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NDA# 21-035 ~
Sponsor: UCB Pharma, Inc.
Name of Drug: Levetiracetam (1000 to 3000 mg/day- Kepra ™ Tablets
250 mg, 500 mg, and 750 mg)
Indication: Add-on treatment in refractory epileptic patients with
partial onset seizures.
Documents Reviewed: Statistical methods for analyzing the primary and
secondary efficacy measures and the findings from the
analyses.
Studies Reviewed: Three Pivotal studies (Protocols NO51, N132, and N138),
and one supportive study (Protocol N052).
Introduction:

Results of three double blind, placebo controlled studies (Studies NO51, N132, and N138)
were submitted to demonstrate the efficacy of levetiracetam as an add-on therapy in a
dose range of 1000 mg/day to 3000 mg/day in the treatment of partial onset seizure. One
study (Study NO51) was a crossover design trial, and the other two studies were parallel
group design trials. One study (Study N132) was conducted in the United States. while
the other two studies (Studies NOS]1 and N138) were conducted in multiple European
centers. In the three studies, a total of 904 patients were randomized to placebo (n=312),
levetiracetam 100 mg/day (n=204), 2000 mg/day (n=106), and 3000 mg/day (n=282).

Table 1 lists an overview of designs of the three primary placebo controlled epilepsy :n
studies. =
Tahie 1. Oveniew of Design of the Three Primary Placebo Controlled Epilepsy Studies. o
: Mean Age Planned Dose and
. Study No. Treatment (vears) Duration L
i Design Groups N Ethnicity [Range) (mg)/(mg/day) ]
] Placebo Placebo 35 male 109 Caucasian 37
i controlled. (N=112)" 57 female 2 black [16-69} m
SNoR? crossover. add- 1 other 300, 1000bid. —
: on therapy 1000 mg/day 5] male 106 Caucasian 36 2 x 16 weeks w
(N=106) ! 35 female [16-68} w
2000 mg/day 51 male 106 Caucasian 37
(N=106) " 55 female [14-65) (-
Placebo 50 male 8] Caucasian 38 n-
(N=95) 45 female 7 black [20-65) 500, 1300 b.id. ,
i Placebo 7 ather X 18 weeks
PN controlied 1000 mg/day 62 male 82 Caucasian 38 h
i parallel group, | (N=98) 36 female 10 black [16-70) (J ]
add-on therapy 6 other l i l
3000 mg/day 66 male 88 Caucasian 38
(N=101) 35 female | 9 black [16-66) (a'n]
4 other
! Placebo Placebo 51 male 105 Caucasian 36
i N138" controlled, (N=105) 54 female [17-69) 1500 b.i.d.
‘ parallel group, 3000 mg/day 87 male 181 Caucasian 37 X 18 weeks
add-on study (N=181) 94 female [17-70]
“Pauents enrciled in stucies NO5] and N132 had refractory parual onset seizures for at jeast 2 vears and had taken two or more

classical ATDs.

* Patients enrolled in study N138 had refractory pantial onset seizures with or without secondary generalization and had taken only one
concomitam AED

" First period (Period A)

Source of Table I: Table 9, Integrated Summary of Efficacy (Vol 452).
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The sponsor also submitted results of another study (Study N052) and considered
it as a supportive study. This study was not powered to demonstrate efficacy but was
mainly intended to assess safety of high-doses of levetiracetam. Safety and efficacy of
two dose levels of levetiracetam (2000 mg/day and 4000 mg/day) were compared with
placebo. The primary outcome measure of the supportive study was also different from
the primary outcome measures in the three pivotal studies.

Next, the findings of each of the three pivotal studies submitted by the sponsor
will be reviewed and the primary and secondary outcome measures of each of the studies
will be reanalyzed according to the statistical models specified in the protocols. Subgroup
(1.e.. by gender) analyses will be done on the primary outcome measures of the three
pivotal studies. As the primary outcome measure of the supportive study (Study N052)
was different from the primary outcome measures of the pivotal studies, and the study
was not powered to demonstrate efficacy, the reported results of the supportive study will
be reviewed here only. Finally, the efficacy and safety’ of the levetiracetam doses will be
evaluated by pooling the three pivotal studies’ data sets.

Study NOS1:

Study NO51 was a 32-week crossover multi-center trial. Patients with refractory epilepsy
experiencing only or predominantly partial onset seizures for at least 2 years, and having
taken in the past at least two classical AEDs were included in the study. The other
inclusion criteria were (a) male and female patients with age between 16 to 65; (b)
women of childbearing potential could only be included if they were using a medically
accepted safe method of contraception or if they had been surgically sterilized: (c)
absence of major concomitant disorders; and (d) patients had at least four partial onset
seizures per each four weeks during the baseline period. During the study period, the
randomized patients had to take at least one AED. and could take a maximum of two
AEDs -

The main objectives of this study were to evaluate the efficacy and safety of two
dose levels (1000 mg/day and 2000 mg/day) of levetiracetam in adults with partial onset
seizures that were refractory to classical AED drug treatment.

It was a two-period crossover study. Each treatment period was of 12 weeks, with
an intervening 4-week transition period. During the consecutive treatment periods
(Periods A and B), patients received two out of the three possible treatments. Patients
received either (1) placebo and levetiracetam 1000 mg/day; or (2) placebo and

" In evaluating safety, the supportive study N052 will be pooled with the three pivotal studies.

* The most frequently prescribed AEDs were carbanazepine(234 patients(72%)), phenytoin(72 patients
(22°0)). and valproic acid derivatives (67 patients (21%)). Phenobarbital or primidone were taken by 33
2nd 20 parients, respectively (16%). There were 58 patients (18%) whe took vigabatrin and 39 patients took
lamotrigine (12%). Majority of patients (247 patient, 76.2%) were on regimens that included two AED:s.
Sixty patients (18.5%) received one AED in addition to double blind treatment, 14 patients (4.3%) received
three AEDs, and 3 patients (0.9%) received more than three AEDs.

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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levetiracetam 2000 mg/day; or (3) levetiracetam 1000 mg/day and levetiracetam 2000
mg/day. There were six possible treatment sequences.

Three hundred twenty four (324) patients were randomized to the study. There
were 112 patients in the placebo group (58 patients randomized to the
placebo/levetiracetam 1000 mg/day sequence and 54 patients who were randomized to
the placebo/levetiracetam 2000 mg/day sequence), 106 patients in the levetiracetam 1000
mg/day group (53 patients randomized to the levetiracetam 1000 mg/day/placebo
sequence and 53 patients randomized to the levetiracetam 1000 mg/day/levetiracetam

2000 mg/day sequence), and 106 patients in the levetiracetam 2000 mg/day group (54
patients randomized to the levetiracetam 2000 mg/day / placebo sequence and 52 patients
randomized to the levetiracetam 2000 mg/day / levetiracetam 1000 mg/day sequence).
Two hundred seventy eight (86%) patients completed the evaluation period A.
During period A, 18%, 11%, and 13% patients were prematurely terminated from the
levetiracetam 2000 mg/day, 1000 mg/day, and placebo groups, respectively. Among the
278 completers in period A, 232 (83%) patients completed evaluation period B. The
termination rates during period B were 18%, 14%, and 18% for the levetiracetam 2000
mg’'dav. 1000 mg/day, and placebo groups, respectively. The reasons for dropout were
adverse events (AEs), withdrew consent, and others (includes ineligibility, protocol
violation, lack of efficacy, decision of UCB Pharma, Inc.). Table 1.1 lists the percentages
of dropouts by reasons.
Table 1.1: Reason for dropout during Evaluation period A and period B (ITT Population)
Levetiracetam Levetiracetam
Placebo 1000 mg/day 2000 mg/day
Perivd A N=112 N=106 N=106
I Completers 97 (86.6%) 94 (88.7%) 87 (82.1%)
! Dropouts 15 (13.4%) 12 (11.3%) 19(17.9%)
Reasons for Dropout ‘
AE 6 (5.4%) 8 (7.5%) 15 (14.2%) APPEARS THiS WAY
! Withdrew consent 5 (4.5%) 2(1.9%) 3 (2.8%)
Other * 4 (3.6%) 2 (1.9%) ] (0-9%) ON OR;GINAL
Period B N=88 N=94 N=96
Completers 72 (81.8%) 81(86.2%) 79 (82.3%)
Dropouts 16 (18.2%) 13 (13.8%) 17 (17.7%)
Reasons for Dropout
N 10 (11.4%) 6 (6.4%) 11 (11.5%)
'l Withdrew consent 2(2.3%) 2(2.1%) 3(3.1%)
| Other? 4 (4.6%) ] 5 (5.3%) 3(3.1%)

2 includes ineligibility. protocol violation, lack of efficacy, decision of UCB

The intent-to-treat * (ITT) sample consisted of the 324 patients randomized in
period A. Data from 204 patients were used for per-protocol ‘(PP) analyses and data from

3 This sample included all patients who were randomized to study treatment and had taken at least one dose
of study medication.
* This sample consisted of patients from the ITT population who had no major protocol violation during the

Reviewer: Ohidul Siddiqui. NOV 1, 1999

BEST POSSIBLE COPY
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265 patients were used for the Inferential ITT’ sample in the crossover analysis. No
interim analysis was planned and performed.

Patients (or their caretakers) recorded their seizures in personal diaries. The
investigators classified theé recorded seizures according to the International League
Against Epilepsy (ILAE) criteria. For each seizure type, the total number of seizures that
occurred since the previous study visit was recorded as seizure count.

