 (1.9%)
subjects in the total perampanel group and led to treatment discontinuation in
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six (1.2%) and 16 (1.0%) subjects, respectively. There were no deaths due to any
TEAESs related to status epilepticus or convulsion.

Although the incidence of status epilepticus in the 12 mg group was higher than
that seen in the other dosages, the actual number (2 compared to 0) is too low to
draw any meaningful conclusions regarding the possibility of increased seizure
activity associated with higher dosages of perampanel. The exposure-adjusted
rates suggest that the risk of seizure-related TEAEs, including status epilepticus,
was lower with perampanel than with placebo.

The sponsor’s table shows the treatment-emergent adverse events (selected
preferred terms for status epilepticus/convulsions) by decreasing frequency and
randomized treatment in the all treated pool (safety analysis set).

Table 39 Convulsions/Status Epilepticus in the All Treated Pool
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Total P&rampﬂ.nela

b N=1639)
AledDEA Preferred Term n {(%a)
Subjects with any TEAE 147 (9.0)
Coonulsion 93 (5.7
Status Epilephicus 15 (0.9
Smmple Parial Serzures 10 (0.8)
Grand Mal Convualsion 9 (0.5
Epilepswv g (0.5
Complex Parhal Sermure= 5 (0.3
Pariial Sermares 4 (0.2
Postictal Headache 4 (0.2
Partial Sermares With Secondary Generahization 2 001}
Poshctal State 2 001
Aura 1 (0.1%
Dhug Withdrawal Convulsicns 1 (0.1%
Epilephc Aura 1 0.1
Febnle Convulsion 1 Q0.1
Postictal Psycho=is 0
Tongue Biting 0

A TEAFE 15 defined as an adwverse event that either bepins on or after the first dose date and up
to 30 days afier the last dose date of study dmg; or begins before the first dose date and
mersases 1 severnty dunng the freatment period.

Subject with two or more adverse events with the same preferred term 1z counted only once for
that preferred teqm.

MMedDE A = Medical Dictionary for Regulatory Activities, TEAE = treatment-emergent adverse
event

a: Subjects treated with perampanel in anv study.
b: MedDEA preferred temms are serted in descending crder of frequency in the total column

8 Postmarket Experience

None

139

Reference ID: 3205728



Clinical Review

Martin S. Rusinowitz, MD
NDA 202834
Fycompa/perampanel

9 Appendices

9.1 Literature Review/Reference

None

9.2 Labeling Recommendations

Once daily perampanel doses of 8 mg and 12 mg produced greater reductions in
seizure frequency and improved responder rates compared with the once daily
dose of 4 mg. However, there was an apparent plateau at 8 mg, with no greater
improvement in seizure control seen with the 12 mg dose. The median differences
versus placebo in change in seizure frequency during the Maintenance Period for
the 8 and 12 mg groups were —16.43% and -15.79%, respectively, while the
responder rates were 35.3% and 35.0%, respectively in Study 306. These results
were consistent with results for Study 305 and to a lesser extent for Study 304,
when analyzed individually.

Additional analyses were performed on the percent change in seizure frequency
and responder rate during the Maintenance Period in each randomized dose
group using the integrated Full ITT Analysis Set, but excluding subjects from
sites in Central and South America (where there was a treatment-by-region
interaction of outcome largely due to high placebo response rate). Results of
these analyses were consistent in showing better efficacy for the 8 and 12 mg
dose groups than for the 4 mg dose group, but no clear separation between these
two highest randomized perampanel dose groups.

In contrast to these findings, an analysis of the difference between two doses of
perampanel was compared in the same patient who actually received each dose.
This approach did show an incremental benefit associated with the 12 mg dose of
perampanel over the 8 mg dose. Studies of this design appeared to show benefit
from 12 mg over 8 mg. These were derived from examining efficacy responses in
subjects who received treatment with both doses, rather than separate groups of
subjects.

This reviewer feels that perampanel is safe and effective at doses of 4 mg to 8 mg
daily. Some patients might benefit from dosages as high as 12 mg daily,
although this could not be clearly demonstrated in the three Phase 3 clinical
trials. Additionally, daily dosages of 12 mg are associated with an increased
number of adverse side effects, many of which may be unacceptable to patients.
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9.3 Advisory Committee Meeting

None

Martin S. Rusinowitz, MD
Medical Review Officer
Division of Neurology Products
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