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1 Executive Summary

1.1 Recommendationsg/Risk Benefit Assessment

1.2 Recommendation on Regulatory Action

This clinical reviewer recommends approval of the oral solution and tablet forms of
Levetiracetam (LEV) as adjunctive therapy for the treatment of partial seizures in children 6
month to <4 years old with partial onset epilepsy. The recommendation for approved dose of
Keppra is 14 mg to 42 mg/kg/day in children < 6 months old and 20-50 mg/kg/day in children <
4 years old. The recommended dose is different from the 522 mg/kg/day dose in children 6 month
to <4 years old sought by the sponsor. The recommendation to approve the lower dose range is
based on 2 insufficiencies contained in the available clinical trials data. The first insufficiency is
that the size of the < 6 month old cohort is too small to be able to demonstrate a statistically
significant result. The problem of insufficient power in the < 6 month old cohort is balanced a
robust treatment effect in the 4 children age < 6 months who were treated with LEV in the
pivotal double blind trial (N0O1009). The second area of insufficiency is sponsor’s justification
the recommended maintenance dose of LEV in children 1 month to <4 years of ®) mg/kg/day,
which is based on a PK (Study NO1128) and exposure-response model (study NO1308) rather
than data from well controlled clinical trials using this dose of LEV. The predicted exposure-
response data in children was designed to replicate a level of exposure in children at a dose of (b)
mg/kg/day that is similar to the exposure associated with a ®) ) dose of LEV in adults. The
pivotal efficacy trial NO1009 studied LEV in doses up to 50 mg/kg/day in children ages 6 months
to <4 years, which according to the sponsor, is similar to the exposure associated with a 2000
mg/day of LEV in adults. The sponsor’s own exposure-response model does not predict a
significant reduction in seizure frequency (2% or less) by administering the higher target dose of

()" mg/kg/day compared to 50 mg/kg/day (see table 1.1).

[ Appears This Way On Original ]
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Table 1.1-Exposur e-Response Predicted By The Sponsor’s M odel Comparing Adult to
Children Ages-1 Monthto4 Years

Table 10:4 Predicted reduction in seizure frequency from baseling for children
receiving a 12-week treatment with 20, 40 and (b mg'kg/day versus a 12-
week treatment of 1000, 2000/(B) (4) mg/day du adults.

Treatment Predicted reduction i seizure frequency from baseline
Median (3-95% guannles)
Children Adults

Children: 20 mg/kg/day 30% (-T7% to 95%) 30% (-87% to 92%)
Adults: 1000 mg/day

Children: 40 mgkg/day 43% (-T7% to 96%) 36% (-87% to 94%)
Adults: 2000 mg/day

Children: (0) mgkg/day 45% (-77% to 06%%) 30% (87% to D5%)
Adults (0)  mg/day

The review team recommends approval of the actual dose studied in the pivotal clinical trial
(N01009) of 50 mg/kg/day since there appears to be little additional reduction in seizure

frequency associated with the model predicted optimum dose of SER mg/kg/day.

2 Introduction and Regulatory Background

2.1 Product Information

Levetiracetam formerly UCB L059

Chemically Name: (S)-(-ethyl-2-oxo0-1-pyrrolidone acetamide
Molecular weight: 170.21

Molecular formula: CsH14N202.

The Agency approved Keppra in tablet form (250 mg, 500 mg and 1000 mg), oral
solution (100 mg/ml) and as an intravenous injection (500 mg/5 ml). The approval history for
each of the different dose forms of Keppra are listed in Table 2.1. The sponsor is not seeking
approval of a new dose form or strength of Keppra in this application. Two currently
unapproved tablet strength of Keppra were tested in 3 of the clinical trials used to support this
application. A 166 mg or a 166.5 mg tablet was administered to subjects in the N157, N01148
and NO1103.
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Table 2.1 Product Approval History for Keppra

Drug/Dose

Indication

Approved Population

Date Approved

Keppra 250 mg, 500 mg,
750 mg and 1000 mg
tablets

Adjunctive therapy in the
treatment of partial onset seizures

adults with epilepsy (NDA
21-035)

250 mg and 500
mg tabs Nov. 30
1999

1000 mg tab Jan 6,
2006

Keppra (levetiracetam) oral
solution (100 mg/mL)

Adjunctive therapy in the
treatment of partial onset seizures

adults with epilepsy (NDA
21-505)

July 15, 2003

Keppra tablets and oral
solution

Treatment of partial onset
seizures

children 4 years of age and
older with epilepsy

June 21, 2005

Keppra tablets and oral
solution

Adjunctive therapy in the
treatment of myoclonic seizures

patients 12 years and older

Aug. 15, 2006

Keppra tablets and oral
solution

Treatment of primary generalized
tonic-clonic seizures

patients 6 years and older
with idiopathic generalized

epilepsy

March 19, 2007

Keppra injection 500 mg/5
mL (100 mg/mL)

Adjunctive therapy in the
treatment of partial onset seizures
in adults with epilepsy

Adults (NDA 21-872)

July 31, 2006

Keppra injection 500 mg/5
mL (100 mg/mL)

Myoclonic seizures

Adults with juvenile
myoclonic epilepsy

Sept. 12, 2007

Keppra XR, extended
release tablets, 500 mg
once daily

Adjunctive therapy in the
treatment of partial onset seizures

(b) years of age and older
(NDA 22-285)

Filed Nov. 13,
2007

2.2 Tablesof Currently Available Treatmentsfor Proposed Indications

Table 2.2- Currently Used Pediatric AEDs.

Drug

Acetazolamide
Carbamazepine
Clobazam
Clonazepam
Diazepam
Ethosuximide
Felbamate
Fosphenytoin
Gabapentin
Lamotrigine
Levetiracetam
Oxcarbazepine
Phenobarbital
Pheniytoin
Primidone
Tiagabine
Topiramate
Valproate
Vigabatrin
Zonisamide

Modified from:Ravat SH, Gupta R. Antiepileptic drugs in pediatric epilepsy. J Pediatr Neurosci 2008;3:7-15
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2.3 Summary of Presubmission Regulatory Activity Related to Submission

The agency issued the Pediatric Written Request to the sponsor on August 21, 2001. The
original PWR was modified several times before a final version was negotiated with the sponsor.
The PWR was reissued on July 3, 2002 under BPCA. The sponsor negotiated a two tiered
approach to meeting the requirements of the PWR. The first tier addressed the PWR in children
from ages 4 years to 16 years, the second tier addressed children from age 1 month to <4 years.
LEV given orally was approved for use in children from age 4 to 16 years for the adjunctive
treatment of partial onset seizures on June 21, 2005. The second tier of sponsor’s plan to meet
the requirements of the PWR is addressed in this submission.

Table 2.3-Regulatory History Relating to the Pediatric Written Request (UCB)

Table 1:2 Summary of General Correspondence

Date Type of Correspondence/Subject
20 July 1999 IND 45,151, 07 January 2000, Serial
No. 303: UCB End of Phase 2 Meeting
Minutes
25 May 2000 IND 45,151, 12 July 2000 (received

23 August 2000) FDA Follow-up End of
Phase 2 Meeting Minutes
25 May 2000 IND 45,151, 14 July 2000, Serial No. 377:
UCB Follow-up End of Phase 2 Meeting
| Minutes
21 February 2001 IND 45,151, 21 February 2001, Serial
No. 446, UCB submitted a Proposed
| Pediatric Study Request
28 February 2001 IND 45,151, 27 March 2001, Serial No. 457:
UCB Minutes of meeting to discuss sample
| size of Study N159
21 August 2001 | NDA 21-035, FDA issues Written Request
24 October 2001 NDA 21-035, UCB submitted Proposed
Changes in Written Request for Pediatric
| Studies
04 February 2002 NDA 21-035, 25 February 2002, UCB
Pediatric Exclusivity Teleconference
| Meeting Minutes
22 March 2002 NDA 21-035, FDA amended the Written
Request to delete "(at least 50 patients)” from
the population pharmacokinetic approach
03 July 2002 NDA 21-035, FDA reissue Written Request
under Best Pharmaceuticals for Children Act
25 November 2002 | NDA 21-035, UCB Response to
29 October 2002 FDA Request Regarding
| Pediatric Exclusivity.
18 March 2003 IND 45,151, 18 March 2003, Serial No. 737:
Protocol Synopsis for Study NO1103
| submitted for comment
09 May 2003 IND 45,151, 09 May 2003, Serial No. 762:
Protocol synopsis for Study N01009
submitted for comment.
01 July 2003 IND 45,151, 01 July 2003, Amended
synopsis for Study NO1103 submitted by e-
mail

The agency granted a waver to release UCB from studying LEV in children 12 and under
for the treatment of juvenile myoclonic epilepsy (JME). The waiver was granted because JME is
only rarely diagnosed in children below 12 years-old. UCB was notified of the waiver on
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August 28, 2006. The waiver is applicable for the oral tablet form and oral suspension NDA 21-
035/S050 and NDA 21-505/S-009.

Other Relevant Background Information

NDA 22-285 for Keppra XR, extended release tablets, 500 mg, for once daily dosing as
adjunctive therapy in the treatment of partial onset seizures in patients Sb) years of age and older
with epilepsy was filed on 13 November 2007. This application is being reviewed by The
Division of Neurology Products

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

Study N01009:
"A Double-Blind, Randomized, Multicenter, Placebo-Controlled, In-Patient, Maximum
34 Day Study of Levetiracetam Oral Solution (20 - 50 mg/kg/day) as Adjunctive
Treatment of Partial Onset Seizures in Pediatric Epileptic Subjects Ranging in Age from
1 Month to Less than 4 Years of Age."

Site monitoring in the US and Canada for study N01009 was conducted by (®) (4)
designated by UCB. On-site monitoring, medical monitoring and

serious adverse event (SAE) reporting for sites in Europe (Western and Eastern) was contracted
to (B) (4) was responsible for on-site
monitoring, medical monitoring and SAE reporting for sites in Mexico and Brazil. The sponsor
conducted 4 site personnel train meetings, 2 for the E.U. sites and 2 for North and South
American sites. Site audits were conducted for 3 enrollment sites in the U.S, 3 in the E.U. and 2
sites in Brazil. All of the study vendors were audited, including the blinded central EEG reading
site ((0) (4) ). Data entry was by double entry technique with 100% comparison
and reconciliation of differences. The sponsor’s QC audit of data entry found no errors in their
10% sample. The clinical reviewer reviewed sample CRFs from 5 sites and found no serious
omissions or documentation concerns. DSI inspections were not requested for clinical site in
study N01009 since even the largest enrolling sites randomized a maximum of 4 subjects to the
LEV group (7 subjects overall).

[ Appears This Way On Original J
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3.2 Compliance with Good Clinical Practices

Table 3.1-Subjects with Reported Major Protocol Violations (UCB)
Table 10:1 Number and Percentage of Subjects with Major Protocel Vielations (ITT

Population)
Alajor Protecol Violations ™ FEO LEV Orrerall
(N=56) (N=60) (N=114)
n (%) o (%u) (%)
Sufzject was aking more than 2 AEDs 2 weeks prior o Day -
£ and during the smdy. 1 (1.8%) 1(1.7%) 2 (1.7%)
The evzluaton period 45 Hour Video EEG was dons but the 1(1.5%) o 1 (0.9%)
dama was lost Therefore, the Central Feader evaluation was
not done.
1(1.8%) 1] 1 (0.0%a)
The responzs to Inclnsion Criteria quaston & (stable regimen
of 1 or maxirman of 2 AEDs) is MO (no waiver grantad).
The response to Inclnsion Criteria quastion & (stabls regimen 1(1.8%) 1] 1 (0.8%)
of 1 or maximan of 2 AEDs) is MO (waiver granted).
The selection pericd 48 Hour Video EEG was done. The 1{1.8%) 0 1 (0.0%)
subject had qualifying seizures but the EEG darta was
izadvertently deleted ar the site. Therefore, the Central
Flaader evaluzton was not completed.
The subject bad an addition or deletton of an AED less than 2 {3.6%) 4 (6.7%) G (5.2%)

2 weeks prior to Randomization
The total mumber of evaluable bhours for the Evaluation 1(1.8%) 0 1 (0.9%a)
(post-baszaline) Vizit 48 hour Video EEG Cenmal Feadar
Evaluation was less than 24 hours.

The total mmber of evalusble hours for the selection 1(1.3%) 1(1.7%) 2 (1.7%)
(asaling) peried 48 hour Vides EEG Cenmzl Reader
evaluation was less than 24 hours.

The total number of partizl seizures was 000" for the 1% 4 (6.7%) 5 (4.3%)
selection pericd 48 Hour Video EEG Cenmral Feader

evaluation.

Total Number of Subjects with at Least One MEFV 211 5 (13.3%) 17 (14.7%4)

" Subjects may have mers than one major prosocel vielation, md Hones are not mually exclusive
Source: Table 14.1.1°3

UCB attested that all of the referenced clinical trials were conducted in accordance with
the International Conference on Harmonization (ICH) E6 notes for Guidance on Good Clinical
Practice (ICH / CPMP/135/95) , EMEA ICH E11 in Europe, and the principles contained in the
Declaration of Helsinki.

The number of subjects with major protocol violations was slightly greater in the placebo
group, 9 verses 8 in the LEV arm. The majority of major protocol violations involved loss of 24-
hour video EEG data or inappropriate alteration of concomitant anticonvulsant medications
within the two weeks prior to the Baseline visit. A total of 7 subjects (5 placebo and 2 LEV)
were excluded from the ITT analysis, all cases were excluded because of incomplete EEG data.
Neither the major protocol violations nor the subjects excluded from the ITT analysis are
expected to influence the trial outcome data.

All 15 subjects from site 419 in long-term study N157 were excluded from the study
summaries and analyses. The site was closed and the data was excluded based on information
gathered by the sponsor and study monitor regarding poor compliance with record completion
requirements (CRFs and source documents) despite multiple attempts enforce compliance. The
sponsor decided to close the study site and remove data from this site from pooled safety data
affecting study N157 and PK studies.
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3.3 Financial Disclosures

The sponsor did not provide a list of investigators who failed to submit a financial
disclosure for the pivotal studies (NO1009 or NO1103) or a list of investigators who reported a
disclosable financial arrangement defined in the Agency’s guidance and 21CFR part 54.4. The
sponsor supplied a list of investigators who participated in the trial and a list of investigators who
provided a financial disclosure in Module 1 of this submission. An email was forwarded to the
sponsor to obtain a list of the delinquent investigators and a list of investigators who reported
disclosable financial agreements on August 4, 2008. UCB responded on August 12, 2008 listing
only one sub-investigator at study site 503 in the Czech Republic who did not file a form 1572.
There were three investigators who reported a disclosable financial relationship with UCB.
None of the investigators who were require to disclose a financial relationship with the sponsor
enrolled enough patients into the clinical trial to influence the trial outcome.

Table-3.2 Study Site I nvestigator s Reporting a Disclosable Financial Relationship with
UCB For Studies N01009 and N01103

Study | Site I nvestigator Disclosable Relationship with UCB # Subjects
Enrolled at
Site
N01009 | #b) (b) (6) Disclosed a grant or significant other 5
(6) payment from UCB amount not specified
N01009 | #b) (b) (6) Honoraria totaling an amount greater than | 1
(6) $25,000
N01009 | #b) (b) (6) The Investigator (B) (6) 1
(6) (b) (6) and has received
research grant from UCB totaling 50,000
Euro/year from 1999-2004

4  Significant Efficacy/Safety | ssues Related to Other Review
Disciplines

4.1 Clinical Pharmacology Reviewer’s Summary

Brief Summary:

e Summary of Findings:
1. There is evidence to suggest that levetiracetam is efficacious in the treatment of pediatric
patients down to 1 month of age.
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e In Study NO1009, the levetiracetam group exhibited consistently greater percent
seizure reduction from baseline compared to placebo group across different age
groups — including 1 to 6 month olds.

2. A two-step dosing, as illustrated in Table 1, is recommended.

e Our recommended dose is similar to the sponsor’s proposal, except we
recommend that the maintenance dose for pediatric patients 6 month to 4 years of
age is 50 mg/kg/day, rather than the sponsor proposed Egz mg/kg/day - due to no
additional benefit.

e Our recommended dose is derived based on the decision tree illustrated in Figure
1.

Table 3.3 Difference between the Clinical Evaluated Doses, the Sponsor Proposed Doses
and the Reviewer Recommended Doses

Reviewer Recommended
Trial Evaluated Doses Sponsor Proposed Doses Doses
Starting Maintenance Starting Maintenance Starting Maintenance
Age Dose Dose Dose Dose Dose Dose

IMonth - 6 20 14 14

Month mg/kg/day 40 mg/kg/day mg/kg/day 42 mg/kg/day mg/kg/day 42 mg/kg/day
6 Month - 4 25 20 20

Years mg/kg/day 50 mg/kg/day mg/kg/day (92 mg/kg/day mg/kg/day 50 mg/kg/day

[ Appears This Way On Original J
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Figure 1 Selection of the Proper Doze Fegimens in the Pediatric Patients 1 AMonth — 4 Years
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Clinical Pharmacology Reviewer Recommendation:

The sponsor demonstrated that levetiracetam is efficacious in treating partial onset
seizure for pediatric patients down to 1 month of age. We recommend a two-step dose regimen
based on the modeling and simulation evaluation (see Table 1 above, reviewer’s recommended
dose). The pharmacokinetic characteristics of levetiracetam, including the relevant covariate
effects, in pediatric patients aged Imonth — 4 years have been adequately evaluated.

Major Issuesfor discussion:

1. Is there evidence of consistent effectiveness across different age groups?
2. What are the recommended doses for pediatric patients aged 1 month - 4 years?
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4.1  Mechanism of Action (UCB Description)

Recent studies have shown that the antiepileptic effect of levetiracetam is linked
to a novel mechanism of action, based on the binding of the drug to the synaptic vesicle protein
SV2A. The extent to which this binding contributes to levetiracetam’s mode action remains to
unknown.

4.2  Pharmacodynamics

Levetiracetam at concentrations of up to 10 yM did not demonstrate binding affinity for a
variety of known receptors, such as those associated with benzodiazepines, GABA (gamma-
aminobutyric acid), glycine, NMDA (N-methyl-D-aspartate), re-uptake sites, and second
messenger systems. Furthermore, in vitro studies have failed to find an effect of levetiracetam on
neuronal voltage-gated sodium or T-type calcium currents and levetiracetam does not appear to
directly facilitate GABAergic neurotransmission. However, in vitro studies have demonstrated
that levetiracetam opposes the activity of negative modulators of GABA- and glycine-gated
currents and partially inhibits N-type calcium currents in neuronal cells.

4.3  Exposure Response Relationships

The sponsor has demonstrated a dose-response relationship for a clinical efficacy
endpoint (reduction in partial onset seizure frequency) in adults receiving LEV up to 3000
mg/day in two double blind studies N=180 and N=101. However, a similar dose response
relationship in children age 1 month-4 years was developed using actual clinic trials data from a
relatively small number of children. The number of children < 1 year old and less than 6 months
old (N=3 double-blind study N01009) were the smallest cohorts included in UCB’s exposure-
response database. The exposure-response (and dose-response) model in adults was extended to
children ages 1 month to <4years in study N0O1308 (see quote below) the model data was used to
develop final dosing recommendations for children in this age group. The actual clinical
response in children < 4 years old at ng mg/kg/day (equal to® ®)  /day in adults) was not
studied in double blind trial. The pivotal trial double blind N01009 used 50 mg/kg/day as the
target dose in children ages 6 months to <4 years.

“An existing model for the effect of LEV on seizure frequency in refractory epilepsy
patients developed for adults was extended to data obtained from 2 separate pediatric
studies.”