Per protocol, the primary efficacy parameter was the mean number of partial
onset seizure frequency per week over the evaluation periods A and B. The secondary
efficacy parameters were: (1) the absolute and percent reduction in weekly partial onset
seizure frequency from baseline, (2) the seizure frequency by seizure subtypes, (3) the
responder rate, (4) the categorical response to treatment, (5) the incidence of seizure-free
patients, and (6) the ESI-55 as a measure of QOL.

The primary efficacy variable (i.e., logarithm-transformed of mean number of
partial onset seizure frequency per week during the evaluation periods A and B) was
analyvzed using analysis of variance (ANOVA) for the crossover data. For the evaluation
period A data, the primary efficacy variable (i.e., logarithm-transformed of mean number
of partial onset seizure frequency per week during the evaluation period A) was analyzed
using analysis of covariance (ANCOVA). The mean number (in logarithm-transformed)
of panial onset seizure frequency per week during the baseline period was included in the
model as a covariate. The analyses used least-square mean (LSMs) logarithm-
transformed® data in calculating the percent reduction over placebo. The primary analyses
were performed on the ITT sample. The analyses were also done on the PP sample.

The secondary efficacy outcome measures (the responder rate. response to
treatment, and number of seizure-free patients) were analyzed using logistic regression
with estimation of odds ratio. For subgroup analyses on the subtypes of seizures and the
quality of life (QOL) assessments, the same methods as for the primary efficacy variable
were applied. A Bonferroni procedure was used to adjust for multiple comparisons; each
of the three pairwise comparisons between treatments was carried out at a = 0.02 (= /
3). The analyses of the secondary measures were also performed on the ITT sample.

Sponsor’s Results:

There were 48.5% males among the 324 randomized patients. All (except 3 patients)
were Caucasians. The mean age of the patients was 37 (range from 14-69 years) years.
The three treatment groups were comparable at baseline with respect to their
demographic characteristics.

~ baseline period or period A.
* This sample included all patients from the ITT population who had efficacy data for the relevant treatment

periods.
® 100 X [1- Exp(LSM Treatment ~LSM Placebo)]

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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The mean duration of epilepsy for the 324 patients was 23.6 years, and the mean
age of epilepsy onset was 13.7 years. The etiology of epilepsy was unknown for about
56.5% patients. About 10.5% patients had a history of status epilepticus and 7.4% had a
history of withdrawal seizures. The three treatment groups were comparable with respect
1o the epilepsy histories at baseline.

At baseline period (8 to 12 weeks), all patients had partial onset seizures, with a
median of 2.62 seizures per week (range 0.3 to 102.7); 55% of the patients had <=3
seizures per week; 30% patients had from 3 to 9 seizures per week; and 15% patients had
>9 seizures per week. Complex partial seizures were the most common (present in 270
patients or 83.3%). The median seizure frequencies at baseline period were comparable
among the three treatment groups.

The statistical analyses of the primary efficacy measures during the evaluation
periods A and B (considering as a two-period crossover design), as well as during the
evaluation period A alone (considering as an independent parallel group design)
demonstrated a statistically significantly lower partial onset seizure frequencies for the
levetiracetam groups, as compared to the placebo group. The estimated least square
means (LSMs) for the levetiracetam groups were statisticaily significant (p<.006), as
compared to the estimated mean for the placebo group. However, there was no statistical
significant difference between the levetiracetam dose groups. Percent reductions of
partial onset seizure frequency per week for the levetiracetam 1000 mg/day and 2000
mg day groups over the placebo group (calculation based on the LSMs) were 16.4% and
17 7° in period A, and 16.9% and 18.5% in period A+B. Table 1.2 lists all of the results
including the p-values.

Statistically significantly lower partial onset seizure frequencies were also seen in
the levetiracetam groups, as compared to the placebo group in the analyses based on the
PP sample (results are not shown here).

Percent reductions in partial onset seizure frequency from baseline (median)
during the evaluation periods A and B together were greater in the levetiracetam 1000mg
‘dav (22.9%) and levetiracetam 2000 mg/day (23.9%) groups, as compared to the placebo
(7%0) group. During the evaluation period A alone, the percent reductions were also
creater for the levetiracetam groups, as compared to the placebo group. The percentages
were 17.7%, 26.5%, and 6.1% for the levetiracetam 1000, 2000 mg/day, and placebo
groups. respectively.

The levetiracetam groups had statistically significantly (p<=.019) more
responders (i.e., >=50% reduction from baseline), as compared to the placebo group.
Furthermore, the responder rate in the levetiracetam 2000 mg/day group was statistically
significantly greater, as compared to the rate in the levetiracetam 1000 mg/day group
(p=0.018, not shown in Table 1.2). During the evaluation period A and B together, the
odds of obtaining a reduction in partial onset seizure frequency of at least 50% in the
Jevetiracetam 1000 mg/day and 2000 mg/day groups over the placebo group were 5.6 and

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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12.1. respectively. The corresponding odds ratios during the evaluation period A were 2.6
and 4.0. The summarized results including the p-values are listed in Table 1.2.

Table 1.2: Summary of Partial Onset Seizure Frequency Data (ITT Population) -logarithmic transform analysis

Levetiracetam Levetiracetam
Wecekly seizure Frequency Placebo 1000 mg/day 2000 mg/day
(N=112) (N=106) (N=106)

Baseline .
N 112 106 106
Mean® (S.D) 1.44 (0.79) 1.49(0.73) 1.56 (0.86)
Median ’____1_25__,\ 128

| Range $ { 2 ( )
Period A+ B N ' 4(\———"“"'-"
N 172 183 175
Mean ® (S.D) 1.37 (0.80) 1.24 (0.90) 1.22 (0.92)
Median® 1.17 1.07 1.04
LSM “(S.E) 1.41 (0.025) 1.22 (0.024) 1.20 (0.023)

| @0 reduction over placebo ® - 16.9% 18.3%

: (98% Ch) (9.6. 23.6) (11.2. 252)

' p-value (Versus placebo) - <.001 <.001
o reduction in seizure frequency from baseline (median) 7.0 229 239

f >=30% reduction from baseline (%) 12.2% 26.2% 34.3%

i odds ratio (98% CI) 5.6(14.225) 121 (2.0.743)

I p-value (Versus placebo) 004 001

. Period A only

N 106 101 93

! Mean " (S.D) 1.40 (0.81) 1.28 (0.88) 1.31(0.91)

_ Median® 128 110 1.03

CLSM (S E) 1.45(0.035) 1.27 (0.046) 1.25(0.048)
v¢ reduction over placebo ° 16.4% 17.7%

1982, Cl) - (2.7. 28.1) (4.1. 29.4)

i p-value (Versus placeba) - 0.006 0.005

i ¢ reducnion in seizure frequency from baseline (median) 6.1 17.7 265

; »=30%¢ reduction from baseline (%) 10.4% 22.8% 31.6%

;. 0dds rano (98%6 CI) 2.6(1.0.64) 4.0(1.6.9.8)

E p-value (Versus placebo) 019 <.001

i

Source of Table 2: Tables 19 & 20 of Integrated Summary o1 Efficacy (Vol 452) and table 8.2.2.1 (Vol. 622).

* Seizure frequency=7 X Total number of Seizures during Evaluation Period/ Number of Days during the Evaluation

Period.
FLn(X-1)

* Least square mean derived from analysis of variance for crossover design (evaluation periods A and B together) or analysis of

covariance for (for evaluation period A) on In(X+1)
¢ 100 X [1-Exp(LSM Treatment ~LSM Placeboj)

The percent reductions in the seizure frequency from baseline by seizure subtypes

were greater in the levetiracetam groups than the percent reduction in the placebo group.
The LMS analyses by subtype also demonstrated statistically significantly lower seizure
frequency during treatment period for the levetiracetam 1000 mg/day and 2000 mg/day
groups. as compared to placebo group (p<0.001). The results obtained from the analyses
of all seizure frequencies (Type I+I1+11I) were nearly identical to the results obtained
from the analyses of partial onset seizure frequencies (Type I: Partial onset seizure). It
was due to the occurrence of only a small fraction of seizures that were not partial onset
seizures.

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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Table 1.3: Percentages of patients experienced Treatment-Emergent AE/ SAE (ITT Population)

Levetiracetam Levetiracetam

Placebo 1000 mg/day 2000 mg/day
Period A N=112 N=106 N=106
Treatment-Emergent AE 82 (73.2%) 75 (70.8%) 80 (75.5%)
Treatment-Related AE 40 (35.7%) 42 (39.6%) 50(47.2%)
Treatment-Emergent SAE 10 (8.9%) 11 (10.4%) 17 (16.0%) .
Treatment-Related SAE 3Q.7%) 2(1.9%) 8 (1.5%) APPEARS THIS WAY
Period B N=88 N=94 N=96
Treatment-Emergent AE 62 (70.5%) 60 (63.8%) 72(75.0%) 0 N ORIG l NAL
Treatment-Related AE 31(35.2%) 33(35.1%) 41 (42.7%)
Treatment-Emergent SAE 13 (14.8%) 12 (12.8%) . 8(83%)
Treatment-Related SAE 2(2.3%) 3(3.2%) 4 (4.2%)

Source: Vol621 Table 12.2.1

No changes in quality of life scores were seen in the levetiracetam groups, as
compared to the placebo group. The incidences of treatment-emergent adverse events
were comparable between the levetiracetam and placebo groups. Table 1.3 displays the
percentages of patients experienced treatment-emergent AE/SAE. Two patients died
(belonging to levetiracetam 1000 mg/day group) during the study. The investigators
reported that the deaths were due to car accidents, and not related with drug medication.

Reviewer’s Analyses:

The primary efficacy measures, mean number of partial onset seizure frequency per week
during the evaluation periods A and B were recalculated by this reviewer according to the
formula given in the protocol and the values were matched with the sponsor’s calculated
values. The ANCOVA model for analyzing the period A data and ANOVA model for
analvzing the periods A and B data. as mentioned in the protocol, were fitted. The
analvses were based on the ITT sample. For Period A (i.e., considering as a parallel
group design) data. the two levetiracetam dose groups were statistically significantly
(p<0.006) different from the placebo group in reducing the mean number of partial onset
seizure frequency at evaluation period from baseline. No statistically significant
differences between the levetiracetam groups were detected.

Similarly, for the periods A and B (i.e., considering as a crossover design) data,
the two treatment groups were statistically significantly (p<0.0001) different from the
placebo group in reducing the mean number of partial onset seizure frequency at
evaluation period from baseline. The two treatment groups were not found statistically
sicnificantly different from each other. The treatment sequence was not statistically
significant.

All of the statistics reported in Table 1.2 for the primary and secondary outcome
measures were recalculated from the ITT sample and found to be consistent with the
sponsor’s calculations.

The sponsor calculated the mean number of partial onset seizure frequency per
week during the evaluation periods based on the information collected at visits 6,7, and 8
for period A, and the information collected at visits 10, 11, and 12 for period B. The

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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titration periods of the sequences A and B (i.e. during the periods [visit 5 & 9], the
patients were on the target dose of levetiracetam) seem to be clinically important to
consider as parts of evaluation periods. FDA (letter dated April 26, 1995) also suggested
the sponsor to do so, but the sponsor did not consider the titration period as a part of
evaluation period. This reviewer recalculated mean number of partial onset seizure
frequency per week based on the information at visits 5,6,7 and 8 for evaluation period A
and visits 9, 10, 11, and 12 for evaluation period B. The ANCOVA mode! for analyzing
the period A data and ANOVA mode for analyzing the periods A and B data, as
mentioned in the protocol, were fitted. The conclusions remained same (although p-
values were changed) to the conclusions obtained in the sponsor’s analyses. The results
are not reported here.

Subgroup Analysis:

Table 1.4 lists the summary statistics of the primary efficacy measure, mean number (in
logarithm transformed) of partial onset seizure frequency per week, by gender and
treatment groups. The subgroup analyses (least square means from ANOVA/ANCOVA
models) indicated that the levetiracetam doses were effective in reducing the partial onset
of seizure frequencies for both the male and female patients. The percent reductions in
seizure frequency due to treatment were also similar between the male and female
patients. This was true for both period A and Period A+B data. Since all (except 3
patients) were Caucasians, no subgroup analysis had been done with respect 10 ethnicity.

}Jaric 1.4 Summan of Partial Onset Seizure Frequency Data by Gender (ITT Population) -logarithmic transform analysis

I

: Weekhy seizure Frequency Female Male
Bascline Leveuracetam | Leveliracetam Levetiracetam | Levetiracetam

: Placebo 1000 mg/day 2000 mg/day Placebo 1000 mg/day 2000 mg/day

N 57 38 55 33 51 51

“AMeant(S.D) 1.36 (.72) 1.59(.74) 1.52(.77) 1.52 (.85) 1.38 (.70) 1.59(949)

" Median 117 139 1.31 1.28 1.22 125
Range [ A\l

; Period A only = "’

N 53 53 48 53 a8 47

i Aean T (S.D) 1.33(.73) 1.45 (.94) 124 (.82) 1.46 (.87) 1.09(.76) 1.37(.99)

| Median 23 1.22 1.04 121 97 104

i Range ( T

: LM ¢ 132 1.1 150 1.27 1.28

" °, reduction over placebo ? - 7.04 17.14 - 20.46 19.74

i o reduction in seizure frequency

i from baseline (median) 984 9.74 2299 2.85 2435 2747

 >=300¢ reduction from baseline (%) 13.2 15.1 29.2 7.5 313 34.0

i Period A~ B :

PN 84 87 91 88 96 84

! AMean " (S.D) 131 (.70) 1.31(87) 125(90) 141 (8D) 1.17(.92) 1.18 (.94)
\Median® ,;,LLA:,;T, Lol 1.06 124 92 ‘~I)(L_.~

i Ranege L

PLSM S T3 T23 T T39 T2T TIY

" % reduction over placebo ¢ - 16.72 18.77 - 16.80 18.20

i 2, reduction in seizure frequency

: fror baseline (median) 9.30 20.0 20.83 1.98 28.12 27.69

' =2(% reduction from baseline (%) 13.1 20.7 341 11.4 313 345

TTnseh
¢ Least square mean derived from analysis of variance for crossover design (evaluation periods A and B 10gether) or analysis of

cov ariance for (for evaluation period A) on In(X+1)
¢ 100 X [1-Exp(LSM Treatment -LSM Placebo)]

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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Study N132:

Study N132 was designed as a multicenter, randomized, add-on, double-blind, parallel
group, 38-week study (12-weeks baseline, 6-week titration, 12-week evaluation, and 8-
week withdrawal). Patients who had experienced uncontrolled simple and/or complex
partial seizures with or without secondary generalization for at least 2 years prior to entry
and who had been exposed to at least two classical AEDs, either simultaneously or
consecutively, were included in the study. The other inclusion criteria were (a) male and
female patients with age between 16 to 70; (b) women of childbearing potential could
only be included if they were nonchildbearing potential; and (c) patients whose daily
intake of AEDs remained unchanged for at least the 4 weeks prior to the selection visit
and during the 12-week baseline period.

The main objectives of this study were to evaluate the efficacy and tolerability of
two dose levels (1000 and 3000 mg/day) of levetiracetam in adults with partial onset
seizures that were refractory to classical AED drug treatment.

Two hundred ninety four (294) patients were randomized to three treatment
groups, 98 patients to levetiracetam 1000 mg/day, 101 patients to levetiracetam 3000
mg‘day, and 95 patients to placebo. During the study period, the randomized patients had
1o take at least one AED, and could take a maximum of two AEDs 7.

Two hundred sixty eight (91%) patients completed the evaluation period. There were
6.31%. 12.24%, and 7.92% patients were prematurely terminated from the placebo.
levetiracetam 1000 mg/day, and 3000 mg/day groups, respectively. The main reasons for
termination were adverse events (AEs). Table 2.1 lists the percentages of dropouts from
the study by reasons. The percentages of dropouts by reasons were comparable among

the three treatment groups. APPEARS THIS WAY
ON ORIGINAL

Table 2.1: Reason for dropout during Evaluation period (ITT Population)

{ Levetiracetam Levetiracetam
} Placebo 1000 mg/day 3000 mg/day
| N=95 N=98 N=101
! Completers 89 (93.7%) 86 (87.8%) 93 (92.1%)
Sl Dropouts 6(6.3%) 12 (12.2%) 8 (7.9%)
: Reasons for Dropout
AE 5(5.3%) 6 (6.1%) 7 (6.9%)
! Withdrew consent 1(1.1%) 2(2.0%) 1 (1.0%)
Other? 0 (0.0%) 4(4.1%) 0 (0.0%)

% includes inzligibility, protocol violation, lack of efficacy. decision of UCB
Source of table: Vol 587, table 1.4

” The most frequently prescribed AEDs were carbanazepine(234 patients(72%)), phenytoin(72 patients
(22%)). and valproic acid derivatives (67 patients (21%)). Phenobarbital or primidone were taken by 33
and 20 patizents, respectively (16%). There were 58 patients (18%) who took vigabatrin and 39 patients took
Jamotrigine (12%). Majority of patients (247 patient, 76.2%) were on regimens that included two AEDs.
Sixty patients (18.5%) received one AED in addition to double blind treatment, 14 patients (4.3%) received
three AEDs, and 3 patients (0.9%) received more than three AEDs.

Reviewer: Ohidul Siddigui. NOV 1, 1999
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The intent-to-treat 3(ITT) sample included 294 patients and Per-Protocol® (PP)
sample included 243 patients.

Per protocol, the primary efficacy variable was defined as the mean number of
partial onset seizure frequency per week over the evaluation period.

The secondary efficacy parameters were (1) seizure frequency measures '°, (2) the
mean number of seizures according to the seizure type " (3) the responder rate'?, (4) the
categorical treatment re:sponse‘3 , (5) the incidence of seizure-free patients, and (6) the
QOLLIE-31 as QOL assessment.

The primary analyses were done on the ITT sample. No interim analysis was
planned and performed.

The primary efficacy variable (in logarithm transformed) was analyzed using
ANCOVA with the baseline mean number (in logarithm transformed) of partial onset
seizure frequency per week as a covariate. The analyses used least square means (LSMs)
log-transformed data and an estimation of the percent reduction over placebo by back
transformation of the LSMs data. Bonferroni adjustment (Hochberg procedure) was used
for multiple comparisons.

A logistic regression model was used to analyze the responder rates. The
Cochran-Mantel-Haenzel (CMH) test was used for the categorical response to treatment.
All of the above analyses were performed on the ITT and PP patient samples.

Sponsor’s Results:

Among the 294 randomized patients, 60.5% patients were males; 85.4% patients were
Caucasians. 8.8% were Blacks, and the remaining 5.8% were Asians/other. Baseline
demographic characteristics were comparable among the three treatment groups. The
three t,eatment groups were also balanced with respect to patients’ medical history and
concurrent disorders. All patients were receiving AEDs ',

* This sample included all randomized patients who were dispensed randomized treatment, regardless of
whether actual dosing could be confirmed.

® This sample included those who were not excluded from the study due to major protoce] violations.

'“ The absolute and percentage change in the mean number of partial onset seizures during the evaluation
period. as compared to the baseline period, and the mean number of partial onset seizures per week by
study visit.