4.3 Phar macokinetics

Peak plasma concentrations were observed approximately 1 hour after dosing. For these
pediatric subjects, the t;, was shorter (5.3 h) than it was for adults (7.2 h), and apparent
clearance was faster 1.5 mL/min/kg pediatrics verses 0.96 mL/min/kg adults. The results were
consistent with observations in pediatric subjects aged 5 to 12 years. Levetiracetam appeared to
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well tolerated, and safety assessments were consistent with the established safety profile of
levetiracetam.

Table 3.4-PK parametersof LEV by Age 1 Month to < 6 Monthsand 6-24 M onths (UCB)
24 < 48 Months Applicableto The Application.

Table 2723 Mean Levetiracetam Noncomparimental Pharmacokinetic Parameter Values
Followmg Single Doses in Pediamic Patients (01032 and N131), Young

Adults (N062) and Elderly Patients (N023)

Pediatric | T PONTE | b e | L owafic Young Elderly
(essmo) | ' | aecasmoy | G-1 Adults (61 - 88 ¥r)
’ =24mo.) ) ¥ri) (22 - 28 ¥r3) c
Single Dose 10 davs
e e wone® | | S
N 3 3 3 24 ] 15 16
Coee (P2l 371 308 306 53 ET] 19.1 312
Median fm 1.0 1.0 10 13 GEH 097 12
(onurs)
ATC 753 EY EET! Y] 77T G, EYTICH
{pg-hriml) =
W/F (LEg) 037 0.6 0.63 0.7 0.7 0.5 K]
T (hours) 54 =3 52 6.0 78 103 104
CLF 133 137 1.26 ] 108 0.60 0.60
[l minkg)
Urinary NE. NE. NE. 5] 515 355 75
eRCretion,,
i (e dnee)

WE=nat required

™ corresponds o a dosa of 17 me'ks

™ comresponds to 2 dese of Tmeke

= ATIC e

M ATIC0-12) hows

! Cuapualative vrinary excretion over 12 hours at steady sate

Study N01052 was an open-label, multicenter, single dose PK study in children aged >1
month to <4 years with a diagnosis of epilepsy. Study N01052 evaluated the PK profile of LEV
and its metabolite (UCB L057) following a single 20 mg/kg oral dose of LEV. 13 pediatric
subjects (aged 1 month to <4 years) were included in the study only 12 subjects are reported in
table 3.4, three subjects were between 1 month and <6 months, 6 subjects were between 6
months and <24 months, and 4 subjects were between 24 months and 48 months a total of 4
subjects were < 1 year old at the time they entered the trial. The PK database appears
particularly small for children < 12 months old.

43 ADME
4.3.1Absorption

Levetiracetam was rapidly absorbed following a single 20 mg/kg dose of 10% oral
solution resulting in a median Tmax at approximately 1 hour in all groups of children <4 years
old and in adults. The exception was the group of children 5-12 years old occurring at 2.3 hours

after a 20 mg oral dose. The half-life was shorter in children at 5.3-5.4 hours compared to adults
at 7.2 hours. The extent of bioavailability of LEV is not affected by food.
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4.3.2 Distribution

Levetiracetam and its major metabolite are < 10% bound to plasma proteins; therefore,
clinically significant interactions with other drugs through competition for protein binding sites
are unlikely. Levetiracetam’s volume of distribution is close to the volume of intracellular and
extracellular water.

4.3.3 Metabolism

The primary metabolite of LEV is L057, which is inactive in adults and children. The
sponsor reported in the results of their PK study N01052, L057 accounted for 3% of the parent
compound in children 1 month — 4 years.

4.3.4 Elimination

When adjusted to body surface area, the clearance in children aged 6 months to 2 years is
57.0 mL/min/1.73 m® and in children greater than 2 years old to less than 4 years old it is 58.5
mL/min/1.73 m? close to the clearance reported in adults. In children below 6 months, clearance
was 30% lower, because glomerular filtration rate (GFR) at birth is only 30-40% of the GFR in
older children and healthy young adults. The exposure to UCB L057 the primary inactive
metabolite of LEV, is lower in children then adults with a mean half-life varied from 6 to 8 hours
in the 3 age groups. Dose reduction is recommended in adults and children with moderate to
advanced renal failure and in patients with hepatic impairment.

4.3.5 Drug InteractionsWith AEDs

There is no clear evidence of clinically significant drug-drug interactions in children.
Data from pooled retrospective data analysis in children receiving at least 1 enzyme-inducing
AED from studies NO1139 and N01288, showed that children taking enzyme inducing AEDs
have approximately 20% (22% and 19%, respectively) higher body clearance of LEV, compared
with the group receiving non-inducing AEDs. The sponsor did not consider this clinically
significant and they did not recommend a dose adjustment in children takind enzyme inducing
AEDs. PK data from placebo-controlled clinical studies indicate that LEV does not influence the
plasma concentration of existing AEDs and that these AEDs do not influence the
pharmacokinetics of LEV. In children taking concomitant inducing AED, alone or with other
AEDs, the shape of the t;; curve was the same but had to be shifted downward by approximately
20%.

16



Clinical Review

Gerald D. Podskalny, DO

NDA 21-035 S-073

Keppra Tablets and Oral Solution Page 17 of 77

Table4.1-Changein Half-Life of LEV by Age Associated
With Co-administration of an Inducing AED
Predicted By PK Model Analysisin N01288. (UCB)
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Data from previous drug interaction studies performed in adults finds that LEV has no
effect on the pharmacokinetics of oral contraceptives, warfarin, or digoxin. The renal tubular
secretion-blocking agent, probenecid had no effect on the excretion of LEV, but it reduced the
renal clearance of metabolite, UCB L057.

5  Data Sources, Review Srategy and Data Integrity

5.1 Sourcesof Clinical Data

The current SNDA clinical review considered the results of the following pediatric clinical
studies:

Study N01009: "A Double-Blind, Randomized, Multicenter, Placebo-Controlled, In-Patient,
Maximum 34 Day Study of Levetiracetam Oral Solution (20 - 50 mg/kg/day) as Adjunctive
Treatment of Partial Onset Seizures in Pediatric Epileptic Subjects Ranging in Age from 1
Month to Less than 4 Years of Age."

Study N01103: "A 19-Week, Randomized, Double-Blind, Multicenter, Placebo-Controlled
Safety Study to Evaluate the Cognitive and Neuropsychological Effects of Levetiracetam 20-60
mg/kg/day, Divided in Twice Daily Dosing, as Adjunctive Treatment in Children 4 -16 Years
Old, Inclusive, with Refractory Partial Onset Seizures."

Study N01148: "A Multi-Center, Open-Label, Long-Term, Follow-Up Study of the Safety and
Efficacy of Levetiracetam in Children with Partial Onset Seizures.
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Study N157. “"A Multi-Center, Open-Label, Long-Term, Follow-Up Study of the Safety and
Efficacy of Levetiracetam (UCB L059) in Children With Epilepsy".

*Study N157 was previously submitted as an interim report in the 2004 Pediatric Supplement.

Data from 13 subjects were included in the long-term safety database and in the long-term
efficacy summaries.

5.1 Tablesof Clinical Studies (UCB)

Table 2.7.6:1  Tabular Listing of All Clinical Studies

Location Study Desion Test Product(s): Number of Healthy Duration Study
Type of Study of Stud Objective(s) of an d)”i‘ o gf Regimen, Route of Subjects Subjects or of Status:
Study | Identifier Re orty Study Con)t’lr)ol Administration per (M/F) Diagnosis of | Treatmen | Type of
P protocol [Age Range] Patients t Report
Levetiracetam 20 to Children age
Long-term safety 99 mg/kg/day Tmo-1 6yrsg Comnlete
Safety N157 Module § f01]0\3v-up 'of LEV Open Label Tablets (166, 166.5, | 223 (118/105) with Partial Upto7.5 omple
as adjunctive 250, and 500 mg) 1mo to 16 yrs Onset years Full
therapy and Oral Solution Seiures
(10%)
Levetiracetam 20, Children age | 6 days (20
Efficacy and Randomized .
Efficacy 25,40 and 50 Imto <4yrs | days if not Compl
e
and NOI009 | Module 5 | Saf¥ty OfLEVas | DB parallel, | mjkgiday ) | withParal | continuing | P
Safety thoes P e olled Oral Solution IS | Onset to
Py (10%) Seizures NO1148)
isnacflitzl,i;tgudy Randomized igvzgr;cge;tka; dzao’ Children age
cognitiveand | pptiY | obers (166, 1665, | 98 ez | 410 16years Complete
Safety NO01103 Module 5 | neuropsychiatric > ? IO with Partial | 12 Weeks
placebo 250, and 500 mg) 41016 yrs Full
effects of LEV as . Onset
R controlled and Oral Solution .
adjunctive o Seizures
(10%)
therapy
Levetiracetam 20, Children age
Long-term safety 25, 40, 50, 60 Imo-1 6yrsg
-] = O .
Safety | NOI148 | Module s | fONOW-up of LEV | (o (o pey | mefke/day Tablets | 255 (I39/116) | Cop poic) | 48 Weeks | o208
as adjunctive (166, 166.5, 250, 1mo to 16 yrs Onset Interim
therapy and 500mg) and Seizures
Oral Solution (10%)

5.3 Review Strategy

The primary clinical review of the supplemental, pediatric NDA application was divided
into separate efficacy and safety reviews. The efficacy review was performed by Gerald
Podskalny, D.O. in The Division of Neurology Products (DNP). The safety review was
performed by Lisa, Jones, M.D. Safety Reviewer in the DNP.

The efficacy review centered on Study NO1009 as the pivotal study. Study NO1103 was
designed with safety primary endpoints and efficacy endpoints were considered exploratory.
Subjects enrolled into study NO1103 were also older (age 4-16 years) than the age of the children
addressed in this supplemental NDA application (1 month to <4 years). Studies NO1128 was a
retrospective PK meta-analysis that used clinical trials data from children and adults to develop a
LEV dosing nomogram for children divided in to 2 age groups < 6 months and > 6 months of
age. Study NO1308 was an exposure-response analysis that created a model to predict the
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exposure response relationship in children and develop an optimal dose for children < 4 years
old. Both of these studies were reviewed from the perspective of the quality and sufficient
quantity of the clinical data from children in the age groups of interest and the soundness of
sponsor’s rational to support the recommended dose of LEV.

Long-term studies N0157 and NO1148 were both open label, studies but the efficacy
review for these was focused on the long-term maintenance of the treatment effect.

Joint statistical-clinical reviewers meetings to discuss the evaluation of efficacy and
safety endpoints were held with Fanhui Kong, Ph.D. (statistical reviewer).

6  Review of Efficacy

6.1 Indication
Proposed New I ndication

Partial Onset Seizures

KEPPRA is indicated as adjunctive therapy in the treatment of partial onset seizures in
adults and children 1 month of age and older with epilepsy.

6.2 Methods

UCB conducted a single efficacy study to complete the second phase of their plan to
fulfill the requirement of the pediatric written request. The primary efficacy study N01009
sought to enroll subjects ages 1 month up to 4 years with refractory epilepsy who were being
treated with no more than 2 AEDs. Subjects had 48 hour video EEGs performed to collect data
for analysis of the primary endpoint. Clinical trial NO1103 was designed with safety as the
primary objective, efficacy data was considered an exploratory endpoint. Study NO1103
recruited children age 4-16 years old with partial onset seizures. This was intended to meet the
safety requirements of the PWR regarding potential cognitive and behavioral adverse effects
associated with LEV. Efficacy data was not collected using 48 hour EEG recordings, instead
seizure diaries and global impression scales were collected to determine the exploratory efficacy
endpoints. Data from the long-term open-label, flexible dose trials NO1148 and N157 is not
typically considered an appropriate data source for information to support efficacy claims.
Information from the long-term trials was used to evaluate the persistence or tolerance of the
treatment effect of LEV for this review. The sponsor used PK data from samples taken from
subjects who participated in these clinical trials to develop the recommended dosing regimen,
discussed later in this review.
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6.2.1 Discussion of Individual Studies

6.2.2 Double-Blind Efficacy

6.2.2.1 Study N01009

The N01009 was designed as a phase III, double blind, placebo controlled, short-term
efficacy trial in children ages 1 month up to <4 years old with refractory partial-onset epilepsy.
This study is considered the primary source of data to support the efficacy claim for children in
this age group. The NO1009 study also addressed part 2 of the sponsor’s plan to meet the
requirement of the agency’s pediatric written request (PWR) to establish the safety and efficacy
of LEV for adjunctive treatment of partial onset seizures in children. A total of 116 subjects
were randomized in a 1:1 ratio LEV/PBO. Study medication was administered as an oral
solution. 60 subjects were assigned to the LEV group and 56 to placebo. Subjects aged 1 month
to < 6 months who received LEV were titrated to a maintenance dose of 40 mg/kg/day and
subjects aged 6 months to <48 months randomized to LEV were titrated to a maintenance dose of
50 mg/kg/day. After the Selection Phase subjects received placebo or 20 or 25 mg/kg/day dose
of LEV for a single day followed by 6 days of maintenance dose LEV appropriate to their age
(evaluation phase) category. The Evaluation Phase24 hour EEG data was collected while
subjects received maintenance dose LEV. After the Evaluation phase the dose of LEV was
reduced and discontinued over the 2 week down titration phase with follow up extending 24
hours or after LEV was discontinued.

Pharmacokinetic data from study N01052 suggest the plasma clearance of LEV (CL/f)
normalized by body weight in children 6 months to < 4 years of age is approximately 50% higher
than in adults. In children 1 month to < 6 months of age the CL/f normalized by body weight is
similar to that of adults. Based on this information, the dose of levetiracetam the dose of LEV
oral solution administered to children in study NO1009 was determined by age. A dose of 20
mg/kg/day titrating to 40 mg/kg/day for children 1 month to < 6 months old and a dose of 25
mg/kg/day titrating to 50 mg/kg/day for children 6-month to < 4-years old, was used in this
study.

Partial onset seizure frequency was recorded on 48-hour video EEG recordings
performed at baseline (Selection period), which was compared to the 48-hour video EEG
performed in the Evaluation period on day 4-6 on LEV (steady state). A central blinded EEG
reader was responsible for determining if the EEG met criteria for an adequate study (at least 24
hours of interpretable data) and for determining the seizure frequency captured during the EEG
recordings. All EEG tracings with < 24 hours of interpretable data were counted as treatment
failures for the mITT analysis.

The primary efficacy variable of NO1009 was the responder rate of subjects who

experienced a reduction in average daily seizure frequency (ADF). The responder rate was
defined as the number of mITT subjects with a > 50% reduction from Baseline in their ADF for
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partial onset seizures (Type ) divided by the total number of mITT subjects. The absolute and
percent changes in average daily seizure frequency (ADF) were chosen as secondary endpoints
for this study. The primary analysis of the primary endpoint did not adjust for baseline
characteristics. There was an imbalance between the 2 study groups in baseline average daily
seizure frequency. The LEV treated group had almost 3 times the number of seizures at baseline
compared to the placebo group. The race distribution was not balanced between the two
treatment groups either. Ninety percent of Caucasians were assigned to the LEV group and only
70% of Caucasians were assigned to the placebo group. None of the black study participants
were assigned to the LEV group. To investigate the effects of the difference in baseline ADF, the
sponsor conducted a post hoc analysis to incorporate baseline seizure frequency and treatment
into a statistical model. The reviewer also conducted such post hoc analyses to adjust for the race
factor. Both the planned and unplanned analyses of the primary endpoint demonstrated a
statistically significant increase in % responder rate in the LEV group. The difference in the
absolute and percent reduction in ADF of partial onset seizures was also statistically significant
in favor of the LEV treated patients.

6.2.3 Double-Blind Safety

6.2.3.1 Study N01103

Study NO1103 is supporting double blind, placebo controlled, short-term study, designed
with safety as the primary objective. The study was a Phase II, 19-week, randomized, double-
blind, multicenter, placebo-controlled safety study in children (4 to 16 years old) with partial
onset seizures. The study targeted cognitive and behavioral changes associated with LEV
required by the Agency in the PWR. The reduction in partial onset seizure frequency and global
improvement were also examined as exploratory endpoints. The randomization ratio was 2:1
(LEV/ PBO) and the final group totals were 65 subjects in the LEV group and 34 PBO subjects.
Efficacy data supports efficacy in children 4 year and older but the sponsor was already granted
approval to use LEV for partial onset seizures in the 4 — 16 year age group. The study does not
include new efficacy data for children in the 1 month to < 4 year age group but the results of this
trial will be considered by the safety reviewer.

6.24 Open-Label Long-Term Safety

Open label, long-term safety and efficacy studies NO1148 (duration up to 48 weeks) and
N157 (duration up to 7.5 years) enrolled subjects who had participated in earlier double blind
studies and subjects who did not participate in previous clinical trials of LEV. The efficacy data
will be reviewed from the perspective of looking for evidence that supports a persistent treatment
effect in subjects taking LEV for periods of longer than the 34 day duration of trial NO1009.

6.2.4.1 Study N01148

NO1148 is a Phase III, multicenter, open-label, flexible dose long-term follow-up study of
the safety and efficacy of LEV in children 1 month to 16 years old with refractory partial onset
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seizures. The maximum dose of LEV subjects could receive was up to 100 mg/kg/day. The
study duration was up to 48 weeks. A total of 255 subjects were enrolled and treated, 152 in the
1 month to <4 years group and 103 in the 4 to 16 years group. The study was still ongoing at the
submission cut-off date of September 18, 2007.

6.2.4.2 Study N157

The present study enrolled subjects who had participated in a previous levetiracetam
study, either N159, N01010, N151, or NO1052. Only study NO1052 enrolled subjects ages >1
month to <4 years old the remaining studied sought subjects who were 4-16 years old. The total
number of subjects enrolled in the NO1052 study in the 1 month to < 4 years age range was 15.
The study duration was up to 7.5 years but approximately 2/3 of the subjects discontinued
participation before the trial ended. The large number of subjects who discontinued trial
participation before the trial end was not unusual given its long duration.

6.3 General Discussion of Endpoints Study Pivotal Trial N0O1009

The primary efficacy analysis was based on the mITT population. The mITT population
consisted of all intent to treat (ITT) subjects who had at least 24 hours of usable Selection video-
EEG time as determined by a blinded central reader. The sponsor hired (0) (4)

as the Central EEG Reader. Selection video-
EEG data interpreted by the central reader was used for analysis. Subjects included in the mITT
analysis had at least 24 hours of usable Evaluation video-EEG time. Subjects who had < 24
hours usable Evaluation video-EEG and withdrew due to lack or loss of efficacy were considered
as non-responders (for the primary endpoint).

The selection of the difference in the percent responder rate between the two treatment
groups was not selected as the primary efficacy endpoint for previous pivotal trials of Keppra.
The usual primary endpoint has been the difference in the percent or absolute seizure frequency
from baseline to the steady state treatment period is reported, instead it was chosen as a
secondary endpoint in trial NO1009. In the past clinical trials the sponsor has chosen the
difference in the percent responder rate as a secondary outcome measure. In the case of study
NO01009 results for the percent responder rate and the change in seizure frequency were
statistically significant (p=0.013 and <0.001, respectively for these two outcome variables) in
favor of the LEV treated group.

6.3.1 Efficacy Analysis Study N01009

6.3.2 Data Collection For Primary Efficacy Variable Study N01009 (Video-EEG Analysis)

The primary efficacy variable is the Responder Rate for total partial onset seizures (Type
I) for subjects in all age groups. The sponsor defined the Responder Rate as follows:

22



Clinical Review

Gerald D. Podskalny, DO

NDA 21-035 S-073

Keppra Tablets and Oral Solution Page 23 of 77

Responder Rate = # of mITT subjects with a > 50% reduction from baseline in ADF
Total number of mITT subjects.