"' Simple partial, complex partial, partial secondary generalized, simple+complex partial, and generalized.

** The incidence of patients with >=50% reduction from baseline in the frequency of partial onset seizures.

** The percent reduction in partial onset seizure frequency based on six categories (<-25%, -25% to 24.9%,
2510 49.9%, 50 to 74.9%, 75 to 99.9%, and 100% or seizure free) of response.

" The most commonly used AEDs were carbanazepine, phenytoin, gabapentin, and valproic acid.

Reviewer: Ohidul Siddigqui. NOV 1, 1999
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At baseline, the patients experienced a median of 2.13 partial seizures per week.
The most common seizure type was complex partial experienced by 280 patients out of
the 294 randomized patients.

There was a statistically significantly (ANCOVA, p<0.001) lower mean partial
onset seizure frequency per week during the evaluation period in the levetiracetam-
treated groups, as compared to the placebo group. There was no statistically significantly
difference between the levetiracetam 1000 mg/day and 3000 mg/day groups. The LSM
percent reductions over placebo were 20.9% and 27.7% for the levetiracetam 1000 and
3000 mg/day groups, respectively. The median percent reductions in partial onset seizure
frequency from baseline were 32.5%, and 37.1% for the levetiracetam 1000 mg/day and
3000 mg/day groups, respectively, and were higher as compared to the percent reduction
(6.8%) for the placebo group. The proportions of patients who were responders (defined
as >=50% reduction in partial seizure frequency from baseline) also were higher in the
levetiracetam-treated groups (33.0% and 39.8% for levetiracetam 1000 mg/day and 3000
mg‘day groups, respectively), as compared to the placebo-treated group (10.8%). All of
these differences were statistically significantly (p<0.001) different from zero. The
above results were obtained from the ITT sample and summarized in Table 2.2.

Table 2.2: Pantial Onset Seizure Frequency and Responder Rate (ITT population)- logarithmic transform analysis

Levetiracetam

Placebo 1000 mg/day 3000 mg/day
(N=93) (N=98) (N=101)
Baseline
N 95 98 101
Mear (8D 1.26 (0.70) 1.56 (0.83) 1.38 (0.75)
; Median 1.77 P .5 208
1 o
! Range k‘ } k“-— 7 ( , —’J
Evaluanon Period
N\ 93 94 98
{ Mean"(SD) 1.23(0.75) 1.28 (0.89) 1.03 (0.86)
TI AMedian U WL K
I LSMc 366 T131 N 0%
| ©o reduction over placebo © : 209% 27.7%
l (98% CI} (6.8.32.9) (15.1.38.5)
[ p-value (Versus placebo) <0.001 <0.001]
. Yo reduchion in seizure frequency from baseline (median) 6.8 32.5 37.1
. »=3(1 reduction from bascline (%) 10.8% 33.0% 39.8%
i odds rane (9%% Ch) 4.08(1.7,10.6) 549(24.141)
' p-vatue (Versus placebo) <0.001 <0.00}

Source of 1zble 3: Table 23 in intcgrated summary ofcfﬁcac_v (Vol 452)

\=7 X Total number of Seizures during Evaluation Period/ Number of Days during the Evaluation Period.
in(X-1 .

<100 X [1-Exp{L.SM Treaunent ~LSM Placebo))

The analyses based on the PP sample also yielded similar results with a
statisticallv significantly fewer partial onset seizure frequency per week and higher
incidence of responders in the levetiracetam groups, as compared to the placebo group.

Mean reductions in the seizure frequency for all categories of seizures' were seen
for the levetiracetamn groups, as compared to the placebo group. The absolute change in

'* Simple partial (Type 1A), complex partial (Type IB), partial secondary generalized

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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the median frequency from baseline of seizure Types IA, IB, and IC showed greater
reductions for both levetiracetam groups, as compared to the placebo group. The
difference (for levetiracetam 3000 mg/day vs. placebo group) for seizure Type IB was
statistically significant (p<0.018,), but it was not statistically significant for seizure Types
IA and IC. The absolute reduction in mean seizure frequency for seizure Type IA+IB
showed statistically significant (p<0.018) in the levetiracetam groups, as compared to the
placebo group.

Mean changes from baseline in the subscales of the quality-of-life in epilepsy (
QOLIE-31) were small. The levetiracetam 3000 mg/day group showed a statistically
significant improvements in the overall QOL score (p=0.03) from the baseline score.
Both of the levetiracetam treated groups showed statistically significant (p<0.001)
improvements in seizure worry, as compared to the placebo group.

Table 2.3 lists the percentages of patients experienced treatment-emergent
AE/SAE. There was a total of 20 treatment-emergent Serious Adverse Events (SAEs)
reported in this study. One patient died before randomization and another patient died
from the placebo group during the study period. e

praceDo Brotp Shrne YP APPEARS 1113 War

Table 2.3: Percentages of patients experienced Treatment-Emergent AE / SAE (ITT Population) ON G Ri@ ‘ NAL
i Levetiracetam Levetiracetam
: Placebo 1000 mg/day 3000 mg/day
; N=93 N=98 N=10]
- Treatmem-Emergent AE 84 (88.4%) 87 (88.8%) 90 (89.1%)
" Treciment-Related AE 47 (49.5%) 50 (51.0%) 39 (58.4%)
i Trcatment-Emergent SAE 11? (11.5%) 7(7.1%) 2(2.0%)
} Treatment-Related SAE 1(1.1%) 2 (2.0%) 0(0.0%)

Source: Vol587. 1able 12.2.]
“inciuding one death

Reviewer’s Analyses:

The primary efficacy measure, the mean number of partial onset seizure frequency per
week over the evaluation period was recalculated according to the formula stated in the
study protocol and the values were matched with the sponsor’s calculated values. The
ANCOVA model for analyzing the data, as mentioned in the protocol, was fitted. This
reviewer's analyses were based on the ITT sample. The two levetiracetam dose group
were statistically significantly (p<0.001) different from the placebo group in reducing
partial onset seizure frequency from baseline. No significant difference between the
levetiracetam doses was detected.

All of the statistics reported in Table 2.2 for the primary and secondary outcome
measures were recalculated from the ITT sample and found to be consistent with the
sponsor’s calculations.

The sponsor calculated the mean number of partial onset seizure frequency per
week during the evaluation period based on the information collected at visits 7,8.9, and

(Type IC), and simple+complex partial(Type JA+IB).

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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10. This reviewer recalculated the mean number of partial onset seizure frequency per
week during the evaluation period (including titration period) based on the information
collected at visits 6, 7, 8, 9, and 10. The ANCOVA model, as mentioned in the protocol,
was fitted. The conclusions remained same (although p-values were changed) to the
conclusions obtained in the sponsor’s analyses. The results are not reported here.

Subgroup Analysis:

Table 2.4 lists the summary statistics of the primary efficacy measure, the mean number
(in logarithm transformed) of partial onset seizure frequency per week, by gender and
treatment groups. The subgroup analyses (least square means from ANCOVA model)
indicated that the levetiracetam doses were effective in reducing the partial onset of
seizure frequencies for both the male and female patients. The percent reductions in
seizure frequency due to treatment were also similar between the male and female
patients. Since there were more than 85% Caucasians in the sample, no subgroup analysis
had been done with respect to ethnicity.

Table 2 4: Summary of Partial Onset Seizure Frequency Data by Gender (ITT Population) -logarithmic transform analysis

Page 13 of 26

i Female Maie
i Weehly seizure Frequency .
. Basehine Placebo Leveuracetam | Levetiracetam Placebo Levetliracetam Leveuracetam
! 1000 mg/day 3000 mg/day 1000 mg/day 3000 mg/day
i~ 43 36 35 30 62 66
Cfean TS Dy 127 (.80) 1.35(.57) 1.36(.78) 1.24 (.60) 1.68(97) 1.39(.73)
 Median 1.9 1.30 11l 101 121 1.14
: Range {
Eyvaluation Period i ~
N 44 34 34 49 60 64
Mean T(S D) 1.26 (.85) 1.16 (.71) 1.01 (.89) 1.19 (.64) 1.34(.97) 1.04 (.84)
" Nedian® 100 97 80 1.00 LO3 8
Rangs ( 7_’\
i LSV T3Z 12 056 37 T.09 T1Z
;%6 reduction over placebo - 17.79 29.74 - 2427 21.88
i ®yreducuon in seizure frequency
i fram baseline (median) 6.76 33.24 41.21 20.15 31.18 3394
! >=30" reduction from baseline (%) 6.8 324 40.60 143 333 38.20
TFinon-1d
<109 X | 1-Exp(LSM Treatmem ~LSM Placebo)]
APPEARS THIS WAY
Study N0138: ON ORIGINAL

Study N138 was designed as a 60-week multicenter, randomized, double-blinded, parallel
croup. placebo controlled, two-part (add-on therapy and monotherapy) study that
evaluated the efficacy and safety of levetiracetam 3000 mg/day in treating the adult
patients with complex partial seizures. The epileptic patients who had experienced
uncontrolled partial onset seizures, and were using one standard AED at optimal dose
were eligible for this study. The other inclusion criteria were (a) male and female patients
with age between 16 to 70; (b) women of childbearing potential could only be included if
they were nonchildbearing potential; and (c) patients had at least two complex partial
seizures (whether or not they were secondarily generalized) per every 4 weeks during the

Reviewer: Ohidul Siddigui. NOV 1, 1999
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12-week baseline. The selected patients had to be taking one standard AED at stable;
optimal dose for at least 4 weeks preceding study entry.

Study N138 consisted of two parts. In part I, the patients were followed for 30
weeks (12 weeks baseline, 4 weeks up-titration, 12 weeks add-on evaluation, and 2 weeks
responder selection). In this part, a parallel group comparison of levetiracetam 3000
mg/day versus placebo (in a 2:1 randomization) was done for the efficacy assessment. At
the end of this part, the patients were grouped into responders'® or non-responders.

The responded patients in part I were enrolled in part Il and followed for 30
weeks maximum [12 weeks (maximum) therapy shift, 12 weeks monotherapy, and 6
weeks for drug withdrawal]. The efficacy of levetiracetam 3000 mg/day was assessed
during their 12-week monotherapy period.

The sponsor submitted this NDA to demonstrate the efficacy of levetiracetam as
an add-on therapy in treating the patients with partial onset seizures with or without
secondary generalization. To accomplish the main objectives of this NDA, the add-on
part (i.e.. part 1) of the study N138 will be reviewed and reanalyzed here.

Table 3.1. Reason for dropout during add-on therapy Evaluation period (ITT Population)

Levetiracetam
Placebo 3000 mg/dav
: N=105 N=181
! Completers 90 (85.7%) 149 (82.3%) ; _
' [)rop'ouls ) 15 (14.3%) 32(17.7%) APPEARS Tb'{‘s "'VAY
sl
Reasons for Dropout ON OR‘G s dAL
AE 9 (8.6%) 17 (9.4%)
Withdrew consent 1 (1.0%) 6 (3.3%)
Other ? 5 (4.9%) 9 (5.0%)

% inzludes ineligibility. protocol violation. lack of efficacy
Source of table: Vol 666. table 1.2

A total of 286 patients (105 patients in the placebo group and 181 patients in the
levetiracetam 3000 mg/day group) were randomized to receive double-blinded treatment.
Among the 286 randomized patients, 239 (83.6%) completed the add-on part of the study
(90 patients in the placebo group and 149 patients in the levetiracetam 3000 mg/day
croup). Forty-seven (16.4%) patients discontinued the add-on part of the study (15
patients in the placebo group and 32 patients in levetiracetam 3000 mg/day group). Table
3.1 lists the percentages of dropouts by reasons.

Per protocol, the primary efficacy variable was defined as the partial onset seizure
frequency per week during the evaluation period of part 1.

The secondary efficacy variables were a) seizure frequency of other seizure types,
subtypes, and combinations, b) type 1C seizure frequency compared to type I seizure

'* The responder was defined as the proportion of 1TT patients who had a reduction in type 1 seizure
frequency of at least 50% during the add-on evaluation period compared to baseline period.

Reviewer: Ohidul Siddigui. NOV 1, 1999
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frequency, c¢) responder rate and response to treatment’’, d) number of seizure-free
patients, e) seizure severity scale (NHS3), f) Visual analogue scale, and g) global clinical
evaluation.

The efficacy analyses (i.e., primary analyses) were conducted on the ITT sample.
Analyses based on PP'® sample were also conducted for the primary and secondary
efficacy variables. No interim analysis was planned and performed.

The primary efficacy variable (in logarithm transformed) was analyzed using
ANCOVA with the baseline mean number (in logarithm transformed) of partial onset
seizure frequency per week as a covariate. The analyses used least square means (LSMs)
log-transformed data and an estimation of the percent reduction over placebo by back
transformation of the LSMs data. The secondary efficacy variables were analyzed using
parametric and nonparametric procedures (including ANOVA, logistic regression,
Wilcoxon rank-sum test, etc.), as appropriate.

Sponsor’s Results:

There were 48.3% males among the 286 randomized patients. All patients were
Caucasians. The mean age of the patients was 36, ranging from 17 to 70 years. The two
groups were comparable with respect to their demographic characteristics.

The overall mean duration of epilepsy for the 286 patients was 19 years, and the
mean age of epilepsy onset was 18 years. The etiology of epilepsy was unknown for
about 35.9% patients. About 1.0% patients had a history of status epilepticus and 1.4%
had a history of withdrawal seizures. Patients had been exposed to approximately four
AEDs prior to this study. The two treatment groups were comparable at baseline with
respect to their epilepsy histories and use of antiepileptic medications.

At baseline period (12 weeks), all patients had partial seizures, with a median of
1.7 seizures per week (range 0.13 to 170); 23.1% patients had simple partial seizures,
06.9% patients had complex partial seizures, and 26.6% patients had secondarily
generalized seizures. The median seizure frequencies and the proportion of seizure types
at baseline were also comparable between the two treatment groups.

The protocol allowed a maximum of only one concomitant AED during the up- .

titration and add-on evaluation periods. Patients took the following classic AEDs during
the study period: carbamazepine (74%); lamotrigine (9%); valproate (8%); phenytoin
(6%); vigabatrin (2%); and oxcarbazepine (1%). The percentages by treatment groups
were comparable.

'" Response to treatment was defined as a decrease in the partial seizure frequency during the evaluation

period compared to the baseline period.
'® Consisted of patients from the ITT sample who were fully evaluable and who reported no major protocol

deviations during the study.

Reviewer: Ohidul Siddigui. NOV' 1, 1999
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The statistical analyses (based on ITT sample) on the primary efficacy variable,
the logarithm-transformed of mean number of partial onset seizure frequency per week
during the part I evaluation period demonstrated statistically significantly greater
reduction in partial onset seizure frequency from baseline for the levetiracetam group, as
compared to the reduction for the placebo group (p<0.001). The LSM percent reduction
in partial onset seizure frequency in the levetiracetam group over the placebo group was
22.2%. Statistically significantly greater median percent reduction in seizure frequency
from baseline was also found in the levetiracetam group (39.9%), as compared to the
placebo group (7.2%). Table 3.2 lists all of the results including the p-values.

Table 3.2: Partial Onset Seizure Frequency and Responder Rate (ITT population)-logarithmic transform analvsis

Placebo Levetiracetam 3000 mg/day
N=105) (N=181)
Baseline
N 102 171
Mean®(SD) 1.24 (0.86) 1.18¢0.77)
Median® 1.01 0.99
oe® 7
Range C
Add-on Evaluation Period
N 102 171
Nean " (S.D)) 1.17 (0.91) 0.90 (0 83)
Mcdian* 1ol 072
Range ©
LSM € T35 0859
%0 reduction over placebo - 222
C 3o, Cly 143.294
! p-value (Versus placebo) <0.001
. “wreduction in seizure frequency from baseline (median) 7.2 399
>=31"g reducthion from basehne (%) 16.7% 342.1%
| odds ratio (98% C1) - 3.6(2.0.6.7)
i p-value (Versus placebo) - <0.00! ]

Source of table 3: Table 8 1(vol. 666) .28 & 29 in integrated summary of efficacy (Vol 452)

*v=7 X Total number of Seizures during Evaluation Period/ Number of Days during the Evaluation Period.
"lin(N-1)

“ 100X [1-Exp(LSM Treatment ~LSM Placebo)]

The analyses based on PP sample also demonstrated a statistically significant
reduction in partial onset seizure frequency in the levetiracetam group, as compared to
the placebo group (results are not shown here).

The responder rate in the levetiracetam group (42.1%) was statistically
significantly (p<0.001) higher than the rate in the placebo group (16.7%). During the
part 1 evaluation period, 8.2% patients in the levetiracetam group, and 1.1% patients in
the placebo group were reported as seizure-free. From baseline to add-on evaluation
period, the NHS3 scores were improved for 28.6% patients in the levetiracetam group
and 5.9% patients in the placebo group. The mean absolute changes in visual analog
score for everyday life from baseline to add-on evaluation period were .72 for the
levetiracetam group and .30 for the placebo group and the corresponding changes for
seizure control were 1.69 and .76 for the levetiracetam and placebo groups, respectively.
Atout 54.7% in the levetiracetam group and 37.1% in the placebo group experienced an
improvement in global clinical evaluation from baseline to the add-on evaluation period.
About 4.4% in the lévetiracetam group and 10.5% in the placebo group worsened.

Reviewer: Ohidul Siddiqui. NOV 1, 1999

- BEST POSSIBLE COPY



Statistical Review of NDA 21-035 Page 17 of 26

Table 3.3: Percentages of patients experienced Treatment-Emergent AE / SALE in Add-on treatment period (ITT Population)

Source: Vol587, table 12.2.1.}

Table 3.3 lists the percentages of patients experienced treatment-emergent
AE/SAE. During add-on therapy period, one patient in the placebo group and 10 patients
in the levetiracetam group reported at least one treatment-emergent SAEs during the add-
on therapy period. The majority of these SAEs was related to convulsions. One patient
(in the levetiracetam group) died at the end of add-on evaluation period; and this death
(suicide) was considered by the investigator not to be related to the studv medication.

Reviewer’s Analyses:

The primary efficacy measure in part I, the mean number of partial onset seizure
frequency per week over the add-on evaluation period was recalculated according to the
formula stated in the study protocol and the values were matched with the sponsor’s
calculated values. The ANCOVA model for analyzing the data, as mentioned in the
protocol. was fitted. This reviewer's analyses were based on the ITT sample.
Levetiracetam 3000 mg/day was statistically significantly (p<0.001) different from
placebo in reducing the number of partial onset seizure frequency.

All of the statistics reported in Table 3.2 for the primary and secondary outcome
measures at baseline and evaluation period were recalculated from the ITT sample and
found 1o be consistent with the sponsor’s calculations.

The sponsor calculated the mean number of partial onset seizure frequency per
week during the add-on evaluation period based on the information collected at visits
6.7.8. and 9. This reviewer recalculated the mean number of partial onset seizure
frequency per week during the evaluation period (including titration period) based on the
information collected at visits §, 6, 7, 8, and 9. The ANCOVA model, as mentioned in
the protocol, was fitted. The conclusions remained same (although p-values were
changed) to the conclusions obtained in the previous analyses. The results are not
reported hete.