ADF was computed from the 48-hour Evaluation video-EEG (post-baseline) and the 48-hour
Selection video-EEG (baseline) as follows:

ADF = # of seizures recorded during video-EEG time % 24
# hours of usable video-EEG time

*Usable selection video-EEG time was defined as total video-EEG time minus total
uninterpretable time.

6.3.3 Seizure Counts

e For children 1 month to < 6 months old, partial onset seizure counts were based
on electro-clinical seizures (Seizures recorded on EEG accompanied by a clinical
manifestation of the electrographic event, i.e. convulsion) plus electrographic
(recorded on EEG only without clinical manifestation) seizures.

For children in the remaining age groups, 6 months to < 4 years old, partial onset seizures were
based on electro-clinical (seizure recorded on EEG with a clinical manifestation of seizure, i.e.
convulsion) seizures only.

[ ]

6.3.4 Primary Efficacy Data Analysis Study N01009

The primary efficacy analysis was based on the mITT population (repeated on the PP
population as a supportive analysis). The mITT population consisted of all intent to treat (ITT)
subjects who had at least 24 hours of usable Selection video-EEG time as determined by the
blinded central reader. Selection video-EEG data interpreted by the central reader was used for
analysis. Subjects included in the mITT analysis had at least 24 hours of usable Evaluation
video-EEG time. Subjects who had < 24 hours usable Evaluation video-EEG and withdrew due
to lack or loss of efficacy were considered as non-responders (for the primary endpoint).

6.3.5 Secondary Endpoints Study N0O1009

6.3.5.1 Secondary Efficacy Variables

1. Subgroup Analyses by Age Group - mITT Population (required in the Pediatric Written
Request)

e 1 month to < 12 month age group
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e 12 month to <24 month age group
e 24 month to <48 month age group.

2. 50% Responder ADF seizure analyses for total seizures (Type I + II + III).
e Types: [=Partial onset, [I=generalized at onset, III=Unclassified

3. Absolute and Percent Reduction in ADF Seizure Analyses.

e The percent reduction from baseline in ADF of partial onset seizures (Type I).
The percent reduction from baseline in ADF of total seizures (Type I + II + III).
The absolute reduction from baseline in ADF of partial onset seizures (Type I).
The absolute reduction from baseline in ADF of total seizures (Type I + II + III).
The percent reduction from baseline in ADF of electro-clinical partial onset
seizure (analyses exclusive of subjects 1 month to less than 6 months of age).

4. Seizure Count Data Collected from the Case Report Form during Evaluation

5. Seizures recorded on the CRF from Day 1 to Day 6 observed by the hospital staff and/or
family members were summarized by day, type, and treatment group.

6.4 Study design

The N01009 was designed as a phase III, double blind, placebo controlled, short-term
efficacy trial in children ages 1 month up to <4 years old with refractory partial-onset epilepsy.
This study is considered the primary source of data to support the efficacy claim for children in
this age group. The N0O1009 study was designed to address part 2 of the sponsor’s plan to meet
the Agency’s requirement to establish the safety and efficacy of LEV for adjunctive treatment of
partial onset seizures in children 1 month to <4 years old stated in the PWR. A total of 116
subjects were randomized in a 1:1 ratio of LEV/PBO. Study medication was administered as an
oral solution. 60 subjects were assigned to the LEV group and 56 to placebo. Subjects aged 1
month to <6 months who received LEV were titrated to a maintenance dose of 40 mg/kg/day or
matching placebo and subjects aged 6 months to <48 months randomized to LEV were titrated to
a maintenance dose of 50 mg/kg/day or matching placebo. After the Selection Phase subjects
received placebo or 20 or 25 mg/kg/day dose of LEV for a single day followed by 5 days of
maintenance dose LEV appropriate to their age (evaluation phase) category. The Evaluation
Phase 24 hour EEG data was collected while subjects were receiving their maintenance dose of
LEV typically days 4-6. After the Evaluation phase the dose of LEV was reduced and
discontinued over the 2 week down titration phase with follow up extending 24 hours after LEV
was discontinued.
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Fig.6.1-Trial Design Schematic

Figure 9:1 Schematic Diagram of the Study
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6.5 Efficacy Findings Study N01009

6.5.1 Primary Outcome Variable
Table 6.2- Primary Efficacy Variable (UCB Table)

Table 14.2.1:1  Responder Rate in Average Daily Frequency (ADF) for Partial Onset Seizures — mITT Population

Page 1 of 1 FINAL - N0O1009 23APR2007 at 20:10
PBO LEV 0dds Ratio P-value (b)
(N=51) (N=58) = mmmmmmmmmmmmmmemeeo
n (%) n (%) LEV/PBO 95% Confidence
Interval
Responder (a) 10 { 19.6%) 25 ( 43.1%) 3.11 1.22 - 8.26 0.013
Non-Responder 41 { 80.4%) 33 ( 56.9%)

Each % is based on the number of mITT subjects in the treatment group. Seizure counts include clusters.

(a) Subjects with =>50% reduction in ADF from Selection video-EEG to Evaluation video-EEG and had =>24
hours usable video-EEG at both time points.

(b) Fisher’s exact test.

The pre-specified primary outcome variable, the difference in the percent responder rate

for the two treatment groups, demonstrated a statistically significant at (p=0.013) between group
difference favoring the group treated with LEV.
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6.5.2 Key Secondary Outcome Variables Study N01009
Responder Rate By Age Group

Table 6.3 The Responder Rate For Subject By Age (UCB Table)

Table 11:10 Responder Rate in ADF for Partial Onset Seizures Adjusted for Age and
Subgroup Analyses by Age Group - mITT Population

Age Group A0 LA () [,E\{?dds Katlo P-value™
n (%) n (%) PBO 95% C1
All Ages™ 10/51 (19.6%) | 25/58 (43.1%) 3.13 | 1.31-7.48 0.009
IMto < 12M 2/10 (20.0%) 6/11 (54.5%) 4.80 | 0.51-62.31 0.183
| 12M o <24M | 4/16 (25.0%) | 9/19 (47.4%) 270 |053-1543 | 0.293
24Mto < 48M | 4/25(16.0%) | 10/28 (35.7%) 292 0.68-14.71 | 0.129

! ‘-“'_’ Odds ratio is derived from the stratified (by age group) model.
® pevalue for the all ages analysis is from the Cochran-Mantel-Haenszel (CMH) test (stratified by age group); p-values
for the individual age groups are from Fisher’s exact test.

The overall p-value (p=0.009) was calculated using the Cochran-Mantel-Haenszel
(CMH) Test in order to adjust for the age groups as opposed to the Fishers Exact test which
combines all the age groups together and gives a p-value (0.013) in the analysis of the primary
outcome variable. The corrected (Yates) CMH yields a p-value =0.0157. The statistical
reviewer’s logistic regression analysis gives a p-value of 0.010 after the adjustment of age group.

Due to the small size of the sub-groups, none of the individual sub-group analyses gave
statistically significant results. However, the treatment effect remained consistent across the age
groups. The odds ratio of favorable response in mITT population for the levetiracetam group as
compared to placebo was 4.80 for the 1 month to < 12 month age group, 2.70 for the 12 month to
< 24 month age group, and 2.92 for the 24 month to < 48 month age group. The overall age
adjusted odds ratio stratified by age group was 3.13 (95% CI 1.31 — 7.48) and was nearly
identical to the unadjusted estimate.

[ Appears This Way On Original J
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6.2.2 Absolute Changein Seizure frequency

Table 6.4-Absolute Change in Number and Per cent of Partial Onset Seizures From
Selection (Per-treatment) to Evaluation Period (On-treatment) (UCB Table)

Table 11:11 Absolute and Percent Reduction from Baseline in ADF for Partial Onset
Seizures - mITT Population
| LEV - PBO
Assessment Statistics PBO (N=51) LEV (N=58) Median . P-
o Difference™ 95% CI | value™
Selection Mean (SD) | 1537 (22.92) | 31.13 (46.09)
Median 06.82 15.20
Ql-03 2.00-1622 448 - 3895
Min - Max 0-98.03 0-211.8
Evaluation Mean (SD) | 16.23 (24.16) | 22.60 (37.32)
Median 6.48 8.34
Q1-03 1.51 - 16.99 0.51 - 2497
| Min - Max 0-1060.4 0-184.3
|Absolute Change | Mean (SD) | -0.86 (13.81) 8.54 (25.67)
Median 0.13 477 4.99 2.24 -799 <0.001
Q1-0Q3 -2.15-249 01048
Min - Max | -56.89 - 41.27 | -51.48 - 156.35
% Reduction™ | Mean (SD) | -20.93 (111.47) | 24.98(91.49)
Median 7.12 43 61 3921 17.52 -62.23 | <0.001
Ql-0Q3 -42.29 - 35.14 11.72 - 85.71
Min - Max -450.58 - 100 01483

™ Hodges-Lehman method used to estimate median difference

® p.yalues are from the Mann-Whitney test.

) Four subjects (1 on PBO and 3 on LEV) are excluded from this analysis due to having 0 seizures at baseline.

Sonree Tahle 14 2 74 and Tahle 142 76

The median reduction in the absolute number (4.99) and percent (39.21%) from baseline
of the ADF of partial onset seizures was also statistically significant in favor of the group treated

with LEV (p=<0.001). The median reduction in seizure frequency is typically chosen as the

primary efficacy variable in studies reviewed by the division for pivotal trials involving approval

of AEDs for adjunctive therapy in patients with uncontrolled epilepsy.

Table 6.5-Responder Ratein ADF For All Seizure Types-1, I1, 111 (UCB Table)
Table 14.2.2:2  Responder Rate in Average Daily Frequency (ADF) for All Seizures — mITT Population

Page 1 of 1

FINAL - N01009 23APR2007 at 20:23

PBO LEV Odds Ratio P-value (b)
(N=51) (N=58) = mmmemmmmmmmmmmm—me—-
n (%) n (%) LEV/PBO 95% Confidence
Interval
Responder (a) 10 ( 19.6%) 25 ( 43.1%) 3.11 1.22 - 8.26 0.013
Non-Responder 41 ( B0,.4%) 33 ( 56.9%)

The responder rate for all seizure types was identical to the responder rate for partial
onset seizures (type I) only because subjects recruited into the trial had predominately partial

onset seizure disorder.
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7  Additional Clinical Issues
7.1 Dosing Regimen and Administration

7.1.2 Analysisof Clinical Information Relevant to Dosing Recommendations

The range of doses of LEV administered to subjects in the primary efficacy study for
children 1 month to <4 years (N01009) was 20-50 mg/kg/day of LEV divided bid. The
maintenance dose in children 1 month to < 6 months was 40 mg/kg/day (oral solution) and in
children > 6 months to < 4 years, the maintenance dose was 50 mg/kg/day. The sponsor is
seeking approval for a dose of 20-§b2 mg/kg/day in children age 1 month to <4 years: including a
daily recommended dose of 42 mgé}kg/day in children 1 month to < 6 months of age and 52{
mg/kg/day for children 6 months to 16 years Children age 1 month to < 4 years age received
doses of LEV up to 100 mg/kg/day in two long-term, open-label, flexible-dose, design studies,
N157 (3 subjects in the 1 month to < 4 year range) and NO1148 (152 children 1 month to <4
years). The recommended dose of Egz mg/kg/day is (b) (4) higher than the maximum dose of 50
mg/kg/day administered to children 6 months to <4 years in UCB’s only placebo controlled
efficacy trial (N01009). The recommended daily dose for children ages 1 month to < 6 months
differs a little form the dose that was studied in the pivotal clinical trial (42 mg/kg/day
[recommended] vs 40 mg/kg/day [studied]). Data from a population PK meta-analysis
(NO1288), exposure-response model analysis (N01308) created using retrospective clinical trials
data from children and adult exposure-response data was presented by the sponsor to justify
approval of a higher dose of LEV SER mg/kg/day).

7.1.2.1 Data Sour ces

Study NO1288 was retrospective population pharmacokinetic analysis of pediatric
patients with epilepsy aged 1 month to 16 years. The model generation and analysis was
performed using data from 6 clinical studies of levetiracetam in pediatric patients N151, N01010,
NO01052, N01103, N01009, and NO1148. Data from a previous PK model generated by the
sponsor in 2004 for children ages 4 to 16 was also included in this model. The current model
also included data from previously conducted adult clinic trials. Upon review, it appears the
model contains very little data from children 1 month to < 1 year. Eight children between the
ages of ages 1 month to <1 year, provided PK samples included in study NO1128 (see Table 7.1).
The dose of LEV given to subjects in NO1009 ranged from 20 to 50 mg/kg/day. Subjects in the 1
month to < 4 years age group who completed the NO1009 study were given the opportunity to
enter the long-term, open-label study NO1148. Children who entered study NO1148 after
completing NO1009 continued on their previous dose of LEV 20 to 50 mg/kg/day and patients
who received placebo also received a maintenance dose of 50 mg/kg/day. Subjects who were
directly enrolled into N01148 could receive a LEV maintenance dose as high as 60 mg/kg/day,
however only 2 children who were less than 1 year-old at the time they entered the study. In
study N01052 levetiracetam oral solution was administered as a single dose of 20 mg/kg with
full PK profiles taken up to 24 hours. The remaining studies collected PK data in children 4 to
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16 years old leaving 8 as the total number of unique subjects, ages 1 month to < 1 years who
provided samples for the PK analysis and for the development of the dosing nomogram
described in the PK meta-analysis, UCB study N01288.

Table-7.1-Age Distribution of Subjects Providing Samples For Study N01128

Age Number (%)
<1 year* 8

1 to 2 years 19

2 to 6 years 50

6 to 12 years 77

> 12 years 43

*< 1 year from studies N01052, N01009 and NO1148.

The nomogram was developed to guide dosing of LEV in patients in 2 categories divided
by age; ages 1 to < 6 months and > 6 months of age. The sponsor’s recommended dose titration
schedule and the nomogram are provided below in Table 7.2. The dose of LEV listed in table
7.2 is only for 1 of the 2 required daily doses of LEV. LEV is given bid therefore the total daily
dose is 2 times the dose listed below the nomogram (i.e. 7 mg/kg/dose X 2 = 14 mg/kg/day).

Reviewer Comment

The nomogram and dosing schedule was developed using relatively little data from
children in the 1 month to < 1 year age group. It appears that the majority of PK data from
children < 1 year old was contributed by 8 children who received a maximum dose of 50
mg/kg/day of LEV or less.

[ Appears This Way On Original ]
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Table 7.2-The Sponsor’s Proposed Dosing Nomogram for Children 1 Month-< 4 Years
Receiving LEV (UCB)
The nomegram is presented in Figure 2.7.2.3.

Figure 2.7.2.3  Dose adjustment factor in pedicatnic age 4 years or younger

[E]

4

|

|
CSTTTrTTTTT T

Fracon of reference dose (10 mgkg)

I

Age (months)
Sonrce: Population PE analysis MO12EE Figure 10:7 (Modole 5, Section 5.3.3.5.1)

As an example, to get a simular exposure to that observed m a 4 vear old receiving the
recommended 10 mgkg per intake starting dose, (0) (4) mg'kg
per intake, the following doses would be recommended:

Apge range {months) 1-4 Above 6

Fecommended starting doss (meg'ke bid) 7 10
(b) (4)

Fecommended level 3 dose (mez'ke bid) 21 (b)

7.1.2.2 The Sponsor’s Rational for The Proposed Dosing Recommendations

The nomogram recommends reducing the starting dose of LEV in children < 6 months
old to 14 mg/day, then advancing the dose to 28 mg/kg/day and then to the recommended dose of
42 mg/kg/day. The reduced dose of LEV given to in children < 6 months old is because children
<1 year old have reduced renal clearance of LEV. The reduced clearance of LEV in children <
1 year is reported by the sponsor to be due to immaturity of the kidney (reduced GFR). In
children older than 6 months the nomogram recommends a daily dose of (b) mg/kg/day because
GFR and renal clearance of LEV increases to near that of a 4 year old by 6 months. This is the
same dose as is presently recommended in children > 4 years old in the presently approved label.

The doses recommended by the sponsor are different from those actually studied in the
pivotal clinical trial NO1009. For children 1 month to < 6 months the recommended starting
dose is lower 14 mg/kg/day compared to 20 mg/kg/day studied in clinic trial. The recommended
maintenance dose (42 mg/kg/day) is 2mg/kg higher than the dose administered during the
clinical trial of 40 mg/kg/day. The difference of 2 mg/kg/day is not likely to be clinically
meaningful or lead to a significant increase in adverse events. In children > 6 months old the
starting dose recommended by the sponsor based on the PK model is () (4) day, which is
lower than the 25 mg/kg/day than the starting dose in study NO1009. The maximum
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recommended maintenance dose of LEV in children > 6 months old is® mg/kg/day, which is
ng higher than the 50 mg/kg/day dose administered in the pivotal clinical trial (NO1009).

The sponsor reported children enrolled in long-term, open-label studies received doses of
LEV as high as 100 mg/kg/day. However, it is unlikely many children ages 1 month to <4 years
were exposed to doses above 50 mg/kg/day since there were only 5 children in the 1 month to <
1 year range in study N157. In the open-label, long-term study NO1148, this reviewer found 15
subjects in the 1 month to < 1 year age range received an average daily maintenance doses of
LEV ® mg/kg/day or greater for at least 7 days. Of these 15 subjects only 5 were < 6 months
old an(i took an average dose of LEV >(b) mg/kg/day for at least 7 days.

Table 7.3-Subjectsin Long-Term Pediatric Studies of LEV

Age Range N;l;nﬁlzzrtsof Total
ITT Population
1 month < 6 months 12
N157 3
N01148 9
6 months < 12 months 21
N157 2
NO01148 19
12 months < 24 months 58
N157 5
NO01148 53
24 month < 4 years 76
N157 5
N01148 71
4 years < 8 years 90
N157 56
NO01148 34
8 years < 12 years 134
N157 92
NO1148® 42
12 years — 16 years 85
N157 58
N01148® 27
> 17 years 2
N157 2

(a)Includes 12 years old; (b) Does not include 12 years old

UCB study NO1308 was a retrospective population based exposure- response analysis
using data from children and adults. The data for children ages 1 month to 16 years was taken
from previously conducted double-blinded placebo controlled clinical trials N159, N01009 and
NO1103. The sponsor created a model using data clinical trials data from these studies and ran
2000 trial simulations to predict seizure response. 1month-6 months and 6 months to < 4 years.
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The effect on seizure frequency predicted by the model is presented in the table 7.4 below. The
same exposure-response was used to simulate the effects on seizure frequency of administering a
higher dose of LEV up to 25/50/75 mg/kg/day. The sponsor’s model predicted that a higher dose
of LEV would not result in a significant reduction in seizure frequency compared to the 20/40/522
mg/kg/day dose regimen. The model data in children was compared to the exposure-response
data from adult epilepsy patients. UCB concluded a similar exposure-response relationship
exists in children 1 month to 16 years old receiving LEV at 20 toP) (4) /kg/day and in adults
taking 1000®) ®) mg/day.

Table 7.4-Exposur e-Response Predicted By The Sponsor’s Model Comparing Adult to
Children Ages-1 Monthto 4 Years

Table 10:4 Predicted reduction in seizure frequency from baseling for children
receiving a 12-week treatment with 20, 40 and (0 mg/kg/day versus a 12-
week treatment of 1000, 2000 mg/day in adults.