Subgroup Analysis:

Table 3.4 lists the summary statistics of the primary efficacy measure, the mean number
(in logarithm transformed) of partial onset seizure frequency per week, by gender and
treatment group. The subgroup analyses indicated that the levetiracetam 3000 mg/day
was effective in reducing the partial onset of seizure frequencies for beth the male and
female patients. The percent reductions in partial seizure frequency were also similar
between the males and females patients.

Reviewer: Ohidul Siddiqui. NOV 1, 1999
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Statistical Review of NDA 21-035 Page 18 of 26

Table 3.4: Summary of Partial Onset Seizure Frequency Data by Gender (ITT Population) -logarithmic transform analysis

Weekly seizure Frequency Female Male
Baseline Placebo Levetiracetam Placebo Levetiracetam
3000 mg/day 3000 mg/day
N 54 94 51 87
Mean® (S.D) 1.43(1.02) 1.26 (.84) 1.04 (.58) 1.09 (.67)
Median 1.11 1.04 .88 85
Range Yoy ) APPEARS THIS WAY
Evaluation Period ™ = = <
N 51 87 St 84
Mean® (5.D) 1.30(1.10) 1.02 (.86) 1.03 (63) .75 (.76)
Median ® 107 87 &8 53
Range (_ ‘()
LSM € 1.28 1.07 107 [ e/ 2
% reduction over placebo ¢ - 19.18 - 26.65
| ®oreduction in seizure frequency
i from baseline (median) 7.04 32.57 7.26 50.21
| >=3(% reduction from bascline (%) 23.50 333 9.80 51.2
TLn(N+1)

S 100 X [1-Exp(LSM Treatment —-LSM Placebo)]

Diagnostics of the ANOVA/ANCOVA Model fitting:

Diagnostics of the model fittings in each of the three pivotal studies were done by this
reviewer through a normal probability plot (Q-Q plot) of the residuals, a plot of residuals
vs. fitted values of the response measure, and a plot of Cook’s distance. The Q-Q plots of
the residuals of the ANCOVA/ANOVA models were close to a 45 degree straight lines.
From the values of the Cook’s distance statistics, several subjects were found to be
infiuential to the model parameter estimates and 1t was true in each of the studies.
However, after dropping the influential subjects from the analyses, the conclusion (i.e.
significance levels) remained almost same as before. Therefore, the ANCOVA/ANOVA
models fitted the data well in each of the three studies.

Study N052:

Study N0O352 was a 24 week multicentered, double-blinded, parallel-group, add-on study
to compare the efficacy and tolerability of two doses of levetiracetam (2000 mg/day and
4000 mg/day) with placebo in patients with refractory epilepsy, followed by a 24-week
open-label active treatment. The patients who continued to have seizures during the first
24-week segment (i.e., in the double blind period) of the study were included in the open
label treatment with levetiracetam 4000 mg/day. The study was conducted at 37 centers
(34 sites in Belgium and 3 sites in the United Kingdom).

The main reasons of considering this study as supportive study were (1) the
enrollment in the studv was open to a heterogeneous patient population with a varietv of
seizure tvpes: and (2) no stringent minimal baseline seizure frequency was defined as a
requirement. This study also was not powered to demonstrate efficacy but was mainly
intended to assess safety of high-dose, immediate and long-term exposure.

One hundred nineteen ﬁatients (39 in placebo, 42 in 2000mg/day, and 38 in 4000
mg/day) of aged 16 to 67, diagnosed with any type of refractory epilepsy, having at least
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four seizures during the 24 weeks prior to entry into the study were randomized. Patients
who entered the study must had taken from one to three AED(s) at a stable dose during
the 3 months prior to entry into the study.

Eighty-six patients continued treatment during the open label period with
levetiracetam 4000 mg/day. Approximately half of the patients had partial onset seizures
during the baseline period, while other half had generalized seizures.

The primary efficacy parameter was the responder rate and it was defined as the
proportion of patients who experienced a >=50% weekly reduction in their seizures
(Tvpe I+11+11T) from the baseline measures up to the end of the 24-week treatment double
blind period.

Nine secondary efficacy measures were defined in the protocol. They were (1) the
responder rates over the entire double-blind period, 4 weeks of treatment, and 12 weeks
of treatment; (2) the efficacy for the onset of action during the first 4 weeks of treatment;
(3) the seizure frequency by seizure type; (4) the recorded seizure-free intervals; (5) as
subjective patient-rated QOL evaluation; and (6) the investigator-rated CGI severity of
ilIness score.

The seizure frequency per week was analyzed from the inferential ITT sample
using ANOVA. The analysis was not adjusted for the baseline seizure frequency. The
sponsor did not mention any justification of not including the baseline seizure frequency
as a covariate. The country variable was added as a factor into the analysis.

Sponsor’s Results:

Levetiracetam-treated patients had a slightly greater mean age (39 and 40 years)
compared to the placebo-treated patients (35 years). A slightly fewer percentage of males
were in levetiracetam 4000 mg/day (52.6%), as compared to the percentage in the
levetiracetam 2000 mg/day (69%) or in the placebo group (61.5%). All patients were
Caucas.ans.

Patients within the three treatment groups had a similar histories of epilepsy
(mean duration is 23.8 years). Patients in the placebo group experienced an earlier
median onset of their seizures (9.48 years) compared to the patients in the levetiracetam
2000 mg/day (13.79 years) group or the patients in the levetiracetam 4000 mg/day (12.47
vears) group. Patients in the placebo group also had a lower incidence of status
epilepticus (7.7%), as compared to the levetiracetam 2000 mg/day (11.9%), and 4000
mg’day (18.8%) groups. During baseline, 58 patients (48.7%) had partial onset seizures,
30 patients (42.0%) had generalized seizures (Type II).

The most frequently used AEDs were crabamazepine (69 patients or 57.9%),
valproic acid derivates (38 patients, 31.9%), phenytoin (37 patients or 30.1%),
phenobarbital (25 patients or 21.0%), lamotrigine (29 patients or 16.8%), and clobazam
(20 patients or 16.8%).
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Table 4.1: Reason for dropout during add-on therapy Evaluation period (ITT Population)

[ Levetiracetam2000 Levetiracetamd000
Placebo mg/day mg/day
N=39 N=42 N=38
Completers 29 (74.4%) 28 (66.4%) 29 (76.3%)
Dropouts 10 (25.6%) 14 (33.3%) 9 (23.7%)
APPEARS THIS WAY

Reasons for Dropout S

AE 6 (15.4%) 11 (26.2%) 5(13.2%) ON ORaGINAL

Withdrew consent 2 (5.1%) 1 (2.4%) 2(5.3%)

Other? 2 (5.1%) 2 (4.8%) 2(5.3%)

? includes ineligibility, protocol violation. lack of efficacy

Fifty-seven of 80 levetiracetam-treated patients (71.3%) and 29 of 39 placebo-
treated patients (74.4%) entered the second 24-week open level segment. The primary
reason for discontinuation was adverse events (Table 4.1). Overall incidences of
treatment-emergent serious adverse events (SAEs) during double-blind period were
7.7%. 7.1%, and 10.5% for placebo, levetiracetam 2000 mg/day, and 4000 mg/day
groups (Table 4.2). One patient died from the levetiracetam 2000 mg/day group during
the study period. The investigator reported that the death was not related to the study
medication. Another patient died before randomization.

Table 4 2: Percentages of patients experienced Treatment-Emergent AE / SAE (ITT Population. Double-Blind Period)

f Levetiracetam Leveuracetam

L Placebo 2000 mg/day 4000 mg/dav

; N=39 N=42 N=3§ . )
Treatment-Emergent AE 33 (84.6%) 35 (83.3%) 32(84.2% APPEARS THIS WAY

i Treatment-Related AE 19 (48.7%) 31 (73.8%) 25 (65.8%) 1

]

i Treatment-Emergent SAE 3 (7.7%) 3(7.1%) 4(10.5%) ON ORIGINAL

- Treatment-Related SAE 1 (2.6%) 12 (2.4%) -

* Dicd during the study period

Data from 86 patients who completed the entire 24-week treatment segment had
been used in calculating the responder rate ( >=50% reduction from baseline) in their
seizure frequency. There was a statistically significantly (p=0.011) greater number of
responders in the levetiracetam 2000 mg/day group (48.1%), as compared to the placebo
group (16.1%). Although the levetiracetam 4000 mg/day group showed a greater number
of responders (28.6%) as compared to the placebo group (16.1%), this difference was not
statistically significantly (p=0.271) different from zero.