Treatment Predicted reduction i seizure frequency from baseline

Median (3-95% guannles)
Children Adults

30% (-77% to 95%) 30% (-87% to 92%)

Children: 20 mg/kg/day
Adults: 1000 mg/day
Children: 40 mgkg/day
Adults: 2000 mg/day
Children: (b mgkg/day

Adults: 0)  mg/day

43% (-11% to 967%) 36% (-87% 1o 94%)

45% (-T7% to 06%) 39% (-87% to 95%)

Table 7.5 Study N0O1009 Absolute and Percent Reduction In Seizure Frequency
From Baseline (dose 40 mg/kg/day in ages 1month to <6 month and 50 mg/kg/day in
Ages 6 monthsto < 4 years)

Table 11:11 Absolute and Percent Reduction from Baseline in ADF for Partial Onset
Seizures - mITT Population
LEV - PBO
Assessment L. PBO (N=51) LEV (N=58) Median P-
Statistics Difference ™ 95% CI value(b’]
Selection Mean (SD) | 15.37(22.92) | 31.13 (46.09)
Median 6.82 15.20
Q1-Q3 2.00-16.22 4.48 - 38.95
Min - Max 0-98.03 0-2118
Evaluation Mean (SD) 16.23 (24.16) 22.60(37.32)
Median 6.48 8.34
QI-Q3 1.51-16.99 0.51 —2497
Min - Max 0-106.4 0-184.3
Absolute Change | Mean (SD) -0.86 (13.81) 8.54 (25.67)
Median 0.13 4.77 4.99 224 -799 =0.001
Q1-Q3 -2.15-249 0-10.48
Min - Max | -56.80 —-4127 | -51.48 - 156.35
% Reduction™ | Mean (SD) | -20.93 (111.47) | 24.98 (91.49)
Median 7.12 43,61 39.21 17.52-62.23 | <0.001
Ql-Q3 -42.29 - 3514 11.72 - 85.71
Min - Max | -450.58 — 100 0-1483

@ Hodges-Lehman method used to estimate median difference
® p_yalues are from the Mann-Whitney test.
© Four subjects (1 on PBO and 3 on LEV) are excluded from this analysis due to having 0 seizures at baseline.
Sonrees Tahle 14 2 24 and Tahle 142 2-6
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7.1.2.3 Comparison of The Model Prediction to Actual Clinical Trial Results (N01009)

The exposure-response model in study N01308 predicts the would be a 45% reduction in
median seizure frequency at an LEV dose of®) mg/kg/day in children from 1 month to < 4 years
(Table 7.4). The clinical trials data from trial NO1009 reports a 43.61% (Table 7.5) reduction in
median seizure frequency for children in the 1 month to <4 years age group receiving a target
dose of up to 50 mg/kg/day. The additional 522 increase in doseto 522 mg/kg/day is predicted
to result in an additional 1.39% reduction in seizure frequency. The benefit of an additional
reduction in seizure frequency of 1.39% does not justify aggz increase in dose.

7.1.2.4 Additional Discussion With Clinical Phar macology Reviewer

This clinical reviewer met with the Clinical-Pharmacology (CP) reviewer on two
occasions to discuss the reliability of the sponsor’s retrospective PK and exposure-response
analysis and determine if the justification for the 20{®) mg/kg/day regimen and recommended
dosing nomogram was acceptable. The Clinical-Pharmacology reviewer indicated the sponsor’s
method used to construct the PK and Exposure-Response models appear to be appropriate. The
Clinical Pharmacology Reviewer performed independent analysis using NIH data on renal
clearance by weight in normal children in the same age groups and data from a model medication
with a similar metabolic profile as LEV.

7.1.2.5 Clinical Reviewer’s Recommendation on Dosing

The total number of subjects age < 6 month old is relatively small age studied in clinical
trials in the group is relatively small. It raises questions concerning how well the data represents
the larger intended population. It also raises concern about the exposure in subjects who are
close to or just over 6 months old. The sponsor provided data from population PK and exposure-
response studies in older children and adults to draw parallels between the exposure-response
relationships to justify the recommendation for using a maintenance dose of LEV in children 1
month to <4 years of 20-522 mg/kg/day. The pivotal efficacy trial NO1009 only studied LEV in
doses of 20-50 mg/kg/day in children ages 1 month to <4 years. Furthermore, the benefit
associated with a higher LEV dose to (®) (4) kg/day is predicted by the sponsor own exposure-
response model to result in little if any additional reduction in seizure frequency. The proposed
maximum dose of ® mg/kg/day was only administered in open-label studies and it was not
tested in well controlled, double-blind clinical trials in children in the 1 month to <4 year group.
The dose of 60 mg/kg/day is approved for children ages 4 to 16 years old however the pivotal
study (N01009) did not include this dose. (®) (4)

This clinical reviewer recommends LEV be approved for the doses actually studied in
clinical trial (20-50 mg/kg/day) in children 1 month to <4 years as opposed to the higher dose
range sought by UCB based on model predictions from pediatric 4-16 year old study data and
adult exposure-response comparisons. The dosing recommendation based upon the sponsor’s
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nomogram is acceptable making the actual dose ranges 14 to 42 mg/kg/day for children < 6
months and 10 to 50 mg/kg/day in children 6 months to < 4 years.

7.3

7.3.1 Study N157

Discussion of Persistence of Efficacy and/or Tolerance Effects

A total of 223 subjects aged 0.2 to 17.5 years at the time of enrollment were exposed to
the study drug (maximum exposure was approximately 7.5 years and mean and median
exposures were approximately 2 years). The median dose was 52.6 mg/kg with a minimum of
7.3 mg/kg and a maximum of 117.1 mg/kg.

Table 7.6 -Median Percent Reduction in Percent Changein Partial Seizure Frequency
From Baseline By Duration of Exposure Cohort and Analysis Visit. (UCB)

Tabl= 11:9 Fartial Onzat (Type [ Seimurs Flweq..e:-:'- per Waek hMadian Parcant Change from Bazelme, Overall by Droation of
Exposurs Cohont EL'IEI...E!'J.'LE].‘-:-[S Visit, Week 1 to Waek 396 (Pucr Studies quEl HWO1010, "‘wl‘*ll—ITT Population
Umration of Exposure
= 1 Day {Overall) < 1 Year =1 - =1 Years =2 -3 Years
Analysis Visit N | Median Q1. 03) N | Median (1. Q3) N uemggl 3} N | Median (G 13)
Weshs =24 - =34 N -T005 (-02.7,-35.T) 30 -S04¢-78.7,-13T) 37 1(-B6.7.-31.T) 52 -75.8 (-B9.1 25000
Waghs =34 - =28 158 -T007 (856, <214) 1% 686 (-100, -7.5) kY 1- [-833,-20.4) 52 501 (BB 45T
Wesks =28 - A0 =1 SO FRLE 51T 3 -1 IR 5T 1 TS ST 3 BRI ETE I
Wesghs =50 -T2 131 --.1 4050 33T 1 -100 (-100, -103) 18 -31.1 (-88.9,7.5) il -512 (100, -34.7)
Wesks =11 - 284 118 B T DI [ =100 (-100, -1 ik SR I ] -563 (100, J5T3
Weshs =54 - =04 112 -74.0 (-B86, <30T - g -T41 (B2 -5 3l TR (100, -34.3)
Wesks =08 - <1058 | 103 500 (-08.3 403 3 -5 (-100. -18.41 50 773 (-100. 481}
Weghs =[08-2120 | 09 -B1a-100, 420 - - 48 -T6.1 (100, 43,00
Waghs =[20- 2132 | 04 360 =100, -35.8) - 43 4.3 (100, -38.8)
Wesks =131 - =4 [ I1 SR I EIA0 S - 30 R ETO0IND B}
Weghs =144 - 2134 | 65 344 (=100, -52.4) - 14 AT3 =100 -"S T
Wesks =130 - =168 [ 3 BT D] - I 50 550
Duration of Exposure
=1 Diay (Ovverall) =3 - < Year: =4 - <8 Years -5 - <1 Year: = Years
Anslysis Visit N[ Median (G GF) [ ¥ [ Median (QL Q) [N [ Median (G133} [N Med:a.u{ijl ) [N [ Median (G 05
Wasghs =24 - =34 170 -T0O6 (917,357 [LE [ -BO3(-003,-423) |21 | -T7000LL 424 | B | -TLOCETA 404) | 4| 825 (034 508
ks =38 - =28 | 0T &5g 4548 [TR] 787 ]II-II BN R TS L BT SR D I IR T e
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Wesks =13 - 28 1 TS D I I S S O I T S I T O S I I
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Tabla 11:9

Fartial Onszat (Type I) Se1zurs fmque:-:‘- par Waek Meadian Parcent Change from Bazelme, (verall by Duration of

Exposure Coby 'a.'u:l.e'-".nal'-;Ls Vi, Week 1 to Waak 396 (Prior Studies Nl“g W010140, -‘wl“‘ll—In Population

= 1 Day (Orverall) =3 - <4 Years =4 - =B Years =8 - < Years =4 Years
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Soros: Table 142 1-16

The analysis presented by the sponsor demonstrates that a treatment effect that increases
with the duration of exposure, however the number of subjects decreases with time, as expected.
The reasons listed by the sponsor given by subjects who discontinued participation in the trial is
contained in table 7.7 (below). The total percentage of subjects who were listed “Loss or Lack
of Efficacy” plus “Adverse Event” totaled 30%. Two thirds discontinued participation before the
trial was closed which is not unexpected given the long duration of the trial. The combination of
the dropout of subjects over the trial duration, especially those who did not respond or
experienced a loss of response likely inflated the weekly percent reduction from baseline in

seizure frequency.

Table 7.7-Subject Disposition Long-term Study N157

Table 10:1 Subject Disposition
Final Status Orverall
N (%)
Sereened Subyects 233
ITT Fepulztion 223
Onzomz at Sodv Close-out 74 (33.2%%)
Discontinued from the Study 149 {66 8%%)
Adverse Event 15 {6.7%3)
Lack of Efficacy 26(11.7%)
Loss of Efficacy 26 (11.7%)
Withdrawal of Subject’s Consent 22 {9.9%
Lost to Follow-up 5(2.2%)
Decizion of UCE 1{0.4%)
Crher 35(15.7%)
Protocol Vialation 19 (8.53%:)
MNon-complianes with visit schadule 8 (3.6%)
Mon-compliancs with study dmig miake Ti31%)
Intake of prolubited comcomtant medication 200.5%)
(rher 62.7%)

Somrce: Table 14.1.1-1 and List=g 162 11
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Table 7.8-Partial Seizure Frequency By Age Group Of Subjectsin Trial N157 Change from

baseline and Over The Duration of The Trial (UCB)

Tabl= 11:21 Fartial Seimure (Type I Frequency per Week over the Entire Treatmeant
Period by Subject Age at 137 Screenmg Visit (Pocled Studies) —ITT
Fopulaton

Dezcniphive Ape Group
Statistics = 4 vears 4-7 Years 8-11 Year: 13-17 YWears

o = 33 114 b

Mlean (30 2021 {4187} 2105 {7086 Gl (10,30 4 34 {685

Median 13 18 15 13

[ (3, 21 [ U4, 31 10, 4=

Mim, Max 0, 15007 0.0, 4293 0.0, 1880 01,308

Mot: Treatmaent pariod incindes oatics (whars applicabls) and maintenancs phasss.
Mote: 0 is the mumber of mbjects with valid seizwee counts and semws dates.
Somrcec Table 14.2.1:1%

Table 11:22 Partial Seimure (Tvpe I Frequency per Week over the Entire Treatmeant
Period - Parcent Change fromm Bazelne - by Subject Aze at 157
Sereening Vistt (Pooled Stadhas) — ITT Population
Leescriptive Stamstis Age Lroup
<4 years™ 4-7 Years 812 Years 13-17 Years
o 1 53 110 £
Bazelins Mean (50 10.85 () 1835 (95.14) 15,88 (47.98) I005 (1143}
Traaiment Peniod Maam (50 L13{] 11.03 (T9.56) 5.68 (19.307 484 05.83)
Percer: Chacss fom Saseling™
Yelean (5T} -BETE 3644 (TLE3) | 43207450 | 40035519
Sedian B0 8 Bk B3 BT
Q1. Q3 -30.8, -39.8 4.2, -6 -B4.7, -25.8 -714.7, 275
im Max 208 B0 -100.0, 3047 -100.0, 452 3 470 1808

Mot: Treatmaent pariod incindes oatics (whars applicabls) and maintenancs phasss.

Mote: 0 is the mumber of sobjects with data at both baseline and the Treatmant Pariod.

VAN et 1 robject (3B0003, M139) came from stedy M01052, which did not collect basaline.

B 100 x (ssizare Eeguncy per wesk at the visit - seimire frequency per weak 22 basaline)'seizurs Sequescy par wesk at
kassling.

Somrce: Tahla 142 1-30

The median percent reduction in weekly seizure frequency over the duration of the N157
trial is most pronounced in the < 4 year age group; however there was only 1 evaluable subject in
this group that remained during the entire treatment period of 7.5 years.

733 Study N01148

This study is an ongoing open-label, long-term safety study that enrolled the first subject
on October 23, 2004. The sponsor submitted an interim report with a cut-off date of September
18, 2007 for this submission.

[ Appears This Way On Original J
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Table 7.9- Age Distribution of Subjectsin Study NO1148 ITT Population (UCB)

Table 11:1 MNumber and Percent of Subjects by Study Population
Stugzrl::g-ulntmn lm - <dy 4y - 16% Overall
N (0 N (% ol
Phaze N (%) N (%) N (%)
Seresnad Subjects 152 1104 254

ITT Fopulation

-
152 (10:0.0%) 103 {100.0%)

255 (100.0%)

Treatment-emerzent period

152 {(10:0.0%) 103 {100.0%40)

255 (100.0%)

Up-timaton'Conversion Phase

152 (1000.0%) 103 (100.0%)

255 (100.0%)

Mamtensnce FPhase 138 (#0.8%) 95 (02.2%) 233 (91.4%)
Diovn-titrarion Withdrawal Fhase 26 (17.1%) 14 (13 6%) 40 (15.7%)
Post-reatmment Fhaze 34 (22.4%) 15 (14 6%) 49 (19.2%)

The sponsor reports 152 subjects overall were enrolled in study NO1148, 28 were age < 1
year at the time of trial entry, and only 9 were age < 6 months at the time of trial entry.

Table 7.10-Study N01148 Randomized Subjects Age < 12 Months

CENNBR | SBINBR | AGE | AGEUNIF | TREAT
202 202/1004 0.83 | Year Levetiracetam 10% oral solution - 2 bottles
204 204/1005 0.69 | Year Levetiracetam 10% oral solution - 2 bottles
Levetiracetam 10% oral solution - 1 btl LVTM +
204 204/1006 0.96 | Year 1 btl PLACEBO
Levetiracetam 10% oral solution - 1 btl LVTM +
307 307/1001 0.97 | Year 1 btl PLACEBO
Levetiracetam 10% oral solution - 1 btl LVTM +
317 317/1001 0.3 | Year 1 btl PLACEBO
Levetiracetam 10% oral solution - 1 btl LVTM +
317 317/1005 0.82 | Year 1 btl PLACEBO
321 321/0001 0.74 | Year Levetiracetam open label
Levetiracetam 10% oral solution - 1 btl LVTM +
321 321/1002 0.19 | Year 1 btl PLACEBO
323 323/1001 0.15 | Year Levetiracetam 10% oral solution - 2 bottles
Levetiracetam 10% oral solution - 1 btl LVTM +
323 323/1002 0.21 | Year 1 btl PLACEBO
323 323/2002 0.54 | Year Levetiracetam open label
327 327/1004 0.25 | Year Levetiracetam 10% oral solution - 2 bottles
335 335/1002 091 | Year Levetiracetam 10% oral solution - 2 bottles
502 502/2002 0.82 | Year Levetiracetam open label
502 502/2003 0.38 | Year Levetiracetam open label
Levetiracetam 10% oral solution - 1 btl LVTM +
503 503/1003 0.93 | Year 1 btl PLACEBO
503 503/1005 0.9 | Year Levetiracetam 10% oral solution - 2 bottles
Levetiracetam 10% oral solution - 1 btl LVTM +
503 503/1006 0.44 | Year 1 btl PLACEBO
510 510/1001 0.39 | Year Levetiracetam 10% oral solution - 2 bottles
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511 511/1002 0.71 | Year Levetiracetam 10% oral solution - 2 bottles
522 522/1001 0.52 | Year Levetiracetam 10% oral solution - 2 bottles
Levetiracetam 10% oral solution - 1 btl LVTM +
523 523/1002 0.69 | Year 1 btl PLACEBO
530 530/1002 0.73 | Year Levetiracetam 10% oral solution - 2 bottles
602 602/0002 0.98 | Year Levetiracetam open label
Levetiracetam 10% oral solution - 1 btl LVTM +
634 634/1002 0.97 | Year 1 btl PLACEBO
634 634/2001 0.25 | Year Levetiracetam open label
702 702/2002 0.84 | Year Levetiracetam open label
705 705/2001 0.72 | Year Levetiracetam open label

Table 7.12-Study NO11

48 Subjects Randomized Age < 6 months

CENNBR | SBINBR | GDRF | AGE | TREAT
Levetiracetam 10% oral solution - 1 btl LVTM +
317 317/1001 | Male 0.3 | 1 btl PLACEBO
Levetiracetam 10% oral solution - 1 btl LVTM +
321 321/1002 | Female 0.19 | 1 btl PLACEBO
323 323/1001 | Female 0.15 | Levetiracetam 10% oral solution - 2 bottles
Levetiracetam 10% oral solution - 1 btl LVTM +
323 323/1002 | Female 0.21 | 1 btl PLACEBO
327 327/1004 | Female 0.25 | Levetiracetam 10% oral solution - 2 bottles
502 502/2003 | Male 0.38 | Levetiracetam open label
Levetiracetam 10% oral solution - 1 btl LVTM +
503 503/1006 | Female 0.44 | 1 btl PLACEBO
510 510/1001 | Female 0.39 | Levetiracetam 10% oral solution - 2 bottles
634 634/2001 | Male 0.25 | Levetiracetam open label

[ Appears This Way On Original ]
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Table 7.13-Study N01148 Per cent reduction in Partial Onset Seizures (UCB)

Table 11:10 Summary of Partial Onset Seizure Percent Reduction from Baseline by

Visit during the Maintenance Phase - ITT Population

Visit Im - =4y 4y - 1oy Overall
(N =152) (N =103) (N=155)
Visit 4 (Week 14, 15,0r16) | n 131 a3 124
Median 33.40 88.64 60.88
Q1-Q3 -16.94-95.29 37.50 - 100,00 1.14 - 100.00
WVisit 5 (Week 24) n 117 89 206
Median 67.97 91.67 79.99
Q1-03 -19.40-99.47 48.44 - 100.00 4.07 - 100.00
Visit § (Weeks 24-36) n a7 58 133
Median 75.29 100.00 81.58
01-03 15.15-98.55 32.71 - 100.00 26.67 —100.00
WVizit 7 (Weeks 36-48) n 16 43 119
Median 76.83 100.00 87.50
Q1-03 21.36-98.73 82.22 - 100.00 41.38 - 100.00

Source: Table 14.2.1:2

The change from baseline to last visit (36-48 weeks) before the cut-off date also
demonstrated at least > 50 % reduction in weekly seizure frequency over time associated with
open label use of LEV. The percent reduction in median weekly seizure frequency continued to
improve as the trial progressed, however the number of dropouts also increased as the trial
increased during the follow up period (Table 7.14). In the 1 month to <4 year age group
approximately 24% dropped-out of the study by the cut-off date 8.6% gave “adverse event” as
the reason for discontinuing and 14.5% left the trial because of loss or lack of efficacy. A greater
number of the subjects remaining in the trial were likely the individuals who continued to
experience and a reduction in seizure frequency elevating the positive response figures.