The ANOVA analysis (LSMs in Table 4.3) indicated that the reductions in seizure
frequency up to the end of the first 24-week treatment period were numerically greater in
the levetiracetam 2000 and 4000 mg/day groups, as compared to the placebo group.
However, these percent reductions over placebo were not statistically significant.
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Table 4.3: Weekly Seizure Frequency (type 1+11+111) and percent reduction of LSM (inferential [TT population)-lo;
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analysis
Levetiracetam Levetiracetam
Placebo 2000 mg/day 4000 mg/day
(N=39) (N=42) (N=38)
Baseline .
N 38 38 38
Mean ®(5.D.) 1.09(1.16) 1.15(1.10) 1.10(1.05)
Median® 0.71 070 083
Range * Gk ) _‘)
Evaluation Period
N 37 36 36
Mean ®(S.D.) 111 (1.29) 0.81(0.98) 0.93(0.97)
Median® 0.87 048 0.46
LSM* 1.127 0.843 0.948
% reduction over placebo * - 24.7% 16.4%
(932 Ch) - -224,536 -359,486
p-value (Versus placebo} - 0.250 0.239
Responder rate {>=50% reduction in total seizure
frequency from baseline)
Responder® (after 24 weeks) 5/31 (16.1%) 13/27 (48.1%) 8/28 (28.6%)
Odds-ratio (95% Cl) 49(14,16.8) 2.0(0.6;7.2)
P-value® 0.011 0.271
Responder (overall double-blind period) 6/36 (16.7%) 14/34 (41.2%) 10/36 (27.8%)
Odds-ratio (93% Cl) 35(1.2:10.8) 1.9(0.6;6.1)
P-\alue® 0.027 0.259
. Respondert (up to week 4) 7/36 (19.4% 15/34 (44.1%) 12/36 (33.3%)
i Odds-ratio (93% Cl) 33(1.1.99) 21(0.7:6.1)
I P-Value® 0.029 0.185

Source of table 5: Table 8.1(vol. 702) .11.4.1 .4 in study report (Vol 701)
“1=7 X Total number of Seizures during Evaluation Period/ Number of Days during the Evaluation Period.

Fla(x-1

©100 X [1-Exp(LSM Treatment ~L.SM Piacebo))

“Based the number of patients who completed 24 weeks of treatment.

* From logistic regression

*Based on number of patients with adequate efficacy data at baseline and at least at visit 3.
! Based on number of patients with adequate efficacy dala a1 baseline and at visit 3.

garithmic transform

The responder rate (secondary measure) over entire double-blinded period for the
levetiracetam 2000 mg/day group (41.2%) was statistically significant (p=0.027) as
compared to the rate for the placebo group (16.7%). Responder rate up to 4 weeks for the
levetiracetam 2000 mg/day group (44.1%) was also statisticaliy significant (p=0.029) as
compared to the rate for placebo group (19.4%). Although the levetiracetam 4000 mg/day
showed improvement over the entire double-blinded period and over the 4 weeks period
as compared to the placebo group, but these improvements were not statistically
significantly different from zero. Table 4.3 lists all of the above results. For the other
secondary measures, the three groups were not statistically significantly different among

themselves.

The NO052 study was not powered to demonstrate efficacy, and the primary
outcome measure of this study was different from the primary outcome measures in the
pivotal studies. Therefore, this reviewer has not reanalyzed the data set to evaluate the
efficacy of levetiracetam. The study was mainly intended to assess safety of high-dose,
immediate and long-term exposure and hence the efficacy analysis was considered as
descriptive. The sponsor’s analyses indicated that the high dose (levetiracetam 4000
mg/day) group was not statistically significantly different from the placebo group with
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respect to the primary outcome measure and the secondary outcome measures. Reasons
of the insignificance might be that the study was not powered to demonstrate the efficacy,
or the effect of levetiracetam was diminished at the high dose level. The levetiracetam
2000 mg/day group was statistically significantly different from the placebo group with
respect to the responder rate. However, with respect to the percent reduction over placebo
(calculation based on LSMs from ANOVA analysis), neither of the levetiracetam
2000mg/day or 4000 mg/day groups were statistically significantly different from the
placebo group.

Pooled Data Analyses:

Data from studies NO51 (only Period A data), N132, and N138 were pooled together.
The statistical tests based on the pooled data (as more patients are available in each
group) will have higher power to detect the significance of the treatment effects.
However, in interpreting the results from the pooled data, it is important to remember that
there was some difference in the baseline severity of epilepsy among the populations of
the three studies. The number of AEDs at baseline also differed between the studies. In
study N138, patients took only one AED, while in Studies NO51, and N132, the patients
were to take one to two AEDs.

Figures 1 and 2 list the observed mean number'® of partial onset of seizure
frequency per week by treatment groups. Both figures indicate that at each dose level of
levetiracetam, the mean number of partial onset seizure frequency per week at evaluation
period was smaller, as compared to the baseline mean. As expected, the means at
baseline and evaluation periods for the placebo group were remained almost same.

NE= APPEARS THIS WAY
GN ORIGINAL

3.70

Base Eval Base Eval

Y

Plcebo L0590 1g LO59 2g LO59 3g TREATMENT

Figure 1. Mean nurnber of Seizuwe Frequency per Week at Basefne and Evaluation period by Teatment Group

'° Titration period was included in calculating the mean number seizures per week during evaluation
period
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Figure 2: Mean number (in log) of Sezue Frequency per Week al Baselme and Evaluaton period by Treatment Group

An ANCOVA model was also fitted to the pooled data set considering the
logarithm transformed of the mean number of partial onset seizure frequency per week
during evaluation period as dependent measure, and treatment group (Placebo,
levetiracetam 1000 mg/day, 2000 mg/day, and 3000 mg/day) as factor. The logarithm
transformed of the mean number of partial onset seizure frequency per week at baseline
was considered as a covariate. The analyses indicated that each of the dose levels of
levetiracetam was statistically significant (p<= 0.001) in reducing the partial onset of
seizure frequency during evaluation period, as compared to the placebo group. The three
dose levels of levetiracetam were not statistically significantly different with respect to
their effects in reducing the partial onset seizure frequency. The diagnostics of the model
fittings indicated that the models fitted the data well.

APPEARS THIS WAY
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Fgure 3. Perert Reduction of Panal oneet Seizures over Placebo (based on Least Square Means) by Teatumernt Group
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Figure 3 lists the percentages of reduction’® over placebo based on the estimated
least square means obtained from the fitted ANCOVA model. The highest reduction
(23.76%) of mean number of partial onset seizure frequency over the placebo group was
in the levetiracetam 3000 mg/day group.

Percent
100
90
80
APPIARS THIS WAY 7
RIGINAL 60
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30 ’ ;@%)%
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2 N\ 7 g:@,»

Placebo 1059 ig 1059 2g LO0S9 3g
Treatment Group

Figure 4: Percentages of Patierts Responded (> =50% reduction from Baseline) by Treatrment Group

Figure 4 lists the percentages of responders (1.e. >=50% reduction from baseline)
during the evaluation period by treatment groups. The figure indicated that the percentage
of responders the levetiracetam groups increased as the dose levels increased.

All of the analyses were replicated on the pooled data set by gender. The findings
were very similar with respect to gender, and hence the results were not reported here.

The table 5 lists the percentages of patients who dropped out from the studies due
AEs or suffered from treatment related AEs/SAEs, based on the pooled data set (AEs
data from the N052 study were included in table 5). In the levetiracetam 2000 mg/day
and 4000 mg/day groups, higher percentages of patients dropped out due to AEs. In the
levetiracetam 2000 mg/day group, a higher percentage of patients also suffered from
treatment related SAEs. In the remaining groups, the percentages were very similar to
each other. There were five deaths during the study periods (Table 6). The sponsor
reported that none of these deaths were related to the study medication.
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2% 100 X [1-Exp(LSM Treatment ~LSM Placebo)]
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Table 5: Percentages of patients dropped out due to Aes/SAEs .or experienced Treatmeni-Emergent AE/ SAE
Levetiracetam Levetiracetam Levetiracetam | Levetiracetam

Placebo 1000 mg/day 2000 mp/day 3000 mg/day 4000 mg/day

N=35] N=204 N=1438 N=282 N=38
Dropped out from study -AR i1

due 10 AEs 26 (7.40%) 14 (6.86%) 26 (17.56%) 24 (8.51%) 5(13.15%) AP %%?62‘2? ;‘SA'U?'AY
] ;

Treatment-Related AE 141(40.17%) 92 (45.01%) 81 (54.73%) 116(40.42%) 25 (65.79%)
Treatment-Related SAE 6(1.71%) 4 (1.96%) 9 (6.08%) 4 (1.42%) 0 (0%)

Table 6: Number of Deaths by study and reason of death.

Study No. of Death | Treatment Group Reason of Death ( Reported by the sponsor)

NO51 2 Levetiracetam 1000 mg/day | Died due to car accidents during the evaluation period. Not related to
study medication

N132° I Placebo Died suddenly and unexpectedly during the evaluation period. Not related
to study medication

NI38 I Levetiracetam 3000 mg/day | Died at the end of the add-on evaluation period. This death s due to
suicide. Not refated to study medication.

N032° ] Levetiracetam 2000 mg/day | Died suddenly during the evaluation period. Not related 1o study
medication

* One patient died before randomization.
¥ One patient died before randomization
Source: Study Reports.
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Reviewer’s Overall Conclusion: GH CRIGINAL

This reviewer reanalyzed the primary and secondary outcome measures of each of the
three pivotal studies using ANCOVA/ANOVA models (as specified in the protocols).
The findings were consistent with the findings provided by the sponsor. Levetiracetam
was significantly efficacious in reducing the partial onset seizure frequency, as compared
to placebo. There was no evidence of treatment-by-center interaction in any of the
studies. The subgroup analyses also indicated that levetiracetam was efficacious as
compared to placebo for males and females separately.

The statistical analyses based on the pooled data also indicated that each of the
levetiracetam doses were statistically significantly efficacious in reducing the partial
onset seizure frequency, as compared to placebo. The levetiracetam dose groups were not
statistically significantly different among themselves with respect to efficacy. However,
figures 1- 4 showed an increasing trend of efficacy with increasing the dose level of
levetiracetam.

It can also be concluded that Levetiracetam doses were significantly efficacious in
reducing the partial onset of seizure frequency with respect to the responder rates.

Only in one study (Study N132), the overall quality of life (QOL) scores were
statistically significantly improved in the levetiracetam treated patients, as compared to
their baseline QOL score (p-value=0.03). This significant evidence was not strong
enouch to conclude that levetiracetam had significant effect in improving the overall
QOL of epileptic patients.
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Levetiracetam doses and placebo had a similar safety profiles with respect to the
incidences of AEs /SAEs and reasons for dropout from the studies.