Table 7.14- Disposition of Subjectsin Study N01148

Table 10:1 Subject Disposition by Age Group and Overall
lm - <4v 4y - 16y Overall
N (%) N (%) N (%)
Scresned Suhjectz‘s' 152 104 256
ITT Population 152 103 255
Enrolled from Prior Study 111 (73.0°:) | B0 (77.7%) [ 191 (74.9%%)
Screen Failed from Prior Study 33 (21.7%) 1(1.0%) 34 (13.3%)
Directly Enrolled m N01143 2(5.3%) 22021.4%) | 30(11.8%)
Completed Study 69 (45.4%) | 42 (40.8%) | 111 (43.5%)

Ongomg at Clinical Cutoff 20019.1%) | 42{408%) 71 (27 8%)
Ongomg (Awsiting N01183) 6 (3.9%) ] 6 (2.4%)
Discontimued from the Study 34 (35.5%) 19 {18.4%) 73 (28.6%)
Adverze Event 3 (8.6%) 4(3.9%) 17 (6.7%:)
LackTLoss of Efficacy 220(14.5%) 6 (3.8%) JE(11.07%)
Lost to Follow-up 2(1.3%) 3(2.9%) 52.0%)
Withdrawal of Consent 6 (3.9%) 2{1.5%) B(3.1%)
Other 2(5.9%) 3(2.9%) 12 {(4.7%)
Protocol Vielation 20(1.3%) 1 (1.0%) 3(1.2%)
Intake of prohibited concomitant medication 1(0.7%) 0 1(0.4%)
Orther 1{0.7%) 1 (1.0%) 2{0.8%)

Sowrce: Table 14.1.1:1, Listing 16 2.1:2, and Listing 16.2.2:1

" Thrart anvallad Sehiact ROTGANT crraan failad frr razcan “inahoibiliar
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Appendices

Appendix 1

1  Efficacy Review Sudy N01009

1.1 Titleof Study

A Double-Blind, Randomized, Multicenter, Placebo-Controlled, In-Patient, Maximum 34
Day Study of Levetiracetam Oral Solution (20-50 mg/kg/day) as Adjunctive Treatment of
Refractory Partial Onset Seizures in Pediatric Epileptic Subjects Ranging in Age from 1 Month

to Less Than 4 Years of Age.

Protocol No. / Study No.:
Development Phase:

Date of Inclusion
of First Subject:

Date of Completion
of Last Subject:

Sponsor :

Study Center (s):

RPCE03B1013 /N01009

Therapeutic Confirmatory/Phase III

15-Oct-2004

26-Jan-2007

UCB, Inc

1950 Lake Park Drive
Smyrna, GA 30080
USA

81 sites in 14 countries participated in the study, of which 62 sites in 13 countries
screened and randomized subjects in the study.

1.2 Objectives

The sponsor’s stated objective for study N01009 was:

“To evaluate the efficacy and safety of levetiracetam (LEV) used as adjunctive treatment
in pediatric subjects age 1 month to less than 4 years with refractory partial onset seizures.”
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Study NO1009 also addressed part 2 of the sponsor’s plan to meet the requirements of the
pediatric written request.

1.2.1 Rationaleand Aims

Levetiracetam has been approved as adjunctive therapy in the treatment of partial onset
seizures with and without secondary generalization in adults and children from 4 years of age
with epilepsy, and as follows:

e As adjunctive therapy in the treatment of myoclonic seizures in adults and
adolescents from 12 years of age with juvenile myoclonic epilepsy by both FDA
and EMEA.

e As monotherapy in the treatment of partial onset seizures with or without
secondary generalization in patients from 16 years of age with newly diagnosed
epilepsy by EMEA.

e As adjunctive therapy in the treatment of primary generalized tonic-clonic
seizures in adults and children 6 years of age and older with idiopathic
generalized epilepsy by FDA.

e As adjunctive therapy in the treatment of primary generalized tonic-clinic seizures
in adults and adolescents from 12 years of age by the EMEA.

UCB agreed to assess the safety and efficacy of LEV in children 1 month to 16 years old
in partial response to the Written Request issued by the FDA on 21-Aug-2001. The written
request was subsequently amended on 22-Mar-2002, 03-Jul-2002, 23-Jul-2004, and 31-Jan-
2006). To comply with the request UCB, Inc performed the following studies:

e N159 an efficacy study of Levetiracetam in 4 to 16 year old subjects

e NO01009 the efficacy study of Levetiracetam Oral Solution in 1-month to less than
4-year-old subjects

e NOI1103 the safety study of Levetiracetam to evaluate cognitive and
neuropsychological function in 4 to 16-year-old subjects

e NO1148 the long-term safety study
Study NO1009 was designed and powered as part 1 of their plan to meet the requirement

of the PWR and to acquire additional efficacy and safety information regarding the use of LEV
in children 1 month to <4 years of age.
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Pharmacokinetic data from study N01052 suggest the plasma clearance of Levetiracetam
(CL/f) normalized by body weight in children 6-months to less than 4-years of age is
approximately 50% higher than in adults. Children 1-month to less than 6-months of age the
CL/f normalized by body weight is similar to that of adults. Based on this information, the dose
of Levetiracetam Oral Solution administered to children in study N01009 was determined by
age. A dose of 20 mg/kg/day titrating to 40 mg/kg/day for children one month to less than six
months old and a dose of 25 mg/kg/day titrating to 50 mg/kg/day for children 6-month to less
than 4-years old, was used in this study. This dosing regimen was designed to provide plasma
concentrations similar to a dose of 1000 mg/day titrating to 2000 mg/day in adults.

Partial seizures in young children are difficult to diagnose, classify, and count using only
clinical observation. To compensate for these difficulties the Division recommended the use of
video-EEG to study infants and neonates with partial onset seizures. The N01009 protocol
incorporated 48-hour video-EEG monitoring to collect at least 24 hours of video-EEG recording
for each subject during the screening phase and for efficacy evaluation. The sponsor concluded
it was not practical or ethical to keep subjects on placebo treatment for more than 1 week.
Previous pharmacokinetic studies of LEV demonstrated the t;; is about 6-7 hours and the steady
state is typically achieved within 48 hours indicating a shorter evaluation period of 5-day would
be adequate to demonstrate efficacy. All subjects were studied as in-patient for a 5-day
evaluation period but the maximum duration of study participation was 34 days including a
maximum treatment period of 20 days. The study consisted of 4 periods:

Selection (duration up to 9 days)

Evaluation (duration 5 days)

Down-titration (duration 14 days)

Post-treatment follow-up (duration 4 days+1 day subjects not entering the long-
term safety study NO1148

[ Appears This Way On Original ]

42


DIDP
Appears This Way On Original


Clinical Review

Gerald D. Podskalny, DO

NDA 21-035 S-073

Keppra Tablets and Oral Solution Page 43 of 77

2  Trial Design

Fig.2.1-Trial Design Schematic

Figure 9:1 Schematic Diagram of the Study
Selection Evaluation Down-Titration Post-Treatment
Period o~ Period Period Follow-up Period
> <« > ¢—————»> ——»p
: p 50 mg/kg/day
: @) H
(15 ;i?ﬂ;s;yla};:a:nd Placebo or
2 years-< 4 years 25 mgkg/day LEV 25 mg/kg/day®
40 mg/kg/day 0 mg/kg/day :
. Placebo or
é 1 month-< 6 months® 20 mg/kg/day LEV 20 mg/kg/day®
0 mg/kg/day
48-hour 48-hour
video- video-EEG
EEG
Outpatient | Inpatient
Day-8to | Day-1to
Day -2 Day 0
Selection Days Randomization Day2 Day3 Day4 Day 6 @ Day 20 f) Post-Treatment
-8to 0 Day 1 or early Follow-up Day
discontinuation'® 24+1day®
—>
BSID-II and
Neuropsychological
Clinical
éss&ssmcnt(h) -~

Optional entry into N01148"

2.1 Randomization

Randomization was stratified by age range as follows:

e 1-month to less than 6-months of age*
e 6-months to less than 1-year of age*

e l-year to less than 2-years of age

e 2-years to less than 4-years of age

o

* combined into a < 1 year age group
At least 20 subjects were expected to be randomized in the combined 1 month to <1 year

of age group, a minimum of 36 subjects was expected in the 1 year to <2 years old group, and a
minimum of 36 subjects was expected in the 2 years to < 4 years old group.

2.2 Blinding

This trial was double-blind, subjects were randomly allocated to levetiracetam (10% oral
solution) or matching placebo in a 1:1 ratio. Randomization was age stratified using a block size
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of 4, and was conducted using an IVRS. In the case of a medical emergency the blind could be
broken, if it was necessary to determine the treatment assignment to aid in the subject’s medical
care.

The study treatment blind was maintained for all subjects except one. Subject 513/0002
in the LEV group reported severe food aversion considered highly probably related to study drug
by the Investigator and was discontinued from the study. The subject’s treatment was unblinded
after the subject was discontinued from the study.

3 Sdlection Criteria

3.1 Inclusion Criteria
1. The subject’s parent(s) or legally authorized representative(s) gave consent and signed
and dated the IEC/IRB approved written informed consent form.

2. Subjects must have a diagnosis of epilepsy with refractory partial onset seizures (i.e.,
seizures of focal onset), whether or not secondarily generalized.

3. Subjects must be male or female from 1 month to less than 4 years of age. Pre-term
infants < 1 year old were stratified into an appropriate age category using the best
estimate of their corrected gestational age, as determined by UCB. Pre-term infants > 1
year old were stratified into an appropriate age category based on their actual birth date.

4. The Investigator must believe that past or current treatment of the subject with anti-
epileptic drug (AED) was unsatisfactory in terms of efficacy and/or safety.

5. Alternative treatment with levetiracetam was thought to be of benefit to the subject.

6. Subjects must be on a stable regimen of one or a maximum of two other AEDs for the
Selection and Evaluation periods of the study.

7. Subjects must weighed at least 4.0 kg.
8. Minor adjustments to the dose of current AEDs took place only prior to Day -8.

9. Subjects had no additions of new AEDs or deletions of current AEDs for at least 2 weeks
prior to Day -8.

10. Subjects could have Vagus Nerve Stimulation (VNS) which had been implanted for at

least 6-months prior to Day -8; the settings had to be stable for at least 2-months prior to
Day -8. Activated VNS was counted as one of the two AEDs.
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3.2

11.

12.

10.

11.

Subjects must have experienced at least two partial onset seizures (i.e., seizures of focal
onset), with or without secondary generalization during each 7-day period during the 2
weeks prior to Day -8.

Subjects 1 month to less than 6 months of age experienced at least two, partial onset
seizures (i.e., seizures of focal onset), whether or not secondarily generalized, during the
48-hour video-EEG performed prior to randomization on Day 1. These seizures did not
need to be accompanied by a corresponding clinical event.

Exclusion Criteria

Subjects taking any medication (other than their concomitant AEDs) that influence the
central nervous system (CNS) for which they had not been on a stable regimen for at least
1 month prior to Day -8.

Subjects taking any medication that may interfere with the absorption, distribution,
metabolism, or excretion of the concomitant AEDs or levetiracetam during the course of

the study.

Subjects who received any investigational medication or device within thirty (30) days
prior to Day -8.

Subjects who had taken levetiracetam prior to the study.

Subjects using felbamate who have presented with clinically significant abnormalities
with WBC’s, RBC’s, platelets, and/or hepatic function during felbamate treatment, and
subjects who were taking felbamate less than one year from the date of Day -8.

Subjects with a treatable seizure etiology, (i.e., febrile seizures).

Subjects with a history of status epilepticus requiring hospitalization during the 1 month
prior to Day -8, except for status epilepticus occurring during the first 10 days of life.

Subjects who had a current diagnosis of Lennox-Gastaut syndrome.

Subjects on a ketogenic diet (concomitantly or within 30 days prior to Day -8).
Subjects who have epilepsy secondary to a progressing cerebral disease or any other
progressively neurodegenerative disease, such as Rasmussen and Landau-Kleftner
diseases.

Subjects having clinically significant deviations from reference range values for renal

function or any of the other laboratory parameters required for this study, as determined
by the Investigator.
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12. Subjects having any clinically significant acute or chronic illness (as determined during
the physical examination or from other information available to the Investigator).

13. Subjects who have a known an allergy to pyrrolidine derivatives or a history of multiple
drug allergies.

14. Subjects who are known to have a terminal illness.

15. Subjects who have a disorder or condition that may interfere with the absorption,
distribution, metabolism, or excretion of medications.

16. Subjects who have a history of or presence of pseudo-seizures.

17. Subjects having any medical condition that might interfere with the subject’s study
participation (i.e., serious infection, scheduled elective surgery, severe scalp eczema, etc).

3.3 Patient Withdrawals

Subjects who withdrew during the Selection Period (Day -8 to Day 1, prior to dosing)
could be discharged from the study on the day of the visit as screen failures.

The following events may be considered sufficient reason to discontinue subject participation in
the study at the discretion of the Investigator:

e A prolongation or worsening of seizure duration (serial seizures or status
epilepticus of any seizure subtype) or increased seizure frequency requiring

intervention

e A situation where continued participation in the study would not be in the best
interest of the subject

e An inability to tolerate the dose of study medication as scheduled;
e Non-compliance with the dosing schedule of study medication
e Non-compliance with the dosing schedule of concomitant AED(s);

e Poor compliance with the protocol procedures, by either the subject,
parent(s)/legally authorized representative(s), or the Investigator;

e Lost to follow-up or inability to remain under medical observation during the
entire duration of the study
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e Deviation or violation of the protocol which jeopardizes the performance of the
study, as agreed by the Investigator or the Sponsor (This deviation must be
documented.);

e Withdrawal of the consent by the parent(s) or legally authorized representative(s).

Subjects who withdrew from the study and stopped study treatment were required to
return for a follow-up visit on Day 24 + 1.

34  Study Medication

Study medication was provided by the Sponsor as a 10% levetiracetam oral solution or
matching placebo. Levetiracetam oral solution is a clear, colorless solution with a grape flavor.
The 10% levetiracetam oral solution is equivalent in dose to 100 mg per 1 mL. The placebo oral
solution was also a clear, colorless solution with a grape flavor, and was indistinguishable from
the levetiracetam oral solution.

Dosing was determined by age and weight as follows:

e Children one month to less than six months old received a dose of 20 mg/kg/day
titrating to 40 mg/kg/day

e Children 6 month to less than 4 years old received a dose of 25 mg/kg/day
titrating to 50 mg/kg/day.

3.4.1 Permitted Concomitant Therapy

Subjects had to remain on a stable regimen of one or a maximum of two other AEDs for
the Selection and Evaluation Periods. No additions of new AEDs or deletions of current AEDs
for at least 2 weeks prior to Day -8 were allowed. Minor adjustments to the dose of current
AEDs were allowed prior to Day -8 only. Subjects could have VNS for at least 6 months prior to
Day -8, as long as the settings had been stable for at least 2 months prior to Day -8. Activated
VNS was counted as one of the two AEDs. The use of intermittent benzodiazepines was allowed
as long as the frequency was not greater than one single administration per week for at least 2
weeks prior to Day -8 and throughout study participation. If benzodiazepines were used more
than once a week, they were considered as one of the AEDs.

3.4.2 Not Permitted Concomitant Therapy

Investigators were instructed to avoid treatment with medications that may influence the
central nervous system, such as, neuroleptics, anti-depressants, psycho-stimulants,
anticholinergics, tranquilizers, hypnotics, and narcotic analgesics. If the use of CNS influencing
medication could not be avoided, a stable regimen of the medication for at least one month prior
to Day -8 was required
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3.4.3 Compliance

The subject’s compliance between 80-120% was required during the entire evaluation
period. All subjects maintained at least an 80% medication compliance rate through out the
study.

Table 3.1-Number and Per centage of Subjectsby Treatment Compliance during the
Full Dose Period - ITT Population

Full Dose Period PBO LEV Overall
(N=55) (N=60) (N=115)
n (%) n (%) n (%)
n 55 (100.0) 60 (100.0) | 115 (100.0)
< 80% 0 0 0
80 - 120% 54 (98.2) 58 (96.7) 112 (97.4)
> 120% 1(1.8) 2(33) 3(2.6)

4. Efficacy Analysis

4.1 Data Collection For Primary Efficacy Variable (Video-EEG Analysis)

The primary efficacy variable is the Responder Rate for total partial onset seizures (Type
I) for subjects in all age groups. The sponsor defined the Responder Rate as follows:

Responder Rate = # of subjects with a > 50% reduction from baseline in ADF
Total number of subjects.

ADF was computed from the 48-hour Evaluation video-EEG (post-baseline) and the 48-hour
Selection video-EEG (baseline) as follows:

ADF = # of seizures recorded during video-EEG time X 24
# hours of usable video-EEG time

*Usable selection video-EEG time was defined as total video-EEG time minus total
uninterpretable time.

4.1 Seizure Counts

e For children 1 month to less than 6 months old, partial onset seizure counts were
based on electro-clinical seizures plus electrographic seizures.
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e For children in the remaining age groups, 6 months to less than 4 years old, partial
onset seizures were based on electroclinical seizures only.

4.2  Primary Efficacy Data Analysis

The primary efficacy analysis was based on the mITT population (repeated on the PP
population as a supportive analysis). The mITT population consisted of all intent to treat (ITT)
subjects who had at least 24 hours of usable Selection video-EEG time as determined by a
blinded central reader. The sponsor hired ) (4)

as the Blinded Central EEG Reader.

Selection video-EEG data interpreted by the central reader was used for analysis.
Subjects included in the mITT analysis had at least 24 hours of usable Evaluation video-EEG
time. Subjects who had < 24 hours usable Evaluation video-EEG and withdrew due to lack or
loss of efficacy were considered as non-responders (for the primary endpoint).

4.2.1 Unplanned Analysisof The Effect of Baseline CharacteristicsOn The Primary
Outcome Variable

Baseline seizure ADF was included as a covariate in a_post-hoc logistic regression
analysis of the primary endpoint. In addition, post-hoc logistic regression was used to
simultaneously examine the effects of the following variables: treatment group, baseline seizure
ADF, age group, and race. Both the raw and log transformation (natural log +1) of the baseline
seizure ADF were examined. The logistic regression analysis did not result in change regarding
efficacy. Post-hoc exploratory logistic regression analyses confirmed that the baseline imbalance
in seizure ADF did not affect the results of the primary endpoint. When baseline seizure ADF
was included as a covariate in the logistic regression model, LEV remained statistically superior
to placebo (p=0.006 with untransformed baseline seizure ADF, and p=0.005 with log
transformed baseline seizure ADF). In addition, no baseline seizure ADF by treatment group
interaction was observed.

4.2.2 Secondary Efficacy Variables

1. Subgroup Analyses by Age Group - mITT Population

1 month to < 12 month age group
12 month to < 24 month age group
24 month to < 48 month age group.

2. 50% Responder ADF seizure analyses for total seizures (Type I + 11 + III).
e Types: [=Partial onset, [I=generalized at onset, III=Unclassified

3. Absolute and Percent Reduction in ADF Seizure Analyses.
e The percent reduction from baseline in ADF of partial onset seizures (Type I).
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The percent reduction from baseline in ADF of total seizures (Type I + II + III).
The absolute reduction from baseline in ADF of partial onset seizures (Type I).
The absolute reduction from baseline in ADF of total seizures (Type I + II + III).

The percent reduction from baseline in ADF of electro-clinical partial onset
seizure (analyses exclusive of subjects 1 month to less than 6 months of age).

4. Seizure Count Data Collected from the Case Report Form during Evaluation

5. Seizures recorded on the CRF from Day 1 to Day 6 observed by the hospital staff and/or
family members were summarized by day, type, and treatment group.

Secondary efficacy variablesthat were analyzed on the ITT population only:

The percentage of dropouts for any reasons.
The percentage of dropouts due to lack or loss of efficacy.

The percentage of dropouts with < 24 hours of usable Evaluation video-EEG for
reasons other than lack or loss of efficacy.

The Time to Exit (TTE) in the Evaluation period. For early termination subjects in
the Evaluation period the TTE is the time to discontinuation from the study for
any reason. TTE was defined as the day of study discontinuation — the day of
randomization + 1. For completed subjects, the TTE was censored on Day 6.

[ Appears This Way On Original ]
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5  Subject Disposition

Fig.5.1-Schematic of Subject Disposition (UBC)
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5.1 Withdrawals Dueto Adverse Events

Five patients withdrew from the study, 3 from the placebo group and 2 in the LEV group.
One of the withdrawals in the placebo group was due to an adverse event and both subjects in the
LEV group withdrew because of an adverse event. The subject in the placebo group withdrew
from the trial because of aspiration pneumonia. One subject in the LEV group discontinued
because of convulsions and the other because of food aversion. The subject (519/0001) who
withdrew from the trial because of convulsion, was described as having “moderate seizures” they
received 1 day of study treatment and discontinued from the trial. The subject expired 40 days
later with the cause of death listed as undetermined. Because the death occurred more than 30
days after stopping study medication the event was not counted as an SAE. Subject 513/0002 in
the LEV group discontinued from the study after 3 days of treatment with LEV because of severe
food aversion. The subject’s treatment was unblinded after the subject was discontinued from
the study. None of the subjects withdrew from either limb of the trial the trial because of lack of
efficacy.
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5.2  SubjectsExcluded From ThelTT Analysis (UCB Table)

Table 10:2 Subjects Excluded from the mITT Population

Subject Group Reason for Exclusion from mITT

307/0001 PBO The selection period 48 Hour Video EEG was done. The subject had
qualifying seizures but the EEG data was inadvertently deleted at the site.
Therefore, the Central Reader evaluation was not done.

317/0003 PBO The evaluation period 48 Hour Video EEG was done but the data was
lost. Therefore. the Central Reader evaluation was not done.

325/0001 PBO For the selection period 48 Hour Video-EEG. the number of
electrographic seizures was not done.

521/0002 PBO The total number of evaluable hours for the Evaluation Visit 48 hour
Video EEG Central Reader Evaluation is less than 24 hours.

525/0003 PBO The total number of evaluable hours for the selection period 48 hour
Video EEG Central Reader evaluation is less than 24 hours.

516/0001 LEV The total number of evaluable hours for the selection period 48 hour
Video EEG Central Reader evaluation is less than 24 hours.

519/0001 LEV Two selection period video-EEGs were performed: one at the Days -8 to -
2 visit and one at the Days -1 to 0 visit.

Five subjects in the placebo group and 2 subjects in the LEV subjects excluded from the
ITT analysis. The reason for all of these subjects involved incomplete EEG data except subject
519/0001 who withdrew from the study after 1 day of treatment with LEV. The sponsor reported
this subject had an additional major protocol violation of taking more than 2 AEDs during the
trial. The possible effect of the exclusion of these subjects is discussed in Section 7.1.

[ Appears This Way On Original J
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6. Subject Characteristics

6.1 BasdineCharacteristics

Table 6.1-Subject Demographic Characteristics (UCB Table)

Table 11:1 Demographic Characteristics by Treatment Group (ITT Population)
Descriptive PBO LEV Overall
Statistics (N=56) (N=60) (N=116)
Age (a) (months) Mean (SD) | 23.46 (12.06) | 23.40 (13.43) | 23.43 (12.73)
Min - Max 2.0-46.0 1.0-47.0 1.0-47.0
Age Class (months)
<6 n (%) 4(7.1%) 4(6.7%) 8 (6.9%)
6t0<12 n (%) 7(12.5%) 8 (13.3%) 15 (12.9%)
1210 <24 n (%) 18(32.1%) | 20(333%) | 38(32.8%)
2410 < 48 n (%) 27(48.2%) | 28 (46.7%) | 55 (47.4%)
Gender
Male n (%) 27(482%) | 30(50.0%) | 57 (49.1%)
Female n (%) 29(51.8%) | 30(50.0%) | 59 (50.9%)
Race
Caucasian n (%) 39 (69.6%) 54 (90.0%) 93 (80.2%)
American Indian/Alaskan n (%) 2 (3.6%) 4 (6.7%) 6 (5.2%)
Other/mixed race n (%) 8(14.3%) 2 (3.3%) 10 (8.6%)
Black n (%) 6 (10.7%) 0 6 (5.2%)
Asian n (%) 1 (1.8%) 0 1 (0.9%)
Ethnicity
Hispanic or Latino n (%) 16 (28.6%) 22 (36.7%) 38 (32.8%)
Not Hispanic or not Latino n (%) 40 (71.4%) 38 (63.3%) 78 (67.2%)
Weight (k) Mean(SD) | 11.74(4.05) | 11.17(3.63) | 11.45(3.83)
Min - Max 47-240 5.0-20.0 4.7-24.0
Height (cm) Mean (SD) | 82.73 (12.90) | 84.02(13.07) | 83.41 (12.95)
Min - Max 48.0 - 108.0 54.0-110.0 | 48.0-110.0
BMI (kg/m?) N N=53 N=60 N=113
Mean (SD) | 16.37(2.63) | 15.51(2.12) | 15.91 (2.40)
Min - Max 12.8-25.0 11.6-19.8 11.6-25.0
BSA (m?) N N=54 N=60 N=114
Mean (SD) | 0.093 (0.076) | 0.089 (0.075) | 0.091 (0.075)
Min - Max 0.01-0.29 0.01-031 0.01-0.31

Source: Table 14.1.2:1

There was a statistically significant difference in race between the placebo and the LEV
treated groups. The Fisher exact test gave a p-value of 0.004. More Caucasians were assigned to
the LEV group (90%) compared to the placebo group (70%). None of the black study
participants were assigned to the LEV group.

Table 6.2-Age of Subjects I TT Population NO1009

PBO (N=56) | LEV (N=60) | Overall (N=116*)
AgeClass(a)
(months)
<6 4 (71.1%) 4(6.7%) | 8 (6.9%)
6 to <12 7 (12.5%) 8 (13.3%) | 15 (12.9%)3
12to <24 18 (32.1%) | 20(33.3%) | 38 (32.8%)
24 to <48 27 (48.2%) | 28 (46.7%) | 55 (47.4%)

(a) Corrected for pre-terminfants less than 12 months of age.

*Data from 1 subject excluded after study withdrawal and unblinding ITT N=115
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Table 6.3-Baseline History of Epilepsy (UCB Table)

Table 11:2 History of Epilepsy (ITT Population)
Statistics PBO LEV Overall
[ (N=56) (N=60) (N=116)
Age of Onset (nmmhs]{“) | Mean (SD) | 6.78 (8.31) 5.82 (8.40) 6.28 (8.34)
Median 347 2.30 2.83
| Min - Max | 0.0-34.1 0.0-369 0.0-36.9
Age of Diagnosis (months) @ Mean (SD) [ 8.72(8.27) 7.76 (10.30) | 8.22(9.35)
| Median 4.90 3.35 430
Min-Max |0.0-341 0.0-420 0.0-420
Duration of Epilepsy (months) | Mean (SD) | 16.95 (10.84) | 17.86 (12.38) | 17.42(11.62)
| Median 14.90 16.03 15.21
| Min - Max 1.0-41.6 1.6-44.6 1.0-446
Serzure History
Type I n (%) 56 (100.0%) | 58 (96.7%)" | 114 (98.3%)
Type II [ n (%) 5 (8.9%) 16 (26.7%) | 21 (18.1%)
Type 111 n (%) 8 (14.3%) 3 (5.0%) 11 (9.5%)

&7 Corrected for pre-term infants less than 12 months of age

® Subjects 310/0002 and 507/0001 didn’t have POS during the 2 weeks prior to selection, but had at least
2 POS during the 48 hour selection video EEG.

Note: Subjects could report more than one seizure type history. Type I = Partial Onset Seizures,

Type I = Generalized Onset Seizures, and Type III = Unclassified Epileptic Seizures

Source: Table 14.1.3:1

There were no significant differences in the baseline history of epilepsy characteristics
between the placebo and LEV groups with regards to age of onset, age of diagnosis, duration of
epilepsy or seizure type. However, the LEV group had nearly twice the average number of daily
partial seizures (group mean type I) during the 2 weeks prior to selection compared to the
placebo group (5.05 placebo vs 10.17 LEV). The greater historical average number of daily
seizures in the LEV group at baseline would appear to favor the placebo group because the LEV
group would have to experience a greater reduction in the number seizure per day to be
considered a responder, > 50% reduction in average daily seizure frequency (ADF).

Table 6.4-Concomitiant AEDs Taken During The Study (UCB Table)

Table 14.1.5:5 Number (%) of Subjects Taking Concomitant AEDs by Generic Name and Analysis Period - ITT Population

Up-Titration

Page 1 of 5 FINAL - N0O1009 23APR2007 at 21:01

Generic Name PBO LEV
(N=56) (N=60)
n (%) n (%)
Subjects Taking AEDs during Period 56 (100.0%) 60 (100.0%)
All Other Therapeutic Products 0 1 ( 1.7%)
Antiepileptics 0 1 ( 1.7%)
Carbamazepine 12 ( 21.4%) 5 ( 8.3%)
Chloral Hydrate 0 1 ( 1.7%)
Clobazam 2 ( 3.6%) 6 ( 10.0%)
Clonazepan 6 ( 10.7%) 4 ( 6.7%)
Diazepam 2 ( 3.6%) 4 ( 6.7%)
Ethosuximide 0 2 ( 3.3%)
Lamotrigine 5 ( 8.9%) 3 ( 5.0%)
Lorazepam 1 ( 1.8%) 0
Nitrazepam 1 ( 1.8%) 4 ( 6.7%)
Oxcarbazepine 7 ( 12.5%) 10 ( 16.7%)
Phenobarbital 17 ( 30.4%) 21 ( 35.0%)
Phenytoin 2 ( 3.6%) 0
Prednisone 1 ( 1.8%) 0
Sultiame 1 ( 1.8%) 1 ( 1.7%)
Topiramate 15 ( 26.8%) 19 ( 31.7%)
Valproic Acid 19 ( 33.9%) 23 ( 38.3%)

Each % is based on the number of ITT subjects in the treatment group presence in the period considered.
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A significantly greater percentage of subjects in the placebo group were treated with
Carbamazepine compared to LEV group. Phenobarbital and carbamazepine were the two most
common concomitant AEDs taken by subjects in the trial. Since the study’s goal was to recruit
young children with partial seizures, the more common use of phenobarbital and carbamazepine
is consistent with the intended population.

7  Efficacy Results

7.1 Primary Outcome Variable

The primary efficacy variable was the responder rate in ADF for partial onset seizures
(Type I), and was defined as the number of mITT subjects with a > 50% reduction from baseline
in their ADF divided by the total number of mITT subjects.

Table 7.1-Primary Efficacy Variable (UCB Table)
Table 14.2.1:1  Responder Rate in Average Daily Frequency (ADF) for Partial Onset Seizures — mITT Population

Page 1 of 1 FINAL - N01009 23APR2007 at 20:10
PBO LEV 0dds Ratio P-value(b)
(N=51) (N=58)
no (%) no (%) LEV/PBO 95% Confidence
Interval
Responder {(a) 10 ( 19.6%) 25 ( 43.1%) 3.11 1.22 - 8.26 0.013
Nen-Responder 41 { 80.4%) 33 ( 56.9%)

Each % is based on the number of mITT subjects in the treatment group. Seizure counts include clusters.

(a) Subjects with >50% reduction in ADF from Selection video-EEG to Evaluation video-EEG and had >24 hours
usable video-EEG at both time points.

(b) Fisher’s exact test.

The pre-specified primary outcome variable demonstrates a statistically significant
difference favoring the LEV treated group that is below the pre-specified alpha (< 0.05). Due to
the reason that this is not the usual ITT population, which consists of all the randomized subjects
who took at least one dose of study medication, we conducted some sensitivity analyses. Seven
subjects were excluded from the ITT population, 5 from placebo and 2 from LEV group. Using
worst case scenario, consider all the excluded subjects in placebo group are the responders and
all the excluded subjects in LEV group are non-responders. This gives 27% (15 out or 56)
responders in the placebo group and 42% (25 out 60) responders in LEV group. The Fisher’s
exact test gives a p-value of 0.12 and the Mantel-Haenszel test gives a p-value of 0.09. Both of
them are non-significant. Although this may not likely be the case, it gives the maximum
possible effect these excluded subjects may have on the efficacy results. It gives some indication
that the evidence may not be as strong as the data in mITT population suggests.
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Key Secondary Outcome Variables
Responder Rate By Age Group

Table 7.2 The Responder Rate For Subject By Age (UCB Table)

Table 11:10 Responder Rate in ADF for Partial Onset Seizures Adjusted for Age and
Subgroup Analyses by Age Group - mITT Population

Age Group A0 LA () [,E\{?dds Katlo P-value™
n (%) n (%) PBO 95% C1
All Ages™ 10/51 (19.6%) | 25/58 (43.1%) 3.13 | 1.31-7.48 0.009
IMto < 12M 2/10 (20.0%) 6/11 (54.5%) 4.80 | 0.51-62.31 0.183
| 12M o <24M | 4/16 (25.0%) | 9/19 (47.4%) 270 |053-1543 | 0.293
24Mto < 48M | 4/25(16.0%) | 10/28 (35.7%) 292 0.68-14.71 | 0.129

! ‘-“'_’ Odds ratio is derived from the stratified (by age group) model.
® pevalue for the all ages analysis is from the Cochran-Mantel-Haenszel (CMH) test (stratified by age group); p-values
for the individual age groups are from Fisher’s exact test.

The overall p-value (p=0.009) was calculated using the Cochran-Mantel-Haenszel
(CMH) Test in order to adjust for the age groups as opposed to the Fishers Exact test which
combines all the age groups together and gives a p-value (0.013) in the analysis of the primary
outcome variable. The corrected (Yates) CMH yields a p-value =0.0157. The logistic regression
analysis gives a p-value of 0.010 after the adjustment of age group.

Due to the small size of the sub-groups, none of the individual sub-group analyses gave
statistically significant results. However, the treatment effect remained consistent across the age
groups. The odds ratio of favorable response in mITT population for the levetiracetam group as
compared to placebo was 4.80 for the 1 month to < 12 month age group, 2.70 for the 12 month to
< 24 month age group, and 2.92 for the 24 month to < 48 month age group. The overall age
adjusted odds ratio stratified by age group was 3.13 (95% CI 1.31 — 7.48) and was nearly
identical to the unadjusted estimate.
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7.3 Absolute Changein Seizure frequency

Table 7.3-Absolute Change in Number of Partial Onset Seizures and Percent From
Selection (Per-treatment) to Observation Periods (on-treatment). (UCB Table)

Table 11:11

Seizures - mITT Population

Absolute and Percent Reduction from Baseline in ADF for Partial Onset

LEV - PBO
Assessment | PBO(N=51) | LEV(N=58) | Median -
i Difference” 95% CI value™
Selection Mean (SD) | 1537(22.92) | 31.13 (46.09) | [ |
Median 6.82 15.20
Ql-Q3 | 2.00-1622 | 4.48-3895
Min - Max 0-98.03 0-2118
Evaluation Mean (SD) 16.23 (24.16) 22.60(37.32)
Median | 6.48 | 8.34 |
QI-Q3 | 151-1699 | 0.51-2497
Min-Max | 0-1064 | 01843
Absolute Change | Mean (SD) -0.86 (13.81) 8.54(25.67)
Median 0.13 477 4.99 224-799 | <0.001 |
QI-0Q3 2.15-249 0- 1048
Min - Max_| -56.89 — 4127 | -51.48 - 156.35 |
9 Reduction’™ | Mean (SD) | -20.93 (111.47) | 24.98 (91.49)
Median | 7.12 | 43.61 | 3921 17.52-62.23 | <0.001 |
Ql-Q3 | -4229-35.14 | 11.72-8571 |
Min - Max | -450.58 — 100 0- 1483

' Hodges-Lehman method used to estimate median difference

‘_'" P-values are from the Mann-Whitney test.

) Four subjects (1 on PBO and 3 on LEV) are excluded from this analysis due to having 0 seizures at baseline.
Senwes Table 14 2 2°4 and Tahle 147 76

The median reduction in the absolute number and percent from baseline of the ADF of
partial onset seizures was also statistically significant in favor of the group treated with LEV
(p=<0.001). The median reduction in seizure frequency is often selected as the primary efficacy
variable in studies submitted in support of an NDA application seeking approval for a similar
indication. The significance of these two (p<0.001 for both endpoints) endpoints provides
positive support to the regulatory claim of the effectiveness of LEV in reducing refractory partial
onset seizures as adjunctive treatment in pediatric subjects age 1 month to less than 4 years.

Table 7.4-Responder Ratein ADF For All Seizure Types, |1, 111 (UCB Table)

Table 14.2.2:2  Responder Rate in Average Daily Frequency (ADF) for All Seizures — mITT Population

Page 1 of 1 FINAL - N01009 23APR2007 at 20:23

PBO LEV Odds Ratio P-value (b)
(N=51) (N=58) = mmmemmmmmmmmmmm—me—-
n (%) n (%) LEV/PBO 95% Confidence
Interval
Responder (a) 10 ( 19.6%) 25 ( 43.1%) 3.11 1.22 - 8.26 0.013
Non-Responder 41 ( B0,.4%) 33 ( 56.9%)

The responder rate for all seizure types was identical to the responder rate for partial
onset seizures (type I) only because subjects recruited into the trial had predominately partial
onset seizure disorder.
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7.4  Subpopulations

Age group was the most important secondary variable regarding efficacy and labeling.
The study only randomized 8 subjects age 6 months or less of whom only 4 received LEV. In
the 6 months to < 1 year group there were only 15 total subjects and only 8 received LEV. Sub
group analysis conducted the Clinical Pharmacology Reviewer agreed with the sponsor’s
analysis that despite the small number of subjects the treatment effect of LEV in reducing seizure
frequency was approximately 50% for the 1 month to < 1 year age group and approximately 80%
for the 1 month to < 6 month group.

Table 7.5-Subjects Age < 6 months Study N01009

SBIJNBR | PT B'date Agelyrs | Age/ Months Treat

Levetiracetam 50 mg/kg/day max of a 10%
323/0001 | 100046 | (b) (6) 0.14 1.68 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
327/0004 | 100014 | (b) (6) 0.24 2.88 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
510/0001 | 100201 | (b) (6) 0.38 4.56 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
519/0001 | 100285 | (b) (6) 0.3 3.6 | oral solution
317/0001 | 100031 | (b) (6) 0.28 3.36 | Placebo oral bid
321/0002 | 100037 | (b) (6) 0.18 2.16 | Placebo oral bid
323/0002 | 100145 | (b) (6) 0.2 2.4 | Placebo oral bid
503/0006 | 100298 | (b) (6) 0.43 5.16 | Placebo oral bid

Table 7.6-Subjects Age 6 to < 12 months Study N01009

SBINBR | PT B'date Age/yrs | Age/Months Treat

Levetiracetam 50 mg/kg/day max of a 10%
202/0004 | 100095 | (b) (6) 0.81 9.72 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
204/0005 | 100160 | (b) (6) 0.67 8.04 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
335/0002 | 100065 | (b) (6) 0.9 10.8 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
503/0005 | 100300 | (b) (6) 0.87 10.44 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
511/0002 | 100252 | (b) (6) 0.72 8.64 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
513/0002 | 100292 | (b) (6) 0.58 6.96 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
522/0001 | 100173 | (b) (6) 0.51 6.12 | oral solution

Levetiracetam 50 mg/kg/day max of a 10%
530/0002 | 100320 | (b) (6) 0.72 8.64 | oral solution
204/0006 | 100158 | (b) (6) 0.94 11.28 | Placebo oral bid
307/0001 | 100011 | (b) (6) 0.96 11.52 | Placebo oral bid
317/0005 | 100121 | (b) (6) 0.81 9.72 | Placebo oral bid
335/0001 | 100066 | (b) (6) 0.88 10.56 | Placebo oral bid
346/0002 | 100196 | (b) (6) 0.95 11.4 | Placebo oral bid
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503/0003 | 100222 | (b) (6) 0.92 11.04 | Placebo oral bid
523/0002 | 100176 | (b) (6) 0.67 8.04 | Placebo oral bid

8.0 DataHandling and Satistical Analysis

8.1 Missing Data

All subjects with < 24 hours of usable Evaluation video-EEG time were excluded from
the mITT population. There was no attempt to impute missing EEG data. However, if a subject
had < 24 hours of usable evaluation video-EEG time but withdrew due to lack or loss of efficacy,
this subject would have been included in the analysis as a non-responder, however no subjects
met these criteria.