From the analyses of the individual study data sets and the pooled data set, it
could be concluded that levetiracetam 3000 mg/day might be an optimal dose as an add-
on therapy to treat patients with partial onset seizures that are refractory to classical AED
treatment. Since there were some evidences (although not statistically significant) that a
trend for a greater response with the increase of levetiracetam dose level, patients might
be treated first with lower doses of levetiracetam, and if the patient fails to respond, then
higher doses of levetiracetam might be prescribed.
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Statistical Review and Evaluation

Review of Carcinogenicity Data

NDA#: 21-035
Applicant: UCB PHARMA, Inc.
Name of Drug: Kepra (Levetiracetam) Tablets

Documents Reviewed: Volume 1.53 Containing the Mouse Study
Report and Pages 15131-15275 from Volume 1.57 Containing the
Rat Study Report. Data Diskettes were also Provided by the
Sponsor.

Pharmacology Reviewer: Jennifer Burris, D.V.M. (HFD-120)

I. Background

The Division of Biometrics 1 was requested to evaluate the two
cncogenicity studies. The results were discussed with the reviewing
rrnarmacologist, Dr. J. Burris.

1I. The Rat Study APPEARS THIS WAY
ON GRIGINAL

II.1 Sponsor’s Findings
in this study, 50 CRL:CD(SD)BR rats per group per sex received the drug
at doses of 0, 0, 50, 300, and 1800 mg/kg/day as admixture in the diet
for 104 weeks. Survival was not affected by treatment and no increases
in tumor incidence were attributed to the drug. Body weight gains of the
mid and high dose groups of either sex were substantially lower than the
controls during the first year. During the second year the body weight
gzins were similar to that of the controls.

I.2 Reviewer’s Findings

(&

The sponsor’s number of animals surviving till terminal sacrifice and
the tumor incidence frequencies were identical to this reviewer’s. The
two control groups were identical and combined in all analyses.

Male Rats:
Survival was better than fifty percent at the end of the study, with the

high dose animals experiencing the (numerically) best survival (Tables
1-2, Figure 1). The tissues of all decedents and the tissues of the
terminally sacrificed controls and high dose animals were
ricroscopically examined. Therefore, only pairwise comparisons of the
incidence rates of (combined) controls with high dose are appropriate.
None of these comparisons reached statistical significance (Table 3).




Female Rats:

Survival of the (combined) controls and high dose animals was very
similar (Tables 4-5, Figure2). The statistically significant departure
from linear trend and lack of homogeneity is mostly due to the mid dose
experiencing the best survival. Survival was good for all groups with
the poorest showing (46 %) being the controls. Pairwise comparisons of
tumor incidence rates did not reach statistical significance for any
tumor/tissue combination (Table 6).

As neither the male nor the female rats showed any statiStically
significant tumor findings, the validity of this study needs to be
evaluated.

II.3 Validity of the Rat Study

As there were no statistically significant differences in control and high
dose tumor incidences, the validity of the study needs to be evaluated. Two
questions need to be answered (1):

(i) Were enough animals exposed for a sufficient length of time to allow
for late developing tumors?

(ii) Were the dose levels high enough to pocse a reasonable tumor
challenge in the animals?

The following rules of thumb are suggested by experts in the field. Haseman
(2) had found that in his experience on the average, approximately 50 % of
the animals in the high dose group survived a two-year study. In a personal
communication with Dr. Karl Lin (HFD-720), he suggested that 50 % survival
ef the usual 50 initial animals in the high dose group between weeks 80-90
viculd be considered a sufficient number and adeguate exposure. Chu, Cueto,
and Ward (3) propesed that ‘To be considered adeguate, an experiment that
has not shown a chemical to be carcinogenic should have groups of animals
with greater than 50 % survival at one year’. From these sources, it
appears that the proportions of survival at weeks 52, 80-90, and at two
vears are of interest in determining the adequacy of exposure and number of
animals at risk.

In determining the adequacy of the chosen dose levels, it 1is generally
accepted that the high dose should be close to the MTD. Chu, Cueto, and
Ward (1981) suggest:

() ‘A dose is considered adequate if there is a detectable weight loss of
up to 10% in a dosed group relative to the controls’.

(i) ‘The administered dose is also censidered an MID if dosed animals
exhibit clinical signs or severe histopathologic toxic effects attributed
to the chemical’.

(i) *In addition, doses are considered adequate if the dosed animals show a
slightly increased mortality compared to the controls’.

In another paper, Bart, Chu and Tarone (4) stated that the mean body weight
curves over the entire study period should be taken into consideration with
the survival curves, when adequacy of dose levels is to be examined. In
particular, ‘Usually, the comparison should be limited to the early weeks
oZ a study when no or little mortality has yet occurred in any of the
groups. Here a depression of the mean weight in the treated groups is an
indication that the treatment has been tested on levels at or approaching
the MTD.’

It is clear that in this study there were sufficient numbers of an?mals
surviving a sufficient length of time. Survival of the high dose animals




was not reduced when compared to the controls. Figure 3 taken from the
sponsor’s submission, shows that average body weights of the mid- and high
dose animals were strongly affected. The effects appeared early in the
study and were maintained throughout. For the males, the 10% criterion was
exceeded after week 4 and for the females after week 6. It appears from
these considerations that the high dose was beyond the MTD. The evaluation
of clinical signs and severe histopathologic toxic findings is left to the
expertise of the reviewing pharmacologist.

III. The Mouse Study

III.1 Sponsor’s Findings

In this study 52 Crl:CD-1(ICR)BR mice per group per sex were treated
with 0, 0, 60, 240, and 960 mg/kg/day of the drug in the diet for 80
weeks. The two control groups were combined for analysis. The spensor
reported no adverse effect of the treatment on survival. Body weight
gains among the high dose males were up to 21% lower than the controls
during the first 26 weeks, but regained parity during the later phase of
the study. No major changes were seen among the females. There was no
increased incidence for any particular tumor type nor for the overall
number of tumors.

I11.2 Reviewer’s Findings

This appears to be a well controlled and well executed study except it
is not clear to this reviewer why it lasted only 80 weeks.

Other than liver, most tissues were examined for all control and HD
nimals and for decedents of the low and mid doses. This design requires
irwise comparisons between HD and controls and trend tests are
clicable only to liver tumors. This reviewer reproduced the sponsor’s
able of end mortality as well as tumor incidences. The two control
groups were combined in all analyses. The results of the statistical
analyses are as follows:

Male Mice:

Survival was not affected by treatment (Tables 7-8, Figure 4}. All
groups had better than 50 percent survival at the end of the study.
Investigating tumor incidence rates showed no statistically significant
findings (Table 89j.

Female Mice: M

There was no treatment effect on survival (Tables 10-11, Figure 5). The
controls had numerically the highest mortality, which reached 21% at the
end of the study. No tumor incidence comparisons approached statistical
significance (Table 12).

As no tumor findings reached statistical significance the validity of
both the male and female portions of the study needs to be examined.

IXIT1.3 Validity of the Mouse Study

Following the criteria outlined above for the rats, it is obvious that
there were sufficient numbers of animals surviving till the end of the
study. However, whether the length of exposure was sufficient is not
clear. When survival is excellent there appear no good design reasons
for conducting a carcinogenicity study of only 80 weeks. When evaluating




whether the high dose was close to the MTD, it can be seen from the
sponsor’s figure (Figure 6) that the male HD animals experienced lower
average bodyweights early in the study. The differential was largest
around week 20 when it reached 7 percent. Among the females, all average
bodyweight curves were close together and no consistent pattern emerged.
From these findings it appears that the MTD was reached for the HD
males, but not for the HD females. The evaluation of clinical findings
and severe histopathologic toxic effects is left to the expertise of the
pharmacologist.

IV. Summary
IV.1 The Rat Study

This appears to be a well controlled study in which 50 animals per
treatment group per sex received the drug as admixture in the diet. The
dose levels were 0 mg/kg/day for the two controls groups, and 50, 300,
and 1800 mg/kg/day for the treated groups. Survival was not negatively
affected by the treatment and no increases in tumor incidence rates were
cbserved. Exploring whether this study was valid, it was clear thzt
there were sufficient numbers of animals treated lcng enouch (104
weeks). However, based on the strong effect of the treatment on resducing
everage bodyweight, 1t appears that the high dose was beycnd the 7D for
sither sex.

IV.2 The Mouse Study

3

This also appears to be a well controlled study in which 52 mice cer

ienced better than 50 percent survival at the end of the study and
not clear to this reviewer why the study was conducted for cnly €0
weeks. No increases in tumcr incidence rates were cbserved for either
sex. Exploring the validity of the study, it is not clear swhether the
length of study was sufficient. Average body weights of the male mice
vere suppressed early in the study and did not exceed the 10 percent
criterion, suggesting that for these animals the high dose may have been
zlcse to the MTD. However, for the female mice none of the criteriz used
tc establish the MTD was met and from a statistical point of view, the
‘alidity of this portion of the study is questionable. Again, from a
atistical point of view the length of the study may have been
sufficient for the manifestation of-late developing tumors.

ccezes of 0, 0, 60, 240 and 960 mg/kg/day. All groups of both sexecs
s
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53-78
79-91
9é—104
105-107

Total

Table 1: NUMBER OF ANIMALS

MALE RATS

Treatment Groups

Comb. Ctrl

13

17

13

54

100

Low Med High

2 [‘/

Source: C:\DATA\KEPRA\rat.dat
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Total

32

25

30
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250
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