8.2 Additional Efficacy | ssues/Analyses

There was an imbalance in the median baseline ADF partial onset seizures between
treatment groups. The baseline median ADF of Type I seizures (from the Selection Period video
EEG assessment) was higher in the LEV group (15.2) compared to the PBO group (6.8). In
order to examine the possible effects of the different baseline seizure ADF rates on the primary
endpoint, the sponsor conducted exploratory post-hoc analyses on the mITT population. Logistic
regression methods were used to examine the effect of baseline seizure ADF as well as baseline
seizure ADF by treatment group interaction. Both the raw (untransformed) baseline seizure ADF
and the log transformed (In [baseline ADF + 1]) baseline seizure ADF values were evaluated.
When baseline seizure ADF was adjusted, the treatment effect of LEV was still statistically
significantly (odds ratio = 3.43 and p = 0.006 for the untransformed baseline seizure ADF model
and odds ratio = 3.72 and p = 0.005 for the log transformed baseline seizure ADF model). In
addition, baseline seizure ADF by treatment group interaction was not found to be statistically
significant (p=0.929 untransformed model and p=0.755 log transformed model).

There was a statistically significant imbalance in race between treatment groups. More
Caucasians were assigned to the LEV group (90%) compared to the placebo group (70%). None
of the black study participants were assigned to the LEV group. After the adjustment of race, the
CMH test gives a p-value of 0.015. After the adjustment of race in the logistic regression model,
the significance level becomes 0.016. After the dichotomized race into Caucasian and non-
Caucasian, the similar results hold.

These post-hoc exploratory analyses suggest that the imbalance in the baseline seizure
ADF and race may account for the significant treatment effect observed in the trial, in favor of
LEV. However, due to the post-hoc nature, the reliability of the results from these analyses is
still a question.
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Table 8.1-Results of The Exploratory Logistic regression Analysisto Correct for a Baseline
Imbalance in ADF between the LEV and Placebo Groups. (UCB)

Table 142.1:3  Pespomder Fate in Average Daily Frequency (ADF) for Partial Onset Seimmres (Logistic Bagession Sensitivity
Aralyses: Untransformed  Baseline Seimme ADF)— mITT Population

Page 1 af 1 FIMAL = MOL1O0% COUL2007 at 17:42
Madal Effact Ddds Rakbla P=walus{a)
LEV/FBO 958 Canlidance
Intarval
Raspandar = TEL Sroup Tet Graup .11 1.51 =  7.38 &.0L0
Raspandar = Basallsae ADF + Tit GEoup Basallne ADF 0,58 0.9 = 1.01 o_287

Tet Graup 343 1.42 = A.32 0. 006

The p-value for baseline seizure ADF by treatment group interaction is 0.929 and is
derived from the full model (Responder = baseline seizure ADF + treatment group + baseline
seizure ADF x treatment group). (a) P-values are from the Wald test.

8.2.1 Adjustments

The primary efficacy analysis of the primary endpoint did not include adjustments for
covariates. However, a supportive analysis of the primary endpoint did include age group as a
covariate. Study center was not included as a covariate because most study centers randomized

only 1 or 2 subjects and comparison by center was not feasible.

The sponsor did not adjust for multiple comparisons because they did not make labeling
claims for the secondary outcome variables.

8.2.2 Interim Analysis
The sponsor’s analysis plan did not call for an interim analysis of the data.

8.2.3 Dose Response/Concentration Response Relationships

The study was not designed to examine drug-dose or drug-concentration versus response
relationships.

8.24 Drug-Drug and Drug-Disease Interactions

The study was not designed to examine drug-drug or drug-disease interactions.

9. Efficacy Conclusions

Analysis of the primary efficacy endpoint, the responder rate, a > 50% reduction in the
ADF of seizures baseline compared to evaluation Video-EEG (48 hours) demonstrated a overall
treatment effect that is statistically significant in children ages 1 month to <4 years old. The
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final version of the pediatric written request directed the sponsor to study LEV in 3 subgroups of
children 4 years or younger, children < 12 month, 12 to< 24 months and 24 months to 48
months. The size of the age divided subgroups were too small to reveal a statistically significant
advantage of LEV compared to the placebo treated subgroups but treatment effects of LEV in
these groups seem to be consistent with the overall effect in the sponsor’s data.

Table 9.1-Number Randomized intothel TT
Population Study N01009

PBO (N=56) | LEV (N=60) | Overall (N=116*)
AgeClass(a)
(months)
<6 4 (7.1%) 4(6.7%) | 8(6.9%)
6 to <12 7(12.5%) | 8(13.3%) | 15(12.9%)3
12 to <24 18 (32.1%) | 20(33.3%) | 38 (32.8%)
2410 <48 27 (48.2%) | 28 (46.7%) | 55 (47.4%)

(a) Corrected for pre-term infants less than 12 months of age.
*Data from 1 subject excluded after study withdrawal and unblinding N=115

The number of evaluable subjects in the < 6 month age group and to a lesser degree the 6
month to < 12 month age groups is small and the treatment effect is hard to evaluate. This
reviewer recommends approval of the application for the use of oral Keppra in children from 1
month to < 4 years old for adjunctive treatment of refractory partial onset seizures. The
approved dose should closely mimic the target dose administered in study N01009. For children
ages 1 month to < 6 months the approved recommended dose should be 42 mg/kg/day in
children 1 month to < 6 months and 50 mg/kg/day in children ages 6 months to 4 years.

[ Appears This Way On Original ]
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Appendix 2

1. Study N01103

A 19-week, Randomized, Double-blind, Multicenter, Placebo controlled Safety Study to
Evaluate the Cognitive and Neuropsychological Effects of Levetiracetam 20-60 mg/kg/d,
Divided in Twice Daily Dosing, as Adjunctive Treatment in Children 4-16 Years Old, Inclusive,
with Partial Onset Seizures

Protocol No. / Study No. RPCE03B1012 /NO01103
First Subject Enrolled 27-Sep-2004

Date of Completion of Last Subject 21-Mar-2007

Study Sites

Forty-five centers were initiated in the United States, South Africa, and Canada. Subjects
were screened at 29 study centers with 28 enrolling centers.

2. Sudy Rational and Aims
This trial will specifically study cognitive and neuropsychological effects of adjunctive
treatment with LEV in children and adolescents, ages 4-16 years, with inadequately controlled

epilepsy, using neuropsychological instruments that are valid and reliable in assessing memory,
learning, attention, concentration, behavior, and quality of life.

2.10bjectives:

211 Primary:
To characterize potential cognitive and neuropsychological effects of levetiracetam

(LEV) (20-60 mg/kg/d) as adjunctive treatment in children 4-16 years old, inclusive, with partial
onset seizures, as non-inferior when compared to adjunctive treatment with placebo (PBO).

212 Secondary:
To generate additional double-blind, placebo-controlled safety and efficacy data for LEV

(20-60 mg/kg/d), as compared to PBO, as adjunctive treatment in children 4-16 years old,
inclusive, with partial onset seizures.
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3. Sudy Design

Table3.1Trial Design Schematic

Table 9:1 Study Schematic
. Base- Evaluation Period --
Pre-selection . . 1 e
Period line 12 weeks of add-on treatment Withdrawal Period
Period with levetiracetam (LEV) or placebo (PBO)
¢ Historical : ! Up-titration ¢ Maintenance ! Down-titration
¢ Baseline : ! (4 weeks) ! (8 weeks) 4 weeks)
i (4 weeks) LEV or PBO '
H 60 mg/ke/d |
LEV or LEV or
PBO PBO
: 40 me/kg/d 40 me/kg/d
i LEV or . : LEV or
i PBO : ; PBO !
1 20 mp/'kg/d 20 mgke/d
AEDs i AEDs : AEDs : AEDs
i | | |
Visit | Visit 2 Visit 3 Visit 4 Visit 5 Phone Visit 6™ Visit 7 Visit §
Day -7 Day O Week 2 Week 4 Week 6 Week 87 Visit Week 12 Week 14 Week 16 Week 18
to-2 ( Random- Week 9

The study design consists of 4 periods:

Pre-selection Period: At Visit 1 (Day -7 to -2) Information relating to the trial was discussed
with patients and their parents or guardians. After consenting appropriate subjects were screened
according to the study Inclusion and Exclusion criteria

Baseline Period: At Visits 1 — 2 the estimated baseline seizure frequency was calculated
from:

e The history provided by parents or guardians to establish the 4-week Historical
Baseline Period

e Observations of seizure frequency during the 5 to 7-day Baseline Period.

Evaluation Period: The Evaluation Period includes a 4-week Titration Period and an 8-week
Maintenance Period. Subjects start at a dose of 20 mg/kg/d for the first 2 weeks, followed by
40 mg/kg/d for the next 2 weeks, ending a maintenance dose of 60 mg/kg/d for the remaining
8 weeks of the study. Subjects received either a tablet or oral solution form of their assigned

treatment.

Withdrawal Period: Subjects who did not to continue enroll in the open-label study or if
they withdrew from the study, their doses were titrated down at the rate of 20 mg/kg/d every
2 weeks.
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3.2 Randomization

Randomization to LEV or matching PBO occurred in a 2:1 ratio (2 LEV to 1 PBO).
Randomization occurred in blocks of 3 and was stratified by subject’s age (4-7, 8-12, and 13- 16
years old) and number of concomitant AEDs (1 or 2) at entry. To ensure sufficient
representation within each age group, no fewer than 25%, and no more than 50% of the subjects
were to be enrolled into any one age group. Randomization was implemented by using the

(b) (4)

3.3 Blinding

Study medications were administered in a double-blind manner. The PBO tablets and
solution were identical in appearance to the LEV counterparts. The study blind could be broken
only in cases of medical emergency. The randomization list was generated and kept by UCB
Inc. The subject’s treatment assignment was disclosed at the end of the study after the locking of
the database.

The study treatment blind was maintained for all but 1 subject, whose assigned treatment
was revealed after discontinuation from the study because of medical necessity. Subject
611/0002 in the LEV group withdrew from the study due to an AE of rash that was thought to be
possibly related to study medication.

4 Sdection Criteria

4.1 Inclusion Criteria

Subjects were eligible to participate in this study if all of the following criteria were met:

1. Subjects had parent or guardian gave consent and, if appropriate, the subject gave
assent to participate in the study. A signed and dated IRB-approved, written informed
consent form was required, and an assent form, if appropriate.

2. Subjects had a confirmed diagnosis of epilepsy with partial onset seizures, whether or
not secondarily generalized, for a minimum of 6 months prior to Visit 1.

3. Subjects must be male or female, between 4 and 16 years of age, inclusive. Females
were not pregnant or nursing. Females of childbearing potential were required to have
had a negative pregnancy test at Visit 1. In order to participate in the study, females of
childbearing potential were to be:

e Surgically sterile (hysterectomy, bilateral tubal ligation, or bilateral
oophorectomy).
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10.

11.

12.

13.

14.

e Or using a medically acceptable method of birth control for the duration of study
participation (intrauterine device, barrier method plus spermicide, oral
contraceptive at a stable dose for 1 menstrual cycle prior to the start of the study,
contraceptive implant inserted at least 1 month prior to the start of the study, or
contraceptive injection administered 1 month prior to the start of the study).

e Abstinence is considered an acceptable method of contraception on a case-by-case
basis upon approval of UCB Inc. or its representative.

The Investigator must believe that the subject’s current AED treatment was

unsatisfactory in terms of efficacy and/or safety, and for whom alternative treatment
with LEV might be of benefit.

Subjects must be on a stable regimen of 1 or a maximum of 2 other AEDs. No additions
of new AEDs or deletions of previous AEDs were allowed for at least 2 weeks prior to
Visit 1. Minor adjustments to the dose of the current AEDs were allowed only prior to
Visit 1.

Subjects must be on a stable regimen of Attention Deficit Hyperactivity Disorder
(ADHD) medication for at least 1 month prior to Visit 1, if the subject was taking
medication for ADHD.

Subjects may have had vagus nerve stimulation (VNS), implanted for at least 6 months
prior to Visit 1, and the settings were stabilized for at least 2 months prior to Visit 1.

activated VNS was counted as 1 of the 2 AEDs.

Subjects have an intelligence quotient (I1Q), as assessed during the Baseline Period, of
at least 65.

Subjects must weigh < 100 kg at Visit 1.

Subjects have a documented failed epilepsy surgery outcome greater than 6 months
prior to Visit 1, if epilepsy surgery had been performed.

Subjects have at least 1 partial onset seizure during the 4 weeks prior to Visit 1.
The subject’s epilepsy is classifiable according to the “Proposal for Revised
Classification of Epilepsies and Epileptic Syndromes” and his/her seizures were
classifiable according to the “Proposal for Revised Clinical and

Electroencephalographic Classification of Epileptic Seizures.”

Concomitant AED and ADHD medication intake remain unchanged during the
Baseline, Titration, and Evaluation Periods of the study.

Subjects and parents/guardians are fluent in English.
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15. Subjects and their parent/guardian or family member are able to cooperate with the

Investigator and study personnel involved in carrying out the study.

4.2 Exclusion Criteria

Subjects are not eligible to participate in this study if any of the following criteria were
present:

I.

2.

10.

11.

12.

13.

Subjects participated (were randomized) or withdrawn from any LEV study.

Subjects had previous treatment with LEV unless, in the opinion of the Investigator, the
subject’s previous treatment was inadequate in dose or duration to provide an accurate
assessment of the therapy, or the effect of LEV was confounded by concomitant
medication.

Subjects took any medication (other than their concomitant AEDs) that influences the
central nervous system (CNS) during the course of the study that was not on a stable
regimen for at least 1 month prior to Visit 1.

Subjects received phenobarbital or primidone prior to Visit 1.

Subjects received a benzodiazepine on a routine or chronic basis and was unable to
discontinue use 4 weeks prior to Visit 1.

Subjects used felbamate for less than 18 months prior to Visit 1, if the subject was using
felbamate.

Subjects received any investigational drug or device during the 30 days prior to Visit 1.
Subjects are on a ketogenic diet (currently or within 30 days prior to Visit 1).

Subjects have seizures too close together to accurately count (i.e., the subject’s seizures
must be countable).

Subjects have a treatable seizure etiology other than epilepsy (e.g., febrile seizures).

Subjects have a history of status epilepticus, which required hospitalization during the 3
months prior to Visit 1.

Subjects have a current diagnosis of Lennox-Gastaut Syndrome.
Subjects have epilepsy secondary to a progressive cerebral disease or any other

progressively neurodegenerative disease, such as Rasmussen and Landau-Kleffner
diseases.
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14. Subjects have clinically significant deviations from reference range values for laboratory
parameters, as determined by the Investigator.

15. Subjects have any clinically significant acute or chronic illness (as determined during the
physical examination or from other information available to the Investigator) such as, but
not limited to, cardiac disease, liver disease, renal disease, or endocrinological disease.

16. Subjects have a current, serious, unstable psychiatric diagnosis that may have confounded
the Investigator’s ability to conduct the trial or that may have prevented the subject from
completing the protocol-specified tests. Examples that excluded a subject were
significant suicide risk within the past 6 months, current psychotic disorder, or acute
mania.

17. Subjects have a history of, or the presence of, pseudoseizures.
18. Subject has a terminal illness.

19. Subjects have any medical condition that might interfere with the subject’s study
participation (e.g., serious infection, scheduled elective surgery, etc.).

20. Subjects have a known history of an allergy to pyrrolidone derivatives or a history of
multiple drug allergies.

21. Subjects have any disorder or condition that may have interfered with the absorption,
distribution, metabolism, or excretion of drugs.

5. Sudy Related Treatments

Subjects were randomly assigned to receive either LEV or PBO. The target dose of LEV
was determined by the sponsor to be 60 mg/kg/d. Study medication was administered as oral
tablets or oral solution (determined by subject weight and investigator discretion). Study
medication (LEV or PBO) was taken b.i.d in 2 equal doses separated by approximately 12 hours.
The starting dose was 20 mg/kg/d LEV or PBO, which was titrated upwards by 20 mg/kg/d
every 2 weeks for a 4-week period to the maximum tolerated dose or a maximum of 60 mg/kg/d
of LEV or PBO at the start of the 8 weeks evaluation period. The dose of study medication
could be adjusted during the evaluation period to 20 mg/kg/d or 40 mg/kg/d, based on safety and
efficacy considerations.

At the end of the evaluation period (week 12/Visit 6), subjects either down-titrated their
dose before discontinuing study medication before the final study visit. Subjects reduced their
study medication by 20 mg/kg/d decrements each week for 2 weeks before stopping, or they
continued on their current dose in the open-label, follow-up study NO1148.
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The PBO tablets and oral solution were identical in appearance to the LEV tablets and
oral solution, Investigators and subjects, and parents/guardians were blinded to the assigned
treatment.

Table5.1- Study Medication Dosing Regimen For Tablets

Table 9:4

Oral Tablet Dosing Scheme: Titration and Evaluation Periods

Total Daily Dose
o e = o % Day 28 to end of
3:':::‘!::? Days1-15 Days13-27 Evaluatuon Period
20 mg'kg/d™ 40 mg'kg'd“© 60 mg kgd™
AM PM AM PM AM PM
13.5- 1LEV 166 mg |1 LEV 166 mg | 2 LEV 166 mg | 2 LEV 166 mg | 2 LEV 250 mg | 2 LEV 250 mg
20kg or or or or or or
1 PBO 1 PBO 2 PBO 2 PBO | 2 PBO 2 PBO
20.1- ILEV250mg |1 LEV250mg | 2LEV 250 mg | 2 LEV 250 mg | 3 LEV 250 mg | 3 LEV 250 mg
30 kg or or or or or or
| PBO | PBO 2 FBO 2FBO 3 PBO 3 PBO
30.1- 2LEV 166 mg | 2LEV 166 mg| 3 LEV 250 mg | 3 LEV 250mg | 4 LEV 250 mg [ 4 LEV 250 mg
40 kg or or or or or or
2 PBO 2 PBO 3 PBO 3 PBO | 4 PBO 4 PBO
40.1- I LEV 500 mg | I LEV 500mg | 2 LEV 500 mg | 2 LEV 500 mg | 2 LEV 500 mg | 2 LEV 500 mg
S0 kg or or or or I LEV 250 mg | 1 LEV 230 mg
I PBO 1 PBO 2FBO 2PBO or or
| 3 FBO 3 PBO
50.1- ILEV 300 meg | I LEV 500 mg | 2LEV 500 mg | 2 LEV 500 mg | 3 LEV 500 mg | 3 LEV 500 mg
100 kg or or I LEV 166.5 mg|l LEV 166.5 mg or or
I PBO 1 PBO or or 3 PBO 3PBO
3 PBO 3 PBO

' Tablet strengths of 166.5 mg, 250 mg, and 500 mg were used from the high total tablet weight formulat

on for

subjects = 40 kg, and tablet strengths of 166 mg and 2530 mg were used from the low total tablet weight formulation for
subjects = 40 kg,

™10 me/ke administered twice per day; once in the morning and again approximately 12 hours later in the evening.
20 mg/kg administered twice per day; once in the morning and again approximately 12 hours later in the eveni

] mg'kg administered twice per day; once in the morming and again approximately 12 hours later in the evening.

Table5.2- Study Medication Dosing Regimen For Oral Solution

Table 9:5

Oral Solution Dosing Scheme

Solution Strength

Dose Calculation

Oral solution LEV or PBO (20 mg/kg)

20 mg/'kg x (Subject weight in kg) /
100 mg/mL = Total dose in mLs

Oral solution LEV or PBO (40 mg/kg)

40 mg/'kg x (Subject weight in kg) /
100 mg/mL = Total dose in mLs

Oral solution LEV or PBO (60 mg/kg)

60 mg/'kg x (Subject weight in kg) /
100 mg/mL = Total dose in mLs

5.1 Enrollment

The protocol planned for 110 subjects to be screened in order to randomize the required
87 subjects. A total of 120 subjects were screened and 99 randomized (34 assigned to PBO and
65to LEV).
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Table 5.3-Number and Per cent of Subjects Randomized to Each treatment Arm
For ITT and PP Populations (UCB)

Table 11:1 Number and Percent of Subjects by Study Population

Study Population PBO LEV Total
) n (%) n (%) n (%)
Intention-to-treat™ 34 (100%) 64 (100%) 98 (100%)
| Per Protocol™ 27 (79.4%) 46 (71.9%) 73 (74.5%)

" All randomized subjects who took at least 1 dose of study medication.
® Al randomized subjects without a major protocol deviation.
Source: Table 14.1.1:2

6. Subject Disposition

Table 6.1-Subject Disposition (UCB Table)

Table 10:1 Subject Disposition

Subjects Sereened
(n=120)

Sereen Failures
(n=21)

Subjects Randomized
(n=99)

Placebo (n=34)
Received treatment (n=34)

Levetiracetam (n=65)
Received reatment {n=64)

ITT 34 Did not receive treatment (n- 1)
PP-27 1T o4
PP-46

('ompletcli the study T}
{n=29)

Discontinued the study
(n=5)
Adverse event (n-2)
Lack of efficacy (n—1)
Lost 1o follow-up (n—1)
Protocol deviation (n=1)

Completed the study™
(n=50))

Discontinued the study
(n=14)
Adverse event (n=T)
Lack of efficacy (n—1)
Lost to follow-up (n=1)
Withdrawal of consent (n=4)
Other reason (n=1)

[ Entered follow-up study (n-28)
Did not enter follow-up study
(n=1)

' Completed the study through Day 84, Visit 6.

Source: Table 14.1.1:1 and Table 14.1.1:3

6.2 Withdrawals

Entered follow-up study (n-2)
Did not enter follow-up study
(n=3)

Entered follow-up study (n-48)
Did not enter follow-up study
(n=2)

Entered follow-up study (n-1)
Did not enter follow-up study
| (n=13)

A larger percentage of subjects discontinued the study were in the LEV group (21.9%)
than in the PBO group (14.7%). The most frequently recorded reason for discontinuation was
AEs, and these were more common in the LEV group (PBO 5.9%; LEV 10.9%). The majority
of subjects entered the follow-up study at Week 12/Visit 6 (PBO 30 subjects; LEV 49 subjects).
Only one subject in each group withdrew for “Lack of Efficacy”.
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7. Endpoints
7.1 Safety

The primary cognitive and neuropsychological safety variable was change from baseline
(Visit 2) to the end of the Evaluation Period (Week 12 or the Early Discontinuation Visit [EDV])
in the Leiter International Performance Scale-Revised (Leiter-R) Attention and Memory (AM)
Battery’s Memory Screen Composite Score. Secondary cognitive and neuropsychological safety
variables were change from baseline to Week 12/EDV in the following:

e Wide Range Assessment of Memory and Learning-Second Edition (WRAML-2)
General Memory Index

e WRAML-2 Visual Memory Index
e WRAML-2 Verbal Memory Index
e WRAML-2 Attention/Concentration Index.

Exploratory cognitive and neuropsychological safety variables were change from baseline to
Week 12 in the following:

e Leiter-R Composite scores for Recognition Memory, Associative Memory,
Memory Span, Attention, and Memory Process

e Leiter-R Examiner’s Rating: Composite scores for cognitive/social and
emotions/regulations

e Achenbach Child Behavior Checklist (CBCL): Raw Competence scale scores
(Activities, Social, School) and Total Competence score; Raw Syndrome scale
scores (Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints, Social
Problems, Thought Problems, Attention Problems, Rule-Breaking Behavior and
Aggressive Behavior), and summary syndrome scores (Internalizing,
Externalizing, and Total Problems score)

e Child Health Questionnaire (CHQ-PF50): Scale scores (Physical Functioning,
Role/Social- Emotional/Behavioral, Role/Social-Physical, Bodily
Pain/Discomfort, Behavior, Mental Health, Self Esteem, General Health
Perceptions, Change in Health, Parental Impact-Emotional, Parental Impact-
Time, Family Activities, and Family Cohesion) and summary scores (Physical
and Psychosocial).
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e Standard clinical safety variables were the following: extent of exposure, adverse
events (AEs), laboratory tests, electrocardiograms (ECGs), physical and
neurological exams, and vital signs. LEV, concomitant AED, and benzodiazepine
concentrations in plasma were also measured.

7.2 Efficacy

There were no primary or secondary efficacy variables all efficacy variables were
considered exploratory. The sponsor listed the following exploratory efficacy variables:

e Total Seizure Weekly Frequency

e Partial Onset Seizure Weekly Frequency

e Reduction in Total Seizure Weekly Frequency

e Reduction in Partial Onset Seizure Weekly Frequency

e Responder Rate (>50% reduction in Partial Onset Seizure Weekly Frequency)
e Total Responder Rate (>50% reduction in Total Seizure Weekly Frequency)

e Global Evaluation Scales (GES) responses from Investigator, Parent/Guardian,

and Subject (aged 8 years or older)

7.1  Calculation of Exploratory Efficacy Endpoints

Table7.1-Methods Used To Calculate Partial Onset Seizure (typel)
Frequency (UCB Table)

Table 9:8 Calculation of Seizure Variables
[Partial Onset (Type 1) Seizure Frequency Per Week Calculations
Period Definition

Historical 7%(Number of Historical Period Type I Seizures/Historical Period Evaluable Days), where:

Baseline Period|e Number of Historical Period Type I Seizures = Sum of Historical Period Type I Seizure

Count and Number of Type I Clusters

- Historical Period Evaluable Days — 28 (4 wecks)

Prospective FX(Number of Prospective Peniod Type I Seizures/Prospective Period Evaluable Days), where:

‘Bascline Periodje Number of Prospective Period Type I Seizures = Sum of Prospective Period Type [
Seizure Counts and Number of Type I Clusters

. Prospective Period Evaluable Days = Evaluable Days between Visit 1 and Visit 2

Combined 7%(Number of Complete baseline Type I Seizures/Complete BL Evaluable Days), where:

Baseline . Number of Complete baseline Type I Seizures = Sum of Historical and Prospective
Penods Type I Seizure Counts and Number of Type I Clusters

| . Complete baseline Evaluable Days = (28 + Evaluable Days between Visit 1 and Visit 2)

Evaluation 7%(Number of Evaluation Period Type 1 Seizures/Evaluable Peniod Evaluable Days), where:

Period . Number of Evaluation Peniod Type 1 Seizures = Sum of Evaluation Peniod Type I

Seizure Counts and Number of Type I Clusters

| . Evaluation Penod Evaluable Days = Evaluable Days between Visit 2 and Visit 6

Note: An Evaluable Day is a scizure day with a non-missing seizure count or number of clusters.

Note: Total Weckly Seizure Frequency is calculated cxactly the same but Total includes Types L, 11, and [IL
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7.2  Calculation of Reduction of Seizure Frequency

Parents or guardians recorded seizures counts including all types into a daily seizure
diary. Information concerning clusters and individual seizures were collected at each study visit
during the Baseline and Evaluation Periods. The final version of the protocol did not describe a
plan to instruct parents or guardians on the proper identification of seizures in general or the
classification of seizure types recorded in the daily seizure diary. This may impact the accurate
recording of seizure counts and therefore many of the exploratory variables.

Reduction in absolute seizure frequency from baseline was also calculated for both partial onset
seizures (Type 1) and total seizures (types [+1I+11I)

Percent reduction in seizure frequency from baseline was also calculated for both partial
onset seizures and total seizures, as follows:

100 x (Combined Baseline frequency) Evaluation Period frequency)
Combined Baseline Frequency

The method used by the sponsor to calculate the efficacy variable of seizure frequency
appears appropriate and consistent with the study objectives.

8 Basdline Characteristics

8.1  Subject Baseline Demographic Characteristics (UCB Table)

Table 11:2 Demographic and Baseline Characteristics by Ireatment Group and
Overall (ITT Population)

Characteristic Statistic PBO LEV Overall
(N=34) (N=64) (N=98)
Age (years) Mean (SD) 10.27 (3.67) 10,58 (3.49) 10,47 (3.54)
Min — Max 41164 4.8 -16.7 4.1-16.7
Age Class (vears)
4107 n (%) 10 (29.4%) 18 (28.1%) 28 (28.6%)
Sto 12 n (%) 15 (44.19%) 28 (43.8%) 43 (43.9%)
13t0 16 n (%) 9(26.5%) 18 (28.1%) 27 (27.6%)
Gender
Male n (%) 17 (50%0) 39 (60.9%) 56(57.1%)
| Female | n (%) 17 (50%) | 25(39.1%) | 42 (42.9%)
Race
Caucasian n(%) 18 (52.9%) 40 (62.5%) 38 (59.2%)
Other/Mixed Race n (%) 5(14.7%) 6(9.4%) 11(11.2%)
Black n (%) 8 (23.5%) 15(23.4%) 23 (23.5%)
[ Asian [ n(2) 3(88%) | 3(7%) | 6(61%)
Ethmenty
Hispame or Latino n (o) 4(11.8%) 6(9.4%) 10 (10.2%)
Not Hispanie or Latine n (%) 30 (88.2%) 58 (90.6%) 88 (89.8%)
Weight (kg) Mean (SD) 4462 (23.70) 40.82 (18.91) 42,14 (20.65)
Min - Max 16,8~ 1008 17.1 -850 16.8 - 1008
Height (cm) Mean (SD) 140.83 (20.28) 139,99 (19.80) 140,28 (19.86)
Min ~ Max 104 4 - 1735 106.7 - 182.0 1044 - 1820
BMI (kg/'m”) Mean (5D) 2097 (6.51) 19.80 (5.08) 20.20(5.61)
[ | Min — Max 144-4001 | 113-300 | 113-401
Leiter-R Brief 1Q) Score Mean (SD) 89.06 (14.89) 298] (18.23) 89.55(17.07)
Min — Max 67.0-124.0 4201350 4201350
Leiter-R Brief 1Q) Score
Class
= 04 n (%) ] 5(7.8%) 5(5.1%)
05 to 89 n (%) 17 (50%) 26 (40.6%0) 43 (43.9%)
=90 n (%) 17 (50%) 33 (51.6%) S0 (51.0%)
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There was a greater percentage of male subjects enrolled into the LEV arm (60.9%) of
the study compared the placebo arm (39.1%). In addition, the subjects in the LEV arm weighed
slightly less than the subjects in the placebo group at baseline. Neither of these two imbalances
at baseline were likely to have impacted the efficacy outcome of the study.

8.2-Baseline Number of Concomitant AEDs Taken By SubjectsIn The Trial (UCB Table)

Number of AEDs PBO LEV
(N=34) (N=64)
[ AED 33 (67.6%) 15 (70.3%)
| 2AEDs 11(32.4%) 18 (28.1%)
3 AEDs™ 0 1 (1.6%)
" Subject 671/0001 used a third AED during the Withdrawal Period only.

Source: Table 14.1.6:5

Although use of up to 2 concomitant AED was permitted during the trial, the majority of
subjects were taking only 1 AED in conjunction with study medication. The one subject who
took 3 AEDs only used clonazepam only during the withdrawal period. The slight differences
between the groups the percentage of subjects 1 or 2 AEDs appears small and not significant.

8.3-Concomitant AED Used
DuringtheTrial

PBO % | LEV%

oxcarbazepine | 38.2 39.1

carbamazepine | 29.4 15.6

lamotrigine 20.6 23.4

valproic acid 14.7 25.0

topiramate 23.5 7.8

Carbamazepine and Oxcarbamazepine were the 2 most frequently used concomitant
medications. The pattern of concomitant AED use was reasonably similar for both the placebo
and LEV groups and did not likely influence the efficacy outcome of the trial.

8.1.1-Use Of Rescue M edication (Benzodiazepines)

Benzodiazepines were allowed as rescue medication, but subjects were discontinued from
the study if benzodiazepine use exceeded 1 single administration per week. Overall the
percentage of subjects who used a rescue benzodiazepine (lorazepam preferred) during the
Evaluation Period was greater in the placebo group. There were no protocol violations reported
because subjects had taken a benzodiazepine within the 6 days preceding administration of
Leiter-R assessment.

Benzodiazepines were used as rescue medication by 6 subjects (17.6%) in the PBO group
and 6 subjects (9.4%) in the LEV group. One subject (2.9%) in the PBO group and 1 subject
(1.6%) in the LEV group used a benzodiazepine as a non-AED medication. Three subjects
(4.7%) in the LEV group used a benzodiazepine as an AED medication.
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Table 8.4-The Use of Rescue Medication During Trial NO1103 (UCB Table)
Table 14.1.6:6 Number (%) of Subjects Taking Benzodiazepines - ITT Population

Page 1 of 1 FINAL - NO1103 18MAY2007 at 20:37

(N=34) (N=64)
n (%) n (%)

Recorded on the

Rescue Medication CRF 6 [ 17.6%) 6 [ 9.4%)
AED Medication CRF L] 30 4.7%)
Nen-AED Medication CRF 1 ( 2.9%) 1 ( 1.6%)
Used During
Historical Pericd (a) 2 ( 5.9%) 3 [ 4.7%)
Baseline Peried Only [+] [+]
Evaluation Period Only 5 [ 14.7%) 5 ([ 7.8%)
Baseline and Evaluation Period 2 [ 5.9%) 2 [ 3.1%)
Withdrawal Peried ] 2 [ 3.1%)
Used Within € Days of a Leiter-R Assessment
Baseline [ o
End of Evaluation o o
Baseline and Evaluation o o
Note: Concomitant drugs are defined in section 16.1.9.
(a) From 30 days prior to Visit 1 up to the day before Visit 2.
Table 8.5- Compliance With Study Medication
Table 11:9 Number and Percent of Subjects at each Level of Treatment Compliance
during the Evalvation Period (ITT Population)
Level of Compliance from PBO LEV
Visit 2 to Visit 6 (N=34) (N=64)
n (0/0) n (afn']
Less than 80% 1 (2.9%) [ 2(3.1%)
80% - 120% 31(91.2%) | 60 (93.8%)
Greater than 120% 2(5.9%) [ 2(3.1%)
Note: Evaluation period compliance was a weighted average of compliance recorded by the site at each visit.

Source: Table 14.1.5:1

Medication compliance among subjects in both limbs of the trial was acceptable.

[ Appears This Way On Original ]
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8.1.2 Resultsof Exploratory Efficacy Outcomes

Table 8.6-Changein Weekly Seizure Frequency (UCB)

Table 11:10 Summary of Partial Onset Seizure Weekly Frequency at Baseline and
during the Evaluation Period (ITT Population)

Statistic | PBO [ LEV
(N=34) (N=64)
Combined Baseline'™ n 34 o4
Mean (SD) B19(21.37) 7.06 (37.25)
Median 1.3 0.91
Ql-03 040516 0.39- 1.87
] Min-Max | 0.2 - 1003 | 0-295.1
Evaluation Period™ n 34 64
Mean (SD) 10.72(31.59) 287 (6.88)
Median 1.25 0.08
Q1-03 0.33-4.17 0194
Min - Max 0.0-1743 0-320
Evaluation Period Absolute
Reduction from Baseline n 34 64
Mean (SD) 253 (18.58) 4.19(33.77)
Median 0.20 0.40
Ql-0Q3 -1.04 - 0.84 0.17- 1.00
Min - Max | -93.9-373 | -242-2673
Evaluation Penod Percent
Reduction from Baseline n 34 63
Mean (SD) 54,81 (199.61) 31,09 (457 88)
Median 26.50 91.54
Ql-Q3 -108.51 — 62.69 19.26 - 100.0
Min — Max =797.6 — 100.0 | -3387.5 - 100.0

% Includes the combined Historical and Prospective Period baselines.

™ Evaluation Period is Visit 2 through Visit 6 (Week 12), which consists of the Titration Period + Maintenance Period.
' Because 1 subject {Subject 628/0002) had a baseline frequency of 0, percent reduction conld not be caleulated for this
sutbject.

Source: Table 14.2.3:1

Table 8.7-Number and Per cent of Subjectswho responded to Treatment (> 50 %
Reduction In Weekly Seizure Frequency

Table 11:11 Number and Percent of Subjects who Responded to Treatment (ITT
Population)
[ Response Value FBO | LEV
(N=34) (N=64)
n (%) | n (%)

| Partial Onset Seizure Weekly
Frequency

Responder™ 14 (41.2%) 40 (62.5%)

Non-i{espundef"' 20 (58.8%) 24 (37.5%)
Total Seizure Weekly Frequency

Responder” 13 (38.2%) 40 (62.5%)

.'\‘m\-i{espnnder"" 21 (61.8%) 24 (37.5%)

" A responder is a subject with a = 50% reduction in seizure weekly frequency fiom the Combined Baseline Period to the
Evaluation Period.
i

A subject with no seizure data before or after Visit 2 was classified as a non-responder
Source: Table 14.2.3:3

[ Appears This Way On Original ]
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Table 8.8-Clinical Global Impression of Change During Treatment
Table 11:13 Number (%) of Subjects by Global Evaluation Scale Ratings at Week 12
(or Early Discontinuation), as rated by Investigators, Subjects, and
Parents/Legal Guardians (ITT Population)

Rater PBO LEV
Direction of Change (N=34) (N=64)
| - | n (%) n (%)
Parent/Legal Guardian (n)" il 58
Improvement 17 (54.8%) 43 (74.1%)
No Change 9(29.0%) B (13.8%)
Worsening 5(16.1%) T(12.1%)
Subject™ (n)™ 24 38
Improvement 13 (54.2%) 20 (76.3%)
No Change 8 (33.3%) 4 (10.5%)
Worsening | 3(12.5%) 5(13.2%)
Investigator (n)™ 3l 57
Improvement 14 (45.2%) 43 (75.4%)
Mo Change 12 (38.7%) 6 (10.5%)
Worsening 5(16.1%) 8 (14.0%)
" The denonunator for percents was the number of subjects with valid GES data at Week 12/EDV,

" Only subjects who were 8 vears or older were eligible to complete the GES.
Source: Table 14.2.3:4

The analysis of all three key exploratory efficacy outcome measures demonstrated a
benefit improvement in LEV treated patients compared o the PBO treated group. The percent
and absolute change in weekly seizure frequency was greater in the LEV treated group. The
number and percent of subjects considered as treatment responders (> 50 % reduction of partial
onset seizures) was also greater in the LEV treated group. The results indicate the treatment
effect associated with LEV is at least as in this long-term as the effect observed in short-term,
double-blind trial.

The Clinical Global Impression of Change (CGI) rating scale was judged as improved by
the majority (approximately 75%) of raters in all 3 groups of eligible raters (patients,
parents/guardians and the site investigator) for LEV treated patients compared to 45-54% of the
placebo group.

8.2 Efficacy Conclusion

The change in absolute and percent of the average weekly seizure frequency, percentage
of responders and the global impression of change are all numerically better in the LEV treated
patients the conclusion of the trial. The sponsor did not design the trial to support efficacy in
children 4-16 years but the results are consistent with the treatment effects of LEV observed in
double blind clinical trials.
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